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PREFACE

II
Interest in Alaska's coals has increased greatly in the last few years partly as a II

result of the public's realization that we are in a real energy shortage and partly be-

cause the building of the Alaska pipe line has demonstrated that transportation for

Alaska's raw materials can be suppl ied if needed. Both President Ford and Secretary

of Interior Kleppe have pointedly stated that Alaska must furnish much of the nation's

energy needs in the next few decades. During the years 1974 and 1975, industry also

showed greater interest as indicated by the large scale exploration activities in

the Nenana, Beluga and Susitna coal fields. As a result of all of this interest it

was decided that the time was right for an exchange of information on Alaska's coal;

to bring people together and bring them up to date, and this conference was the result.

Focus on Alaska's Coal, the first conference of its kind, attracted wide participation

and apparently an enthusiasti c response. The papers and the audience questions

showed an overriding concern for the nation's energy needs and the possib il ity that

Alaska can help alleviate those needs with its enormous solid fuel resources along with

its oil and gas resources.

As a result of the conference, the following points were brought into focus:

Alaska's coal deposits are much more extensive than hitherto known.·

The development of a coal industry in Alaska to supply west coast markets
is no longer a dream, and will in fact be a real ity before long.

Additional research on characterization and upgrading of coals is needed
to further eva Iuate the potentia I of the enormous reserves.

Alaska's coals are low in sulfur and thus are environmentally more acceptable.

It is hoped that this conference brought into focus the opportunities Alaska offers to

the nation and as a result, that work will be stimulated leading to the further develop

ment and uti! ization of its coal resources.
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Fairbanks, Alaska
February, 1976

Earl H. Be istl ine
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I The conference was jointly sponsored by the Federal Energy Administration repre-

sented by Don Jean and the School of Mineral Industry, University of Alaska, Fairbanks,

Dr. P. D. Rao, Mineral Industry Research Laboratory, University of Alaska performed

the great bulk of preparing and coordinating the program, as well as riding herd on the

many details essential to the smooth running of the overall conference. The University's

office of Conferences and Institutes provided outstanding service in arranging for the

physi cal requirements of the business and social meetings. The Federal Energy Research

and Development Administration has provided a grant to the Mineral Industry Research

Laboratory to help cover the costs of printing the proceedings, whi ch is greatly appreciated.

To the committee members, the speakers, participants, and ERDA, I express my sincere

thanks for your excellent contributions to the 1975 Coal Conference, "Focus on Alaska's

Coal II.
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WELCOMING ADDRESS

Robert W. Hiatt
President

University of Alaska

It is both an honor and a pleasure to welcome the many participants to this very timely

digest, review and prognosis of Alaska's coal resources. It is also pleasing to know that the

University's School of Mineral Industry, together with the Federal Energy Administration,

is moving in such a timely fashion to call attention to the great potential reservoir of various

grades of coal in Alaska when our energy resource picture is so completely dominated by our

petroleum reserves that perhaps even a greater source of energy in this State may be over

looked. As a newcomer to Alaska, I am also impressed with the many Fairbanks campus

alumni among the conferees who have reached important posts in industry and in federal

and state government deal ing wi th the management of our mineral energy resources. I trust

that the School of Mineral Industry wi II continue to supply graduates of such high cal iber in

years ahead.

Alaskan coal seems to be frequently tal ked about, but not much is done about it. As

some might phrase it, "on the surface, it's really very deep~ "

Firstly, exploration is, of course, very incomplete with the location, extent and class

ification of deposits only partially known. If estimates of nation-wide coal reserves are

only very approximate, coal represents about 90 percent of our fossil fuel reserves, and of

this amount from one-fourth to one-third lies in Alaska. Its exploitation, of course, relates

both to its need and to the marketplace. Its need is unquestioned vis a vis America's goal

of independence in energy supply, but the economics of the energy marketplace militate

against its use for other than very local ized consumption in-state. Such matters of resource

recovery, transportation to its point of useful ness, and protection of the environment at both

the source of supply and consumption have not been seriously investigated. This conference

is largely devoted to initiating efforts toward the knowledge we need for all these facets of

the resource.

Secondly, the extremely compl icated interrelationships of the private and governmental

jurisdictions over Alaska's lands and subsurface resources are a veritable "mare's nest."

Given the solutions to all the problems alluded to in the paragraph above, not one of them

will move us appreciably forward to the use of our vast coo I resources until the impediments



of land ownership, land classification and environmental control programs have been made

clear. It seems hardly conceivable that a nation of reasonably intelligent and rational

people cannot clear away these constraints to the util ization of Alaska's coal resources

should the world's marketplace for fossil fuels signal that the time is at hand for their

exploitation.

Our world-wide energy crisis focuses, of course, on all forms of energy -- fossil fuels,

nuclear energy, forms of natural energy (solar, geothermal and wind), as well as non

traditional forms yet in early experimental stages. One fact is clear, however, and that is

for the rest of this century, fossil fuels must bear the weight of our industrial machine as

well as the creature comforts of transportation and heating of human habitations in virtually

every country. Thus, fossil fuels must be considered in a world-wide context, for no ad

vanced nation is presently self-sufficient.

About two years ago the then Secretary of the Interior, speaking in Fairbanks, responded

to a question about the future use of Alaska's coal by saying the nation had no real interest

in the resource, for we had all the coal we needed in the IIlower 48. II Having just come to

Alaska from four years residence in Japan, I surmised that if the U. S. didn't need Alaska's

coal I knew a country which did. Indeed, if we consider fossil fuels in a world-wide con

text, perhaps it would be more economically viable for Alaska to sell its coal abroad while

the short supply of fossil fuels in the II10wer 48 11 was assuaged by imports from another country.

It is important, I believe, to understand more clearly how such international trade-offs may

be beneficial, not only to the nation but for Alaskans as well.

The extent of Alaska's coal resources is vast. The last estimate of wh ich I am aware

indicates about 130 billion tons. This has to be a minimum estimate, because exploration

has not been sufficiently extensive. The real extent may be of an order of greater magnitude.

Current production is most likely less than one million tons annually. The question really is

how can Alaska's coal be utilized?

Relatively little of Alaska's coal is of coking quality, but wherever this coal is,

it will probably be the first to be exploited because of its high demand by steel producers,

especially in Japan. Much of the coal is of bituminous quality, yet the great bulk seems to

be sub-bituminous. This array of coal provides special problems in its use, for the cheaper

grades which predominate are less likely to be moved from their source to markets elsewhere.

Use of such coal at sites remote from the source requires transportation systems not yet highly

developed technologically. However, with increasing scarcity of coal near industrial loca-
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tions, such technologies as slurrying and piping, gasification and liquification are receiv

ing more and more attention, not only in the U. S. but in other countries which eventually

will be dependent on the perfection of such mechanisms. Any or all of these developments

will benefit Alaska's potential as a coal supplier if the coal must be moved in some form.

But need Alaska depend entirely on exporting its coal? North of the Brooks Range

where coal deposits are the most extensive in the State, it is conceivable that the most

economical way to utilize the resource is to bring industrialization to the coal. The cost

of such development may not be any greater than moving the coal in some form several

thousands of miles to factory locations. While it may seem slightly fantastic to visualize

petrochemical plants, etc., north of the Brooks Range, I submit that it is no more fantastic

than to house men and equipment at Prudhoe Bay to mine the petroleum there. Low grade

coals can be used not only to power industrial plants, but they can be used as a feedstock

for a great variety of chemicals. With the supply of natural gas reaching new lows in cen

tral and eastern U. S., petrochemical plants are restrained almost to the point of uneconomic

returns. The situation will worsen in the immediate future, with their only hope of recovery

being Alaskan or Canadian natural gas. Industrial plants long powered by natural gas are

being forced to convert to oil burners, and it may only be a matter of time when homes will

be denied gas as their energy source.

For these reasons it may well be that petrochemical companies will be searching for sites

where both power and feedstock are in pi entiful supply. The experi ence at Prudhoe Bay has

demonstrated that human habitation in high latitudes is possible, where available energy

supply has made the difference.

Under serious consideration only four years ago was a joint US/Japan enterprise for the

enrichment of uranium. This idea is still alive on a binational basis, and even more viable

now as an exclusive American development. In brief, a location in the area of Wyoming or

Montana was sought where sub-bituminous coal was plentiful for the enrichment of uranium

consumes vast quantities of power. Another consideration was remoteness, where human

habitation was so sparse that environmental concerns would be lessened. This project has not

yet gotten under way for various reasons. However, the concept is one wh ich Alaska might

well think about seriously.

Because of the costs of developing plants, worker's communities, transportation systems

to regular outlet terminals, etc., are great, the nature of the enterprise must meet unique

criteria. The product must be very high in value, the shipment in of raw material relatively

3



cheap, and the transportation both of raw materials and finished product easily accompl ished.

We now have a highway north through the Brooks Range; it might eventually be a rai Iway.

Air transportation is already very well developed in northern Alaska. With coal for power

and our capability to develop communities under hostile weather conditions, it is not in

conceivable that such a plant could be located north of the Brooks Range. Because such an

enterprise costs several bill ions of dollars and its product is so vitally required as nuclear

based energy increases in extent, its potential is economically feasible. The problem is how

can private enterprise finance such a costly development.

Recently, President Ford suggested a Federal Energy Corporation financed by publ ic

funds with capitalization of $100 billion. This corporation, or whatever form the corporate

structure takes, will assist private industry, or enter into partnership with private industry

to capitalize both R&D and actual energy production plants. Virh.o Ily anything is possible

within our technological capability if funding is available over a sufficiently long period

of time. Government funding through such a federal corporation may well be the answer,

and very possibly the only way in which Alaska's vast, low-grade coals can be utilized.

We need to think big in such a development, and I doubt that private enterprise can tackle

the operation alone.

All Alaskans look forward to a far better understanding of our coal reserves, and beyond

that to a useful purpose for them. This conference is a fine start. I trust that your del ibera

tions will not only disseminate information, but that ideas which spring from this meeting

will fallon fertile ground.

4
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WHO IS GOING TO BURN THE COAL?

Arthur M. Hughes
Federal Energy Administration

Washington, D.C.

The United States has more coal reserves than any other country in the world. We have

30 percent of the world's recoverab Ie reserves--more than 1.5 tri II ion tons--enough to last

about 2,300 years at present production rates. But coal, making up 93 percent of our fuel

reserves, suppl ies only 17 percent of our total energy today.

This was not always the case. Back in 1920, 592 million tons of bituminous and anthra

cite coal were mined, supplying 78 percent of our energy requirements. Since that time,

year by year, coal has progressively lost ground in comparison with other fuels used. The

industry reached a low point in the depression when only 307 million tons of bituminous

were consumed in 1932.

Revived somewhat during World War II, the industry was hit hard by the import of inex

pensive oil from the Middle East in the 1950's. One by one, American electric utilities

converted from coal to oil.

All during the 60's and 70's coal continued to lose ground spurred by economics and also

by environmental pressure from the Clean Air Act of 1970. Financial returns were very low

and capital left the industry as it failed to yield competitive profits.

Today, everything has changed. Prices have increased dramatically, uti Iization is up,

new mines are being opened, new faces are coming into the industry, and outside capital is

taking a fresh look at what promises to be a rewarding industry. The President has called

for a doubling in coal consumption by 1985 and here we are in Fairbanks, talking about

development of Alaskan coal. What has brought about the changes?

Reasons for changes in the industry

First and foremost, oil is no longer cheap. Delivered at $12 per barrel is the equivalent

of $48 per ton of coal. This means that the price of imported oil no longer sets a ceiling on

the price of coal. The average price of oil delivered increased from 80 cents per million Btu

in 1973 to 205 cents per million Btu in 1975, an increase of 156 percent. Coal prices also

increased from 41 cents per million Btu to 82 cents per million Btu in the same period, about

double. Coal today is a bargain, and customers are beginning to realize it.

Second, nuclear power is not expanding as fast as many has hoped. Back in 1971, the

National Petroleum Council predicted a growth of nuclear power by 1975 to 326 billion

5



kilowatt hours. But it is unlikely to reach even one-third of that figure. Technical and

financial problems have slowed the growth of nuclear energy. Today, after 20 years of

intensive effort, it represents only about one percent of our total energy consumption-

about the same as fi re wood.

Third, domestic oil and natural gas are beginning to run out. For more than 10 years

natural gas has supplied about one-third of our energy consumption, but available supplies

have been depleted and we are having to cut back. Thus, we estimate that industrial use

will be curtailed by about 1.3 trillion cubic feet this winter. These cutbacks could result

in putting thousands out of work unless other arrangements can be made to supply energy.

Fourth, other sol utions are long range: geothermal and solar energy and the use of

synthetics hold a future promise, but are insignificant statistically today. They probably

will not make a significant contribution in the next 10 years.

Problems in utilization

What all this means is that we have entered the age of coal. For the next 10 years,

until the other forms of energy can catch up, coal will be the most economical fuel avail

able. The principal problem is, however, not mining it or moving it, but burning it. Coal

is not an easy fuel to handle and burn. For many purposes gas and oi I are interchangeable.

Not so coal. A boiler designed for oil or gas cannot burn coal; conversion is economically

prohib itive. So, coal is the answer only if it can be burned.

The pattern of coal consumption has changed significantly since 1945. At the end of

World War II, the two biggest markets were railroads and manufacturing industries (primarily

chemical), with home-heating third and coking plants for the steel industry running fourth.

Coking operations are still major coal consumers, but the railroads have disappeared as a

coal market, the home-heating market has almost disappeared, and the chemical industry

has switched almost completely from coal to oil.

The loss of these three markets has changed coal from a broad-spectrum basic raw mater

ial into almost a one-market product. That one major market is electric utilities.

In 1974, some 391 million tons of coal were burned in power plants, producing about

56 percent of the total electricity from fossil fuels. Of this, less than half was in compli

ance with sulfur limitations for mid 1975 required by State Clean Air Implementation Plans.

The coal is certainly needed. This winter natural gas shortages could close down some

industries and force the layoff of thousands of workers. But coal can help only if it can be

burned.

6
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Factors reducing the shift to coal

Today there are several factors which are reducing the national shift to coal:

First, the industrial demand for electricity is down. Kilowatt hour generation in 1974

was less than one percent more than 1973. Production in 1975 has been only 1 .7 percent

more than 1974. That the recession is primarily responsible can be seen from the fact that

residential consumption of electri city in 1975 is up 6.6 percent over the previous year and

commercial consumption is up 8 percent. But industrial consumption is down about 5.3 per

cent based on the first six months' averages. This shortfall in industrial demand has led to

the cancellation of construction of many coal-fired plants.

Second, there is a financing crisis. In the long term, the picture is even worse. AAore

coal can only be burned if more coal-fired plants are built. But in the last two years plans

for construction of 125 coal-fired plants involving 74,413 megawatts have been cancelled.

Financing problems are the cause of at least 45 percent of the coal plant cutbacks.

The principal cause of this continuing financial dilemma has been the failure of the

state regulatory commissions to react in a timely manner to the vastly different economic

environment that has evolved in the past two years. These regulatory bodies control the

revenues and rates of return of the utilities. If the utilities were permitted returns adequate

to support future debt and equity offerings, the general financial difficulties now being

experienced would be eradicated.

The failure to go ahead with plans to build the coal-fired plants in 1975 could have tragic

consequences for the Nation. We could find ourselves in 1980 with: (a) insufficient elec

trical capacity leading to potential industrial slowdowns, brownouts, and blackouts,

(b) increased reliance on oil-fired plants since these can be built in one-half the time of

coal-fired plants,and at less cost.

Third, environmental controls are perhaps the biggest obstacle to construction of coal

fired plants.

The Clean Air Act requires new plants to meet both emission criteria, and ambient air

quality criteria. This has caused an additional element of uncertainty and cost increase.

At present, util ities generally do not bel ieve scrubbers have been suffi ciently demonstrated

to be reliable and economical. Most prefer meeting emission criteria with low sulfur coal

but admit that they do not have long-term contracts for this coal. In order to comply with

State ambient air-quality criteria without the need for scrubbers or continual use of low

sulfur coal, utilities are pressing for use of Intermittent Control Systems, but in most cases,

these permissions have not been granted.

7



Air quality legislation

A significant area of concern regarding the Clean Air Act is the indecisive manner in

which some parts of this statute have been interpreted. For example, the provisions of

Section 119 of the Clean Air Act, which will enable increased construction of coal-fired

plants, have yet to be clearly defined. As one example of the type of uncertainty which

electric utilities are up against, consider the impact of bills now being considered by the

House and the Senate concerning significant deterioration of air quality. Both the House

and Senate b ills assume that some areas must be protected against sign ifi cant deterioration

of air quality. These areas are parks, wilderness areas, wildlife refuges, monuments, pre

serves, recreational areas, national rivers, lake shores, forests, and other Federal lands.

To protect these areas buffer zones must be drawn in which no coal-burning plants could

be built. The bigger the proposed plant the bigger the buffer zone. It is assumed that we

are trying to locate 1,000 megawatt plants - the typical efficient modern electric util ity.

The buffer zones assume that the plants would be burning low-sulphur coal and use the best

availab Ie control technology but would not uti! ize scrubbers.

As you can see, on this basis the new source performance standards would have the effect

of rul ing out about three-quarters of the Nation as sites for new uti Iity plants without scrub

bers. The remaining areas are largely those away from where the power is needed and from

necessary water sources.

The buffers zones needed for similar utilities shrink drastically if scrubbers are to be

installed. The picture here is now better but still the entire east coast from Maine to South

Carolina is ruled out as well as most of the Mississippi River and most of Georgia, Alabama,

and Florida's Atlantic coast.

This legislation is still being debated, but the fact that both the Senate and the House

independently are considering similar legislation clearly makes the construction of new coal

fired plants a questionable matter.

Industrial energy use and production

The problem of inadequate construction of coal-burning facilities is not confined to

utilities alone. Although electric utilities have received the most attention with respect to

use of coal, American industry consumes more total energy and more in primary fuels than

the utilities do. In 1974, for example, the utilities consumed 19.6 quadrillion Btu, while

industry consumed 21.1 quadrillion Btu in primary fuels plus 2.6 quadrillion Btu in electricity.

8
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Of industry's 21 .1 quadrillion Btu in primary fuel consumption, 20 percent was coal, 52

percent gas, and 27 percent petroleum. (The remainder was hydropower.)

Thus, in 1974, industry consumed about 40 percent of total U.S. energy used, including

about 42 percent of total electricity.

To generate its internal power from 1968 to 1972 industry has installed a large number

of gas- or oil-fired industrial boilers for steam (about 30 percent oil-fired, and 55 percent

gas-fired). These "packaged boilers" have relatively low thermal efficiencies but are

relatively inexpensive and require a minimum of operating know-how and attention. Most

of them have firing rates of 100,000 to 200,000 pounds of steam per hour and there are

thousands of them.

Only about 25 percent of all industrial steam is produced in plants generating one million

pounds per hour or more, and about half is produced in plants generating as little as 250,000

pounds per hour. Most of these plants operate at temperatures and pressures too low for by

product electric power generation, and most cannot be converted to coal.

Industrial energy consumption is concentrated in six major industries. Primary metals,

chemicals, petroleum refining, food, paper, and stone, clay, and glass account for about

70 percent of total industrial consumption.

Part of the reason for so Iittl e interchange between uti Iiti es and industry is institutional,

and part is the difference between individual and combined economic optimization.

For future steam needs, industry can choose between 0 if and coal. A sig ni fi cant portion

of U. S. industry is convenient to coal resources. At current prices, coal is cheaper than

oil in most of the country, particularly east of the Mississippi River, provided it can be

burned in compliance with air quality requirements. The future is so uncertain, however,

with respect to availability of low-sulfur coal, future environmental requirements, and long

term oil prices, that industry is reluctant at this time to convert to coal. Boiler life is about

30 years, oil prices are artificially high compared to production costs, and coal prices,

although favorable currently, include basic production costs well above those of oil in the

. absence of OP EC pri ce fixi ng .

In the future new technology in the form of fluidized bed combustion for units generating

approximately 100,000 pounds of steam per hour may provide boiler installations for many

industrial plants capable of burning coal within sulfur oxide limitations. Similarly, liquified

or gasified coal could, in the long term provide clean fuel indirectly from coal. Scrubbers

on small installations, however, are not currently economical, so low sulfur coal would be

the only usable coal.

9
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Summary of problems in using coal

For the next 15 years the Nation has only two fuels to choose from for additional

capacity~ coal and oil. For independence and economy the Nation should choose coal.

But it is not at all clear, even though coal is cheaper and more plentiful, that coal will

be burned because: (a) additional coal burning facilities are not being built in adequate

numbers; (b) Temporary demand drops and financing problems favor all even though it is

costlier as a fuel; and (c) uncertainty and delay in decision making in the environmental

area clouds the future of coal.

What can be done? (a) We must solve the utility financing problems so that the

coal-fired plants can be built; (b) we must explore imaginative approaches to financing

new coal-burning facilities. Vice President Rockefeller's Energy Independence

Authority is one such approach; (c) we must solve the environmental problems and give

utilities and industry definite firm criteria on what can and cannot be burned; (d) we

must move ahead rap idly to develop the coal technology such as scrubbers; fl uidized beds,

coal oi I sl urries, etc.

If we don't do these things, we are left with the question: Who is going to burn the

coal?

10
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COAL MINING RESEARCH PROGRAMS OF THE BUREAU OF MINES

Robert L. Marovell i
U. S. Bureau of Mi nes
Washington, D.C.

The Bureau of Mines was established in the Department of the Interior July I, 1910.

Among other responsib i Iities, the Bureau and its Director were charged with making dil igent

investigations of the methods of mining, especially in relation to the safety of miners, and

of the appl iances best adapted to prevent accidents. The Bureau, when all of the original

responsibilities are examined, was created to promote safety and efficiency in the mineral

industries. The words, "Safety and efficiency in the minerals industries" appear to this date

on the Bureau of Mines seal.

Review of the many Bureau publications, 1910 to present, shows that the Bureau has never

lost sight of the directive "especially in relation to the safety of miners;" voluminous biblio

graphies abound with reports on health and occupational safety as well as reports on mining

technology per se.

It is not surprising, therefore, that the 1975 Bureau mining research programs are organized

into three groups: Advancing Mining Technology, Environment, and Health and Safety.

Figure I, shows these three research areas in relation to the programs under the Bureau's

Mineral and Materials Research and Development as well as to the activities that fall under

the Bureau's Mineral and tv\aterials Supply/Demand Analysis. Figure 2, presents budget data

for the fiscal year 1976 including the mining research programs on coal. I propose to briefly

discuss the program for Advancing Coal Mining Technology, the Environmental Program, and

the Coal Mine Health and Safety Research Programs.

Coal mining technology program

Figure 2 shows that coal mining in fiscal year '76 will receive $44.525 million of

the total $56.157 million budgeted for advancing mining technology. Figure 3,

. Bureau of Mines Coal Mining Technology Program is a busy figure. It breaks down the major

program elements into sub-elements that address all aspects of underground mining, surface

mining, and allied areas of the total mining system.

This program is the newest of the coal research programs and derives from the federal

administration's goal of increased coal production. The program, as you see, is broad-based.

It is primarily contractual, interactive in every respect with the Bureau's health and safety

II



TOTAL 95.089

Estimated Program Funding By Budget Category

Mined Land Investigations And Demonstrations . . . . . . . . . . . . . . . .. 3.814

Fire Control In Cool Deposits. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 0.241

Coal Mining Health Research 3.904
Coal Mining Safety Research 25.311
Metal And Nonmetal Health And Safety Research . . . . . . . . . . .. 5.662

FY 76
($ millions)

U.S. BUREAU OF MINES
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FIG LJRE 2.

FIGURE I.

• DATA COLLECTION
AND ANALYSIS

• ENGINEERING AND
ENVIRONMENTAL
INVESTIGATIONS

• WILDERNESS
• RIVER BASIN STUDIES

IADMINISTRATION I

• MINING RESEARCH
HEALTH AND SAFETY
NEW TECHNOLOGY
ENVIRONMENTAL

• METALLURGY RESEARCH

• HELIUM

BUREAU OF MINES
ALIGNMENT

OF FUNCTIONS

MINERAL AND MATERIALS MINERAL AND MATERIALS
RESEARCH AND SUPPLY/DEMAND
DEVELOPMENT ANALYSIS

ADVANCING MINING TECHNOLOGY

Coal Mining 44.525
Oil Shale Mining '. .. 5.625
Metal And Nonmetal Mining. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.362

Explosives Research ~ . . . . . . . . . . . . . . . .. 0.645

ENVIRONMENT

MINING HEALTH AND SAFETY RESEARCH
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and environmental efforts, and involves heavy industry participation. The major thrusts of

the program will be as follows:

I) Improve coal development technology to decrease the lead time required for
mine open ings.

2) Develop longwall mining technology with a higher production capability and
util ization factor than is now available.

3) Develop automated room and pillar mining technology to improve efficiency
and safety of coal extraction.

4) Develop technology to mine thin, thick, and multiple coal seams efficiently
and ina manner that ensures full uti Iization of our resources.

5) Develop improved equipment and techniques for surface coal mining that minimize
environmental impact and overall cost to the nation.

6) Develop related information and technologies such as coal preparation and data
collection and analysis.

Figure 4, Automated Longwall Mining System, illustrates a technique utilizing shield

type longwall supports. This type of support has recently been introduced into the United

States by means of a cost-sharing contract with Kaiser Steel Corp. Demonstration of the

application of these shields to U.S. coal is currently underway at Kaiser's York Canyon mine

in New Mexico. Hopefully, you will soon be hearing the first reports of this work since the

preliminary results are encouraging.

Figure 5, Longwall Slicing of Thick Seams, is conceptual and anticipates the use of

longwall shields in the mining of thick western coal seams. The demonstration at York Canyon,

therefore, is a landmark U. S. coal project. Although time precludes discussing all of the

projects or concepts being developed under this ambitious program, I will touch on one more.

Figure 6, Methane Recovery From Virgin Coal and Gob Areas, illustrates a concept that

util izes technology under development by the Bureau since 1965 for mine safety requirements.

Later you will see the Bureau's multipurpose borehole, which is presently feeding methane

into a commercial gas pipe line.

Environmental program

The Environmental Program is structured to develop solutions for major environmental

problems associated with mining and mineral processing. Objectives include subsidence

control; vegetative and physical stab ilization of waste banks; extinguishing underground,

outcrop, and refuse-bank fires; reclaiming mined land for a variety of public uses; sealing

abandoned oil and gas wells; and pollution control for abandoned underground mines.

The FY 1976 budget for the environmental program totals $4.055 million, of which $3.814

13



Bureau Of Mines Coal Mining Technology Program
PROPOSED FY 76

PROGRAM ELEMENT ($ millions)

Underground Mining
• High-Speed Mine Development Systems 4.0

• Automated Longwall . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7.0

• Automated Remote-Controlled Continuous Miner 3.0

• Continuous Face To Preparation Plant Coal Haulage System 6.8

• Automated Continuous Roof Support . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.0

• Mining Systems For Western Coal 2.0
• Environmental Protection Of Surface Areas Near Underground Mining Operations. . . . .. 1.6

• Recovery Of Methane From Virgin Coal And Gob Areas 2.0

• Advanced Mining Systems 4.0

Surface Mining
• Improved Surface Mining (Extraction And Reclamation) Systems 4.0

• Surface Mining Equipment Development 4.0

Special Studies
• Management Support 0.73

• Spoil Bank Restoration And Waste Disposal 0.7

• Coal Preparation And Analysis .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1.1

Mineral Intelligence
• Date Collection And Analysis ~

TOTAL 44.53

FIGURE 3.

oIlMih.ihg~ Potentj~hy Safest, Most P'~Odoctive."Te~hnique "

FIGURE 4.
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LONGWALL SLICING OF THICK SEAMS

FIGURE 5.

METHANE RECOVERY FROM VIRGIN COAL
AND GOB AREAS

"'~""'~"':~"";~"':O:O~"";~""~""~"';;;""i"T~""'~""~"7~n:~""i"'~""~""~""~""J""'ij""~~~ ~ill1liil\t'~11a~~~
LIMESTONE

.REMOVE MAJOR IMPEDIMENT TO PRODUCTIVITY AND SAFETY

.INCREASES NATIONS GAS RESERVES

U.S. BUREAU OF MINES

FIGURE 6.
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million is for mined fand investigations and demonstrations, and $0.241 million is for fire

control in coal deposits. Figure 7, Environmental Protection from Mining, depicts the type

of problems being addressed by this program. Activities being carried on have included:

I) subsidence study at Coaldale, Pa.
2) back fill project at Rock Springs, Wyo.
3) extinguishment of anthracite dump fire.
4) reclamation demonstration project, Keyser Valley, Pa.

Coal mine health and safety research programs

Although concern for health and safety of miners is historic with the Bureau, projected

increases in production may be accompanied by a dramatic rise in accidents and fatal ities

based on the established correlation between man-hours worked and injuries. Figure 8,

Projected 1985 Total Coal Mining Injuries, by way of example, shows what might be expected

unless both production, and health and safety technologies are advanced. Integrated research

programs must be conducted to avoid suboptimal results in either health and safety or in mining

technology.

The coal mine health and safety research is mandated under the provisions of the Federal

Coal Mine Health and Safety Act of 1969. Under investigation and active pursuit for both

short-term and more permanent solutions are the health-related problems associated with

respirable dust, noise, and toxic substances, and the safety problems associated with falls of

roof, face, and rib; electrical and mechanical equipment failures; fires and explosions from

combustible gases and dust, and other mine hazards. Figure 2 shows the FY 76 health and

safety budgets for both coal and metal/nonmetal mining. Figure 9 shows comparative FY

75-76 funding for the three health components and the seven safety components of the coal

program. In Figure 10 we see that in FY 76, major funding is allocated to ground control,

and to industrial hazards which cause many accidents and fatal ities. Allocation, however,

is not based solely on accident statistics, as witnessed by the substantial funding allocated to

methane and to fires and explosions prevention and control. The $7.7 million allocated to

Systems Engineering in FY 76 reflects the ongoing construction of surface testing and trials

facil ities that will impact the whole program.

The many projects and some of the accomplishments under this program include:

Lee Norse wet-head miner - respirable dust
Water sprays on auger miner
Truck fire suppression
Conveyor belt fire suppression

16
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ENVIRONMENTAL PROTECTION FROM MINING
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FIGURE 9
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FIGURE 10
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2.000

1.100

1.000

2.400

1.600

6.300

5.800

1.000

0.300

7.715

29.215Total

Coal Mine Health And Safety Research Funding
(in millions of $)

Respirable
Industrial Dust
Hygiene

Noise •

FY 76

• Safety
- Fires & Explosions Prevention Control ------- 4.300

- Methane Control 1.900

- Ground Control 7. 100

- Industrial Hazards 6.400

- Post Disaster Rescue and Survival 1.400

- Advanced Mining Systems 1.244

- Systems Engineering 1.300--------
27.844

Coal Mine Health And Safety Research Funding
Research Areas (in millions of $) FY 75 FY 76

• Health
- Respirable Dust --------------- 2.200

- Noise 0.900

- Industrial Hygiene 1.100



Technology transfer

Remote mine fire seal ing from surface
Multipurpose borehold for degasification of virgin coal
Horizontal drill ing for methane degasification
Pre-mining location of channel sands
Shortwall mining system demonstration
Horsi gage for roof sag detection
Industrial engineering study of 731 fatal accidents
Rotatable canopy for underground mine equipment
Canopy for low coal
Automated roof bolter
Mine atmosphere recording station
Longwall illumination
Mercury vapor lights on mine equipment
A 10minute se If-rescuer
A one hour se If-rescuer
Electromagnetic trapped miner locator
Rescue dri II
Probes for rescue hole

Earlier I stressed the integrated programming of mining research that is necessary to meet

the federal administration1s goals of mi nerals and energy sel f-suffi ciency. These program

relationships are shown in Figure II, and include program definition, research, technology

transfer, mining industry (or more properly the mining community), and the feedback loop.

The research is a mixture of in-house and contract research, with the coal mining technology

program being essentially a contract program. Overall, the projects range from several thou

sand dollars up to $10 mill ion. Accompl ishments, as Iisted in the technology transfer section

of the figure, are transferred to the mining industry by varied techn iques and mechan isms,

including hardware, concepts, demonstrations, publications, cost-sharing agreements, semin

ars, patents, and new systems.

In summary, I hav,e attempted to outline the Bureau's coal mining research activities.

The technology that is being developed and transferred represents the interaction of all

elements of the mining community underwritten largely by the federal government, but

supported significantly and to an increasing degree by the mining industry.
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Program Interrelationship

Including:
• Labor
• Management
• Man ufacturers
• Enforcement
• Education
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COAL RESOURCES OF ALASKA

Robert B. Sanders
U. S. Geological Survey

Although the Alaskan Natives and some of the early explorers may have util ized

coal and oil shales as fuels, the first serious attempt at utilization of Alaskan coal dates

back to about 1855 when Siberian fur traders opened a coal mine at Port Graham on the

Kenai Peninsula. Later in the 19th Century, it became standard practice for the whaling

ships and U. S. Revenue Cutters to take on coal from beds near Cape Sabine on the Arctic

Coast. The riverboats plying the Yokon and Kuskokwim Rivers and gold miners and trappers

also took small quantities of coal for local use, although wood was the more generally

used fuel. In 1888, the Wharf Mine near Port Graham on Kachemak Bay began supplying

Iignite on a commercial basis at a rate of about I to 3000 tons per annum.

The coal laws of the U.S. were first extended to the Territory of Alaska by the Act of

June 6, 1900, making it possible for prospectors to claim coal as a locatable mineral.

Many coal entries were made under this act in the Bering River and Matanuska Valley coal

fields by prospectors apparently unaware that this law permitted location only on surveyed

land, of which there was none in the Alaskan coal fields.

The Coal Act of April 28, 1904, allowed locations without the precedent government

survey and most of the earlier claims were relocated. About 900 claims were filed under this

Act, but because of the apparent fraudulent claims of a few "corporations ", all of the

claims became suspect. Spurred by a biased Washington Press and Collier's Weekly

( a magazine) the matter of the Alaskan Coal Claims became a National sensation, and

triggered the growing ideological feud between Gifford Pinchot, Chief of the Bureau of

Forestry and champion of preservationism, and R. A. Ballinger, Commissioner of the General

Land Office and later, Secretary of the Interior. In response to the controversy, President

Theodore Roosevelt proclaimed the withdrawal of all Alaska public lands from entry under

the Coal Laws, November 12, 1906. Although initially done under questionable authority,

Congress validated the withdrawal in the Act of May 28, 1908.

It eventually came out in Testimony before Congress that some of the G. L. O. staff were

on a c1andestined Bureau of Forestry payroll, hired apparently to disrupt and delay the

G. L. O. patenting operations and to leak information to Pinchot with which to embarrass
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Ballinger. Enmeshed in the Pinchot-Ballinger controversy, the legal processing of the

claims stagnated, leaving the claimants in the position of having to do annual assess

ments work, but unable to remove or sell coal. Under these conditions, most of the

claims were abandoned, with only 2 of the 900 going to patent. The several "coa llf rail

roads planned were never built and the coal industry in Alaska was stillborn.

At this time, domestic production suppl ied only 2% of the territorial coal consumption,

the remainder being imported from British Columbia, Australia, Japan or the State of

Washington at an average consumers price of $IS/ton. In addition to the many claimants

and investors who were financially ruined, consumers having to buy expensive imported

(and import-taxed) coal while local coal might have been had for $3/ton, were under

standably unhappy. Pinchot was burned in effigy in Katalla, then a town of several

thousand, and the people of Cordova shoveled several tons of expensive imported coal

into Prince William Sound as a "Coal Party Protest ll
•

Between 1888 and 1914, the total reported coal production of the Territory of Alaska

was 47,969 short tons valued at approximately $362,000 (Brooks, 1915, p. 21). This was

mainly the production of the Wharf Mine at Port Graham, which produced one to 3, 000 tons

of lignite per year at a price calculated to be about $7.S0/ton, but also includes several

thousand tons of coal produced from the McDonald Property on Bering Lake in 1907. Not

included in these data are the output of a mine on Chicago Creek on the Seward Peninsula

operated in conjunction with local gold mining operations reported to have produced 60 to

1000, 000 tons of coal in its 3 years of activity, and mines at Herendeen Bay, Chignik Bay

and Unga Island, operated in conjunction with local canneries.

Utilizing what was formerly the Alaskan Northern Railway, President Wilson intentionally

chose a route closely passing the fv\atanuska, Little Susitna, Broad Pass and Healy Coal

fields. The Alaskan Railroad came into being in 1914. That same year, the Federal

Government, now having a vested interest in coal development, enacted the Alaska Coal

Leasing Act under which mines were developed in McKinley National Park, Nenana,

Matanuska Valley and Bering River Coal Fields.

The building of the Alaska Railroad to the fv\atanuska Coal Field in 1916, and Nenana

Coal Field in 1918, created the market and transportation necessary for large scale mine

developments. Between 1916 and 1940, coal production increased fairly steady to 174, 000

tons. Primary production was of bituminous coal from the Wishbone Hill district of the

23



Matanuska Coal Field and of subbituminous coal from Healy Creek and Suntrana areas

of the Nenana Coal Field.

The tremendous military build-up in the Anchorage and Fairbanks areas during and after

World War II created market and profit incentive for further exploration and development,

and additional mines were opened at Healy, Nenana, Jarvis Creek, Broad Pass, Costello

Creek and in the Little Susitna and Wishbone Hill area of the Matanuska Valley. Most

of these ventures were short-I ived, although production rose rapidly through the next years

to 412,000 tons in 1950. The mil itary market grew so rapidly that the changeover from coal

to diesel fuel by the Alaska Railroad in the early 1950·s did not adversely affect the Alaska

coal industry. In fact, production between 1950 and 1953, doubled to a peak of 865,000

tons, but eventually decreased as mil itary and industrial consumers converted to gas and

oil fuels.

Currently, the only commercial operation of coal in Alaska is from Usibelli Mine at

Healy, in the Nenana Coal Field, where 700,000 tons per year are produced by stripping

to help power the area around Fairbanks and locally military establishments. Current

price is reported to be $12/ton FOB, for an approximate cost of $2 per million Btu.

Currently, the Federal Government has approximately 33 mill ion acres of Alaska

classified as prospectively valuable for coal. The bulk of these coal lands have been

selected by the State of Alaska under the Statehood Act or are in the Iimbo created by with

drawals under the Alaska Native Claims Settlement Act. The coal lands remaining in the

Federal Domain are in Navy Petroleum Reserve No.4, Arctic Wildlife Refuge, Chugiak

National Forest, McKinley National Park and the Kenai National Moose Range.

Resource estimation is difficult in Alaska as most of the coal fields are very poorly known.

For example, an entire possible coal province based solely on isolated outcrops along the

Yukon and Kuskokwim Rivers is so poorly known that it must be ignored altogether in re

source estimates.

Resource estimates to a depth of 3000 feet are:

I) Bituminous coal ••• 24 billion tons

2) Subbituminous coal and lignite ••• 558 billion tons

Despite the enormous coal resource of Alaska, the high cost of operations, general lack

of tran~portation, problem of land status, and the maze of permits, environmental studies,

and anti-development actions, and unpredictably changing government policies, tend to
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* Parenthetical number is location on accompanying map.

discourage the enormous capital necessary for util ization of this resource.

The more important coal fields and areas are described briefly below:

Arctic Coastal Plain Coal Province (Ia)*

The presence of coal in the Cretaceous Rocks of the Arctic Coast of Alaska has been

known since the earl iest exploration. Our knowledge of coal on the tundra north of the

Brooks Range foothills is based predominantly on outcrop data, ten ft.coaJ beds being

found along most streams. In the west, our knowledge is augmented by detailed mapping

by the USGS (J. E. Callahan paper to be presented herein) and by a joint USGS-BM core

drill ing program. In the east, where there are few exposures of the coal-bearing sequence,

the extent of the coal field is based on subsurface data from oil wells. The coals of the

western half (East of the Colville River) of the Arctic Coastal Plains are low sulphur (0.3%),

subb itum inous-C at about 9800 Btu. There appears to be numerous coal beds, generally

described as being lenticular, but of which 600!c> are at least locally greater than 42 11 thick.

Ten ft. coal beds are apparently common and 20 and 40 ft. beds known. A resource of

100 billion tons is calculated for the onshore coastal plains area west of the Colville River.

To the east of the Colville River, (Ic) between the Colville and Kavik Rivers, sub

surface data indicates approximately 50 billion tons of lignite and subbitumi~ous coal at the

3000 to 6000 ft. depth, of which 600!c> is reported in beds exceeding 5 ft. thickness.

The area east of Camden Bay is poorly known, and although no coal has been reported in

this area, it is probably that coal-bearing strata are present in the subsurface.

Foothills Coal Province (Ib)

South of the Arctic Coastal Plains, the Cretaceous coal-bearing sequence is deformed

as a part of the Brooks Range footh ills. Diastophic devol ital ization and carbon ization have

increased the thermal product of the coal to about 11,000 Btu. Although deformed, about

half of the resource estimate of 20 billion tons is believed to occur in thick (greater than

42 11
) beds. Sulphur content (ave. 0.6) is marginal for EPA emission standards at this rank.

Samples from certain localities, (e.g., Kukpowruk River) have favorable coking indices.

Lisburne Coal Field (2)

Near Cape Dyer and Cape Thompson, low volatile Bituminous coal (cf4, 000 Btu)

occurs in a highly deformed Mississippian section. This coal occurrence is distinct from

and unassociated with the Cretaceous coals whi ch typify the North Slope Coal province.
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The extent and distribution of the Paleozoic coals is unknown, their highly deformed

nature having discouraged prospecting.

In summary, the North Slope Coal province is characterized by an enormous volume of

coal, some of which is of high quality, and most of which is in Ilsimple ll structures.

The harsh climate, permafrost, high cost of Arctic labor, and indefinite status of land

ownership present major problems to development.

The interior of Alaska, (i. e., the area between the Alaska and Brooks Ranges) contain

several areas where coal-bearing rocks occur. The majority of these coal locations are

known from very incomplete river bank exposures, the surface of most of the area being

covered by Quaternary and Recent deposits. Over much of the area the extent and

distribution of the coal, even the very delineation of the coal-bearing basins, has not been

accomplished. Exploration costs in these areas would be high, but the potential for large

volumes of subbituminous (and locally bituminous) coal may also be large.

Borderline subbituminous to bituminous coal is found in 2 ft. beds in several locations

along a 120-mile stretch of the Kobuk River, essentially between Kiana and Chungnak (3).

The extent and distribution are essentially unknown, drill ing being required.

About 36 miles northeast of Bettles, on the middle fork of the Koyukuk River, a 9-10 ft.

bed of bituminous coal is reported (17). Its extent and distribution, and whether other

coal beds occur in the same sequence, are unknown.

Along the lower parts of the Yukon River (5), in the Kaltag to Galena area, bituminous

coal in 3 ft. -plus beds are reported from several locations in the Kaltag Formation (Late

Cretaceous). Several small mines were operated for the riverboat market at the turn-of-the

century, including the Pickart Mine, near Nulato, where a 30" seamof fair to good quality

coking coal was worked. A ten ft. bed of coal is reported from the vicinity of Anvik.

Coal and lignite have been reported from several sites along the Kuskokwim River (6)

including a report referred to by Barnes (1967) of a 6 ft. Bituinous coal bed.

Along Etolin Straits on Nunivak and Nelson Islands (7), Bituminous coals with high coking

values are reported, but in beds less than 2 ft. thick.

Isolated areas of lignite-bearing Cretaceous rocks occur in a complex pattern with

Paleozoic and Mesozoic metamorphic and igneous rocks on the Seward Peninsula (4).

I
I
I
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The strata are apparently deformed, at least in part. An 18 ft. lignite coal bed

(including partings) on Chicago Creek was opened in 1908 and found to thicken to at least

85 feet. Although the mine produced 60,000 to 100,000 tons of coal during its 3 year life,

the extent and distribution of the coal bed remains unknown.

Near the confluence of the Yukon and Tanana Rivers (8), thin late Cretaceous bituminous

coals were mined for the riverboat traffic at the turn-of-the-century. Although the known

coal beds are thin (less than 36"), impure, and of limited Ilrun ", the area has not been

explored sufficiently, and should remain of some potential interest.

Thin subbituminous coal seams are observed in open folds along an 80-mile segment of

the Upper Yukon River near the Canadian Border (9). The towns of Eagle and Circle, both

of which are served by road, are at the ends of this area. About 50-miles south of the upper

Yukon River coal area, a small outcrop of vertically-dipping Tertiary strata contains a

subbituminous coal bed greater than 22 feet thick, which was opened in the 1930's. The

extent of the coal is unknown although the area of Tertiary exposure itself is Iimited to only

a few square miles.

Nenana Coal Fields (10)

A series of coal-bearing basins extends in a discontinuous belf from I to 30-mileswide for

about 150 miles along the north slope of the Alaska Range in the Alaska interior. Although

several of the basins have individual names, Jarvis Creek, Tatlanika, Hood River, Healy,

Lignite, Suntrana, and Teklanika, et al., they are herein discussed as a group under the

name of the economically most important area. The coal is these Tertiary (Oligocene

Miocene) basins is generally subbituminous C or B, varying generally between 8500-9500

Btu. Sulphur content is low, about 0.2%
• Throughout most of the area, the overlyi ng sand

stones are poorly indurated, making stripping operations most favorable.

The easternmost coal field in this trend is the Jarvis Creek field near Big Delta on the

Richardson Highway. Thirty coal beds, most at 2 1/2 feet thick, are known as is an

8 ft. coal bed from which 900 tons were produced in the early 60's. The beds are gently

folded. Barnes (Table 5) cites inferred resources at 76 1/2 million tons of high-ash sub

bituminous coal from this field.

The Healy, Lignite, and Suntrana coal fields lie along the Alaska Railroad and

Anchorage-Fairbanks Highway. Several properties in these areas were developed with the

construction of the Alaskan Railroad in 1918. Many attempted to operate during and after
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World War II. Subbituminous-C coal in beds 10-60 ft. thick occurs in cyclical series of

poorly-cemented graded clastics.

The Usibelli Mine, the only currently active mine in the State, produces 700,000 tons

of coal annually from a series of moderately dipping fault blocks. Reserves of at least 450

million tons are estimated on Usibelli controlled property alone. The western end of the coal

basin trend is incompletely known. The farthest west coal beds known are along the Teklanika

River at the northeast corner of McKinley National Park. West of these thin and impure coal

beds the coal-bearing Tertiary strata Iies covered beneath a mantle of Quaternary continental

deposits. It is conceivable that the series of coal basins continues in the subsurface along the

flank of the Alaska Range, a hypothesis aided by unsubstantiated reports of a "100 foot" coal

bed near the headwaters of the Kuksokwim River.

SOLJrHCENTRAL ALASKA
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suited for exploitation. The area has a large potential power market in Anchorage, about

50 miles away, and some possibility for Marine terminal facilities. No surface transportation

Iines are present. In recent years this area has been one of serious explorational interest.

Almost all of the Bel uga area is currently patented state land, although a portion of the

area may be transferred to the Cook Inlet Regional Corporation (a Native Corporation) as

part of a Real Estate exchange.

The western half of the Kenai Peninsula (IIc) is underlain by considerable quantities of

Iignite to subb ituminous coal. In the southern portion, coal beds are exposed at the surface,

and small mines were one operated at Port Graham and at Homer. To the north, the best

coal-bearing section occurs in the sub-surface, where a considerable amount of this data has

been generated during development. Barnes, 1967, cites indicated reserves of 318 million

tons in 2 1/2' to la' beds on the Kenai Peninsula. Land ownership is divided between the

State and Federal governments (Kenai National Moose Range) with some private land holdings

(uncommon in Alaska). McGee and O'Connor, 1975, in proving the intensity and continuity

of the coaliferous section under Cook Inlet, increase the resource estimate, to 100 billion tons,

speculative reserves for the Beluga-Cook Inlet-Kenai area to a depth of 2000 feet. Calcula

tion of the coal resources (Speculative Resource) to a depth of 10, 000 feet indicates 1.7

trillion tons. The coal resources beneath Cook Inlet are in a generally considered to be con

trolled by the State of Alaska (i .e., N. of Kalgin Island). The Yentna area (IIa) contains

coal of lessor rank (I ignite at about 7000 B. t. u.) than to the south. Most of the exposures

are of impure coal beds about 6 ft. thick, although on Sunflower Creek, a bed of at least

55' thick is exposed. About 56 million tons of lignite are believed present in the area. The

Alaska Railroad and Anchorage-Fairbanks Highway follow the eastern margin of the coaliferous

area, and the seasonal (Petersville) road extends well into the coal area. The State of

Alaska holds or will probably hold title to the land.

The N\atanuska coal field (12) Iies to the NE of Cook Inlet in essential continuity with

the Yentna and Beluga coal fields. The westernmost district of the Matanuska coal field,

the Little Susitna distri ct, is based on coal occurrences very similar to those of the areas

to the northwest, i.e., poorly exposed subbituminous coal generally in thin and impure beds.

There are several abandoned prospects in the area and commercial operations were carried on

at Houston intermittently since 1917. Diamond drilling by the Bureau of Mines in 1951-52

indicated no coal beds over 3 feet thick within 1200 feet of the surface.
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To the east of Little Susitna district, the Matanuska coals increase progressively in

rank. The Wishbone Hill district, adjacent and to the east of the Little Susitna district,

is based upon what is essentially a large faulted syncl ine in whi ch beds of high-volatile

bituminous coal in the Chickaloon Formation (early Tertiary) have been exposed. Wishbone

Hill has been a coal mining center since the construction of the Alaska Railroad in 1916.

Numerous prospects and several mines have been developed, noteworthy amongst which are

the Eska Mine, maintained on a standby basis for many years by the Alaskan Engineering

Commission (Alaska Railroad) and the Evan Jones Mine, the largest producing coal mine in

the field. By the early 1960's, underground operations in these mines had ceased, and total

production was from stripping. The decl ine of market terminated operations at the Evan Jones

Mine, last active mine in the district. A Bureau of Mines core-drilling program, 1949-1958,

indi cates that the area is structurally complex, with numerous small faults offsetting the coal

beds. The coal beds are quite variable, in both thickness and quality, (Warfield, 1962).

Although large reserves of coal are known, 112 mill ion tons according to Barnes, (1967) the

most readily exploitable 6 million tons have been already removed, the remainder being

generally too deeply-buried or in blocks too small to encourage most mine operators at this

time.

The Chickaloon district is based on a small area (12 sq. miles) of Chickaloon Formation

outcrops exposed in a complexly folded, faulted and dike-intruded synclinal structure.

Low-volatile bituminous coal occur in disturbed lenticular beds to 14 ft. thick. Although

some samples have shown strong coking tendencies, the intense deformation and lack of coal

bed uniformity and continuity have discouraged mining. Barnes (1967) estimates 25 million

tons of coal to be present.

The east end of the Matanuska coal field, anthracite Ridge district, contains discontin

uous and lenticular beds of semi-anthracite and anthracite in a complex of tight folds, fault

and thick intrusions. Only a few million tons of coal are believed present. Most of the

coal lands in the Matanuska Valley are,or probably will be, controlled by the State of

Alaska.

North of Cook Inlet, a discontinuous series of exposures of coal-bearing Tertiary strata

follow the Susitna-Chuitna Valley. The Broad Pass coal field on the Alaska Railroad and

Anchorage-Fairbanks Highway just south of the Alaska Range, contains an estimated 64
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million tons of coal, mostly lignite, in 5-10 ft. beds in simple structures. A small out

lying area of subbituminous coal at Costello Creek was locus of mining between 1940 and

1954, providing approximately 6400 tons before abandonment. At Yanert, on the Alaska

Railroad in McKinley National Park, a small amount of coal was reportedly mined shortly

after the first World War.

Alaska Peninsula

High-volatile bituminous coal occurs in impure beds 1-5 ft. thick in a moderately folded

and faulted sequence of Cretaceous rocks on Chignik Bay (16). Despite minor exploratory

work at several locations, the quality and extent of the resource is unknown. The mineral

rights will probably belong to local Native villages.

Approximately 100 miles to the southeast at Herendeen Bay (14) the same coal-bearing

sequence contains a number of high-volatile bituminous (12,000 B.t.u.) coal beds including

one 7 feet thick. The strata are folded and faulted, but probably not so much so as to pre

clude mining, although attempted mining at the turn-of-the-century failed. Although the

potential division of the area between Native, State and Federal Wildlife ownership will

deter exploration.

Adjacent to the south of the Herendeen Bay coal fields is an area of younger (Tertiary)

coals on the Peninsula and Unga Island (15). The coal is of low rank (lignite), but in beds

of up to 8 ft. thick in simple structure.

Gulf of Alaska Tertiary Basin

The Bering River coal field (13) on the Gulf of Alaska is probably the state's most his

torically renowned coal field, being the locus of the Alaska Coal Case "scandalll that

shook the Roosevelt and Taft Administrations. After 60 years of study by numerous geolo

gists from the federal, private and military sections, the area remains problematical. The

coal ranges from low-volatile bituminous in the west to semi-anthracite in the east in this

6 x 20 mile area. The IIcommon knowledge" presence of coking coals in this area is not

founded on reproducible tests and is probably in error. The coal occurs in the Kushtaka

Formation, early Tertiary. Recent investigations have revealed that the area is so extremely

deformed that the term "Coal Bed" is not applicable, the coal generally occurring as pods or

lenses along faults, or as discordant masses along the axes of compressed isoclinal folds.

Lack of continuity characterizes these coal IIbeds II. Hypotheti cal resources (incl uding

submarginal inches) to 3000 ft. depth are estimated at 3.6 billion tons, of which only 1500
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tons are classified as Measured Reserves. Most of the Bering River coal field Iies in

Chugach National Forest.

To the east of the Bering River coal fields, coal is found in beds up to 6 ft. thick in

several locations in the Robinson Mountains (la) apparently in formational equivalents of

the Kushtaka Formation. The coal of the area is poorly known.

SOUTHEASTERN ALASKA

Coal occurs at several locations in the Alexander Archipelago (20). On Kuiu, Kupreanof,

Zarembo, and Prince of Wales Islands, thin beds of Tertiary Iignite occur. At Kootznahoo

Inlet on Admirality Island are 2-3 ft.thick beds of impure, sulfurous bituminous coal

(10,000 B.tau.). A small mine supplied Juneau with some of this coal prior to 1929.
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CHARACTERIZATION OF ALASKA'S COALS

P. Dharma Roo
Univer~ity of Alask~

Coal characterization is a systematic determination of those properties of coal, or

of its constituents, that affect its behavior when used. It will help in planning for re

covery and use of the extensive Alaskan coal deposits, which have proven reserves of

130 billion tons. This estimate is of necessity based on widely scattered outcrops and

meager drill hole data, and the potential reserves in the Cook Inlet region and the

Northern Alaska field are considered to be several fold this figure.

Coal petrography

Coal is a very complex material. An examination of a piece of coal with the naked

eye shows different bands with varying luster, the first indication of its inhomogenity.

A further examination of a polished specimen under the microscope will show that the

bands, although consisting predominently of one or two constituents, are mixtures of

several components called macerals. The macerals are distinguishable by their morphological

characteristics and reflectance. An increase in rank results in an increase in reflectance.

Although, during the past two decades, substantial advances have been made in correlating coal

petrographic components and reflectance rank of vitrinoids to their behavior during car

bonization, prediction of reaction of coal during conversion processes such as gasification,

Iiquification and sol vent refi ning, is sti II a sub ject of intensi ve research.

Rank of coal

Coalification stage is expressed as rank which is determined from proximate analysis

of the coal sample, based on its volatile matter and/or heating value. The rank of a coal

can also be expressed in percent carbon, carbon content increasing with an increase in

rank. The rank determined by these methods is an average of coal components and

cannot distinguish the spread in rank of various macerals of the sample. By far the most

scientific way of expressing the rank of coal is by reflectance. Alaska's large coal

deposits range in rank from Iignite to anthracite; Iign ites and subbituminous coals are

found in the Kenai, Beluga, Susitna, Nenana and Northern Alaska fields. High

volatile bituminous coals are found in Matanuska and the western parts of northern
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Alaska fields. Low volatile and medium volatile bituminous coal and anthracites are found

in the Matanuska and Bering River fields. Although much of the known reserves of

Alaska1s coals are of subbituminous rank, there are coking quality high volatile bituminous

coals in the northwestern arctic which are of considerable interest. Due to their proximity

to the Chukchi coast these coals.have the potential of being mined, as the availability of

valuable coking coals of the other parts of the world diminishes.

u.s. Geological Survey has been investigating the coal deposits of Northwestern

Alaska since 1966. The author has received samples from them on a cooperative agreement.

Initial samples collected during the 1969 and 1970 field seasons were surface samples. Due

to severe oxidation and weathering the ASTM rank of these coals as determined by proximate

analyses appeared to be subbituminous in rank. It was therefore decided to rank these samples

on the basis of reflectance. To serve as a basis for rank determination, coals from Bering River,

Matanuska and Kukpowruk were analyzed. Tables I, 2 and 3 show analyses and reflectance

values of these coals. Additional information on sample locations, preparation and trace

element distribution for these coals have been presented elsewhere (I). Table 4 shows the re

lationship between reflectance vs. rank for Alaskan coals. The reflectance determination of

Northern Alaska coals, tables 5, 6, & 7, showed that these coals are of high volatile

Bor C rank. The sample numbers ossigned in these tobles are those of U. S. Geological SurveY'1

Tables 5 and 6 show surface samples collected during the 1969 and 70 field seasons respectively.

Table 7 gives data on samples collected by an auger in 1973 field season. Although oxidation

and weathering is known to affect reflectance, the use of this method for rank is justified

since the interest is for classifying into broad categories of ASTM rank.

During the 1972 field season, the U. S. Bureau of Mines obtained fresh samples of coal from

Cape Beaufort by drilling and, an analysis of these coals proved that these coals are in fact

of coking quality (2). Even some of these drill samples showed signs of oxidation, such as

cracks, in reflected light under the microscope (see fig. 1). These preliminary studies also

showed that the free swelling index of these coals is low due to a high concentration of

pseudovitrinite (figure 2) and semifusinite (figures 3, 4) which are inert for coking purposes.

Also the pseudovitrinite grades into vitrinite, which could result in higher average reflectance

values.



I
I

I
I
I
I
I
I
I
I
I
I
I
I
I
I

Hardness of coal macerals

Comminution behavior of coals, normally expressed as hardgrove grindability index, is

representative only of the size fraction used for the test. Differential comminution of

monomaceral bands could yield a grindability index that is not truly representative of the

whole coal sample. tv\oisture content of the coal used for testing can infl uence the

grindability index. This is of particular significance in low rank coals such as subbituminous

'C' where moisture in coal can vary from 25% as mined to about 16% when allowed to dry in

air, and is a function of humidity of the ambient air.

Measurements of microhardness of coal macerals would fully define the comminution be

havior of coal during pulverization. Table 8 shows Vicker's microhardness of vitrinites from

various Alaskan coal fields, on dry and wet polished sections. Please note that wet sections

show lower microhardness than dry sections. This difference in hardness is greatest for low rank

coals. Th is aspect, however, needs further eva Iuation. Data therefore need to be de-

veloped to correlate reflectance of vitrinite with microhardness, and the effect of moisture on

microhardness. Microhardness data are particularly needed for the other macerals, pseudo

vitrinite and semifusinite, which are abundant in northern Alaska coals.

Crushing of coal tends to break monomaceral bands of vitrain and fusain more than the

multimaceral bands of c1arin and durain. Therefore, vitrinite and fusinite tend to be concen

trated in the finer size fraction. This property can be used for concentration and seggrega

tion of macerals by simple crushing and screening.

Inorgani c constituents of coal

Apart from macerals (the organic constituents of coal), coal also has inorganic substances.

Although much of this inorganic material is present as discrete mineral particles such as

quartz, carbonates, sulfides, and clay minerals and other silicates; certain trace and minor

elements are associated with the organic phase of coal. This is of particular significance

because many elements (e.g. Ti) tend to be carried with the dissolved coal substance in

sol vent refi ning or simi lar solution techniques. In certa in conversion processes Mo in coal

can act as a catalyst. Ash composition determines the behavior of ash during combustion,

affecting ash fusion temperatures, and fluidity of molten ash at high temperatures. Also,

the physical association of ash forming minerals with the organic components of coal
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determines washab if ity characteristics of the coal. The finer the size that coal needs to be

crushed for beneficiation, the more expensive the processing cost will be.

Form and association of sulfur are quite important if coal processing is required to reduce

the sulphur content of the clean coal. Sulphur associated with coal substance, i.e. organic

sulfur, cannot be eliminated by any physical processes. Likewise very finely disseminated

pyritic sulfur associated with coal macerals cannot be removed. Fortunately, Alaskan coals

are exceptionally low in sulfur and thus are not plagued by this problem.

M.I.R.L. Report No. 15 (I) gives the distribution of certain minor and trace elements.

In a more recent study (M.1. R. L. Report No. 35) of inorgan ic constituents of coals from

Cape Beaufort, the scope of analysis was extended to major elements (2).

The knowledge of Alaskan coals available is quite meager and it will take an enormous

effort to fully characterize them for prudent utilization.
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Figure I: Cracks due to oxidation in a Cape Beaufort core sample (UA-44) - reflected
light (R. L.) oil immersion (520X)

Figure 2: Pseudovitrinite (PV) showing reflectance higher than vitrinite (V) (UA-2) 
exinite (E) and fusinite (F) are only associated with vitrinite R.L. oil
immersion (520X)
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Figure 4: Larger concentration of exinite (E) associated with vitrinite (V) and semi
fusinite (SF) showing varying textures (UA-44) R. L.oil immersion (520X)

Figure 3: Semifusinite (SF) with varying reflectance values (UA-2) - vitrinite (V) has
exinite (E) and bright spots of micrinite R. L. oil immersion (520X)
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Table

Petrographic and Analytical Data for Coals from Matanuska Field

Eqilibrated Bed

Reflectance Class % Reflec- Mois. & Ash Free Basis Moisture Basis
Sample Seam tance Vol. !'Act. Heating value Moist. Ash, Moist ash-
No. No. V4 V5 V6 V7 V8 Ro,% % Btu/lb % % free Btu F.S.1. 5,%

37 Ev.J.,5l 26 54 20 0.667 45.2 14,253 6.34 9.73 13,349 2 .31

38 II SUI 46 54 0.604 46.1 14,258 5.87 9.01 13,421 2 .27

39 II 5UII 20 64 16 0.634 46.3 14,354 5.49 8.83 13,566 1 0.31"2
40 II 6l 12 66 22 0.660 45.4 14,366 5.97 7.89 13,5CAS 11 0.261

41 II 6U 2 26 50 22 0.664 45.4 14,402 6.10 9.22 13,523 11 0.28
2

w 42 II 7 l 8 72 20 0.656 43.5 14,531 6.18 7.85 13,633 2 0.31
'0

43 II 7U 22 76 2 0.632 46.2 14,511 6.42 8.35 13,579 2 0.33

44 II 7Al 74 26 0.662 42.4 14,332 6.30 3.08 13,429 2 0.32

45 II 7AU 28 66 6 0.612 44.8 14,410 5.98 9.18 13,548 11 0.412
46 II 7Bl 2 72 26 0.655 44.0 14,466 6.97 4.72 13,458 2 0.43

47 II 7BU 18 78 4 0.636 43.8 14,377 6.09 3.19 13,501 2 0.34

48 II 7C 28 64 8 0.608 45.2 14,494 6.39 5.80 13,568 2 0.31

49 II 8 14 74 12 0.642 43.4 14,372 6.93 5.98 13,376 2 0.38

50 II Bogus 4 56 36 4 0.695 41.6 14,236 7.89 7.57 13,113 2 0.39



Table I (Contd)

Petrographic and Analytical Data for Coals from tv1atanuska Field

Eqil ibrated Bed
Reflectance Closs % Reflec- Mois. & Ash Free Basis Moisture Basis

Sample Seam
V9 Vll V12

tance Vol. Mot. /-Ieating vol ue Moist. Ash, Moist ash-
No. No. V10 V13 V14 Ro,% % Btu/lb °/0 % free Btu F.S.I. 5,%

51 CM 1 4 40 54 2 1. 10 33.7 15,474 1.80 9.10 15,195 8 0.39

52 CM2 42 20 16 12 10 1.17 24.5 15,236 3.31 7.46 14,099 2 0.53

~

V4 V5 V6 V7 V8 V
9

0
1153 PM 1 8 64 28 0.674 44.6 14,231 5.33 7.47 13,4n 2 0.29

54 PM 2 14 72 14 0.654 44.8 14,416 4.95 3.80 13,762 2 0.35

55 PM 3 2 60 38 0.682 44.0 14,312 5.34 5.63 13,506 2 0.56

56 PM4 48 50 2 0.704 41.7 14,369 5.76 1.72 13,541 2 0.78

57 PM5 16 70 14 0.664 44.5 14,333 5.05 4.77 13,541 2 0.29

58 PM6 22 76 2 0.630 46.1 14,319 5.19 6.74 13,576 11 0.50
2

-------------------
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Table 2

Petrographic and Analytical Data for Coals from Bering River Field

Equilibrated Bed
Reflectance (lass % Reflec- Mois. & Ash Free Basis Moisture Basis

Sample Seam tance Vol. Mat. Heating value Moist. Ash, Moist ash-
No. No.

V17 V18 V19 V
20

V21 Ro'% % Btu/lb 0/0 0/0 free Btu F.S.J. S,%

59 32 ( 14 46 34 6 1.84 18. 1 15,528 2.62 2.67 15,121 l 0.602
~ 60 55 ( 8 49 38 14 2.00 17.0 15,119 4.29 3.54 14,470 0 1.00

61 51 C 4 34 44 18 1.92 16.2 15,707 1.99 1.24 15,534 11 0.78
2

62 61 C 8 58 28 6 1.97 16. 1 15,738 1.95 1.67 15,490 11 0.76
2

63 63 ( 10 32 42 16 1. 91 16. 1 15,528 2.46 1.15 15,146 1 0.76
2



Table 3

Petrographic and Analytical Data for Coals from Kukpowruk, Northern Alaska Field

Reflec-
Eqil ibrated Bed

Reflectance Class %
Mois. & Ash Free Basis Moisture Basis

Sample Seam Vol. Mat. Heating value Ash,
V5 V6

V7
V8 V9

V10 · tance Moist. Moist ash-

No. No. Ro , % % Btu/lb % % free Btu F.S.1. S,%

64 1C 4 64 26 6 0.787 40.5 14,743 3.77 2.48 14, 187 6 0.18

65 2C 2 28 56 14 0.837 38.0 14,363 3.88 6.39 13,806 2! 0.142

66 3C 0.946 32.1 14.578 4.76 4.61 13,884 11 0.15
2

67 4C 6 14 30 44 6 0.792 39.8 14,839 3.00 5.84 14,275 11 0.31
2

68 5C 6 28 40 26 0.835 36.6 14,458 4.81 4.55 13,762 1 0.46

~

2

~ 69 6C 4 i8 54 14 0.810 36.7 14,266 5.11 8.24 13,537 1 0.30
2

70 7C 10 62 24 4 0.775 34.0 14,579 5.54 8.35 13,771 1 0.37
2

71 8C 2 24 66 4 4 0.795 39.0 14,612 4.29 5.15 13,985 2 0.36

72 9C 6 60 28 6 0.780 38.1 14,330 5.65 3.13 13,520 2 .25

73 10C 12 74 14 0.745 40.4 14,228 5.45 5.93 13,452 2 0.30

74 11 C 46 54 0.710 37.5 13,994 6.70 4.70 13,056 0 0.34

75 12C 20 66 14 0.730 37.6 13,928 8.00 6.94 12,813 0 0.23

~------------------
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Subbituminous

High Volatile C

High Volatile B

High Volati Ie A

Medium Volatile

Low Volatile Bituminous
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Table 4

Relationship between ASTM Rank and Vitrinite Reflectance

ASTM Ranks Reflectance
ROt 0/0
.3 - .4

.4 - .6

.6 - .8

0.8-1.1

1. 1 - 1.5

1.5-2.0



Table 5 I
Reflectance Rank Distribution of Vitrinites in Cape Beaufort Coals

Average

v.M.1
Sample

V V5 V6 V7 V8 V9 V10 Vll V12 V13 V14 V15
reflectance

No. 4 Ro'%

1-U 6 6 4 10 18 16 22 16 2 1. 194 27.0

I1-M 6 58 38 .687 38.6
1-L 22 56 22 .646 36.7
2-U 12 60 28 .756 29.1
2-L 22 62 16 .742 35.8 I3 6 50 42 2 .682 36.2
4 6 38 40 16 .616 41.3
5 4 38 54 4 .705 38.0

I6 50 26 24 .622 38.7
7 2 6 10 16 14 28 6 18 1.270 26.0
8 10 66 24 .766 34.4
9 2 62 36 .778 33.1 I10 2 48 50 .684 35.8
11 28 64 8 .616 40.6
12 4 34 40 22 .624 40.7

I13 66 26 8 .594 40.6
17-U 12 68 20 .660 38.3
17-L 26 64 10 .634 39.4
18 10 68 22 .662 37.4 I19 12 68 18 2 .755 36.0
20 10 44 38 6 2 .690 40.9
21 4 26 64 6 .705 37.8 I22 46 46 8 .708 38.2
23-U 2 8 50 36 4 .787 34.5
23-L 2 76 20 2 .666 37.4
24 20 54 26 .660 35.0 I25-U 44 42 14 .722 35.0
25-M 44 24 32 .685 38.1
25-L 10 56 30 4 .674 38.0

I26 4 64 32 .670 39.9
27 28 66 6 .624 43.4
28-U 10 70 20 .646 40.2
28-L .532 43.3 I29 10 50 38 2 .686 39.8
30 18 46 26 4 6 .786 33.5
31 34 62 4 .708 43.6 I32 6 60 34 .676 37.7
LAG.A .590 43.6
LAG. B-U 36 60 4 .512 41.2 I
LAG. B-L 20 72 8 .64 43.2 i

LAG.C 2 26 54 16 2 .634 41.7
LAG.E 16 64 20 .655 37.8
LAG.F .454 46.0 I
LAG.G 4 52 38 6 .600 44.1
LAG.H .528 47.0
LAG.I 4 76 20 .572 40.4
LAG.J 50 50 .596 42.3

ILAG.K .588 42.6
LAG.L 12 64 24 .566 43.2
LAG.M 2 52 44 2 .598 44.2
LAG.N .626 42.4 I
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Table 6

Refl ectance Rank Distribution of Vitrinites in Cape Beaufort Coals

U.S.G.S. Average

I V
3

V
4

V
5

V
6

V
7

V
8

V
9

V
10

Reflectance
No. R 0/c,

0'

I
11 20 54 16 10 .730

17 14 74 12 .646

I 19 50 50 .790

27 8 80 12 .648

II 28* 2 18 80 .626

29 18 64 18 .542
I

II 30A 38 58 4 .602

30B 70 30 .572

il 30C 4 76 20 .566

*30D 36 62 2 .610

*

I 30E 4 56 40 .574

*31A 48 52 .596

*il 31B 20 60 18 2 .548

32A 10 76 14 .644

*

I 32B 2 38 58 2 .6QS

32C 60 40 .580

I 33 upper 12 60 28 .652

33 middle 58 42 .590

I 33 lower 44 54 2 .602

73 2 30 62 6 .624

I 74* 26 68 6 .618

80 2 60 38 .578

I 82 12 74 14 .546

* 1283 16 72 .548

,I 88* 46 52 2 .592

*

I
The polished sections had high relief due to oxidation.
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Table 7 I
Reflectance rank distribution of vitrinites in Arctic coals.

Il'1ean Max.
Sample Ref1ecta~ce Class, % Ref1ectance,'(

No. V
3

V4
V

5
V6

V7
V

8
R ,% II0

AH-73-1A 12 48 40 0.687

AH-73-1B 4 48 L~2 6 0.696 I;
AH-73-1C 22 56 22 0.650 I

AH-73-1D 4 24 52 20 0.637 I
AH-73-2 32 62 6 0.626

AH-73-3 2 22 68 8 0.634 I
AH-73-4 2 62 34 0.590

AH-73-5 40 56 4 0.713 IAH-73-6 2 74 24 0.665

~lf-73-8 2 38 52 6 2 0.611

AH-73-10A 12 46 34 8 0.685 I
AH-73-10B 10 76 10 4 0.671

AH-73-10C 16 60 24 0.654 I
AH-73-23A 6 58 36 0.680

AH-73-23B 8 58 34 0.574 I
AH-73-24 14 5t~ 32 0.670

AH-73-25A 34 60 6 0.617

IAH-73-25B 56 38 6 0.603

AH-73-25C 12 56 32 0.572 IIAH-73-27 78 22 0.674

AH-73-29 2 30 58 10 0.718 I

AH-73-31A 4 36 54 6 0.611 I
AH-73-31B 58 42 0.598

AH-73-32 24 56 20 0.648 I
AH-73-34 6 48 44 2 0.695

AH-73-36 22 58 20 0.637 I
* Based on 50 measurements

I
I
I
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Table 8

Vicker's Micro Hardners as a Function of Rank and Condition
HV HV

local ity Rank Sample No. R Dry Wet
0

Beri ng River LVB 62 I. 97 35.2

Chickaloon HVA 51 1.1 34.4

Kukpowruk I C HVA 64 0.787 40.5 33.3
~ Evans Jones 7AL HVB 44 0.662 42.7 30.7'"

II II 5U2 HVB 38 0.634 43.5 35.4
II II 7C HVB 48 0.608 43.9 35.5
II " 5UI HVB 39 0.604 35.5

Cape Beaufort HVC J 0.596 53.9

Jarvis Creek Sub .bit C 34 0.32 60.2 30.2



COAL INVESTIGATIONS IN WESTERN ARCTIC ALASKA

James E. Callahan

U.S. Geological Survey, Anchorage

The title originally proposed for this paper is somewhat ambitious. I intend to

briefly describe only one of a number of synclinal basins, as representative of the

occurrence of coal in the northern foothills of the Delong Mountains and Brooks

Range, between Utukok River and the Pitmegea River.

This investigation was the result of individual and joint efforts of the U.S. Geo

logical Survey's Conservation Division, and the u.S. Bureau of Mines. The primary

purpose has been to establish some basic concepts about the geologic occurrence,

thickness, quality and lateral continuity of coal beds which occur in a thick

stratigraphic section of Cretaceous non-marine sediments in the area west of Naval

Petroleum Reserve No.4 (NPR-4). The study area also includes the western part of

the reserve.

The occurrence of coal along the northwest coast of Alaska was reported as

early as 1826, and coal from Corwin Bluffs was used by whaling ships in the 1870's.

An attempt was made to open a mine at Corwin Bluffs about 1900. A number of

expeditions collected geologic information from various parts of the region during

the 19th century, primarily along the coastline.

The first systematic investigations were undertaken in the early 1920's by the

Geological Survey for the purpose of eval uating the petroleum potential of NPR-4.

This included inland traverses along the Kukpowruk, Kokolik and Utukok Rivers.

In the late 1940's and early 1950's, the entire region between Corwin Bluffs and

Utukok River was mapped by Chapman and Sable (1960). The currently-used strati

graphic nomenclature, and a description of the regional structural character resulted

from this investigation.

Also beginning in the post World War II period, the U.S. Bureau of Mines

investigated a number of spe:cific coal localities in northern Alaska, including one

thick coal bed on the Kukpowruk River. This bed, variously measured at 19 to 23 feet

in thickness, was the primary object of a number of detailed investigations by the

Bureau, and by private interests beginning in 1954, and including core drilling in 1966.
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The U.S. Geological Survey (U.S.G.S.) began geological mapping in the Kukpowruk

River area in 1966 in an effort to determine the lateral extent of the 20-foot bed, as it is

commonly called, and several other coal beds which outcrop along the river strati

graphically above the thick bed.

During the 1966 season, the Bureau of Mines cored a coal bed near Cape Beaufort to

obtain an unweathered sample for comparison with a previously collected surface sample.

It was noteworthy that the core sample had substantially higher B.t.u. values than the sur

face sample as well as significant coking properties. This is in contrast to the Kukpowruk

River samples, where the differences in quality between surface samples and cores are small.

This cast a new Iight on coals in the Cape Beaufort area.

In 1969, the U.S.G.S. mapped the synclinal basin in which Cape Beaufort is

located. An open-fi Ie report of the southwestern third of the basin was released.

Because of the sparsity of outcrops, sampl ing and th ickness measurements in the northeastern

part of the basin was less than satisfactory. In 1972, the U.S.G.S. and U.S. Bureau

of Mines entered into an informal cooperative arrangement for continued coal investi7'

gations in northwest Alaska. Because of the relative ease of access and the need to assess

the capability of the equipment, the Cape Beaufort area was chosen for the initial effort.

The coal beds and zones occurring in the Corwin Formation east and north of

Pitmegea River are best considered with respect to the individual structural basins in which

they occur. Eventually enough control may be accumulated for basin to basin correlation

of individual coal beds and zones, as well as to arrive at some conclusions about

depositional trends. An understanding of stratigraphic and facies relationship between

the Corwin type section west of the Pitmegea River, and the sections in the basins to

the east will also require further detailed investigations, as will relationships between the

Corwin Formation and underlying and partially equivalent marine rocks. The syncl inal basin

in which Cape Beaufort lies, informally designated the Liz-A syncline, will be dealt with in

this report as representative of the basins in the eastern structural province of the region.

The basin is about 15 miles long from northeast to southwest. The synclinal axis is

roughly coincidental with the shoreline, and the maximum distance from the shoreline to

the base of the Corwin Formation is about 4 miles. The basin is topographic as well as

structural, due to the presence of resistant sandstone units in the Kukpowruk Formation

which underlies the Corwin. The ground surface rises from the shoreline to an altitude

of about 1500 feet at the rim of the basin formed by the Kukpowruk sandstones. Within

•
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the basin, sandstone beds in the Corwin Formation from rubble-covered hogback ridges.

At the type section of the Corwin Formation, Chapman and Sable measured about

15,500 feet of shale and claystone, silty clay, siltstone sandstone and conglomerate

with numerous coal beds, bentonitic clay and some bentonite. They subdivided the

formation into seven members based on lithology, as follows: upper sandstone,

bentonitic clay, conglomerate, coal and sandstone, shale, lower sandstone and silty

shale.

On the basis of plant megafossils, C. J. Smiley concluded in 1969 that the upper

sandstone member (4,141') at the type section is a dupl ication of a lower part of the

section, and that the total formation thickness is about", 000 feet.

The Corwin section in the Liz-A syncline is estimated to be about 8,000 feet

thick based on discontinuous exposures and dip measurements of variable reliability.

A composite stratigraphic section measured in the southwestern part of the Liz-A

syncline suggests that equivalents of the shale, coal and sandstone, and bentonitic clay

members of the Corwi n Formation are present in the Liz-A sync! ine. The lower two

members of the formation apparently are represented in this area by the nearshore marine

Kukpowruk Formation and the marine Torok Formation. These formations are equivalent

in age to the lower part of the Corwin Formation. Smiley considers the Kukpowruk

Formation to be a transitional unit between the Torok and Corwin.

Most coal beds observed underlie resistant sandstone beds. The intervening

tundra-covered areas between the sandstone ridges may be underla in by other coa Is.

To date, however, drilling locations have been restricted to the relatively dry areas

on or near the sandstone rubble traces, and the depth capability of equipment has

been insufficient to cover the entire section between sandstones.

The lowermost significant coals in the Corwin Formation occur about 2, 000 feet

above its base in the southwestern part of the basin. The lower 2,000 feet contains

numerous thin coal stringers and carbonaceous shales. The coals occur in two rather

ill-defined groups. The section containing the lower group is about 2,300 feet thick,

that containing the upper group about 1,200 feet thick. The groups are separated

by an apparently barren zone about 2, 000 feet thick.
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During the 1972 season, an effort was made to investigate stratigraphic sections

and coal beds, along Kahkatak Creek and along the upper part of the Tul ugak Creek.

The coals along Akulik Creek and along a lagoon of the southwest end of the basin

were measured and sampled during earlier investigations. Thickness measurements and

samples either from drill holes, auger holes or surface sampling are referenced to

these four localities.

Within the lower group of coals, three can be correlated between Kohkatak and

Tulugak Creeks, a distance of 2 1/2 miles, and one of these three can be carried to

Akul ik Creek and the lagoon, a distance of about 8 miles.

There is undoubtedly a correlation between the lower part of the lower group

on Akulik Creek, containing six coal beds, and the lower 4 or 5 beds on Kahkatak

Creek. However, a bed for bed correlation cannot be made on the basis of available

control. The thicknesses of the three correlatable beds are as follows: for the

lowest, 6.3 ft. on Kahlatak Creek, 5.8 feet on Tulugak Creek; for the middle one,

7.1 feet (excluding a large parting) on Kahkatak Creek and 7.2 feet on Tulugak

Creek; for the upper continuous bed in the lower group, the thickness is 7.7 feet

on Kahkatak Creek, 6.2 feet on Tulugak Creek, about 8 feet on Akul ik Creek and

10.5 feet on the lagoon.

In the upper group two coal beds occurring within a short stratigraphic interval can be

traced for about four miles based on drill holes and by reference to the overlying

sandstone bed. The lower of these ranges from 10.5' on the southwest to II .5' on the

northeast. The upper one is from 14 to 16 feet thick, and consists of an upper bench

6 to 7 feet and the lower bench of about 1.5 feet separated by 6 or 7 feet of inter

bedded bony coa I, bone and clay partings.

In addition to the continuous beds in both groups, a number of coals were measured

and sampled at single localities along the Kahkatak and Tulugak Creek alignments.

A large number of samples from the Liz-A syncl ine have been analyzed. Unfor

tunately, due to the year to year variations in the budget, the sampling techniques

have varied, including coring, sampling drill cuttings, sampling auger cuttings

and pick and shovel work. Only the two coals in the upper group were sampled con

sistently enough for a valid comparison of analyses along the strike of the beds.

51



52

The upper coal was cored at three localities. Whole core average heat value

for the upper bench is about 11,000 B. t. u. The average for the lower bench is about

12,300 B.t.u. The dirty interval in between ranged from 5,950 to 8,750 B.t.u., with ash

contents from 35 to 52 percent. Ana lyses of a 1.5 spec ifi c gravity float fraction

of the corresponding parts of the bed from each locality resulted in B.t.u. values of

about 12,700 for the upper bench; 13,300 for the lower. The underlying coal in

the upper grOLl'" t..:vs an average B.t.u. value of about 11,020. The B.t.u.value for a 1.5

specific gravity float fraction of one sample of this bed is 12,880.

Free swelling indices for the two coals in the upper group were all less than

three for both the whole samples and the 1.5 specific gravity float fractions.

The lower group of coals are of significantly higher quality than the upper

group, and some exhibit interesting coking qualities. On Kahkatak Creek, the

lower coal in the lower group has an as-received B.t.u. value of 13,060 and a F.S.I.

of 5.6. No analysis of the 1.5 float fraction was made on this sample. A bony bed

lower in the section had a F.S.1. of 2.9 for the whole sample and 7.1 for the 1.5

specific gravity float fraction. Two F.S.I. determinations about a year apart were

made on several of the samples. There was a significant loss in the index even though

the samples were protected from oxidation by airtight storage. Apparently, weathering

has a rapid and marked effect on the coking properties of coals in the Liz-A sync! ine.

Coal resources for the basin were calculated using the following criteria:

Measured resource: The measured thi ckness is assumed to extend one-fourth mile

radius downdip and along strike from the point of measurement, or downdip from an outcrop

line established by measurements within one half mile of one another.

Indicated resource: The measured thickness is assumed to extend from 1/4 to 1/2

mile downdip and along strike from point of measurement, or one mile downdip from an

approximate outcrop position established by measurements within three miles of

one another.

Inferred resource: The measured thickness is assumed to extend I 1/2 miles downdip

from a projected outcrop position established by measurement points on correlatable

beds (where measurement points are more than three miles apart), and a half mile

radius along strike and downdip beyond measurement points. Inferred resources were

not calculated for single measurement points on uncorrelatable beds.
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The total resources for each category for the basin are as follows, to the nearest

million tons:

Measured: 35 million tons

Indicated: 312 million tons

Inferred: 186 million tons

Total: 533 million tons

Geologic mapping and sampling of coal beds in the Deadfall syncline northeast of

Cape Beaufort indicates that essentially the same stratigraphic sequence is present and that

coal beds of similar thi ckness and qual ity under! ie an area of about 55 square miles. An

inferred resource of 500 to 750 million tons for this basin is probably conservative. Seismic

refl ection profi Ies in the Chukch i Sea indi cote that the sync! inal structures whi ch characterize

this region can be projected offshore (Grantz, et 01., 1975). Presumably the portion of the

Liz-A and Deadfall sync! ines lying immediately offshore contain significant quantities of coal.
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GEOLOGY AND COAL RESOURCES OF THE BERING RIVER FIELD

Robert B. Sanders

U.S. Geological Survey - Anchorage

Abstract

The Carbon Creek area of the Bering River Coal Field is one of extreme structural com

plexity. Although neither the structure nor stratigraphy are satisfactorily understood, the

end effects upon the coal beds are believed predictable in their very unpredictability. The

coal seams in this field are characterized by their lack of continuity of thickness in all dimen

sions. Although spectacularly thick outcrops of coal occur, these tend to thin drastically or

become truncated, being better described as pods or bulges than beds. The coal is of high

quality, being a los sulphur, low volatile bituminous or semi-anthracitic, non-coking coal.

Introduction

The Bering River Coal Field encompasses an area of about 80 square miles centered about

60 miles east of Cordova in the northwestern part of the Gulf of Alaska province in southeast

Alaska. The coal field, defined by the outcrop area of the Kushtaka Formation, is a wedge

shaped area about 20 miles E-W and from 2 to 5 miles wide, increasing to the east. It lies

between 60°20' and 600 30'N and longitude 143°40' and 144°20'W. The Bering River Coal

Field is an area of low (2,000-4,000 ft.) but generally steep-sided (45° common) and rugged

mountains lying between the Martin River and Bering Glaciers to the north, east, and south

east, and the low marshy plains between the Bering Glacier and Controller Bay to the south.

The physiography of the series of mountain blocks which comprise the coal field is strongly

fault controlled, as are the structures within the blocks, especially the streams and snow

gullies. Falls of about 100' are found on almost all streams. The lowlands and mountain sides

up to about 100-1500 ft. are densely forested in Sitka spruce and hemlock with a nearly

impenetrable understory of devil's club. The upper slopes of the ~ountainside are thickly

tundra-I ike mat of bunch grasses and herbs. The cI imate of the area is mild and wet with an

estimated precipitation of 150 to 200 inches. Gales with hurricane force winds are appar

ently an annual summer occurrence. Snowfall is apparently great with indications of 12 to

20 feet in the lowlands. Snow accumulation in the upper parts of the mountains is restricted

to the lee of ridges and valleys, the crest and widward sides being swept clean. The

featureless upper slopes are mostly too steep (40-60°) to hold snow, with almost all snow

falling on the mountain avalanching to the valley bottoms.
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Stratigraphy of coal bearing strata

Early exploration and mining ventures

In the Bering River Coal Field coal is apparently confined to the Kushtaka Formation.

Although Martinis description (1908) of this unit and of the adjacent (?) Tokun and Stillwater

Formations is sketchy, and his measured sections are now recognized as including repetitions

due to faulting and folding, this stratigraphic terminology is used in the absence of anything

better. The paucity of outcrops, lack of age-diagnostic fossils, and extreme structural com

plexity of the area makes stratigraphic study difficult. The Kushtaka Formation is an

essentially non-marine unit of unknown thickness consisting of an alternating sequence of

graywacke, feldspathic sandstone, siltstone, shale and coal. No key beds are recognized.

The sandstones are generally micaceous and poorly sorted. Most of the quartz grains are

Coal was discovered in the area of 1896, and coal claims entered under the Coal Claims

Act of 1903 and subsequently refiled under the Coal Claims Act of 1903 and subsequently

refiled under the Coal Cia ims Act of 1904. A large U. S. Geologi cal Survey party under the

direction of G. C. Martin mapped the area at 1:62,500 as a small part of their Controller

Bay regional study. In 1910 the coal properties were studied by Andrew Kennedy on behalf

of the General Land Office, and by G. Wingate for the Forest Service. These two engineers

disagreed as to whether commercial quantities of coal existed in the area and Calvin A. Fisher,

U.S.G.S., was sent to make a detailed analysis of the area. The controversy as to the com

mercial aspects of the coal in the Bering River Coal Fields and of accusations of fraudulent

entry regarding the coal claims brought the matter before the Congress of the U. S. as the

prime issue in the Ballinger-Pinchot controversy (Cunningham coal cases). Among other

results of this series of hearings (House Document 876, 1910) was the enactment of the Alaska

Coal Leasing Regulations. Becuase of the reported high quality of the coal, the u.S. Navy

studied parts of the area from 1912 through 1914, taking huge samples for shipboard testing.

These samples, which contained much slate and gravel according to the miners who observed

their collection, were deemed unsuitable as steamer coal and the Bering River coals received

a very bad reputation, quite possibly undeserved. In the 1920·s the Bering River Coal Co.

opened several tunnels in the Carbon Creek area under a federal lease, and despite favorable

washing and analytical tests but unfavorable coking tests, the venture was discontinued. In

the 1950's the area, especially the Carbon Creek area, became of interest and parties for

several concerns, including Jewell Ridge Coal Co. and U.S. Steel, studied the area.
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Irregular and distorted beds

crushed, the feldspars generally corroded, and calcite has replaced the matrix forming a

free-floating grain texture •. Many are current cross-bedded. Although many of the sand

stone beds form ridges persistent for hundreds of feet, lensing and rapid facies changes have

been observed. Attempts to find a measurable stratigraphic section have proven fruitless due

to the severe imbrication which typifies this unit.

The Kushtaka Formation is typically highly distorted although generally appearing as

sample homoclinal beds due to a highly compressed series of isoclinal, chevron-like folds,

incorporated into an imbrication of bedding plane faults. The overlying (?) Tokun Formation

is also found to be more distorted than it appears to be, containing a few, generally well

hidden, bedding plane faults. The difference in deformation between the formations is attri

buted to their difference in mechanical competence. It is believed that the competent Tokun,

acting against the assumed competent Stillwater Formation, set up a shear couple within the

relatively incompetent Kushtaka. Essentially the Tokun was forced over the lower block of

Stillwater creating a thrust relationship between these units. However, the shortening was

absorbed by the incompetent Kushtaka Formation as a whole rather than along a mappable

plane(s). On a regional scale the Kushtaka could be described as having been crushed and

squeezed out between the adjacent formations. The complex distortion within the Kushtaka

Formation is primari Iy related to flattened flexural sl ip. The alternating sequence of

competent-incompetent beds within the Kushtaka are believed to have formed asymmetric

chevron folds as an initial stage of deformation. Whereas the thickness of the structurally

critical competent beds is variable, the apical areas of the folds formed dilation pockets

into which the most plastic material present intruded. In many instances the material occuping

the area of apical dilation is coal or mixed coal and shale which is intruded into these areas

at the expense of the thickness of beds along the flanks of the fold. In many folds the amount

of apical dilation is so great as to create a markedly disharmonic structure. In other structures

the flattening shear stress apparently continued beyond the limit to which the chevron folds

could be compressed resulting in the development of thrust faults more-or-Iess passing through

the axes of the folds. Continued compression apparently resulted in rotation of the faulted

flanks of these structures such that the limbs become essentially parallel.

The most pronounced feature of the coals in the Bering River Coal Field is their irregu

larity. The term "bed ll is almost totally inapplicable, almost every coal outcrop being better
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described by such terms as "pod ", "b unch ", "wedge", or "I ens". AI most a II of the coa I

outcrops persona II y exam ined are intimate Iy associated with "structures ", espec iall y faul ts

and fold axes. The thickest coal exposures appear to be along the axes of folds and along

faults where coal accumulates at the expense of coal on the fold Iimbs which are greatly

thinned and sometimes thinned out altogether. Although large areas in the Carbon Creek

area appear to have monotonously homoclinal altitudes (generally 50-75 0 NW dip), the area

is highly complex, consisting of a series of tight isoclinal folds and imbricate bedding plane

thrusts. Because of the pinching and swell ing, apical thickening and plastic intrusion of the

coals, thickness cannot be a valid criteria for correlation of the coals in this area. Indeed,

with the repetition of beds in folds and thrusts and the removal of beds from the attenuated

flanks of folds, it is impossible to even ascertain the number of coal beds. Certain coal zones

are known, three in the Carbon Creek area which may be stratigraphically controlled, but

could as likely be structural repetitions. On Cunningham Ridge one of the "coal zones" is

based on a series of exposures in which coal has been intruded into a strike fault that extends

for at least one-half mile. The coal is crushed "soft", "friable", "molybdenitic", "graphitic",

"foliated", or "slickensided". Cleated blocks, indeed any fragments of over a cubic inch, are

unusual, excepting in certain of the thicker exposures such as the Queen Vein where Boudin

like "footballs" of coal occur, or where there is sufficient shale "binder" to form boney drag

folds within the "seam". The Bering River coals have been greatly devolatized through the

low grade regional metamorphism associated with the deformation of the area, ranging in rank

from high volatile bituminous in the west through anthracite in the east. Although the east

ward increase in rank may indicate increased energy entering the tectonic system in that

direction, it is believed, rather, to be a function of stratigraphy, the more competent eastern

facies being devolatized by energy which went into geometric deformation of less competent

beds in the west. Throughout the area the coals are low (about 1%) sulphur. The coking

properties of the Bering River coals have been controversial throughout the history of the area.

Martin (1908, p. 82) performed crude coking tests from samples from Trout Creek and Carbon

Creek. Although the Trout Creek samples coked strongly and the Carbon Creek coal produced

a "small quantity of fair quality coke" (p. 82), his statement that all of the coals in the

western part of the coal field were coking coal was mostly speculation. Subsequent coking

tests by the Navy parties and the Bering River Coal Company (Evans, 1920) determined the

coals do not produce coke by standard processes. Nevertheless, the early speculations of

Martin, the well known occurrences of "natural coke" in the eastern part of the coal field,
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and the slight fusing of the coal when used in stoves has resulted in the IIcommon knowledge II

existence of coking coals in the Bering River Coal Field. The coking ability of these coals

is refuted by all recent analyses.

Whereas the number and thickness of the coal seams is undetermined, the traditional

methods of correlation and resource estimation are not applicable. Data from the Carbon

Creek tunnels and all field evidence gathered indicate that irregularity in thickness typifies

these coal seams. The method believed best suited for the determination of coal tonnages

with the data at hand is to calculate the coal waste ratio for the entire formation and for

these various coal zones. Study of all sections, tunnels, and bore hole data available

indicate coal to waste ratios of 1:40 for the formation as a whole, and 1:20 in the so-called

coal zones. Using these data, the hypothetical resources for the entire Bering River Coal

Field to a depth of 3,000 feet are calculated to be 3.6 bill ion tons.

Estimate of the coa I resources
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STATE-OWNED LAND AND THE COAL RESOURCES OF ALASKA

Pedro Denton

Alaska Division of lands

With the numerous land problems in Alaska, lands owned by the State appear to be

the best possibility for exploration and development of coal at the present time.

There are three basic landowners in Alaska; federal, state and private. iVost of

the lands under federal jurisdiction with coal potential are in withdrawals which prohibit

leasing, are withheld from leasing because of the Department of the Interior's policy

statement, or are in the process of transfer to the state or the natives under the Native land

Claims Settlement Act.

Except for native lands, very little private land has coal potential. Considerable lands

with coal potential have been set aside by the Department of Interior for selection by the natives

primarily in the Northern Alaska, Eagle, Chignik and Herendeen Bay areas. The native

selections wil I not be finalized until the end of this year; however, it is rumored that some

companies have already signed exploration contracts with the native corporations.

By for the most accessible lands in the better known coal areas, at the present time,

are lands already owned by the State of Alaska. Even in this age of planning and study,

state-owned lands remain relatively free of malor problems regarding availability for ex

ploration and development. Essentially the same policy and legal system has been followed

since statehood '.

State-owned land

The full significance of state land ownership to the immediate future of coal mining

in Alaska is clearly shown when state-owned land areas are compared to the major known

coal resource areas. As can be seen by the map, Figure 1, the state almost completely owns,

or is in the process of acquiring, the lands in the Kenai, Beluga, Susitna, fvAotanuska and

Nenana coal areas. iVost of the land in these areas has, been patented or tentatively approved

to the state with only minor areas still in the selection status. To a considerably lesser extent,

the map shows that the state is in the process of also acquiring land in the large northern areas.

The significance of state ownership is further emphasized by the fact that since 1970

the Alaska Division of lands has approved nearly forty coal prospecting and exploration pro

grams. fv4tost of the programs were in the Beluga and f'.enana areas and many of them included

extensive drilling programs. The programs have sharply increosed in the last two years, with

twelve programs filed in 1974, and fourteen already filed in 1975.
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The Iega I framework

This upsurge of prospecting, exploration and permit lease activity during the past few

years is very encouraging to those that are interested in seeing a major new energy resource

industry develop in Alaska. Hopef ully, sol utions can be found soon to the marketing,

engineering and economic problems and the mines we have so long heard about will become

a real ity.

Over 40,000 acres are already under coal lease in the Bel uga area and about 19,000

acres are under lease in the Nenana area. In addition, there are currently over 600,000

acres under coal prospecting permit in the Bel uga area and about 80,000 acres under permit

in the Nenana area. There are about 3600 acres under lease, and about 900,000 acres

under permit scattered through the other state-owned coal areas, primarily the t'Aatanuska

Susitna area.

The basi c legal framework under which coal prospecting, exploration and develo~

ment rights are acquired is shown in Figure 2. Copies of the pertinent regulations and statutes

can be obtained free-of-charge by writing to the Alaska Division of Lands, 323 East 4th

Avenue, Anchorage, Alaska 99501, or at the Division office in Fairbanks and Juneau.

In the remaining time, I would like to discuss some of the more important problems

or concepts involved with the state coal-leasing program. First is in the area of environ

mental controls. Operators are required to file a plan of operations with the Director,

Division of Lands for approval prior to conducting any operation on a prospecting permit.

A lessee is likewise required to file detailed plans including restoration plans. These plans

are reviewed by concerned state agencies, including the Department of Environmental Conserva

tion and the Department of Fish and Game, and appropriate stipulations are included as a part

of the approval.

The restrictions in these approvals can be expected to get increasingly more stringent

as activity increases in an area, especially in important fish and game resource areas, and in

operations potentially involving major water bodies. The same type of concern will also make

it more difficult to open newly-acquired lands to permit and lease. It is anticipated that some

type of land-planning and environmental analysis will be a necessary prerequisite to opening

future areas. It should be noted however, that the major state-owned coal areas are already

opened to leasing and the land-use pattern has already been established by past operations.

Logically, any future study and plan would recognize the basic commitment of the area to coal
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Permit

BASIC PROVISIONS

ALASKA STATF. LANDS

COAL LEASING

Lease

NOTE: AS=Alaska Statute

11 AAC=Title 11 Alaska

Administrative Code

Statute and Regulation

Provision

I
I

An aggregate of 46,080 acres in permits and leases. Additional 5,120 acres

upon showing of necessity for mining and is in public interest and after pUblic

hearing.

Figure 2. Legal framework for coal prospecting, exploration and developemEflt.
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1. Wind Availability

(al New lands

Competitive

Noncompetitive

(b) Old lands after initial

openin" no applica

tions flied.

(c) Terminated permits

and leases

(d) Known Coal Winds

2. Term

3. Extension

4. Size

5. Acreage Limitation

6. Rental

7. Rental Adjustment

8. Royalty

9. Royalty Effective Period

1O. Assign ment

11. Limitation on Overriding

Royalty

12. Environmental Controls

13. Bonds

NA

Opening notice providing for

30 day simultaneous filing

period with the winner

determined by drawing.

Over the cou nter on a first·

come·first served basis.

Termination notice providing

30 day simultaneous filing

period with winner to be

determined by drawing.

NA

2 years

2 years, upon showing of

reasonable diligence and

expenditure of at least $1.00

per acre prospecting.

5120 acres each permit

None

NA

At least 5 cents per ton

greater than lease rate.

NA

Allowed with approval of

Director.

NA

Plan of Operations must be

approved.

Not less than $1,000 per

permit. Director may reQuire

more.

Competitive Sale Notice

Permit conversion to lease

on showing coal in commercial Quantities.

Permit conversion to lease

Competitive Sale Notice

Competitive Sale Notice

Indeterminate, conditioned upon diligent

development.

NA

In a form which will permit economical

mining.

Not less than 25 cents per acre for the

first year, 50 cents per acre for the second,

third, fourth and fifth year and $1.00 an

acre thereafter. Current practice,

statutory minimum.

No more than 20 years. Current

practice, 10 years.

Not less than 5 cents per ton. Current

practice. 30 cents per ton.

Not more than 20 years. Current practice,

10 years.

Allowed with approval of Director.

Can not exceed State's royalty unless

justified by SUbstantial improvements.

Plan of Operations must be approved.

Not less than $1.00 per acre. May reQuire

more.

AS 38.05.135

AS 38.05.145

AS 38.05.150

11 AAC 82.105' .115

11 AAC 82.400 ..475

11 AAC 84.100

AS 38.05.150(e)

AS 38.05.150(c)

11 AAC 84.120

AS 38.05.150

AS 38.05.140

11 AAC 82.300 ..310

AS 38.0S.1S0(dl

AS 38.05.1 SO (d)

AS 38.0S.150(dl

AS 38.0S.150(dl

AS 38.05.340

11 AAC 82.605 •.630

11 AAC 84.170

11 AAC 84.115

Lease Stipulation

11 AAC 82.600

11 AAC 84.11 5

11 AAC 84.155
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exploration and developement.

Acquiring surface permits and leases

Some of this environmental concern will also reflect in the acquisition of access

and other land uses associated with coal mining operations such as rights-of-way, dump

areas and processing plant sites. However, since the state will receive royalties from

any operation which has progressed to the point of needing these facilities, it should not

be too difficult to acquire the necessary surface permits and leases, even though the re

quirements for construction and use may be very stringent in order to provide minimum en

vironmental impact from the use.

The legal framework for acquiring surface-use permits and leases already exists.

One of the problems is that long-term surface leases can only be disposed of by public

auction at not less than fair market value. A requirement for development plans limited

to specific types of development usually discourages speculative bidders at these sales. Off

lease rights-of-way will probably also require that it be a public right-of-way; however,

operators will probably be able to restrict public use where a showing can be made that

public safety is involved.

"Commerr.ial quantities"

One of the concepts that is often misunderstood is concerned with standards for

conversion of prospecting permits to lease. The statute provides, "if within the period of

two years the permittee shows to the commissioner that the land contains coal in commercial

quantities and submits a satisfactory mining plan for the coal's recovery, the permittee shall

be entitled to a lease for all or part of the land in his permit." There has been some past

confusion over the term "commercial quantities". Some interpretations have involved the

use of the words "workab le" and "commercial deposits II , but the current practi ce is to let

the term stand alone.

The department has also interpreted the language, "the permittee shall be entitled to

a lease for all or pnt of the land, II as limiting the lands that can be converted to lease to only

parts of the permit that can be shown by the information submitted by the permittee to contain

coal in commercial quantities. Because of the short time of a permit and the probable in

volvement of the lands immediately adjacent to a coal deposit in the mining operation, the

standards for showing the limits of the deposit have not been too stringent, and where support

ed by drill hole and/or outcrop data, geologic inference will be allowed.
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Summary

Roya Ity rates

In summary, I believe that Alaska's coal-leasing program is relatively simple, pre

dictable and favorable to the developer.. Like everything else, it is going to get more

complicated .. However, for those interested in developing coal resources in Alaska, lands

ownEd by the state are still probably the best possibility ..
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The requirement for a mining plan prior to approval of the lease has also been very

liberally applied .. Only a general mining plan is required to support the Ifcommercial

quantities U aspect of the application and to provide some insight into future environmental

problems .. The lessee will be required to submit detailed mining and reclamation plans be

fore commencing operations on the lease.

The trend in royalty rates is up.. Some of the older leases carry the statutory minimum

of five cents per ton and most of the leases in the Bel uga area provide ten cents per ton.. Re

cent leases, however, provide a thirty cent rate.. The statute also provides for adjustment

of royalty rates at not more than 20 year intervals. Recen1' leases provide for adjustment at

the end of 10 years ..

In addition to an upward trend in royalty rate, the state will probably look into the

possibility of using other royalty schemes during the next few years, such as a percentage of

gross value of the coal at the mine. Some of the more Iikely future trends that have not been

discussed include the requirement to file with the state, information gained from prospecting

permit operations (primarily drill hole data) for use by the state and release to the public

after termination of the permit. Some form of prepaid rentals on prospecting permits, as

well as escalating minimum royalty or rental payments for leases, is also a good possibility ..

There has also been considerable discussion at the legislative as well as administrative level

on statewide severence taxes and land-use planning legislation which would affect private

lands as well as state-owned lands.
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MINE ENTRIES - - SLOPES AND SHAFTS

Richard M. Stewart
Dravo Corporation
Denver, Colorado

Introduction

Coal mining started ;n Alaska in 1855 when the Russians opened a mine on the south

western tip of the Kenai Peninsula. From 1880 to 1915 coal was mined at several localities

for commercial fuel purposes as well as domestic heating. Maximum annual production

during that period was 10,000 tons and was reached in 1907.

Sustained coal production in Alaska began with the completion of the Alaska Railroad

to the Matanuska coal field in 1916 and to the Nenana field in 1918. Production rose to

60,000 tons in 1920, and almost tripled that with 174,000 tons in 1940. During the peak

of World War II -- 1943 -- 300,000 tons were produced.

Prior to that time, most production had utilized underground mining methods but from

1943 on there was a rapid expansion of surface coal mining. By 1950, surface mining

methods accounted for 280/0 of the 412,000 tons mined, and by 1960 this figure had increased

to 93% of 725,000 tons. The last underground mi nes were converted to strippi ng operations

in 1961. Today roughly 940/0 of the coal mined in Alaska comes from the Usibelli Coal

Company strip mine in the Nenana field 70 miles southwest of Fairbanks. 1974 production

in Alaska was 775,000 tons.

Resources

Alaskan coal resources to a depth of 3000 feet were estimated at 130.125 bill ion tons in

USGS Bulletin 1242-B by F. F. Barnes. It is thought that an additional 135 billion tons has

not yet been discovered. f'Aost of the coal reserves (92%) were located in the North Alaska

field north of the Brooks Range. Bituminous coal amounted to 15% of the total reserve with

the remaining 85% made up of subbituminous coal and lignite.

There are abundant strippable coal reserves of subbituminous coal and lignite, and

certainly these will be mined primarily by surface methods for many years. However, the

more valuable bituminous and anthracite reserves may be better suited to underground mining.

The metamorphic processes subjected these coal beds to folding and faulting and intrusion

of igneous dikes and sills. These higher quality coals were formed by more intense heat and

pressure. Some seam structures have been modified to irregular lenses. Some metallurgical
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coal has been identified in these highly metamorphosed regions.

It is likely that surface mining will be preferred to underground mining where str ipping

ratios are less than 10 cubic yeards per ton of coal. In areas with higher stripping ratios,

underground methods may prove more economical. Both alternatives should be considered.

Experience

Dravo Corporation has been a contractor of mine development work for the past 75 years.

Dravo's Civil, Mining, and tv\arine Services Group specializes in surface and underground

engineering and excavation in civil, mining, and marine projects. The Mining Engineering

division designs surface and underground mines for any mineral commodity. At present much

of our engineering work is related to energy: Le., coal, uranium, and oil shale. Our cur

rent contracting work includes 7 coal shafts and slopes, 2 trona shafts, 2 uranium shafts,

a 10 mile molybdenum haulage tunnel (the largest in a North American mining project),

as well as a strip mine producing phosphate rock. Shafts are also being sunk by Dravo in

Australia and Algeria.

Conceptual study

A prel iminary or conceptual engineering study of a coal mine development must consider

the coal reserve and its associated geology relative to the overlying topography. Isopach

maps are prepared contouring coal thickness, attitude and quality. Overburden ratio maps

delineate areas of minimum stripping and potential areas of access to the coal. Maps are

prepared contouring physical properties such as BT U's per pound, volatile motter, sulfur ..

ash, moisture or other properties related to the intended use of the coal.

The tonnage of the coal reserve and the market demand determine the annual mine pro

duction rate and the size of developme nt openings and equipment. Underground mining

methods are designed based on all of the geologi c and physi cal parameters. Rock mechanics

studies help to determine the best orientation and size of the mine entries. Regional dip of

the coal seam may provide opportunities to plan drainage and haulage so that most of the

water and coal moves down dip to an adit or to common collection points from which they

can be moved to surface through a slope or shaft.

Slope or shaft access is usually located near the center of the mine tract to keep haulage

distances short. Terrain may modify the location. Surface plant siting considers suitable

gently sloping terrain above any flood level, yet accessible to a major transportation net

work. Often railroad unit train storage and load-out facilities are required as part of the

66

I
I
II

I'
I
I.
I
I
I
I
I
I
I
I
I
I
I
I
I



67

Incl ined shafts or slopes

surface layout.

In regions where rail access is impractical, overland conveyors, slurry pipelines or

truck haulage may be selected to move the coal to a consumer or to a maior load-out

facility such as rail, barge, or ship. Dravo has designed and constructed many large

materials handling systems to store and load minerals onto railcars, barges, or ships. The

Civil, Mining, and ~rine Services Group also designs and constructs river and ocean

port facilities. The mine access systems are sized to handle the volumes of coal, materials,

and ventilation required to meet the dai Iy production.

Slopes are employed for access into flat-dipping coal seams that outcrop or are relatively

close to surface. These may be driven in the coal if it outcrops or, if necessary, in the

rock. Generally in the U. S. slope access is used to a maximum depth of 500 feet. Beyond

this depth vertical shafts are usually more economical. Slopes are often driven at angles

of 18° or less to accomodate conveyor belt systems for coal hoisting. The cross section may

be wider than high to accomodate the conveyor on one side and a track for supplies and

personnel on the other. This wide configuration can be used where roof conditions are good

or where the roof can be held with a Iine of supports separating the conveyor and rail com

partments. The compartments may be sealed to provide both upcast and downcast ventilation.

An alternate configuration for a slope places the conveyor compartment above the rail

compartment. This high cross section is suitable for poor roof conditions where an arch shape

may be required for long term stability. Again the compartments may be sealed to provide

upcast and downcast ventilation.

Slope mucking can be done with rubber tired load-haul-dump vehicles on mild grades

up to about 15°/c" provided the floor rock is of good quality and water inflows are minimal.

The LHD would move the muck to surface. On grades steeper than 15%, traction and bucket

loading become serious problems. Crawler-mounted mucking machines, end loaders, or

coal loaders can be used on steeper grades with grousers and possibly supplementary hoisting

with a tail rope to a winch. A rail-mounted rock car or skip would hoist the muck to sur

face. On steep incl ines a Cryderman mucker mounted on rail would muck into a skip on

parallel rail. Mucking rates are slow with this type of equipment.

Rock slopes may present difficult roof problems if they cut through layered sediments

such as shales. Ragged roof conditions can result, requiring steel or concrete support. To
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Vertical shafts

reach a given point in the center of a coal tract, one may drive a relatively long incline

or sink vertically to the point. Except in mountainous terrain the shortest distance is

vertical, hence the higher costs of driving slopes usually make them uneconomical below

500 feet.

Several vertical shafts are usually required to service a large coal mine. Their functions

are: (1) coal production (2)man and material hoisting and lowering (3) ventilation and

(4) utilities. The size and shape of these shafts is dictated by the service as well as the

cost.
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When a functional mine layout has been designed and tentative shaft locations have

been established, drill cores should be taken at the shaft centerlines. These should be

analyzed for geologic and rock mechanics properties and the holes tested for water inflows.

Additional information can be gained by logging the drill holes with geophysical techniques.

Circular shafts are the least costly because they are structurally stable with only minor

Iining to assure no rock falls. Small diameter shafts may be drilled and reamed from surface

to diameters of 10 feet.

If underground workings have been established at the bottom of a proposed shaft site, it

is desireable to drill a pilot hole from surface and then ream the shaft from the bottom up.

Cuttings are removed through the mine haulage and hoisting systems. The reaming can be

suppleme nted by slashing the shaft to any desired diameter with the blasted rock dropping

down through the reamed hole to mine mucking and hauling equipment on the level below.

The enlarged shaft can be concreted from the top down in coniunction with the slashing

operation.

Most large shafts are sunk completely from surface. The design provides for the major

functions: i.e., air flow, ultimate hoisting requirement, lowering of equipment, util ity

installation, and personnel transport. The detailed engineering provides for a structural

design. It is desireable to integrate the sinking and construction requirements into the

permanent facility design so there is maximum utilization of permanent mine equipment in

the sinking process.

Throughout the design, attention must be given to: (1) shaft sinking methods (2) mater

ials handling systems (3) crew working cycles (4) personnel environment and safety

(5) water collection and pumping, and (6) concrete framing and pouring. An optimum de-

sign will enable the crew to be highly productive, for in shaft sinking, "Time is Money. II
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Careful engineering that considers the details of the shaft sinking method together with

the details of the permanent structure will produce the lowest cost installation for the mine.

Often it is more economical to sink a well planned 20 foot diameter shaft than to struggle

with an ill-conceived congested shaft of 14 foot diameter. The larger 20 ft. shaft utilizes

methods and equipment that have yielded rapid progress and low cost installation for Dravo

for many years.

In Wyoming, Dravo is completing two 20 ft. shafts in the same period and at lower cost

per foot than a nearby competitor was able to sink a single shaft. All three shafts are in

the same formation and are sunk to the same depth. A 20 foot concrete-lined circular

shaft to depths of 1500 feet costs about $700 per foot today in Wyoming. Larger shafts

have been designed and estimated in the Rocky Mountain Region. A 30 foot concrete-

Iined, circular shaft would have job costs of about $2000 per foot.

Shaft hoists

The selection of a production hoist is based on the service to which the hoist will be put.

If all coal production will be hoisted from a single level, a multi-rope friction hoist with

two skips in balance is a good selection. However, if production will be hoisted from sev

eral levels, a friction hoist requires a counter weight for a single skip. Multi-level hoisting

is best done with a double drum clutched hoist with two skips in balance.

Dravo has just completed a design utilizing two double drum hoists serving a 24 foot

diameter concrete-lined shaft. These permanent hoists and the steel head frame will initially

be used for shaft sinking. Direct skinking costs are estimated at about $3000/foot including

extensive grouting and thick concrete lining due to large quantities of high pressure water.

Shaft and slope estimating

A mining and construction contracting company such as Dravo can bring many years of

shaft-sinking experience into a project. It also brings the skills of very accurate cost esti

mating derived over many jobs. This experience under a wide variety of geologic and cli

mactic conditions develops much broader expertise than is normally found in a mining

company. Thus, techniques and equipment developed on past jobs can provide answers to

the difficult problems that can be anticipated in Alaska.

Certain patterns emerge from bids on many projects. The percentages I mention are

applicable to shaft and slope estimates throughout the contiguous United States. Four main

components of the bid pri ce can be identified as follows: (1) labor - 44% of the total bid
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(2) permanent and construction materials - 26% of the total bid (3) equipment - 17% of

the total bid (4) miscellaneous expenses and margin - 13% of the total bid. These per

centages would be less consistent in Alaska due to geologi c and cI imatic factors.

Another analysis of the bidding is to consider the three major cost centers of the bid,

which are normally summarized as:

I. DIRECT COST - the actual construction cost of the shaft or slope. In Alaska, this

would be affected by increased labor, materials, and equipment costs, mainly due to re

moteness and geolog ic and cl imati c factors.

2. MOBILIZATION AND PLANT SET-UP - normally a minor cost but a major item in

Alaska. Access roads, intensive site preparation, environmental preservation and site

reclamation, camp facilities, shops, etc., combined with the material and labor utilized

in their completion, would substantially raise the cost of the job.

3. OPERATING EXPENSES - the major increase here is in supervision, labor and pro

;ect margin. Overtime is used extensively because of the shortage of labor and to take

advantage of reasonable weather conditions, ice-free periods, and daylight. This plus

low labor productivity due to adverse weather and environmental conditions adds up to

higher operating expenses.

Labor costs. These consist of all direct and operating labor associated with the job.

Labor costs will, of course, vary throughout Alaska according to the location of the con

struction site, with premium wages being paid throughout. The general trend to compensate

for frequent overtime work and remoteness of location, is to extend company benefits to

include food, housing, and extensive paid vacations with travel allowances. This could

increase the labor cost from two to four times the cost for a similar job in the IILower 48. 11

Another influencing factor is the availability of working time. Therefore, detailed

scheduling and logistic planning are required to ensure continuity of operations and greater

productivity from the labor force.

Permanent and construction materials. These costs vary from job to job and naturally are

dependent on final project design. The general geology of the Alaskan coal fields, with its

great depths of unconsolidated ground and permafrost, makes shaft sinking the most desirable

and least expensive form of construction. However, the extensive temporary and permanent

ground support required would be costly.

The maximum grade of slopes is 18° to accomodate conveyor belt installation. This means

a much greater area of unconsolidated rock would be encountered in slope construction,
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requiring very close support or a concrete lining which would, in turn, be costly due to

the extreme temperatures encountered. Difficulty in obtaining materials and high trans

portation costs would further compound the problem. Scheduling of materials would also

be critical, necessitating more plant erection and site preparation for storage.

Equipment rates. Equipment for shaft and slope development is in short supply at

present. There are several long lead-time items required for shaft projects, such as hoists,

electric motors, transformers, mucking machines, permissible equipment, and custom

designed and constructed head frames, sinking stages, and concrete forms. Prices of equip

ment used in Alaska will be high because of factors such as high freight costs, high cost of

servicing and maintaining mining equipment, and the need for more extensive shop facil

ities and larger parts inventories due to remote locations.

Miscellaneous expenses and margin. These would remain virtually constant with the

possible exception of the margin, which would be expected to be greater due to the higher

risk of the project. During periods of rapid inflation there is high risk in hard money bids,

hence lump sum bids will usually cost the client more than a cost plus fixed fee contract or

a target estimate-incentive contract.
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EXPLORATION AND DEVELOPMENT OF THE BELUGA

COAL FIELD

Benno J. G. Patsch

Placer Amex Inc.

San Francisco, Ca.

History

The USGS first reported obs~rYationsof coal in the Beluga area in 1900, with more re

ported in subsequent years. In the mid 1950·s Phil Holdsworth, Commissioner of Mines for

Alaska, brought attention to the Beluga coals in a paper which suggested the coal field as a

source of mine-mouth power for the Anchorage area. In 1959-1961 the U.S. Bureau of Mines

(USBM) did some drilling for coal near Beluga Lake, and in 1962 and 1963 some private coal

exploration was done in part on lands which now comprise our coal leases. Interest in

coal for local development diminished with the discovery of oil and gas in the Cook Inlet

basin in 1957.

As a one-time operator of Alaska's Evan Jones Coal Mine, our management has for

many years been aware of the potential of the Beluga reserves. The Evan Jones Mine was

forced to close in 1968 after losing its major markets, the Anchorage military bases, to

natural gas from Cook Inlet. In 1966 Placer Amex Inc. (then American Exploration & Mining

Co.) applied for its first coal prospecting permits in the Beluga area. Following the publica

tion of U.S. Geological SlIrvey(USGS) Bulletin 1202-C, (Barnes, 1967) Evan Jones Coal

Company acquired additional prospecting permits in the Beluga coal area. At that time the

maximum state limitation on coal lands was 10,240 acres and Evan Jones acquired its limit.

In 1969, the acreage limitation was increased 46,080 acres. Placer Amex enlarged its

original holdings as individual blocks of ground became available, resulting in six State of

Alaska coal leases and several coal prospecting permits. These are now held by the Beluga

Coal Company, a wholly owned subsidiary.

Since we acquired our coal prospecting permits, we have conducted five separate drill

ing expeditions and made various engineering, mining, transportation, environmental and mar

ket studies, all of which are of an ongoing nature. The energy crisis has accelerated our

activities on this project.

Location

Our leases in the Beluga coal field are in two blocks, some six miles apart, which we
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call Capps and the Chuitna areas. These leases are located near Cook Inlet between 50 and

60 miles west of Anchorage. The more northerly Capps deposit is at around 2000 feet eleva

tion and 24 miles from Cook Inlet, while the Chuitna deposit is at around 1500 feet elevation

and some 14 miles from the Inlet.

The deposits are situated on a broad piedmont lowland of generally low relief, with a

copping of glacial material ranging from sand through gravel to a very few boulders. The up

land areas are mostly barren of trees, with muskeg vegetation including mosses, grasses, sages,

heather shrubs, willow brush, dwarf birch and rare scattered spruce. In the deeper river cuts

some cottonwoods, willow and alder thickets are present. Streams have incised deep valleys,

ranging from tens of feet to several hundred feet, into the piedmont plain exposing coal beds.

Our leases are on uninhabited state land. The Tyonek village is about 20 miles to the

southeast.

Recently a logging operation has commenced in the area between our coal leases and

Cook Inlet.

Geology

The surface and subsurface geology of Cook Inlet has been described, subdivided and

named by various workers such as Eldridge; Spurr; Barnes; Calderwood and Facklet; Hartman,

Pessel and McGee; Adkison, Kelley and Newman.

According to the terminology in Figure 1., most Cook Inlet coals occur in the Tyonek

Formation of the Tertiary Kenai Group.

Atkison et 01 places the Capps area coals near the bottom of the Tyonek Formation and

those along the Chuitna River into the upper part of the Tyonek Formation.

Our overburden and interburden cores show most of the material to be clayey siltstone

and mudstone. Sandy horizons occur but are less common, and gravel layers are even less

common.

Quaternary material and outwash overburden exists over part of the leases. The contact

between Tertiary and Quaternary is difficult to recognize except in a few local area~ where

the Quaternary consists of a lot of cravel and boulders.

In the Capps area, two major coal beds exist in what is a seven- or eight-square-mile

local coal basin. At their maximum these beds are 55 feet and 25 feet thick. (Figures 2 a'1d 3.)

In the Chuitna area, six and possibly more coal beds exist ranging up to over 40 feet in

thickness. There is some local structure which brings these different coal beds near the sur

face in different parts of our leases.
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Figure 1: Proposed stratigraphic nomenclature for Kenai group (after Calderwood and Fackler)
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Figure 2. A 55 feet thick coal bed near Capps Glacier

Figure 3. A 50 feet thick coal bed near Capps Glacier
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Figure 4. Average coal quality for Beluga coals

As Received Dry Dried to 1()O/o Moisture

Moisture 28°k 1()Ok

Ash 10 13 12

Volatile 32 44 40

Carbon 30 43 38

Sui fur 0.15 0.2 0.2

BTU 7550 10500 9400

Cal 4194 5833 5222

Based on Figure 4, the Beluga coals are subbituminous 'C" in rank and are similar to

many of the western U. S. coals, but they are very low in sulfur, low enough to meet U. S.

government standards for sulfur content for direct burning. As indicated in Figure 4, the heat

content of the liAs Received" coal could be upgraded by some 1()Ok to 2()O/o by using drying

and possibly, washing~techniques.

Mining

The mining aspects of the deposit have not yet been intensely studied. Detailed drilling

was done only this year in the area we feel will be the initial mining area. A conventional

open pit extraction is planned, and several favorable factors combine to enhance both mining

and subsequent land reclamation. The coal occurs in several seams with reasonable overburden

ratios. Several of these seams are 20 to 30 feet thi ck with one up to 55 feet thick. So even

for a very large scale operation, only a relatively few acres would be disturbed per year. The

overburden is in all cases a clean, soft sequence of siltstones and mudstones with lesser sands

and gravels. Because of the low sulfur in the coal and the clean overburden sediments, no

acid mine water drainage problems YtOuld be encountered.

Year-round operations would be possible, since climatic conditions in the w,nter are usually

less severe than in other northwestern U. S. coal areas. The climate is similar to that of

Anchorage, which compares to that of the northern Great Lakes region. Average temperature

for January is 130 F and for July is 570 F. Average annual precipitation in Anchorage is 14.27

inches and the average snowfall is 61.1 inches.

The coal areas are above timberline, mostly underlyir:g grassy upland meadows and tundra
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ones.
The Japanese market is another possibility for Beluga coals. Japan has a domestic coal

mining industry and in 1967 ,26 million tons were burned for power generation. However,

by 1973 only 11 million tons, out of a total domestic coal produ.ction of 21 million tons,

which, because of sufficient ra,,, and sunshine, will be easy to revegetate after mining. There

is no other conflicting use of these lands at present, and a choice of several plant site loca

tions exists. A plentiful supply of fresh water is available.

The Bel uga coal fie Id, even though it is Iess than 60 miles from Anchorage, (Figure 5)

is an undeveloped part of Alaska with no existing infrastructure. In order for the pro;ect

to carry the needed support facilities, like a community, roads and a harbor, thes:ale of

operations would have to be substantial, at least 5 million tons per year, which would be

enough to fuel a 1,000 megawatt base-loaded electric generating station.

Markets

Alaska is a storehouse of energy. It may be some time before Southcentral Alaska wi II

have to revert to coal for electric power generation.

Since the Beluga coals are virtually on tidewater, natural markets for the coal would be

export markets, also on tidewater, along the U. S. west coast and Japan.

Nationwide, coal will become increasingly important as a fuel for electric energy genera

tion, and this w:1I be so for the western coastal states. However, at the present, the west

coast market is unable to use coal. With one exception, all thermal power plants are equipped

to burn oil and gas only. Ever since the energy crisis there has been an increasing interest

in Alaskan coal, but it is a big step, bo~~ in financial commitment and time, from interest to use.

The one mine-mouth coal-fired power plant o,n the west coast is at Centralia, Washington.

Two additional ones are being considered: one by Portland General Electric Company at

Bcordman, Oregon, and one by Pacifi c Power and Light Company at Roosevelt, Washington.

Both of these Vlould be near each other on the Columbia River, some 150 miles upstream from

the coast.

The building of new coal-fired plants on the west coast to burn Alaska coal will depend
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the state of the economy and annual growth;

and Alaska coal cost vs. western U. S. coal cost and
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Exploration

On our coal prospecting permits the exploration approach was simple: to drill by stepping

out from known coal outcrops to prove the existence and continuation of coal under the tundra

covered uplands some distance away. When widely spaced drill holes showed the presence of

several coal beds which were impossible to correlate, it behooved us to start grid drilling. One

year we drilled on a half-mile grid basis and this year tightened this to a quarter-mile grid,

which is a close enough grid to allow the preparation of a mining plan.

The drilling equipment used was what was available. Th·s was the commonly used

seismic exploration equipment, that is: Nodwell mounted Mayhew 1000 drills and a tracked

mobile camp. This drilling equipment performed well. One extremely important exploration

tool was a portable gamma ray logger which could be run through the dr~ II pipe. The resulting

logs were vel-y useful in correlating coal beds, since each coal had a characteristic signature

on the log-.

Once the presence of enough coal was apparent, emphasis shifted to coring to give samples

for coal quality tests. We used a Longyear 34 wire-line drill with good results.

Reserves

Reserves are always a difficult topic since economics enters into their definition. Just what

is"economic" coal in Alaska at this time is a subjective estimate.

To a great depth, say 1000 feet, there is a good amount of coal on our leases. So far we

have not calculoted an exact figure. The drilling of earliet years had shown the presence of

coal, some shallow and more at depth. It is only this year's grid drilling that gave enough

confidence for correlations and continuity of coal beds to allow more exact calculations.

These wi II be completed soon, after more exact photogrammetri c mapping for surface contours

is fin ished •

An exact reserve number aside, we do know that there is enough coal on our leases to

supply a large sized mining complex for its designed life and longer.

Quality

Coal quality analyses performed to date on the Beluga coals are limHed, considering the

extent of the field. On our leases, the objective of early exploratory drilling was to prove

the existence and correlation of coal beds. This was done by rotary drilling. Prior to this

year only a few cores were taken. Th~s year about one third of the holes were cored. As this

work was only recently completed, no analytical results are back as yet. A review of various

existing analyses suggests an average coal quality for our Beluga coals as seen in Figure 4.
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APPROXIMATE SHI PPING DISTANCES

Comparison of shipping distances for Australian and Alaskan coals.
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were burned to produce 6°/c, of Japan'~s electric power. Demand for steam coal is to pass

30 million tons by the late 1970's and is to reach 45 to 50 million tons by 1985, while

domestic production is targetted for 22.5 million in 1976 and is not expected to rise through

1985. These figures
l

were released by the Japanese Ministry of Internati~nal Trade ar'ld

industry (MITI) which recently lifted the long-standing ban on imports of fuel coal. MITI is

now targetting steam coal imports of 10 million tons in 1980 and 20 million tons in 1985. The

source for this steam coal could be Austral ia, Canada, Russia, China and the United States,

particularly Alaska.

Discussion

The apparent large strippable coal reserves of the Beluga field should become a very

attractive energy source for the Pacific rim. The coal deposits lie within a few miles of

tidewater and are 2150 statute miles from San Fracisco, 4100 miles from Tokyo, and only

3500 statute miles from Hokkaido. This compares with distances from Gladstone, Australia,

to Tokyo of 4300 miles and Gladstone to Hokkaido of 4700 miles. (See Figure 6).

Since coal is a relatively low value bulk commodity, transportation cost is of great

importance to the delivered price of fuel. Transportation cost is also very sensitive to .the

scale of operations.

When the price of crude oil was $3 .50 a barrel, as it was only a few years ago, it was

not practical to transport these coals to outside markets. Now, that the u.S. we$~' coast

utilities are paying $2.00 and more per million Btu·s for low sulfur fuel oil, the pQssibility

of a market for these low sulfur coals is very real (Figure 7).

A short-term option for the development of the Beluga coals is direct shipment of as-mined

coal as thermal fuel for utility companies; Placer Amex is now exploring this possibility in

Japan and along the U. S. west coast.

In the longer term, Beluga coals may see development as feed for a mine-mouth coal

refinery in which virtually all pollutants would be removed from the coal before shipment

and use. This would depend on the outcome of present Office of Coal Research projects,

several of which are now in the pilot plant stage. If commercially feasible, such a coal

refinery project could result in a very capital-intensive operation, with a capital investment

approaching $1 billion. This would include the refinery, the mine, harbor and community,

as well as the ships necessary to transport the product. In particular, we have followed the

OCR and Pittsburg and Midway Mining Company-sponsored Solvent Refined coal (SRC)
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Figure 7. Comparison of shipping distance for Alaskan and Midwestern coals.
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process, a pilot plant for which is now in operation at Tacoma, Washington.

In recent months Japan has suggested an interest in importation of steam coal, and for the

first time in recent years U. S. west coast utilities are considering coal-fired power plants.

Dependirg on demands by consumers, various other ways of shipping Beluga coal or

Beluga coal energy to export markets could be:

(a) Coal in water slurry: Coal (perhaps up-graded fine coal) could be pumped on and

off tankers and even del ivered to an inland power plant before de-watering. The extra cost of

shipping water could be largely, even entirely, offset by the much less capital intensive

harbor and product storage facilities needed both in Alaska and Japan. This would also re

move dust problems and possible spontaneous combustion problems of dry coal, during and

after coal shipment.

(b) Coal-in-oil sl urry: This again would make Iiquid movement and burning of coal

possible, and would sretch oil reserves that may be destined as utility burner fuel.

(c) Coal to methanol: Increasingly frequent references occur in technical literature on

advantages of increased use of methanol as a clean utility fuel, useable in existing installations

including turbines, and added to or as a substitute for gasoline in automotive fuel. Liquid

methanol could become the slurry transport medium for additional fine coal, with the two

burned together or separated before use.

(d) Coal to ammonia: With the decreasing availability of natural gas for ammonia pro

duction, gasified coal could be used as a feed stock, either in a dedicated plant or as one

of the products of a SRC refinery.

(e) Several aluminum companies have surveyed Alaskan electric power potential for

a smelter location. Such a smelter on tidewater near Beluga, using a mine-mouth coal

fired power plant has received some consideration. Base metal or iron ore reduction plants

are a Iso possib iI it ies.

(f) The export of Alaskan energy in the form of enri ched uran ium has rece ived some con

sideration in the past. The availability of fresh cooling water was one added feature. The

possibility of a nuclear diffusion plant for Beluga has now been largely discounted.
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COAL EXPLORATION AND DEVELOPMENT ON NATIVE LANDS

Sam Kito
President

Alaska Federation of Natives

Ladies and gentlemen, I think a lot of these discussions are going to address those coal

deposits that are located in the State of Alaska. The development of the coal industry as

it relates to the regional native corporations is one issue that is at the present time being

addressed by these corporation. I think that the land will in fact be selected for its econ

omic value. These are going to be 40 million acres of free, simple title land transferred to

native Indian, Eskimo and Aleut regional and village corporations. Surface title around

the villages, up to seven townships, is going to belong to the village corporations. The

sub-surface estate is goi ng to vest with the regional corporation. At the present time,

selections have been completed on approximately 20 million acres and the second round

selections of 18 mill ion acres are going to be concl uded by December 18th.

Criteria for land selection

One of the criteria which was utilized by the regional corporations and the village corp

orations in the selections of the first 20 million acres around the villages was one of letting

the villages set the priority on present use rather than to del ve too much into the economi c

activity or the economic potential of the land. (Unless the village and region in concert

made a determination that they wanted to select lands around the village for economic

potential. )

The excess lands after these selections will be translated or moved by a number of regions

from 11 A-l withdrawals to the 11 A-3 withdrawals wh ich are scattered throughout the state

based on their economic potential. So this is how the problem of conflict of use has been

addressed, not to say that in the future there will not be some confl icts between our present

use and economi c development.

Exploration on reserves

And I might say that the land settlement also includes four reserves which are at the

present time undergoing some exploration regarding sub-surface mineral estates. A number

of the regional corporations have signed exploration agreements with some of the major oil

companies, and mineral development consortiums. We realize that any mineral resource
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development other than oil, if we find oil, is going to be a long process.

Edwardson versus Morton case

What I'd Iike to do with the rest of the time is to discuss some issues that have come

about over the past two years regarding the settlement of the Alaska Native Land Claims.

The Edwardson vs. Morton case has been getting a lot of headlines throughout the state.

We have publicly so far heard the Governor's side and we've also heard from a group of

citizens who have taken upon themselves to develop an issue on Edwardson vs. Morton.

I'll give you an opinion that those looking for a legislative solution for Edwardson vs.

Morton are treading on pretty shaky ground. That is for two reasons: 1) the dispute is

Judge Oliver Gasch in the fifth circuit court, Washington D.C., in 1973 handed down a

decision that the Alaska Native Land Claims Settlement Act of December 18, 1971 was the

settlement of aboriginal title. He said there can be trespass suits filed prior to the termin

ation of the statute of limitations for trespass violations (from 1966 to 1971).

It was April 1975 when the issue began to get fairly heated. Commissioner of Natural

Resources, Guy Martin, started to go publ ic regarding the solution of the Edwardson versus

Morton case.

Now I'll move to what I see as the problem. The problem is essentially two fold. First,

the constitutionality of fifth ammendment rights of an individual let's say. If there is a leg

islative settlement, and they do reaffirm their intent of the 1971 Land Claims Act (which in

the first place may be questionable) to terminate aboriginal trespass legislatively, there will

be the potential of another suit on the constitutional ity of the fifth ammendment rights that

were taken away by the legislative solution.

Now regarding the legislative solution, it has been said by the Governor and the

Commissioner of Natural Resources that this is the most expedient method; we should pass

legislation reaffirming what the U. S. Congress meant in 1971. That is one side of the coin.

That could assist the judicial settlement. However, there is a problem there, and the problem

is essentially this: they better be sure they are going to win that battle because if they move

in the full House Interior Committee or they move in the full House of Representatives, or in

a free conference committee with the Senate, if they move into any of those arenas and they

lose, they are going to prejudice the case. Constitutional lawyers that are not retained by

any of the corporations involved in Edwardson vs. Morton indicate that by prejudicing the

case the state, those corporations, or whatever are going to be further in the hole judicially.
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We have said that we do not want any legislation tied up to the omnibus bill; we would

like to see the settlement solved judicially so that we can get a judicial determination as

to who is right and who is wrong. The suits as filed are going to take quite a b it of time

but I do not see any divisiveness because there can be no additional damage over the dam

age that was done before December 18, 1971. Any transfers of land from December 18,

1971 to the present or any land that is in tentative approval to the state can still be trans

ferred. All actions can go on with the exception of 1966 to December 18, 1971 where

there is going to be litigation.

Legislative solution is a gamble

But I intend to raise publicly what the gamble is. If, as the Commissioner and the

Governor have said it was the clear intent of Congress to resolve this, the court systems

can make that determination. But they are gambling moving to a legislative solution.

Should they lose, in our opinion it is going to prejudice the case to the adverse effect of

the State of Alaska and those other parties that are interested.

There is a very serious lobby campaign going on in Washington, and we are going to

move into the Washington scene to do our own lobbying because we bel ieve th is case could

be better handled in the judicial court system without any divisive legislation or divisive

public attitudes.

An option is available for the state to intervene; request intervention into the Edwardson

vs. Morton case on the side of the Secretary of the Interior. Whether he grants it or not is

a question. But if he does grant it I understand it is not an appealable order I but it can be

an appealable order if one of the parties that is involved asks for an interlocutory appeal;

asks for certification from the Supreme Court to bypass the Court of Appeals, and takes the

case stra ight to the Supreme Court.

That is what the Attorney General and the Governor could do ••• they could ask Judge

Gasch to intervene, to take that case up where they can now defend themsel ves through the

judicial process. We feel that would not lead to any public outcry over the next two or

three years, or however long it takes to resol ve.

I think that I would now like to open it up for some questions and answers ••• 1 think

that miners have a lot of concerns about what is happening with the Alaska Native Claims

Settlement Act. lId be happy to address any questions at this time whether they relate to

easements, or to mining, or to economic development of the native regional corporations.
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Questions and answers

Could you explain some of the damages you refer to regarding the case?

I think initially there was an estimate that there was going to be upwards

of 200, 000 suits filed. But the suits that have been filed and there is

some discrepancy by the way, by the Interior Department or the Justice

Department on behalf of the Arctic Slope Regional Corporation were

somewhere around 122 suits; the requests from the Arctic Slope were a

lesser amount than that. But I think the damages were identified as major

damages; they were seismic damage maybe or exploration damage. The

concern that I would like to bring out to the public is that the claims are

not anticipated to reach down into the homesteads, or into transfers of

municipal lands, or those types of claims. The other thing is that when

this suit is filed there first has to be proven all aboriginal title. After that

there is then the move toward damages. Either one of these then can be

appealed. It is my opinion that if you mix apples with oranges at this time

it may be the poorest way to handle it.
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THE ROLE OF THE ALASKA DIVISION OF
GEOLOGICAL AND GEOPHYSICAL SURVEYS

Ross G. Schaff

Alaska Division of Geological and Geophysical Surveys

I would Iike to use this opportun ity to refl ect on some of the needs of the peopl e

of Alaska in the exciting and complex arena of mineral and energy resource exploration

and development, and on the role of the State Survey in this mil ieu of government, private

industry, and individual activities.

Let me preface my remarks by commenting on the magnitude of the situation we face

in Alaska. Welre all familiar with the endless series of comparisons made to illustrate

the size of Alaska, with Texas usually taking the brunt of the analogies. Recently a

story was related to me of a Texan and an Alaskan geologist who attended a symposium

in Anchorage. They were about to partake of one of the finest Alaskan del icacies ever

placed on a table--a dish of Petersburg shrimp.

II Humph II said the Texan--"These shrimp got to be the scrawniest most underfed

skinny ole shrimp I evah did see-- In Texas we 'd a throwed them back to let them grow

a bit. II

Without batting an eye or turning his head, the Alaskan geologist calmly reprimanded-

"Hell, man, these aren't shrimp, they're some of our smaller foraminifera. II

One comparison which impresses me as State Geologist is that the area of

land and water within Alaska for which the State Survey has statuatory responsibility is

roughly equivalent to en area routinely investigated by about 20 State Geological

Surveys of the contiguous U.S. But area alone is not the most formidable factor.

A triology of problems

We are all aware that never in the history of the U. S. has a State ever faced the

pull ing and tugging for land and water ownership, and for the mineral and energy resources

therein in such a short time. The complexity of the issues is staggering. And the stakes

are extremely high. For example, the State of Alaska is threatened with a lawsuit by the

federal government for trespassing on lands "owned II at the time by the federal government,

who in turn transferred the lands to a private corporation. A current issue is a land trade

between the State of Alaska and the Cook Inlet Native Corporation involving recrea

tional and coal lands whose energy equivalent is possibly equal to another Prudhoe Bay.
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"The Age of Decisions" in Alaska

And never has so much energy been turned to one state to search for energy and

minerals. This is because the nation is attempting to gain material independence from

other countries on an accel erated basis.

And to compl ete the problem triology, the State has become a battl e ground of

test cases of ideals. There are those who would place the welfare of the wolf and the

bear above or equal to the need of man for energy and materials. And there are those

who press for exploitation for profit and ultimately also for the benefit of man.

I see the earth scientist caught in the paradox. He chose his profession because he

appreciated the natural environment and could lend his scientific skills at the same time

to solving man's need for energy and minerals. But he must try to thread his way through

the center of the embroilment.

The magnitude of the problem, therefore, is to be seen not only in the size of our

state, but more so in the variety and complexity of the issues facing us.

There is only one absolute certainty amidst this condition of uncertainty-

decisions will be made. Decisions about land use, mining taxes, oil spills, land

classification, strip mining regulations, royalties,pipelines, parks, wilderness areas,

and transportation corridors. It can be said that the current decade for Alaska is

"The Age of Dec isions." Whether these decisions are of the highest qual ity will depend

to a large extent on the validity and availability of fundamental geological data.

This leads me to the role of the State Survey.

Because of the impending decisions regarding land use, ownership, and mineral

policies which will effect everyone in this room, it is essential that decision makers, whether

government or private, have readily available to them fundamental geologic knowledge

so that the decision they make can be of the highest qual ity. Th is is the fundamental

role of any State Survey, but it is especially critical at this time. Is there such information

and is it available?

For the scientist there is, of course, never enough information, but there is a great

deal availab Ie. The total amount of money spent by the federal government alone to

gather resource information about Alaska would startle even the people of Texas.

Added to this is the great, but unknown, amount of money spent by private industry for

exploration and development. Yes, there is a great deal of geologic information
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Misrepresentation of mining

A much needed immediate function of the State Survey, one which we will begin

this year, is to bring together as much of this information into some usable storage system.

From there it can be retrieved rapidly so that the decisions which are made on a staccato

basJs today will have the benefit of accurate geologic information. Following this

compilation, the Survey will know the gaps in geological knowledge, and be able to

aid in facilitating and coordinating statewide geological investigations.

about this state--but where is it? And can an administrator of public affairs or our

law makers use it readily? Probably not.

Much of the information is scattered in scores of professional journals written in jargon

that even some of us can't understand. Other items, such as seismic records, are in ware

houses in Texas and Louisiana. Rock samples and cores for example have been abandoned or

lost, and cores contain vital information for decision making.

Compilation of information

A second, much-needed function of the Survey is to aid in the clarification of issues

and the refutation of misrepresentation and negative inuendo. As an example, despite

the fact that all of the mining ever conducted in the United States has disturbed only

about 0.4% of the land area {and much of this has been reclaimed}, mining- has a reputation

as a spoiler, and as an industry which devastates the environmental balance. In the

opinion of some it is an intolerable industry for Alaska. In fact, the greatest assailant

of the natural environment in the history of Man is not mining, but another basic

industry--agriculture. Agriculture, whether reindeer herding, forest harvesting or

tobacco growing, has left an indelible mark on the natural landscape and in the process

choked our streams with poisonous carcinogenic compounds and sediments. And in the

30's it polluted our atmosphere to the extent that sunlight was prevented from reaching

the ground hundreds of miles from the source of dirt. Yet these effects receive a

greater degree of toleration because food is a fundamental human need. Miner als and

energy are also a fundamental need in modern society, but that need is less obvious.

There are many reasons why mining has received the brunt of scorn as a despoiler of

the environment and a negative reputation so far out of proportion. I bel ieve the main

reason, however, is ignorance. The average citizen is aware, at least generally, of

where his potatoes and peas come from. However, he is too often totally unfamiliar
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Providing data to Alaskans

Much of what rrve said thus far may sound only like pretty good rhetoric. But the

tough question now is--how can the State Survey provide accurate and usable geologic

data to the people of Alaska?

One sol ution often portrayed as an answer to such a question is to increase the size

of an organization. "Bigger is better, II is the old slogan. But such a policy has been

followed too long by government agencies. A recent incredible statistic shows that

more people work for government than industry. Over 5OC!c> of the labor force now is em

ployed by various local, state, and federal' organizations. And one of the hurdles

which our State Survey wi II have to overcome is to weave through the maze of the bureau

cracies wherein lies hidden so much of the valuable data. Rather than increase the size

of another government agency, (despite its overwhelming importance), we are attempting

to increase its effectiveness by broadening its scope, strengthening its support system,

and establishing long-range objectives and plans.

with the original source of medicines, the lead in his battery, the graphite in his

pencil, or the synthetic clothing which he wears on his back. He has no idea why Alcoa

constructs its buildings of steel, rather than aluminum. Moreover, there seems to be

a lack of appreciation of the important role of the mining industry in any state, including

Alaska, and in the history of the United States.

Howard Meyerhoff in his writings in the 60 l s aptly pointed out that in Toynbee" s

monumental treatment of the history of civil ization, in which he analyzed the course of

historical events, short schrift was given to the mining industry. We need to remind our

selves and others that the French first occupied the Mississippi Valley for lead for

bullets; that Hitler began his invasions of Europe in the coal regions of Alsace-Lorraine;

and that Japan fought in Korea in World War II for tin and tungsten, and with Russia and

China for coal. In short, history has been shaped by Manis need for basic mineral and

energy resources. Yet this concept has been somehow lost in volumes of rhetoric.

At this important time in the history of Alaska, the State Geological Survey has an

important role to play. A role of providing essential and reliable facts in such a way

that the decision-maker cannot avoid their reality. Not the role of a promotional

entity for industry, but as an ob jective entity charged by statute to provide the people

of Alaska with usable geologic information.
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Accordingly, we are in the process of d~veloping plans for the geologic analysis

of the state based on three natural regions--highlands or metallogenic provinces, sedi

mentary basins, and coastal regions. The final ob jective is to compile a comprehensive

geologic atlas of each region which will contain detailed geologic information about

ground water, energy resources, metallic and non-metallic deposits, and geologic hazards.

This is a formidable long-range task but one I believe should begin. There is a key word

to the effort--cooperation. It is assumed that the Survey cannot possib Iy accompl ish this

ob jective using only its own resources. Rather our energies will be directed to sorting

data where important gaps in knowledge exist; synthesizing and collating the information

into usable formats; and encouraging other agenc ies to parti cipate in non-dupl icative

efforts.

I believe these are proper and important roles for a State Geological Survey.

We are fortunate in having extremely capab Ie geologists and geophysi eists on our staff

and I am confident we will succeed. And in closing, I would like to extend an open

invitation to each of you to actively parti cipate. Thank you for this opportunity.
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MINING CONSTRAINTS AND OPERATIONS AT USIBELLI COAL MINE

Joseph Usibell i

Usibell i Coal Company

When I saw the proposed title for my talk, "Mining Constraints and Operations at

Usibelli Coal Mine", and I'm not sure what that means; I figured a better title might be

lilt's not as Easy as It Looks".

Fifteen minutes is not much time. What I'm primarily speaking on is what makes mining

in Alaska different from mining somewhere else. I narrowed it down to three basic things.

First, our labor market is different; second, our location is more remote them other mines

and third, we have a different climate.
Labor tv\arket

The labor market varies in three major ways:

First, we tend to have a younger labor market in Alaska than elsewhere. Statistics

on one eastern U. S. coa I mine show the average age of thei r employees was 62; I could hardly

believe that. I ran a computer check and ours is just under 42, and that is higher than it has

been in the past.

Our people are less experienced, we have to do more training. If you go to any

construction site in Alaska, you will find about half the people working there started

working with us. We are the training ground for all Alaska.

Being younger and less experienced, they tend to be a little less efficient. They haven't

found the easier way to do a lot of things. But on the other hand they have not developed a

lot of bad hab its.

There is nothing more irritating to me than to have a guy say "that's not the way we

did it where I was before". I don't care how they did it before, because I know how I want

it done. I don't have too much problem that way; the younger guys know you can shoot

them down.

Another problem nationwide that we don't have, is overtime. At mines, it's very

difficult to get anyone to work overtime ••• they want to work 40 or 45 hours and go home.

My problem is trying to keep my people down to 50 hours a week--they'd love to work a

hundred.

In addition to being young, due to Alaska's less stable labor market, our second labor

difference is higher turnover. For the whole company, our average service is something
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under three years, f or the whole company. T~ is adds to the training. Part of it is that

younger people tend to be more transient; they havenlt grown roots yet. Part of it is we are

in a remote area, most of the men have families and half of them leave because their wives

donlt like it--there isn't enough for them to do. The third difference in our labor market is

cost. We are working on a United Mine Workers Contract. Our wage rate is 25 percent

higher than the western coal mining agreement--which in itself is ten to fifteen percent

higher than the eastern agreement. This means we pay 40 percent more in straight wages

for the same man than somebody would in West Virginia or Kentucky. Besides that, we

normally work a 50 hour week as opposed to a 40 hour week. Our overall wage rate is

almost double what they are paying back there.

Remote location

The second factor in the difference in mining in Alaska is our remoteness. This remoteness

contributes to the unstability of our work force, and also, we have to provide housing.

There is no local housing available. They donlt own their own homes. In fact, up until

just a very few years ago we had out own bunk house and mess hall--wrere we lost great gobs

of money. And we still provide housing for almost all our entire crew. Remoteness is also

a problem in regard to supplies and equipment, repair pari's, fuel--it all has to be brought

in. Obviously, it IS going to be higher pri ced just because of the fre ight. We real ize that

the local dealers here are working in a smaller market; they probably stock less. 'lvhen we

break down and need a part, they mayor may not have it. If they donlt have it, welre a

long way away from a factory. So to avoid long delays, we have to stock a lot more than

would be necessary in another location.

We maintain a stock at the mine of ninety days worth of parts, which ties up a lot of

capitol. A third factor in remote~ess is the limit in the market--and welve heard something

about that this morning already. You know welre 4, 000 miles from Beluga to Japan; 2, 000

miles from the west coast. And our rail shipment can be added to that. We are limited in our

market.

Pm not saying that welre totally constrained; I feel there is an export market, and that

we can get into it economically. But right now we are limited to our local area and we

can't grow as we would like.

Climate

Now, obviously, the third thing that is different in Alaska, compared to anywhere else--
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and a few of you may have noticed this--is that the climate is a little different--in several

factors.

Number one, is snowfall. Snowfall really is surprisingly minor; the only way it really

hurts us is by increasing our road maintenance somewhat in the wintertime. This is offset by

the fact that tire resistance goes down so our trucks operate more efficiently

In effect we have from 4 to 6 months of paved roads - they just happen to be paved with

ice. There are some years when the snowfall is so great that it effects our stripping; we have

to remove the snow from the worki ng areas. We had one two-month period several years ago

whr::re we moved 80,000 yards of snow from one mining pit, just so we could mine the coal.

It's bad enough just to have to move the dirt, but then snow falls out of the sky, and you have

to move that too.

Another effect of the cI imate is the ch;-,nge in dayl ight. And this works both ways; it's

a doubl e-edged sword.

Our summer efficiency is increased greatly because we can see all day long. We cbn't

have to worry about lights on the equipment; we .::an work in daylight whatever time it is.

The opposite occurs in the wintertime. When you have only three hours of dayl ight, that

means you work under lights for a long time. This increases the capital cost of portable light

systems, main~enance, rigs, etc.

The last effect of the cI imate is the most detrimental--the cold. It has a couple of side

effects wh ich you may not have thought of. Number one it effects your market. Now working

mainly with a heating--lighting--power generation market, it fluctuates very greatly with

the temperature. Our sh ipments go from 40,000 tons a month in the summertime to some

90,000 tons in the wintertime.

We have to be prepared to ship at that maximum, even though we are not going to be doing

it all year long. We have to have the eql.jpment, we have to have the tipples: we have to

have the trucks, etc. to be ab Ie to meet that market. We offset that somewhat, by a little

choreography that we use by doing all our stripping in the summer months; converting that

same equipment over to coal haulage in the winter. Therefore we don't have to double our

fleet. We don't have to have a bunch of equipment sitfing idle; we just use it for different

things. This is in effect a very balanced spread; it does a couple of things. But it's a

compromise.

We are not using the ideal equipment for hauling coal, but we can also use it for hauling

dirt. On the other hand, it's not the ideal piece of equipment for moving dirt. We reduce
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our efficiency a little, in return for quite a bit of flexibility.

Now, if you have ever tried to work out in cold weather, you know it effects your

production. J don't care what you do, you are not goi ng to be as effi ci ent in the co Id as

you are when its warm. The equipment isn't going to last as long; it tends to wear out

more qui ckl y because Iubri cants don't flow as we". Th ings happen Iike the dozer arm on

a tractor fractures. The cold leads to a higher maintenance cost, that nobody else has.

Equipment also ages faster and I think pEPple age a little faster, too. I know I feel

much older in the wintertiMe than I do in the summertime. So we have greater wear on our

equipment; it doesn't last as long and it costs us more to run

Another effect of the cold is very high increases in capital expenses; you need more

equipment. If a piece of equipment is down, you have to have something running; you

need more equipment to do the same job.

We have found the only solution to the cold weather in the wintertime is to house the

equipment in a warm area. Every piece of equipment we're using comes indoors at night.

We have somewhere around 40,000 square feet of heated storage space. There is another

capital expense whi ch most people don't have.

The last effect of the cold, and perhaps the greatest, is its effect on effi ciency of

people. People don't work as well when its cold as when its warm. It's fine if they're working

ina cab wh ich is heated. But if the defroster goes out, then they are into the shop. Or the

heater stops working because somebody dropped a glove in the fan and sheared the shaft~

a II these minor things that would not stop you unless it was fifty below.

Some men have to work outdoors. Drillers, for instance. Nobody has found a way yet

to drill a hole without having a man outdoors, and when it is really cold that man is going

to spend a great deal of his time keeping warm; and you can't blame him.

So when the cold comes, the efficiency goes down and that is just an additional cost

that we have to work in, along with all the others

Alaska is di fferent

So, the labor market, our remote location and the climate make our operation different.

Thatls the ultimate thing. That'~ what we're all talking about. In the long run these things

are expensive. I guess what I'm real~ saying, is that if Alaska weren't Alaska, it would be

Iike anyplace else.

QUESTIONS AND ANSWERS

Question: Have you got any figures as to extra maintenance costs?
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Answer: I don't really know how to evaluate that. I've thought about that a great deal. No

body can ever tell me what is down time on a piece of equipment worth. Is it worth what

it would be getting if it were running? Probably not, because some of your costs are less.

I can't really tell you, but a guess off the top of my head would be between 10 and 20 per

cent, depending on the job.

Question: What does it cost you for a ton of coal?

Answer: What does it cost me or what does it cost my customer?

Lluestion: Yourself

Answer: Our average price right now is about $12.00 a ton--F.O.B.--the mine.

It varies some primarily because of customer specifications.

Question: If you had all the equipment you needed, what could be the maximum size of

your mine?

Answer: If I had unlimited funds, I ~ould have unlimited production. If I put enough

money into it I could pro duce unti I I used up, in one year, the total reserve.

This isn't too likely to happen--our reserves are estimated right now at some

200 million tons. So it's a question, I really can't answer. We could probably

double our production right now just with a year-round market of 90,000 tons.

We are equipped to go to 90,000 tons a month, but the market is not there.

Question: Could you store that coal at the point of use?

Answer: Yes, there is some stored at the point of use. It does tend to fire spontaneously,

if it's not handled properly. But there are several stock piles around that have been

in for years.

Envi ronmental practi ces

Question: Could you tell us the differences here in terms of the environmental practices

and restraints?

Answer: Well, we don't have too awfully definite restraints. The leases that we work

under say that you will not create any erosion. But that't pretty broad. I'm not

sure anybody knows exactly what that means. 'Ne have had a program for several

years now of reclamation, which we feel is highly successful; apparently we are
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getting better growth here than anywhere el se in the country, and 11m not sure why that is.

Either welre a lot smarter than anybody else or the conditions are right. I'd like to think

we Ire a lot smarter, but thatls probably not the case.

Question: Do you want to explain the picture on the programls brochure?

Answer: Yes, the pi cture on the brochure is a very, very old pi cture - 11m not sure of

the date but I suspect it is around 1920, at the original cool-mining area. That

picture right now, if it were taken from the same place would show our tipple. It

doesnlt look at all like that anymore.

Question: Joe, I wonder if you could go into a I ittle more about the reclamation?

Answer: Well, basically youlll get a long talk on this when you come to tour the mine -

. especially on my bus. We have gone back into the areas where we have mined

since 1918 and we have something growing on all of that now. We use an aircraft

to broadcast a seed mixture, which varies from year to year, but is very complex,

and a lot of fertilizer. And if your timing is right and you use the ri]ht fertilizer

and the right seed, you can get four feet of top 'lrowth in a year. We Ire getting

grass primarily - grasses and legumes. We have alfalfa growing down there now

that has an estimated 20-f~ot top root. So we think it is highly successful. There

are some areas where it is not quite as successful as others, but we have not had

any areas that were total failures. And it is just that simple. You just throw out

some seed and fertilizer. That't just the way that Ma Nature does it if you think

about it.

Question: What about competition from other sources of energy?

Answer: Why do we look at any energy source in this day and age as a competitor? They

are all necessary. We donI t have enough of any of them, and whether it be gas,

oil or uranium they are all going to be needed.

Quest ion: What and where is your market?

Answer: Primarily our market is the lights you see burning right in this room. We have all

the base load in the entire Fairbanks area--its from the coal from our mine. We

need some bigger power plants; 11 11 put my plug in now: bigger coal-fired plants.
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Agricultural potential

Question: Do you have much regradi ng ?

Answer: On where the land has been mined in the past, but we find that now it's really

so hard to do it as you go along. If you have to move the dirt, you might as well

put it where it will finally belong. So we attempt wherever possible, when we

have excavated one pit and moved to another to take the dirt back into the hole

that we have just finished. We are nc-t a strip mine like you think of strip mining 

we are like an open pit mine. In a lot of cases we are trying to put the dirt into

building flat fields. We would like to go into agriculture to some extent. We

have a herd of tame Dall Sheep down there whi ch you wi II all get a chance to

see, I hope ••. invariably when we have visitors they are hiding in a hole somewhere,

but I counted 101 the other day. Very friendly, very tame--grazing on the land

that we reseeded. We don It have a high overburden ratio, so we are movi ng very

little dirt in comparison to the coal. This is unlike some of the mines outside of

Alaska, where they are moving ratios of 20 to I or 50 to I. We donlt do that;

we create holes and there is not enough dirt to fill them back in again. We do what

we can, and it may not be at the original contour, but we try to approximate that;

except where we are tr:.ring to build fields, in which case weld rather have them

fbt. It is very mountainous terrain, so we try to build these flat area to harvest.

Ql£stion: What is your stripping ratio?

Answer: Well, I'd just as soon not say that but I will say it is quite low compared to

anywhere else.
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Figure I. Stripping overburden with rippers and a scraper

Figure 2. Dall sheep grazing on reclaimed land
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Figure 6. tv\aintenance shop

Figure 4. Loading of coal on a seam
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Figure 5. Loading of washed coal

Figure 3. Loading of stripped overburden
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TRANSPORT OF COAL AS A SLURRY

Harry Eaton and Robert Jacques
Gulf Interstate Engineering

When first approached on the possib iI ity of co-presenting a paper on coal sl urry transpor

tation I was struck by two feelings. The first was one of pleasure of being able to address an

audience of this type on a subject I find most challenging. Secondly I had a feeling of

empathy for the proverbial mule which, when found with two bales of hay, died of starvation

because it did not know- which bale to eat first. In much the same sense the field of slurry

transport has so many facets I found it difficult to discuss only one in this brief talk.

I shall begin by stating most emphatically that there are no technological problems that

stand in the way of transporting practically any mineral or material today. Sufficient models

have been developed along with abundant loop test data to confidently predict the behavior

of those minerals in a slurried state. For proof of this one needs only to look at the minerals

presently transported in a sl urry form, e. g. Coal, Copper and Iron Concentrate, Limestone

and Phosphates. But we are concerned here with coal transportation so let's review where

we have been, look at where we are ond project where we mi9~:t be headed.

.As a step-off point I shall define a slurry pipeline (long-distance) as a system where a

sol id phase is transported in a Iiquid phase under very controlled condi tions. As necessary

the solids are ground to a particular size consist (generally dictated by the solid specific

gravity of the transported mineral) to assure uniform spatial distribution throughout the pipe.

The solids are mixed with water to produce a mixture of specific concentration and are then

transported at rather closely controlled velocities.

The development of coal slurry systems had its beginnings in 1889 when Mr. Wallace

Andrews of New York patented a system to transport coal. Though a demonstration model

was fabricated and operated successfully his patent was not put to use. In 1914 Mr. Gilbert

Bell designed and constructed a Iine to transport coal from the docks of the Thomas River to

a boiler plant. The 8-inch diameter line was 1,750 feet long and carried approximately 50

tons per hour at some 4 feet per second. The water carrier phase was recycled. The prime

mover was a 50 HP centrifugal pump.

Unti I 1957 no long distance transport systems were constructed but research and develop

ment continued. In 1957, however, the pioneer effort at long distance slurry transport was

started-up. The Consolidated Coal Pipeline from Cadiz, Ohio to the shores of Lake Erie,

a 110 mile distance, carried 1.3 million tons per year of coal for 6 successful years. Its
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success helped develop the unit train concept with markedly reduced rail rates and increased

efficiencies. Because of these factors in 1963 the line was mothballed. Major problems, both

technical and operational, had been encountered and were overcome. The most significant

were the resolution of concentration waves and internal corrosion problems. Most importantly

the success of the Consol line paved the way for other Iines that would be built. The day of

slurry transport had arrived.

The design and operation of the Consol line served as a prototype for the wor/dls largest

and longest slurry pipeline operating today - The Black Mesa Pipeline.

The Black Mesa system delivers coal from the Northeastern part of Arizona to the Southern

tip of Nevada. It traverses some of the most rugged territory in the continental United States

and carried 660 tons per hour of coal from the Peabody Black Mesa Mi ne to the Mohave

Generating Station in Nevada. The system is comprised of a coal preparation plant, 273

miles of pipeline (260 miles of 18-inch and 13 miles of 12-inch), 4 pump stations, and sophis

ticated test facilities.

Coal is received in a 2" x 0 state from the mine and is pulverized to 14 mesh x 0 state

using open-circuit dry crushing and wet grinding processes. It is brought to the proper con

centration, approximately 5OC/o solids, and stored in large holding tan~s to await shipment.

The coal is then fed to high pressure mainline pumps with low-head centrifugal units and then

pumped down the mainline over the mountainous Northern Arizona terrain where elevations

range from 6500 feet to 600 feet.

Four all electric pump stations are used to boost pressure to move the slurry. Stations 1,

3, and 4 are comprised of 3 large double-acting, duplex, positive displacement pumps and

have discharge pressures approximating 1000 psi. Station 2, with a discharge pressure of

1500 psi, has 4 pumps of the some type. Either 1,750 or 1,500 HP motors ore used to drive

the pumps. Each station has a dump pond for emergency displacement of coal and a reservoir

large enough to flush the downstream section of the mainline (Figure 1).

The pipeline is comprised of all welded steel pipe and is extensively telescoped with

wall thicknesses ranging from 0.219" to 0.469". It is of conventional construction except

that a 16 percent maximUll longitudinal slope limitation is imposed for operating reasons.

The maximum throughput is 660 tons per hours at 50 percent sol ids by weight. Flow rates are

in the 4200 GP M range. Throughput can be varied by adjusting sol ids concentration or by

slowing the line down to a limited extent. Should further reductions in delivery rates be

necessary the line operates on a slurry/water/shutdown basis.
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Slurry is rece ived at the generating station into 1 of 4 7.8 M gallon agitated storage

tanks. It is withdrawn by low head-high volume centrifugal pumps and fed to a bank of 40

centrifuges where water is removed to a point where cake moisture is 25 percent. The coal

is then dried and simultaneously pulverized to -200 mesh and direct fired to the combustion

chambers. Effl uent from the centrifuges is purified in dual Clarrifloculators and used as make

up water in the generating station cooling water systesms (Figure 2).

Obviously a transportation system of th is magnitude requires extensive test work to compl i

ment mathematical modeling prior to pipeline construction. Full scale test work was carried

out at the Consol facilities at Cadiz, Ohio to verify predicted pressure drop information

generated by computer programs. In addition required testing for the coal preparation plant

circuit design was conducted along with corrosion/erosion work. At pump station #1, prior

to start-up, a battery of four (4) full scale pipe loops were installed. These loops were

designed to test such parameters as scale-up, shutdowns/restart, and concentration variations.

All material passes through one of these loops prior to injection into the mainline. Pressure

drops, concentration, and corrosion rates are continuously monitored to insure quality slurry.

The Black Mesa system was designed to transport up to 5 mill ion tons of coa I per year.

Since its start-up in July, 1970, it has shipped approximately 13 million tons of material due

to graduaf electrical load build up at the generating station. Despite the lower throughput

the system has demonstrated itself to be a success. Information generated during the first four

years of operation has justified the enthusiasm over this form of transportation.

But what of the future and the concerns over economics, environment and reliability?

Pipelines are by their very nature capital intensified and so have a lower exposure to inflation.

Also power usage represents the bulk of operating costs, can be fairly well projected, and is

also generally isolated from problems of inflation. Hence, from an economi c standpoint they

are very competitive.

The Black Mesa system has had Iittle or no impact upon the environment during operation.

The only visual effects are the preparation plant and four pump stations. For its 273 mile

length the system is buried and so out of sight. All water required for sl urry transport is with

drawn from deep wells on Black Mesa. No water is returned to the Colorado River but is used

in power plant cooling water circuits. In future systems when with drawal of large amounts

of water is a concern, recycle of such water for re-use is a possibility.

Finally system reliability from an availability standpoint has exceeded 95%, a most

important point since the pipeline is the main source of fuel supply for the 1500 megawatt
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Figure 1. No. 1 pump station at Black Mesa showing Wi Ison Snyder
1700 HP double acting duplex pump.

Figure 2. Mohave power plant in southern Nevada showing three agitated
storage tanks, dual c1ariflocculators and emergency ponds.

105

JI _



station. The power plant has several emergency ponds filled with coal in a de-watered

state to use as fuel should pipeline deliveries be temporarily halted due to required system

maintenance. Such emergency storage is typi cal for any generating station.

Because of the beneficial nature of the factors just listed several additional long-distance

coal slurry projects shown in Table 1 are now in the planning stage. These systems are in a

holding pattern until the matter of eminent domain is resolved. Slurry lines at the present

do not enjoy the right of eminent domain and so can be prevented from crossing private pro

perty, e.g. railroads, should the owner not wish to grant them the right to do so. Legislation

is now before Congress to change this status and until acted upon construction delay is a fact

of life.

So there it is~ Transportation of coal in a slurry form through systems proven by design,

testing and operation. Obviously competitive in the past and present coa I sl urry transportation

should hold great promise for the future. It is economically and environmentally sound, reli

able, and with the proper direction, an additional method of transporting coal from mine to

market.
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Discussion

What is the discharge pressure?

Discharge pressures on the pipel ine varied anywhere from 1000 to 1800 psi.

Is there any problem in restarting the pipel ine after shutdown for a period of time?

Itls true that the coal settles out, the plant was once shut down for three days

and successfully restarted. The slurry is designed so that you get what is called

soft settling. You donlt get a caking up so to speak in the bottom of the pipe.

What is the pulp density of the sl urry?

Between 45 and 55 percent sol ids depending upon power plant demands.

What is the moisture content of feed to furnace?

It is bone dry I bel ieve. They dried it with hot primary air while they were

pulverizing it, and so it should be essentially bone dry.

What is the transport velocity?

In the range of 4 to 7 feet per second.

Do you have any problems in winter due to freezing?

The northern area of Arizona gets frost 3 to 4 feet into the ground in the winter

time - obviously not permafrost. Winter temperatures in the Williams area will

generally get down to about 10 or 20 below for two weeks. But northern Arizona

winters are not that severe.

Jacques:

Jacques:

Jacques:

Question:

Jacques:

Question:

Question:

Jacques:

Question:

Jacques:

Question:

Question:
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Table 1. Coal Slurry Projects

Line Diameter Length Tons/Year Status Cost-- -
Black Mesa Pipe Line 18 11 273 Miles 5 M· In operation $ 50 MM

ETSI 38 11 1036 25 M Planned 750 MM

HNG 24 11 500 10 MM Planned 300 MM
0
'.J

Nevada Power 24 11 180 10 MM Planned

Snake River 26 11 800 13 MM Planned 500 MM
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Would you comment on the deterioration of the pipe due to erosion, etc.?

We did some pretty severe test work with both erosion and corrosion

and it was not nearly as bad as we felt it was going to be but that is just

on one particular coal. Other papers have corne out that have evidenced

high corrosion rates, so it is quite possible that it would take some bench

testing at least, and possibly loop testing prior to going into design to

allow for that.

Have you looked into coal sl urries with oil as liquid medium?

It would require a fairly good size 1I 0 il field ll
• We were adding the water

carrier at approximately 2200 gallons a minute, with a design Iife of

around 35 years. ,Yes, it would be a very feasible system and very

desirous, but it would take quite a bit of oil. They did do some work in

Canada on sulphur and oil -- Bechtel designed a lye that has never gotten

off the board; I guess that's a partial answer.

I hear that right now the N\ohave plant is not operating at full force

because of lack of coal. Is that due to the pipe Iine or the mine?

The pipe line was designed to transport 660 tons an hour which was the

theoreti cal usage of two 750 megawatt units. We could transport up to

700 tons an hour. In my five years at or with this system we never failed

to supply them o!lith coal. If they are having a problem now I am not aware

of it.

What about the difference between pumping slurry or pumping straight water

in the line?

At your higher flow rate you might consider the difference between the two

specific gravities between water and the slurry. At your low velocities it

develops what we call a fish hook as you start to drop down you start to

deposit material; your slurry curve breaks away from the water quite rapidly.

What about evacuating sections of the Iine if you had a bad batch of

material?

Question:

Jacques:

Question:

Jacques:

Question:

Jacques:

Question:

Jacques:

Question:
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Jacques: Okay •• I failed to touch on that. We have 4 stations; the 3 downstream

stations each had an emergency dump pond and if we had a bad batch of

material or a bad section 'of material we could physically cut that out.

Each station also had a water reservoir sufficient in volume to displace its

downstream section. So we were prepared to handle those sorts of situations.

But we never had to evacuate a section to any great degree because of

problems within the line. But we never had anything major.

Eaton: I would like to take just a few minutes to wrap up some of Bob's earlier

comments. As most of you could see, the system that he described was completely opera

tional. We feel that the technology is now here for coal slurry pipe lines and its a matter

of economi cs as to how you might move it in the future. We have shown here some rough

comparisons between various ways of moving energy. I think you will see here that the

coal sl urry pipe Iine would break even with un it trains at somewhere around two and one half

million tons a year over a thousand miles. I might add that this comparison is based on an

existing rail facility.

In your application here in Alaska I know that the transportation network is fairly

Iimited and that one must compare, say building a new pipe Iine system, a new overland

conveyor system or a new railroad system and then these numbers would greatly change.

Besides the economi c advantages of pipe Iines for movement of large vol umes over long

distances there are other non-economic factors. Reliability is one. On the Black Mesa

system the rei iab ility over the past five years of operation was in excess of 99 percent of

the time.

Esthetics is another factor. You don't have a great deal visible once the pipe line is

installed. The land is reclaimed and reseeded and you can barely see a trace of the line

some years after it is la id.

Another thing: A third factor is it's insensitivity to labor stopages and weather. Pipe

lines are highly automated requiring very little labor, therefore they are not subject to so

many labor stoppages as other modes of transportation and somewhat insulated from the

weather.

Finally, one of the biggest advantages of the slurry pipe lines over the railroad type

transportation system, in this economy at least, is its ability to maintain a very stable

rate throughout the Iife of the project. That is because a pipe Iine is very highly capital
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Discussion

Eaton: Immeasurab Ie ••• you can It measure it.

Question: How much heat is generated down the pipe line by friction?
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Question: What is the largest practical size?

Eaton: Well I know of one company, Consolidation Coal, whi ch is now handl ing

five-inch-minus material from the mine face to the top in a slurry transport

system. It is strictly in a development stage but they are operating today

under that condition. I would hesitate to say that you could go much over the

inch, on a real prac"tical basis.

Question: What about shipping coarser slurries?

Eaton: I think that in the future, particularly on shorter pipe lines, you may be able

to get involved in lets say a coarser type slurry application where you could

ship from a remote area to a rail point for further shipment, or to a terminal for

loadi ng aboard a sh ip. So I th ink that this has great potentia I.

sensitive. Once the pipe line is installed only about 15 to 20 percent of the costs of

operation are subject to escalation. As opposed to railroad systems which run something

like 80 percent for labor, fuel, repairs.

So to conclude this session, I think that we have improved our technology, as

witness the Black Mesa system. It is a highly dependable system and can be most

economic. However, when considering modes of transportation, particularly as related

to Alaska production we are going to have to consider pipe lines on,their own merits.

There are particular problems in Alaska which of course are not prevalent in the lower 48--

such as the cold weather problems. However, J think these can be overcome as the Aleyeska

consortium is overcoming them, that is with the use of a heated, insulated system.

So to wind it up I think the potential is great for slurry pipe lines. J think many of

your reserves here in Alaska or in remote places can only be developed with a very

economic transportation system.



111

RAIL TRANSPORTATION OF COAL

Arnold T .. Polanchek

The Alaska Rail road

U. S .. Dept. of Transportation

The United States' unexpected and rude awakening to the facts of an energy shortage has

caused coal to rapidly gain a new prominence on the American scene. A new era for coal is

imminent.

Coal, however, has to get from the mine to the user. It can go by slurry pipeline, by

conveyor belt, by high voltage electric transmission lines, and by rail. Each of these methods,

also the atom, have been critically tested in the past decade. The transportation of coal by

rail from the mine to the power plant has emerged as the most economical and effective

method of transporting coal.

As a consequence, tremendous increases in coal transportation fall into place. A brief

look at a few railroads emphasizes the growing importance of coal to the railroads: the

Santa Fe currently runs 18 unit trains per month and forecasts 54 per month by 1980; the

Southern Railway operates nine unit-trains daily, carrying 10.5 million tons of coal annually.

It has commitments to double this amount in the next four years. The Burlington Northern

forecasts coal revenues of $430 million by 1977, and expects over $700 million by 1980 based

on the movement of 120 million tons using 250 unit-train operations per week.

Railroads are crucial

If the coal industry is highly important to the railroads, the railroads are absolutely

crucial to the coal industry. Last year over 500 million tons of bituminous coal--over 600/0

of production--were loaded to rail cars at the mine. Thus, if it weren't for the railroads

nearly two-thirds of our coal output would not be mined, and the coal industry would be

largely nonexistent.

It is no exaggeration to call the railroads the logistical arm of the coal industry. While

there may be specific circumstances that use trucks, mine mouth power plants, and even

pipelines, for the great bulk of coal producers there is no real substitute for rail transportation.

Considering the total energy system that begins at the mine and ends at the smokestack,

it can be only as strong as its integral parts. This means coordination between shipper,

carrier, and the receiver from the earl iest planning stages of the mine to the power plant

design. No single part of the system--Ioading, transportation or unloading--should be a

weak link.
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What impact does the development of a partnership between railroads and the coal in

dustry "Outside" of Alaska have on development of Alaskals coal reserves, since there is no

surface link between The Alaska Railroad and the rest of North America? Experience~ Over

ten years of tested and proven technological advances are available for application in design

ing the total energy system in Alaska IS coal development.

The "unit train" concept

The Alaska Railroad has been transporting coal for over fifty years, although not in the

most efficient manner. With the development of an export market for Alaskan coal, the con

cept of the "unit train" from mine to port can be employed. While the Railroad handled nearly

600,000 tons of coal last year, the geographical locations of the Alaskan coal consumers

precl uded unit-train movements.

Observers may have noticed the Railroad moving a train from Healy to rnirbanks that

consisted only of coal and concluded the Railroad was operating unit-trains. However, this

type of movement would be called a "trainload shipment". Once the train reaches Fairbanks

it is yarded, the coal is sorted according to consumer, and then del ivered in various-sized

carload lots over a period of days.

A "unit train", by contrast, is a set of cars and locomotives that remain together in

continuous cycle from origin to destination and return. The unit-train slows down for

loading and unloading, and stops only for refuel ing and inspection.

An efficient unit-train runs continuously. Loading and unloading facilities must permit

the train to pull through as a unit without switching. In motion is the natural state of being

for unit-train operations. It is essential that they avoid, or pass directly through, terminals,

and are not switched or classified during their route from mine to consumer.

Employment of the unit-train concept involves more than a smooth rail operation. It

means coordination between all parties, and the breaking of some old habits. Any practice

or part of the movement that delays movement is counterproductive for all involved. A rail

road car is an extremely expensive storage vehicle and should never be used as a surge pile

at either end of the movement. Ensuring that this will not happen requires investment in

proper facilities, and close monitoring of operations to eliminate any practices which cause

dealys.

Cost sovings

Cost savings are realized in unit-train operations by reducing the principal variable costs

associated with railroad operations: mileage, shipments, and time.
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Few costs are exclusively attributable to anyone of the three variables, but those

largely related to mileage are:

I) line haul labor (road crews),

2) maintenance of roadbed and track,

3) some car and locomotive maintenance, and

4) fuel and servicing.

Other costs relating to shipments, either by carload or trainload are:

1) station expenses, including clerical,

2) some car maintenance, and

3) accounting

and finally, some large categories relating to time are:

1) yard expenses (yard crews are paid on a time basis),

2) ownership costs of cars and locomotives,

3) periodi c maintenance of cars and locomotives,

4) cost of lost business due to unavailability of cars.

These time-related costs are most controllable and are dramatically reduced by unit

train operations since first,

yard expenses are eliminated, as unit trains are not switched or held in yards.

Second, ownership costs of equipment are reduced per shipment due to in

creased util ization.

Third, periodic maintenance is less per trip when more trips are made.

Fourth, opportunity costs are el iminated as car turnaround time is improved,

and the system is designed to handle all available business.

Investment leverage is also gained by making a few cars and locomotives do a great

deal of work. While the investment for facilities and equipment may seem large, when

contrasted against vol ume shipped they are relatively small.

Shipment of Alaskan coal

Can the unit train concept be applied to the shipment of Alaskan coal today? No, for

a variety of reasons. As mentioned earl ier., the diverse locations of the present consumers

require coal trains to be yarded and switched. Present consumers are not geared to rapid un

loading of coal; they use the rail car as a storage vehicle. Volume is low, and it is question

able whether a local consumer could economically support a continual unit train operation.

Suitable freight cars are not in the Alaska Railroad's equipment fleet, since there

presently is no requirement for this type of car. A modern freight car designed for rapid
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movement.

unloading is expensive, and too costly to be used as a storage vehicle.

The roadbed and track of the Railroad are capable of handling unit trains. Howelcr

coal tonnage per car would be restri cted to 77 tons due to bridge stress lim itations, 01 though

an upgrading program is under way that wi II allow the handl ing of 100 tons per car in the

near future.

An engineer's dream come true

This is more of an advantage rather than a negative factor, however, since their develop

ment is an engineer's dream come true. The opportunity to design a complete energy system

from mine to smokestack presents an exciting challange, if a large export market for Alaska's

coal developes.

The experience and technological advances made by the railroad and coal industry in the

lower states, pi us the imagination and cooperation of all parties invol ved, would permit

implementation of the most efficient energy system developed to date.

The Railroad's main line is 115 pound rail, and ballast and sub-grade sections are

adequate. Stateside rai Iroads have encountered various prob lems with high density un it

train traffic affecting maintenance of way. Their experience indicates some adjustments

would be in a~er, to en$ure that track and roadbed damage is minimized if unit-trains were

operated on The Alaska Railroad.

It is not required that these adjustments be made prior to the initiation of unit-train

service; they could be programmed for completion over a period of years.

Although the present facilities of the Railroad may seem minimal, the most important

requirement of an efficient transportation system is in place. The rail line from the only

operating coal mine in Alaska to marine port facilities is in pace, operational, and capable

of handling unit-train traffic. Other developable coal deposits are located along the rail

belt and the large Beluga Field is only about 40 miles from the present main line. No major

problems restrict the extension of the line to these fields.

With the development of a large export market, these fields wi II undoubtedly supply the

majority of the Alaskan coal that will be exported as they are the most readily-developable

fields.

The Alaska Railroad owns and operates two of Alaska's finest deep water ports at Seward

and Whittier. The ports are ice-free year around and are capable of handl ing deep draft

ships. Present port facilities are not designed for efficient handling of a large volume coal
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Mine loading facilities can be designed to allow for in-motion loading of rail cars with

100 tons of coal in less than two minutes per car. (Figure I.) Port unloading facilities

(Figure 2.)can be designed to allow for in-motion dumping of loaded cars. The unit-train

concept can be applied and significant savings will result.

Rail cars have been developed over the past few years that allow the complete unload

ing of 100 tons of coal in 15 to 20 seconds through the use of quick opening bottom doors.

The Alaska weather problems of snow and rain plus the loss of lading in transit can be

overcome through the use of rail cars with a "flip topll lid. These segmented lids are

automatically opened by use of a top roller system for flood loading, and automatically

closed after loading, thereby protecting the lading from exposure to the elements.

Technology is available

The technology for development of Alaskan coal to meet the energy needs of the nation

is available. All that is required is the commitment to apply it.

A casual observer noti cing the present method of coal transportation in Alaska, the

absence of modern mine-rail interface facilities, and undeveloped port facilities, may

co:",c1ude the railroad mode is not suited to the requirements of a total energy system. He

need only ask himself, "What are the alternatives that can be applied in the Alaskan erwiron

ment?1I

There are alternatives. In situ gasification, for example, but this alternative requires

on-site plant development, and transportation modes to get the product to the market on a

slurry pipeline. This alternative not only requires a pipeline, but processing plants at both

ends. These can be built, but at what cost? And can it be accomplished rapidly enough?

The lead time for mine and port rail-facility developmen t, and rail-car acquisition is

relatively short, and capital expenditure is lower. With the full commitment and coordination

of planning between shipper, carrier, and receiver, an economical and efficient transportation

system utilizing rail can be operational before environmental impact statements of other modes

could be completed.

The Alaska Railroad and Alaskan coal, an answer seeking a question. Hopef ully it will

come to the forefront and help silence the nation's quest for energy.
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Discussion

How do you propose to overcome the problem of heavy rail traffic

through downtown Anchorage?

Thatls not really too big of a problem, better crossings, better signaling,

and I would imagine a series of overpasses or underpasses.

I understand there is a 15 degree curve and a 3% grade on the run to

Seward. It's adverse from Anchorage to Port Seward which would be your

low direction. Has the railroad any plans for correcting that?

The 3% ruling grade is in a 7-mile section from MP 51 to MP 44. What most

likely to be done would be to establish a helper district which positions

extra locomotives to help the unit train over that one section.

About your capital. If you need 150 million dollars to expand or build a port

facility where are you going to get it?

That's a good question. Being a federal agency we are somewhat limited in re

ceiving funds from Congress. The more attention energy development gets, and

when coal gets more attention, they are going to real ize the Alaska potential

and the capital would be coming from the government. I would expect that

they would make more funds available.

Can you currently handle 100 ton cars on your line in unit train service?

No, right now it would be a 77 ton capacity and that is primarily because

a few of our bridges are not rated for that kind of tonnage. That rating program

is being done so I expect that within the next four years we would be able to

handle the high-capacity cars in unit train service.

Wouldn't you have severe rail wear and joint damage with 100 ton cars?

Yes, the railroads outside of Alaska experienced more rail wear than they

really had anticipated. But now they have made engineering improvements in

cross ties, tie plates, rails. This type of thing has cut that down a lot.

Then you do not have welded rail?

We do not have welded rail, no.

Have you made the scenarios of the cost between Healy and let's say, Whittier?

Polanchek:

Polanchek:

Question:

Polanchek:

Question:

Polanchek:

Question:

Question:

Polanchek:

Question:
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Question:

Question:
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Yes.

and transportation?

No we haven't given any real consideration to it. As far as advantage is con

cerned one of the railroad's main advantage is environmental. As far as fuel

savings or land use or whatever it is, it is one of the most efficient and en-

vi ronmenta II y sound methods of transportation.

How does the cold weather, freezing in the cars affect your operation?

It really shouldn't.be much of a problem if we initiate the use of these covered

hopper-cars, and the wide bottomed rapid-discharge cars where the whole under- I
side of the car is exposed and your lading is ready to just fall out. I don't think

that freezing would even occur. On the short haul, say from Healy to Whittier,

only about 16 hours, it won't freeze solidly in that short a time.

And what are they?

They are rather general at the time. They would depend more on ownership

of equipment costs. If we own it or if the shipper wants to own it, this type

of thing, at the present rate it is $7.33 a ton and I'm sure that you can at least

cut that by 350/0. This is from Healy to Whittier.

How many miles is that?

That's about 307 one way. That's rather a short haul really.

That's pretty high isn't it?

Not in relationship to stateside railroads, in fact we have lower rates. We

were surprised when we did our initial figuring. We checked the rates with some

of tre eastern railroads and the western roads over a 300 mile haul. I think this

is the shortest we could find and we were right in the middle. There were some

that were higher than us and some that were lower than us which is surprising

with the higher operationg cost in Alaska that we are not out of the ball park.

You said you were capable of handl ing unit trains and that you had the right of way.

We have the right of way and if we wanted to start out utilizing unit trains today

we could. You'd have to restrict lading weight to 77 ton.

Do you think the railroad will expand to other coal fields?

Yes, I thi nk so. I th ink that the energy pi cture has changed so much that we are

going to have to start going wherever it is.

Have you given any consideration to environmental impacts of railroad expansion

Polanchek:

Polanchek:

Question:

Polanchek:

Polanchek:

Question:

Question:

Polanchek:

Question:

Polanchek:

Question:

Polanchek:

Question:

Polanchek:
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ECONOMIC IMPACT OF DEVELOPING ALASKAN COALS

Irene E. Ryan, Consulting Engineer

Anchorage, Alaska

It is interesting to note that coal has played a strategic part in the history and early

development of Alaska. As we prepare to celebrate the u.S. Bicentennial, we are reminded

of the parallels in the genesis of the struggles for political self-determination on the part

of our nation and of our state. Implicit in the drive for political power for both has been

the desire for economic independence and enhancement. Even the Boston Tea Party has its

parallel in the Cordova Coal Party. According to Senator Gruening (1):

II On May 4th, 1911 the followi ng cab Ie was sent to the Associated Press from Cordova:

'The excitement caused by the Government's fail ure to hurry action on the Alaska coal

land cases reached a cI imax here today, when 300 businessmen and citizens formed in a

body and, armed with shovels, marched to the ocean wharf of the Alaska Steamship Company,

where they proceeded to throw several hundred tons of British Columbia coal into the bay •••

Chief of police Dooley ordered the crowd to disperse, but President Adams, of the Chamber

of Commerce shouted: Shovel away, boys. We want only Alaskan coal'. II

As Alfred H. Brooks, in the Geological Survey's report for 1910 had said, IIThey were

paying $11 to $12 a ton for coal ..• when high grade coal superior to the imported product

could have been made available nearby at a cost of only $2.50 to $3.50 a ton. Moreover

the coal tonnage needed to help support the railroads was nonexistant ll
•

In Katalla -- the budding port of entry for the Bering Coal fields -- Pinchot was burned

in effigy. Printed posters displayed about the town expressed local sentiment: IIPinchot,

My Policy, No Patents To Coal Lands~lI, IIAII Timber In Forest Reserves~lI, IIBottle Up

Alaska~lI, "Save Alaska For All Time To Come~"

In the 1914 U.S. Geological Survey (USGS) Bulletin, Alaska Coal and Its Utilization;

Alfred H. Brooks summarized the situation as follows:

'Though something has been known of Alaska coal for more than sixty years, the amount

of actual mining has been insignificant. The total production since the Territory was

acquired from Russia is less than 50,000 tons. This is all the more significant because during

this time more than a million and a half tons of coal have been shipped to Alaska, all but

about 20 percent of which was brought from foreign fields.'
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First Coal Mined at Cook Inlet

The first coal mi ned in Alaska suppl ied Russian steamers with fuel from Port Graham,

on Cook Inlet. However, with the sale of Alaska to the United States this enterprise

folded. In the late 1880l s as the population of California was dramatically increasing the

first systematic seatch for coal in Alaska was generated. It was during this period (up to

1902) that several prospects in the Homer area were mined and a railroad built out to the

end of the spit. (2) However, mining lagged as the Pacific Coast markets were captured by

rapidly developed fields in Washington, California and Vancouver Island.

During the gold rush period in Alaska several coal mines were opened along the Yukon

River to supply fuel to the river steamers. (3) Most of these enterprises were abandoned

when petroleum engines were substituted for coal burners in 1902.

Two influences, Mr. Brooks went on to report, (4) held back the development of the

Bering River and the Matanuska fields. One was the advances made in the California oil

districts and the other was the unfortunate conditions existing in regard to the laws under

which Alaska coal lands could be taken up.

By 1927, Stephen R. Capps, in the "Geology of the Upper Matanuska Valley, (5)

Alaska, reported that the beginning of construction of the Alaska Northern Railway from

Seward in 1903 had revived prospecting for coal in the Matanuska Valley in 1906, however,

the Federal Government withdrew Alaska Coal lands from entry, and work on the railroad

ceased. Only Government officials were active in exploration and development work.

In 1913, 1, 100 tons of coal were mined by the Government for a Navy test. In 1914 the

Government enacted its coal-leasing laws, initiated subdivision of its public lands in

Alaska, and also purchased the Alaska Northern Railway. The year of 1915 saw the start

of construction of the Alaska Railroad from Seward to Fairbanks. In fact, the position of

this field, containing a good grade of steaming coal, was one of the controlling factors in

the choice of the route for the Government railroad.

As construction started it became imperative that coal mines in the Matanuska Valley

be developed to supply the railroad with fuel. Furthermore, the U. S. Navy needed a coal

supply on the Pacific seaboard in American territory, capable of furnishing steaming coal

of a high grade. This was a powerful stimulus to the prospecting and development of this

coal. From 1914 to 1922 a large part of the prospecting and mining of coal had been done

under the two Government agencies, the Alaskan Engineering Commission and the Navy1s

Alaskan Coal Commission.
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By 1924 privately-operated mines were furnishing the coal needed by the railroad and

the newly developed communities. The government mines at Eska and Chickaloon were kept

in shape, however, to produce coal promptly in case of an interruption in the supply from

private sources. But no coal was ever loaded on Navy ships. Before the mines and handling

facilities had been developed, the Navy converted to oil.

Nenana coal field

Meanwhile interest had been generated in the Nenana Coal Field, and in 1919 a USGS

Report by G. C. Martin described the geology and occurrence of the numerous coal seams

in the area (6). He suggested that the coal would probably be used as locomotive fuel on

the Government railroad, for generating power and for thawing at the mines in the Tanana

Valley, and as fuel for the Tanana and Yukon River boats. He added that Nenana coal,

rather than the better and nearer Matanuska coal, should be used on the greater part of the

railroad if possible, because the heavy freight traffic would be northbound, and the south

bound empties would be available for hauling coal.

By 1940 (7) practically all of the coal mined in Alaska came from the Evan Jones Coal

Mine in the Matanuska Valley and the Healy River Coal Mine in the Nenana field. The

Healy River Mine was the largest, yielding considerably more than half the coal mined in

Alaska during that year, and was equipped to handle between 300 and 400 tons a day. The

U.S. Smelting, Refining and Mining Company was the largest single customer, using the

coal to power its dredges and large placer mining operations in the vicinity of Fairbanks.

Total coal production in Alaska (7) for the period from 1880 to 1940 was 2,612,629

short tons valued at $12,904,400. Imported coal totaling 1,799,339 tons for that period

had decreased from the total of 1,079,735 short tons in 1915, to 6,339 short tons in 1940.

During 1940 it became apparent that additional production would be needed as the

Government geared up to construct Army posts and military airfields needed for the defense

of America. In 1942 the Rai Iroad re-opened its Eska mine in the Matanuska area and kept

it in production until June of 1946, when railroad officials decided the privately operated

mines could meet their greatly reduced requirements as they converted their engines to

diesel power.

Shutdown of Matanuska mine

The steam power plants at Fort Richardson and Elmendorf remained the principal customer

in the Anchorage area until 1968 when they converted to gas. This action effectively closed

down mining for coal in the Matanuska Valley area except for the sporadic recovery of a
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few tons to meet special local markets. The communities of Palmer and Sutton in the

Matanuska Valley have not yet recovered from the loss of payrolls and secondary income

resulting from this closure.

Mining has continued from the Nenana field to supply fuel and energy to the Nenana

Fairbanks area. In the future looms the possibility of the capture of at least a part of this

market by oil or gas as completion of lines from the North slope bring petroleum to the

heartland of Alaska.

Thus, we see coal has been a major factor in the early development and economic growth

of the state. It furnished the energy needed for transportation, mining and industry, and

contributed substantially to building the fortune of Alaska's first indigenous mill iona ire,

Capt. Austin Lathrop. Industry payrolls were the source of livelihood for many first gener

ation Alaskans who, defeated in the search for gold, remained to establish their homes and

fami Iies in Alaska.

Future of coal in Alaska

So much for the past. What of the future? The theme of the annual fall meeting of

the Petroleum Engineers of the American Institute of AAechanical Engineers (AIME) held

the last of September was 'Energy's changing profile - an examination of today's volatile,

economic, political and technical environment.' I have not yet received a copy of the

transactions to add to my growing file, however I am sure that it will not radically change

the parameters of Energy use and reserves that have been developed since the world became

alerted to impending shortages, and this nation experienced the crisis generated by the

o if Embargo.

According to a review of world energy supplies by Dr. Henry R. Linden (8) nothing has

been more essential to the progress of mankind than the employment of nonrenewable energy

sources to the extent made possible by technology. The well-known relationship between

gross national product (G NP) per capita and energy consumption per capita is probably the

most universal relation between two fundamental economic parameters. Imperfect as a gross

national product may be as a measure of the qual ity of Iife, it is still the best we have.

Reviewing the rising expectations of the people of the third world in light of reserves of

fossil and fissle fuels, Dr. Linden postulates that on the basis of currently definable tech

nology and economics, world energy resources are insufficient to support the historical

rates of growth much beyond the middle of the 21st century.
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New energy sources

Models developed by M. King Hubbert, (Research Geophysicist with the United States

Geological Survey) and others corroborate within a few years the critical dates at which

fuel production will peak. In his paper published in the Canadian Mining and Metal-

Iurgi cal Bulletin for July, 1973 (9), Mr. Hubbert showed world petroleum production peak

ing by the year 2000 (just twenty five years from now) and world coal production peaking

in 2150. In the United States he added the peak rate of petroleum production was reached

in 1970 and that the peak in gas production was imminent. Incidentally, Mr. Hubbert

questioned (and did not use in his calculations) the high oil and gas reserve estimates for

the United States and its continental margins, which was furnished by the USGS in response

to the presidential directive of fv\arch 1961. As most of you are aware the USGS amended

and reduced these estimates th is summer (10).

It is recognized in light of these and other economic models, and also considering the

long lead times needed for developing new energy sources, that the critical term for the

energy crunch in the United States will run through the 1980's. It is during this period that

the situation wit I rema in the most volatil e as government and industry moved to accommodate

us to the inevitable rising costs for finding, producing and transporting our diminishing re

serves of domestic oil and gas.

It is during this period that industry efforts to develop alternate energy sources and sub

stitutes for our chemical processes will be the most vulnerable to shifts in domestic and

foreign policy. The governments of Russia and the Near East can, and no doubt will, take

advantage of our dependance on petroleum imports. They can, if they see it is to their

advantage, drop the price of petroleum long enough to discourage or founder our efforts to

shift away from petroleum dependence.

It is also during this period that the capital requirements for research, exploration,

development, processing and transportation of our remaining domestic oi I and gas reserves

as well as our coal and other energy sources will exceed the capabilities of the money mar

ket and underwriters.

Policy makers and planners see the ~hift from oil and gas to coal and uranium

as a source of fuel for electric generation as the first major change-over. It may happen

that the government will make this shift mandatory if the crisis deepens. The diversion of

the remaining petroleum resources to other uses could effect even those areas where locally

gas and oil still seem to be in abundant supply.
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Coal gasification

I have included here a copy of a chart showing the flow of energy through the U. S.

economy in 1970 which was prepared by Earl Cook, Texas AMU and published in the

proceedings of the Council of Economics of DIMME, 1972 (Figure 1). As you begin pinch

ing in the 48.2°k from petroleum sources and note its effect on the right of the diagram

you can readily see the logic behind th is assumption.

The major oil companies have been aware of the changing picture for the past decade

and have responded by broadening their interest to include the leasing of coal and uranium

deposits. Meanwhile, the electric utilities throughout the United States shifting or prepar

ing to shift to coal, are looking for a clean, dry, high BTU product within a reasonable

price range.

The first major developments have been the start of large scale strip mines in the western

states where low sulphur coal at shallow depths is abundant. These coals are transported by

rail to eastern utility markets.

In addition there have been several megawatt size generating plants constructed at the

mine fields near Four Corners in the southwestern U.S. Here also, the first two commercial

coal gasification plants are being constructed by the petroleum industry. These will manu

facture pipeline-quality gas for distribution through existing pipeline systems in the southwest.

In reports given at the Symposium for Clean Fuels From Coal, the cost per Mcf of this

gas was estimated at $1 .00. As a comparison, LNG coming into the eastern ports at that

time was costing $1 .50 per McL

Charts submitted by Mr. J. P. Hammond of Standard Oil of Indiana with his testimony

at the hearings before the U.S. Senate Sub-committee on Energy (Committee on Finance)

(11) show gas at $1 .00 Mcf roughly equivalent to oil at $6.00 per barrel, propane at 8 ¢

per gallon, and Wyoming coal at $15.00 a ton. One barrel of oil has about 6 million BTUs

and there are roughly about I million BTUs in Mcfofpipeline gas.

To replace part of the demand for petroleum products in space heating, in transportation

and in industry, coal will have to be processed; whether at the mine site or intermediate

destinations will depend on the ability to use existing transportation and storage facilities.

Coal of any rank, composition or characteristic can be converted to a liquid or gaseous

fuel. The type of coal used affects only the efficiency and economics of the conversion.

Whether coal is converted to a gas or a liquid depends on processing and the severity of

the processing (12).
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Solvent-refined coal

Benefiction (removing moisture and impurities) can vary from simple washing to the

most complicated processing. Solvent refining is benefiction that removes most of the

water, gasses, pyritic sulphur and ash (13). The residue can be cooled to form a hard

brittle solid, or it can be handled as a hot liquid. As a result of the processing the

B.t.u.-to-bulk ratio can be nearly doubled. This is a major factor when transportation

costs have bearing on the development of a mine.

Of interest to Alaska is the fact that solvent-refined coal has the potential (according

to Jameson and Grant in an article on solvent-refined coal (13) to be substituted in exist

ing railroad locomotives of a cost of about half that of present diesel fuel.

Coa I markets

Some rather obvious comparisons of the coal industry with the petroleum industry are

worth bearing in mind. The discovery of the location of coal deposits is not as costly or as

risky as for oil and gas. However, coal does not flow into distribution systems, hence its

extraction and handling are more labor intensive than that for oil and gas. The markets

for coal are more restricted and specialized than for oil, without additional and substantial

costs for processing. On a short term basis investments in plants, transportation and pro

cessing facilities for coal will require a guaranteed market. World supplies of coal are still

and will be for the next hundred or so years - Widely spread and' relatively abundant. The

profit margin in the coal industry is less than in oil (historically) so the industry will be

sensitive to unstable labor markets and to hostile government attitudes.

Coal occurs in Alaska from the far north to the south. The first most Iikelynew develop

ment will be in the Beluga area, probably on those lands the State proposes to swap to

the Cook Inlet Natives Corporation for their glaciers and mountain tops. The market for

these coal exports exists at the present time in Cal ifornia and Japan.

The future market for Alaskan coals will be in the Pacific rim states and countries,

and we will be competing for those markets with coal from Canada, Australia and the

Western United States - from already developed and operating mines.

The domestic market for coal in Alaska wi II not develop until the cost of oil and gas

products becomes oppressive or when they become impossible to procure. However, a vig

orous program to develop other resources; - agriculture, fisheries, forestry and minerals

synergisticly with our coal would help establ ish a diversified year-round, balanced economy
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for the entire state.

I do not see such a program on the horizon. The economic result of not developing

Alaska1s coals could be the loss of future export markets for a considerable period of time,

and an extremely distressing transition to other sources of inflowing wealth as our oil and

gas resources become exhausted.
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13. Jimeson, Robert M. & Grout, James M., Solvent-Refined Coal; Its Merits and Market
Potential, Society of Mining Engineers, AIME, Transactions - Vol. 250, Sept. 1971
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OFFSHORE COAL-FIRED POWER PLANTS AND ALASKAN COAL

Gerald W. Johnson
TRW Inc.

Redondo Beach, Calif.

What I want to describe to you today is some work we have carried out which is an out

growth of efforts conducted in Hawaii at the Oceanic Foundation by Yumori and Associates (1 )

and a group at the University of Hawaii under the leadership of John Craven.(2)

The idea of providing floating electri c power generation stations is not new. In fact on

occasions, ships have been used to provide emergency power to municipalities. In recent

years turbines have been mounted on barges to supply power to New York City and a great

deal of effort has been devoted to the possibility of the placement of nuclear reactors on

offshore floating platforms. None of the large plants have yet been constructed, but engine

ering is well along for some sites and whenever the utilities choose to move ahead it will be

possible to do so. (For those who are interested in details, a complete bibliography of recent

work is included in Yumori's report.)

The Hawaii groups examined the possibility of siting floating coal fired plants off the

coast of Hawaii and a similar approach was examined by the University of ~ssachusetts for

the Atlantic coast.

Offshore siting

The basic arguments (Figure 1) in favor of offshore siting are:

(1) high cost or unavailability of suitable land sites
(2) abundant supply of cooling water
(3) insulation from seismic disturbances
(4) fI exib iI ity in siting, often near load centers
(5) probably lower effect on the environment
(6) shipyard construction with continuing labor force should resu It in higher

qual ity product, shorter construction time, and lower overall cost.

lYumori, Isao Roy, "The Feasibility of Offshore Coal-Fired Electrical Power Generation,"
Technical Report No.4 UNIHI-SEAGRANT-CR-75-02, January 1975.

2Craven, John P., et ai, "Some Systems Engineering Considerations for a Floating Coal
Fired 100 MW Power Plant, " paper presented at the Third International Conference on
Port and Ocean Engineering under Arctic Conditions, University of Alaska, Aug. 11-15,
1975.
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SEA-BASED ELECTRICAL POWER STATION CONCEPT

Figure 2. Electrical power station concept
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Offshore location will mitigate
ecol ogi cal objections

Inland sites require expensive
cool ing tower sys terns

Extensive coal fields found along
Alaskan coast

Regulatory pol icies inhibit use of
coastal sites

Standardization promises cost and
time savings with multiple orders

Stations locatable within 4 to 10
miles of major load centers (GRIDS)
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Figure I. Why offshore coal-based power stations

Proximity to load centers

Production economies
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Why coal?

The most obvious diffi culties are:

(1) determination of impact on air qual ity and possibly waste disposal
(2) requirement for expensive underseas cable
(3) power industry is not familiar with design of ocean-based plants, and the

shipbuilding industry is not geared for construction of power-plant platforms
(4) operational costs of transporting people and materials back and forth may

be higher
(5) engineering of the systems to handle motions and storm conditions
(6) regulatory and licensing requirements.

I bel ieve these are the most important pros and cons.

You might ask, "Why coal?", but in this audience I suppose the question is unnecessary.

The fact is the national energy independence goals require the utilization of indigenous re

sources and this points to coal and uranium. To meet our needs in the next few decades both

will be required. Since our coal resources are so very large and readily available, we must

find ways to use them consistent with existing constraints.

The disadvantages of using coal are well known - strip mining, sulfur, ash, NO , etc.
x

But technologies are available, or under developme nt, that make the combustion of coal

acceptable under appropriate circumstances in most parts of the United States. Offshore

operations would be expected to ease the difficulties.

With this as background, TRW Inc., initiated an examination of the adaptation of these

ideas to meet California's projected power needs. While the idea clearly has wider possible

applications, California was chosen as a first target for analysis. The approach was to select

a potential site off the Los Angeles coast and to develop a rough concept to assess whether a

more detailed examination would be desirable. The concept and results are as follows:

(1) Floating ship. There are a number of alternative platforms and mooring
schemes which were reviewed by Yumori, but for California we selected a
prestressed concrete vessel with a single-point mooring. (Figure 2)

(2) Power plant characteristics. (Figures 5 & 6) To simplify the first approach,
initially the plant design was basically lifted from a new 400 MWe mine
mouth plant of Utah Power and Light. When put on a ship, because of the
length of a 400 MWe turbo generator (260'), it was decided to shift to four
100 MWe units (60').

(3) Tanker supply. The handling and transport of the coal was conceived as a
Marcona-type system in the first cut. However, the range of possible
sl urries needs to be considered.
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Conclusions

Coal-fuel oil mixture

We are convinced this idea has merit and that a more detailed study is indicated. We are

seeking support from industry and government with the hope that in the near term a first-of-a

kind plant will be designed and built to demonstrate the worth and flexibility of this approach

to increasing the environmentally acceptable utilization of our largest fossil resource - coal.

(4) Beluga Coal as fuel source. (Figure 6) This source from the Beluga Field
located southwest of Anchorage, Alaska appears to be a good candidate,
at least for users in the Pacific Basin, and would provide a long-term assured
source of supply.

(5) Costs. (Figures 7 & 8) Floating stations off the California coast seem to be
cost competitive with coastal stations, and there may be substantial economic
benefits resulting from shorter construction times as well as financing and tax
advantages since the platforms are considered to be ships.

3Brown, Andrew, "Powdered Coal-in-Oil Mixture Program, II General fv4totors Report
MD-75-020 1975, General Motors Technical Center, Warren, Michigan 48090.

Of current interest is a planned, essentially precommercial operation of a boiler by

General fv4totors operating on a 35°fc, coal-65°fc, fuel-oil (No.6) mixture. The slurry is to be

stabilized through the use of an additive, and a sustained seven-week run is planned early

next year. Such a fuel, if successful, would provide the means of introducing substantial

coal into the present infrastructure. To be acceptable, the mixture must be stable in trans

port and storagej be compatible with existing combustion systems (that modifi cation can be

achieved at cost); not result in serious derating of the boiler; be consistent with maintenance

of environmental standards; and must not result in serious fouling and slagging of heat ex

changer surfaces and boiler components.

All of these factors will be assessed in the planned experimental run, as described in

d ·1· B I (3)eta I In rown s report.
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400 MW POWER STATION
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Figure 4. Tanker and power station
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Floati ng Structure

Pulverized Coal

Slurry

Offshore tvbnob uoy
Terminal System

Oil Filled Cable
(345 KV)

Offshore
4 - 16 NM

400 t-.!,W

- 400 MW (Intermediate Load)

- Water Depth <600 Ft.
State-of-the-Art for
Monobuoy Mooring

- Conservative Limit 15-20 NM For
Efficient A/e Transmission Lines

- Floating Structure

- Low Sulphur Coal (.150/0)

- Coal/Water 50-50 (60-40 Possible)

~ Offshore Monob uoy
Terminal System And Direct
Ship to Ship Transfer Considered

- Best Choice Appears to be
400 KV - AC (Oil filled)

- 9600 - 10,000 BTU/KWH
(30-330/0 Eff.)
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'figure 6. System parameters

Figure 5. Sea power station concept
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BELUGA COAL SPECIFICATIONS
(AS MINED)

MOISTURE 25-30%
ASH Ia%
SULFUR 0.15%
FIXED CARBON 30%
VOLATILES 32%

FUEL SOURCE

BELUGA FIELD

Figure 7. Fuel source

1

TRANS
MISSION
LINES
$10-JOM

AIR
COOLING
TOWERS
$20-30M

!
$230-$280M
($575-$700!KW)

EQUIP
MENT
$150M

REAL
ESTATE

??

LAND BASED - REMOTE

1-1
CONSTRUCTIO,N

, $SO-70M
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ROUGH COST COMPARISON

Figure 8. Rough cost comparison
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MOORING
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EQUIP
MENT
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Environmental Impact

Power Plant Engineering

Regulation and Licensing
power transmiss ion

Economics and financing

Coal handl ing and stowage

Coal burning

Site availability

Hull design

Emission Factors/controls
iurisd icti on/I icens ing

Plant layout
Component selection

Who and what requirements

Pos it ion fix ing trade -off
Design of slip ring
Selection of transmission cable

Federal subsidies
Tax advantages

Dry or slurry and when
slurry composition
reserve supply requirement

Combustion feed system
Effi c iency trade -effs
Residual products
(Emissions/slag/fly ash)

Water depth 500 ft
suitable cable routing
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Figure 9. Critical Issues

Sizing
Yard capabil ity
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Question:

Answer:

Question:

Answer:

Question:

Answer:

Question:

Answer:

Question:

Discussion

Have you looked into the problems mentioned by Mr. Coutts this morning of

precipitator efficiency on low sulphur coals?

We have not gone through that in any detail ••• we are aware of the problem and

plan in the next environmental impact assessment to run through all of the factors

and relate them to a specific site.

In your cost analysis what did you assign to the cost of barging the coal from

Bel uga to Cal iforn ia?

We did not include that in the capital costs but assumed the price of the fuel

delivered would be competitive with oil prices. Usually prices seem to level out,

as you know. Our primary ob jective here is to see if we can make progress

towards Project Independence goals using our own resources. We would hope the

price would be less than for oil or gas, but my guess is that it won't be very much.

Just out of curiosity, has any consideration been given to the security or national

defense cause? It seems to me that such a plant if, say, it was a major power

supply for Los Angeles, would be very vulnerable and one man with a rowboat

and a box of dynamite could really do heavy damage.

For security of any such faci Iity, one must depend on design and a pol ice force.

The proposed structure is a 250,000 ton ship, and I know a determined and com

petent group could do a great deal of damage if they were allowed to do SOi

however, it would not be easy if ordinary precautions were taken. I believe

that it is a more sensitive question with respect to a nuclear plant than it is for

a coal plant. We should not sweep the question under the rug. It is a fact of

Iife and one that has to be considered.

Have you looked into the question of under whose jurisdiction this would be?

To some extent the first thing that we did in connection with this operation was

to contact not all but most of the regulatory groups we could think of .•• the

coast guard, EPA, the coastal commission ••. to discuss the jurisdictional question.

There are also questions related to distance from shore - such as the three-mile

limit, twelve-mile limit and beyond. We received favorable indications, I would

saYi but the questions have not been answered.

You sort of indicated the Beluga Coal Field could provide the needed coal but is

development of such a mine acceptable locally?
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Answer:

Question:

Answer:

Based on information I have - and there are experts in the room who can correct

me - J have been told that there are up to two billion tons recoverable there.

All I said was that this was the candidate source and I very carefully made that

distinction. It may be impossible to develop the mine for a variety of reasons

but from a general point of view it looks very good.

Have you considered other methods of transporting coal such as barges?

No we have not yet. However, we have considered a range of possible candidate

Iiquids as carriers running from water through various kinds of oil to methanol.

There has been some speculation that on the long term the Beluga area might

support some kinds of advanced synthetic fuel production.
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CHANGING ECONOMICS OF ALASKAN COALS

Robert Bottge
U. S. Bureau of Mines

Juneau, Alaska

The increase in energy prices in the United States has ge~erated a renewed interest

in Alaska's coal. Indeed, our purpose in meeting here t~is week is to take an updated

look at Alaskan coals, their distribution, geology, chamcteristics, and economics. My

approach to appraising the changing economics of Alaskan coals is to estimate the cost

of producing one million tons of coal annually in four different areas of Alaska, to pro

iect these costs to 1978, and to compare them with the estimated cost of producing oil

and gas.

The time frame for making these cost estimates was fairly short. But this seems to be

the way the world is going now: more people want more answers to more complicated

questions more quickly, preferably yesterday. The proper eval uation of a coal deposit is

a costly endeavor. Time, money and Bureau policy preclude our making a proper evalu

ation of each deposit for which cost data is requested. Such an evaluation requires an

exploration and drilling program, followed by bulk sampling and coal preparation testing

to determine the characteristics of a specific deposit. Such a program of exploration,

drilling, sampling, and testing requires a minimum of one year. A more realistic estimate

is two or three years. The estimated cost of producing coal from one specifi c deposit based

on such an evaluation is probably within 5 to 1()Ok of the actual cost.

An alternative to a proper evaluation is one in which the engineer assumes he-knows

the vital information gleaned from exploration, drilling, sampling and testing. Here the

geology is assumed to be similar to an adiacent area for which a description exists, and the

nature of the overburden is assumed to be competent for underground mining or strippable

for surface mining. We feel that an evaluation of this type (where the important parame

ters are assumed, the capital costs for the mining and cleaning equipment are determined,

and the manpower and other operating costs are derived) requires approximately three man

months per property. The estimated cost resulting from this type of evaluation is probably

accurate to within 2()ok, plus or minus.

tv\ore recently, the time allowed for estimating the cost of producing from deposits or

areas has shortened from three months to as Iittl e as three days. Requests for cost estimates

come from both industry and government. Companies that have never operated in Alaska
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are asking what level of costs they can expect to see should they attempt to develop

certain properties. They want to know what factors drive up the cost of Alaskan develop

ment. But often the one thing they are really seeking is a number they can relate to other

properties being considered elsewhere in Alaska, the lower 48, or abroad. Government

agencies are more concerned about general areas rather than specific properties; however,

their requests bear one resemblance to industry requests - a short time for making the

determination.

What should be done about these requests? Should we try to convince those seeking

information their requests are unreasonable in the time frame available? Should we suggest

their questions be made into beautiful research projects of almost any time or money dura

tion, preferably ones lasting one or two years? Or, should we shrug our shoulders and

ignore the requests? This last ploy works well until one's own agency initiates a program

whi ch demands the generation of cost data for every known resource.

One quick and dirty solution we have devised for answering these "qu ickie requests"

is the updating of past studies to the present, and then the Alaskanizing of the data. The

ingredients required are a study paralleling the property at hand, the capital and operating

costs including depreciation and a profitability factor and finally indexes, specifically a

construction index, an operating index, and an Alaskanizing index.

A propert massaging of the various ingredients will produce a dry data powder which

my wife insists engineers thrive upon. As word of your dry data spreads, you will find

yourself immersed in water heated by the friction you've created with your numbers. This

concoction of dry data powder and hot water may be recognized at a distance as "hot index

soup, II a substance which nourishes those asking for a quick handout and allows the engineer

to beat a hasty retreat back to his present one-year project in hopes that all wi II be soon

forgotten.

Let's see how to apply "SOUp indexes" to the present question: what are the economics

of producing coal in Alaska today and how do the costs compare with other fuels? With

only one operating coal mine in the state there is precious little data to draw upon, another

reason why "soup indexes" are used. Even if a full working knowledge of that one coal

mine were available, we would still be guessing at the costs entailed in producing coal

elsewhere in the state. Since this would not solve the problem, let's look at the data

available to derive costs for mining in the Beluga, Jonesville, Healy, and Attigun areas.
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Fortunately two detailed coal studies published by the Bureau of Mines for the Lower

48 provide a basis to begin our study. The first is IC 8535 entitled Cost Analyses of Model

Mines for Strip Mining of Coal in the United States, and the second is IC 8632 entitled

Basic Estimated Capital Investment and Operating Costs for Underground Bituminous Coal.

Since capital and operating costs were derived in 1969 and 1973, they have to be updated

to 1975. The Chemical Engineer Plant Cost Index is used for updating capital costs and

the Nelson Refinery Process Index publ ished in the Oil and Gas Journal is used for up

dating operating costs.

Estimating current costs using these indexes is enough to put us in hot water. N\oving

the mines to Alaska presents the most questionable part of the study, and this puts us in the

soup. Moving is done via an index map currently under development at the Alaska Field

Operation Center in Juneau. Soup indexes for the state were derived by the author based

upon previous mining economic studies, the U.S. Army's Military Pricing Guide, and a

file on construction costs of buildings completed around the state. Probably cost estimates

using soup indexes may be no closer than plus or minus 33°k.

For the Attigun area on the North Slope of the Brooks Range, we used as our model an

underground bituminous coal mine producing 1.06 mill ion tons of coal annually from a 6

foot coal seam (Figure 1). Using soup indexes of 2. 10 for capital costs and 2.04 for oper

ating costs over those in the Lower 48, we obtained capital costs of $40.4 million, $19.7

million for operating costs, and $2.5 million for depreciation. These costs include high

wages and the assumptions that 243 underground miners will come to the mine to work.

For 12,15 and 20% DCF rates of return on investment, selling prices of $22.27, $23.59

and $25.90 per ton, respectively, were required, or $1.48, $1.57 or $1.73 per million

Btu's based on coal having 7,500 Btu's per pound.

For estimating the cost of mining one million tons of soft coal annually in the Healy

area, we used as our model a subbituminous strip mine in N\ontana (Figure 2). A 25-foot

seam of coal was overlain by an average of 75 feet os overburden. We reduced the scale

of the model from five million tons per year to one million using the six-tenths factor.

Using soup indexes of 1.43 for plant construction and 1.62 for plant operation, we derived

total capital costs of $11.4 million, operating costs of $7.2 million, and depreciation costs

of $0.8 million. For 12, 15 and 200k DCF rates of return on investment, we derived

selling prices of $8.21, $8.60, and $9.30 per ton, respectively, or 48, 51 and 55 cents

per million Btu's based on coal having 8,500 Btu's per pound. Again, these are average

prices for coolon an as-received basis for on-site power generation.
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For the Jonesville area, we used as our model an underground mine producing 1.06

million tons of bituminous coal annually from a 6-foot seam (Figure 3). Using soup indexes

of 1.26 for plant construction and 1 .54 for plant operation over the Lower 48 costs, plant

investment came to $24.2 million; plant operation, $14.9 million; and depreciation $1.5

million. For a 12°fc, DCF rate of return on investment, the price required was $16.25 per

ton or 65 cents per million Btu's. For 15 and 200fc, DCF rates of return on investment, the

required selling prices were $17.03 and $18.42 per ton or 68 and 74 cents per million

Btu's based on coal having 12,500 Btu's per pound. These may be optimistic estimates

for mining Jonesville coal, owing to the steep dip of the beds.

For the Beluga area, the analogy of a strip mine in Montana producing 5 million tons

of coal annually from a 25-foot seam of subbituminous coal was used (Figure 4). Over

burden averaged 75 feet. This mine scale was reduced to one million tons annually using

the six-tenths factor. Using indexes of 1.68 for construction and 1 .74 for operation, the

final capital costs became $13.4 million, operating costs were $7.7 million, and depre

ciation $0.9 million. The final required selling prices at 12, 15 and 200fc, DCF rates of

return on investment were $8.92, $9.39, and $10.20 per ton, respectively. This works

out to 59, 63, and 68 cents per mi II ion Btu's based upon 7,500 Btu's per pound.

Up to this point we have estimated the prices required to produce about one million

tons of coal annually for on-site power ·generation. As the Bel uga area is a likely spot for

development in the near future, let's look at the cost to produce I, 3, and 5 million tons

of coal annually, and bring it to the coast for export from Alaska (Figure 5). As our model,

we again used a five million ton-per-year mine in Montana, producing from a 25-foot seam

and having an average overburden of 75 feet. Using our soup indexes for the Beluga area

we obtained total capital costs of $35.2 million for the five million ton-per-year mine,

$25.9 million for the three million ton-per-year mine, and $13.4 million for the one

mill ion ton-per-year mi ne.

To install a 35-mile railroad with sufficient locomotives, cars, unloading facilities

and docking facilities for the largest mine required $38.4 million; for the middle-sized

mine $32.9 million; and the smallest mine, $28.6 million. The addition of the export

facilities raised the price for coal produced by the five million ton-per-year mine

from $5.36 to $8.47 per ton, or from 37 to 56 cents per million Btu's. The price required

for the product from the three mill ion ton-per-year mine went from $6.57 to $11 .01 per

ton, or from 44 to 73 cents per million Btu's. The price for coal produced from the smallest

mine went from $10.20 to $22.12 per ton, or from 68 cents to $1.47 per million Btu's.

I
II

I

I

Ii
I,

I

I:
I

I
I
I
I
I
I
I
I
I
I
I
I
I

142

--------------_1



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Now that we have looked at the estimated costs to produce coal in four areas of the

state, let's project those costs to 1978 and compare them to the cost of producing oil and

gas. Our very rough estimates of coal prices indicate that with a 2{)% DCF rate of return

on investment, one million tons of coal can be mined for power generation in the AtHgun

area for $1.73 per million Btu's, at Healy for 55 cents, at Jonesville for 74 cents, and at

Beluga for 68 cents. Assuming a 1{)Ok inflationary rate during the next three years, coal

could be available in the Attigun area for $2.30 per million Btu's, at Healy for 73 cents,

at Jonesville for 98 cents, and at Beluga for 90 cents.

An arti cle in the September 15 issue of the Oil and Gas Journal estimated the cost of

finding and developing natural gas in 1975 at $1.19 per million Btu's, and estimated the

price would increase to $1 .51 per million Btu's in 1978. The average weighted cost of all

crude oil received in U. S. refinery inventories for July was $10.47 per barrel or about

$1.75 per million Btu's. By 1978, average oil prices in the u.S. may be much higher.

From our use of soup indexes, it would appear that Alaska's low sulfur coals with prices

of less than $1 .50 per million Btu's may become attractive sources of energy by 1978. In

the case of the Beluga coals, any mine producing one million tons of coal per year or more

may be an attractive source for on-site power. However, only very large mines will be

economical if the coal is to be exported from Alaska.
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Assumptions: Six feet of coal, 57% recovery, continuous miners, 20-year life

Example: Underground mine producing 1.06 million tons of bituminous coal annually
(IC 8632)

1973 costs to February, 1975: plant construction = 179.5/144.1 = 1.25
plant operation = ([(257.5/168.0)-lJ.45) + 1 = 1.24

FIGURE 1.- Coal mlnlng costs in the Attigun area
for power generation
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$ 8,288,000
$27,454,000

25.90
1.73

$ 6,449,000
$25,003,000

23.59
1 .57

3,895,000
19,715,000

$23,610,000
22.27
1.48

$ 5,404,000
2,482,000
2,922,000

$40,364,000
$19,715,000
$ 2,482,000

plant construction = 1.89 + 9 = 2.10
plant operation = 1.84 + 9 = 2.04

$15,376,700 x 1.25 = $19,221,000 x 2.10 =
$ 7,793,900 x 1.24 = $ 9,664,000 x 2.04 =
$ 945,400/$15,376,700 = 0.0615 x $40,364,000 =

For 15% DCF rate of return:
R=p1ant investment + 6.259

Sales
Selling price/ton
Price per MMBtu @7,500 Btu/1b

For 20% DCF rate of return:
R=p1ant investment + 4.870

Sales
Selling price/ton
Price per MMBtu @7,500 Btu/1b
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For 12% DCF rate of return:
R=p1ant investment + 7.469
Less depreciation
Depletion + net profit

Depletion + net profit = 3/4 gross profit
Gross profit = 1.333 x (depletion + net profit)

Plus plant operation
Sales

Selling price/ton
Price per MMBtu @7,500 Btu/1b

Plant investment:
Plant operation
Depreci ation

Lower 48 to Attigun:
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I FIGURE 2.- Coal mining costs in the Healy area

for power generation

$ 1,526,000
755,000
771 ,000

1,028,000
7,185,000

$ 8,213,000
8.21
0.48

lIamPle: Strip mine producing 5 million tons of subbituminous coal annually,
Wyoming (IC 8535)

IIsumptions: Plus 500 million tons of coal, 25-foot seam, up to 120 feet of over
burden, 75-foot average, 20-year life

1169 costs to February, 1975: plant construction = 179.5/119.0 = 1.51
plant operation = ([257.5/102.5)-1].45) + 1 = 1.68

IIwer 48 costs to Beluga area: plant construction = 1.43
plant operation = 1.62

l ant investment: $13,879,100 f 2.63 = $5,277,000 x 1.51; $7,968,000 x 1.43=$11,394,000
ant operation: $ 6,943,400 f 2.63 = $2,640,000 x 1.68; $4,435,000 x 1.62=$ 7,185,000

Depreciation $ 920,600/$13,879,100 = 0.0663 x $11,394,000 =$ 755,000

Jlr 12% DCF rate of return:

t
R=P1ant investment + 7.469
ess depreciation

Depletion + net profit
Depletion + net profit = 3/4 gross profit

I ss profit = 1.333 x (depletion + net profit)
1us plant operation

Sales
.~e11ing price/ton
Irrice per MMBtu @8,500 Btu/1b

, 15% DCF rate of return:
=plant investment + 6.259

Sales

felling price/ton
. rice per MMBtu @8,500 Btu/1b

~ 20% DCF rate of return:
'~=p1ant investment + 4.870
Sales

t elling price/ton
rice per MMBtu @8,500 Btu/1b

$ '1,820,000
$ 8,605,000

8.60
0.51

$ 2,340,000
$ 9,298,000

9.30
0.55
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FIGURE 3.- Coal mining costs in the Jonesville area
for power generation

Example: Underground mine producing 1.06 million tons of bituminous coal annually
(IC 8632)

Assumptions: Six feet of coal, 57% recovery, continuous miners, 20-year life

Lower 48 costs to Jonesville: plant construction = 1.26
plant operation = 1.54

Plant investment:
Plant operation
Depreciation

$15,376,700 x 1.25 = $19,221,000 x 1.26 =
$ 7,793,900 x 1.24 = $ 9,664,000 x 1.54 =
$ 945,400/$15,376,700 = 0.0615 x $24,218,000 =

$24,218,000
$14,883,000
$ 1,489,000

•
$ 4,973,000
$19,527,000

18.42.
0.74

$ 3,242,000
1,489,000
1,753,000

$ 3,869,000
$18,056,000

17.03
0.68.

I•

For 15% DCF rate of return:
R=plant investment + 6.259

Sales
Selling price/ton
Price per MMBtu @12,500 Btu/lb

For- 20% DCF rate of return:
R=p1ant investment + 4.870

Sales
Selling price/ton
Price per MMBtu @12,500 Btu/lb

For 12% DCF rate of return:
R=plant investment + 7.469
Less depreciation
Depletion + net profit

Depletion + net profit = 3/4 gross profit
Gross profit = 1.333 x (depletion + net profit)

Plus plant operation
Sales

Selling price/ton
Price per MMBtu @12,500 Btu/lb
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1
II FIGURE 4.- Coal Mining Costs in the Beluga area

for power generation

1,206,000

$ 1,792,000
887,000
905,000

$ 8,923,000
8.92
0.59

IIxamPle: Strip mine producing 1 million tons of subbituminous coal annually,
(Wyoming (IC 8535)

; Issumptions: Plus 500 million tons of coal, 25-foot seam, up to 120 feet of over
burden, 75-foot average, 20-year life

1969 costs to February, 1975: plant construction = 179.5/119.0 = 1.51
plant operation = ([(257.5/102.5)-1].45) + 1 = 1.68

rwer 48 costs to Beluga area: plant construction = 1.68
plant operation = 1.74

,
1ant investment: $13,879,100 + 2.63 = $5,277,000 x 1.51=$7,968,000 x 1.68=$13,386,000
1ant operation: $ 6,943,400 f 2.63 = $2,640,000 x 1.68=$4,435,000 x 1.74=$ 7,717,000
epreciation : $ 920,100/$13,879,100 = 0.063 x $13,386,000 =$ 887,000

lr 12% DCF rate.of return:
R=p1ant investment + 7.469

'

Less depreciation
Depletion + net profit

ep1etion + net profit = 3/4 gross profit

(

055 profit = 1.333 x (depletion + net profit)
Plus plant operation
1es
Selling price/tonI Price per MMBtu @] ,SOD Btu/1b

Ir 15% DCF rate of return:
R=p1ant investment + 6.259

ales
Sell ;n9 pr;.ce/tonI Price per MMBtu @7,500 Btu/1 b

I r 20% DCF rate of return:
R=p1ant investment + 4.870

Sales

II
se11ing price/ton
Price per MMBtu @7,500 Btu/1b

II
1
II

II
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$ 2,139,000
$ 9,386,000

9.39
0.63

$ 2,749,000
$10,199,000

10.20
0.68
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Price required for coal at 20% DCF

FIGURE 5.- Comparison of power facilities
versus export facilities at Beluga

~nnual production Mine cost for Cost of transpor- Total
I(tons) power generation tation facilities cost

5,000,000 $35.2 million $38.4 million $73.6 mill ionl

3,000,000 $25.9 million I $32.9 million S58 .8 mill ion I
I

I
I

1,000,000 $13.4 million $28.6 million $42.0 mi 11 ionl
I

I
I
I
I

I

Ii
I

I
I
I!
I
I

'.
I
I
I
I
I
I
I
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~nnual production t.o.b. tldewater,
1 (tons) Power generation Cook Inlet

I
5,000,000 $5.36 per ton (37¢/MMBtu's) $8.47/ton (56¢/MMBtu's)

I

\
I

j 3,000,000 $6.57 per ton (44¢/MMBtu's) $ll.Ol/ton (73¢/rv,MBtu •s) !,
I
I 1,000,000 $10.20 per ton (68¢/MMBtu •s) $22.12/ton (1 47¢/P-.1MBtu 's;I
!
I
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Question:

Bottge:

Question:

Bottge:

Question:

Bottge:

Question:

Bottge:

Discussion

Can you explain your transportation scheme at the Bel uga site?

How are you expecting to move the coal?

By rail.

What route did you choose to take the Bel uga coal to tidewater?

Did you plan to go to Tyonek?

No ••• the 45 miles on this rail would probably take it from Beluga

Lake towards the south perhaps as far as Drift River. Because you have a

real problem there on the west side of Cook Inlet ••• in the wintertime with

ice flows .•• and I think that Benno will probably agree with me that it is

going to be a problem to haul out of this area with almost any kind of

shipping arrangement. I kind of chickened out •• I went down to where the

oil tankers come in and ••• assume they could sidle up next to them somehow.

Did you say that Jonesvi lie model was 1.06 mill ion tons of annual production?

Yes.

What was the reasoning behind using 1.06 million instead of 1.0 million tons?

Because that's what the Bureau of Mines publication used. I don't know

why they did it that way. Apparently they were using an operating mine

as their model.

149



Figure 1. Comparative analyses of coal from the Nenana and Beluga Fields.

It is well accepted that Alaska's oil resources will make a substantial impact on the

Nation's energy picture, but Alaska's coal resources promise to playa far greater role in the

future.

Certa in poi nts in favor of future coa I deve lopment are:

First, the coals in general are low in sulfur (0.2 percent S), (Figure 1) and are .thus

environmentally most desirable. Second, the coal is accessible for surface mining with thick

seams, exceeding at times 50 feet, in both the Nenana and beluga coal fields. Third,

the Nenana coal field is already served by a railroad, while the Beluga coal field is poten

tially accessible to ocean shipping because of its proximity to the sea. Advancements in

technology will permit mining of coking and noncoking coals in the Arctic Alaska Coal fields.

Fourth, Alaska needs a sustained activity to provide employment to Alaskans. Of the

solid natural resources, coal is probably the best known, and the development of coal

resources would benefit Alaskans immensely by providing additional employment and needed

low-cost energy for the Fairbanks area. It could also spur the development of other associated

industries. Fifth, the present boom in employment in Alaska, due to the activities associated

with construction of the Trans-Alaska Pipeline (and possibly a future gas pipeline) will of

necessity be curtailed at the conclusion of these activities. Development of Alaska's coal

reserves could provide a significant employment cushion when the oil construction employment

begins to decrease. Sixth, Alaskan coals could meet the energy needs of the Western United

States, and Japan has long been trading with Alaska, and has shown considerable interest in

Alaskan coals.

24.4
30. 1
28.7
16.7
7160
12177
0.2

Beluga Field, Chulitna
River Basin (2)

19.0
38.7
29. 1
13. 1
8565
12633
0.2 (Av.)

Nenana Coal Field
Healy Creek (2)

CURRENT STATE-OF-THE-ART IN DRYING LOW-RANK COALS

P. D. Rao and E. N. Wolff
University of Alaska

Moisture, percent
Volatile Matter, percent
Fixed Carbon, percent
Ash, percent
Heating Value, BTU/lb.
Moisture-ash-free BTUjlb.
Sulfur, percent
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It is obvious that there are many points in favor of development of Alaskan coal resources,

but increased production will have to be for markets outside Alaska, i. e., the Western

States, or Japan. In the more readily accessible Beluga and Nenana coal fields, the coal

is of subbituminous rank, with moisture as high as 22 to 28 percent, and 7 to 25 percent ash.

Although there are seams of low ash content, systematic development will require benefic

iation of at Ieast a part of the coals. The long-distance haulage requires that both ash and

moisture of these coals be lowered, thereby reducing transportation costs and producing a

high premium quality coal. The changing energy picture makes the transportation of Alaska's

coal to the lower states or to Japan a real possibility, and could be comparable to the trans

portation of Wyoming and Montana coal to Texas or Chicago.

The primary problems confronting the development of these low-rank coals is in prepar

ation of the coals for market. Apart from washing some of these coals to reduce ash content

to a lower level, reduction in moisture is needed for achieving greater economy in long

distance transportation to markets and to pave the way for effective marketing of these coals.

Success in attaining these two objectives, i.e. reducing ash and moisture, could make

the development of Alaska's coals feasible. Achievement of these objectives would also

render the coal immune to reabsorption of moisture after drying, and prevent its spontaneous

combustion.

Research on drying of low-rank coals, such as Iignites and subbituminous coals, has been

conducted for nearly half a century. Although partial drying of Dakota Iignite is practiced

for freeze-proofing by mixing partially dried coal with run-of-mine coal, full scale drying

of low rank coals has never been practiced commercially in this country. The reasons are

(1) drying of low rank coals by conventional methods results in severe degradation of coal

particles.: (2) dried coals are thus dusty and difficult to handle, (3) reabsorption of moisture

in storage and transit defeats the drying process. In addition the dry coal particles will react

with ambient oxygen, and heat up enough to ignite. It appears that large-scale development

of Alaskan coals may have to await solutions to these problems. Our Mineral Industry

Research Laboratory at the University of Alaska is making a comprehensive literature search

seeking solutions to these problems and identifying areas of research that should be undertaken.

Drying low-rank coals

Three systems of drying low-rank coals have received greatest attention: (1) high pressure

steam dehydration otherwise called the Fleissner system, (2) hot oil dehydration system, and
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(3) the entrained or fluidized bed drying system, applicable to only finer coal particles.

Much of the research on upgrading of low rank coals by drying has been concentrated on

Dakota lignite. This work was pioneered by the Department of Chemical Engineering of the

University of North Dakota, and the Grand Forks Energy Research Laboratory of the U. s.
Bureau of Mines. Irvin Lavine presented his Ph. D. dissertation before the American Chemi

cal Society in 1930 and it was the forerunner in this field of research. Of the several patents

discussed in the dissertation, a process patented by Fleissner (3) received much attention.

Normal atmospheric drying of lignite is accompanied by slacking. When a lump of lignite is

allowed to dry, the outside layer loses its moisture more rapidly than the interior, and it

shrinks. The cracked outer layer peels off, exposing the interior to drying forces, and the

process repeats itself until the entire piece disintegrates.

In his experiments Lavine subjected lignite to high-pressure steam followed by aeration.

The resulting processed lignite showed very I:ttle degradation; the moisture content of the

air-dried product was lower than that of raw Iignite, and also the Iignite showed lower mois

ture than if air-dried. This suggests that steam-processing involves a change in colloidal

structure of the coal, i. e., collapse of capi Ilaries due to the comb ined effect of temperature

and pressure. The pioneering research was further continued at the University of North Dakota

and Grand Forks Energy Research Laboratory of the U. S. Bureau of Mi nes.

Cooley and Lavine (4) further refined the process and improved the qualities of the product

by the addition of emulsified asphalt to the steam. Harrington, et. al. (5) constructed a

Fleissner system pilot plant, capable of drying one ton in two eight-hour shifts. Their work

showed that processed Iignite has an improvement ratio of 1.48, whereas subb itumi nous coal

has an improvement ratio of 1.25, due to its lower moisture content. They found that dried

subbituminous coals are equivalent to non-coking bituminous coal. The response to the treat

ment was better in some coals than in others. After detailed experiments, they concl uded that

for medium haul distances, say 250 miles,treated subbituminous coals would be more econom-

ical than fresh coal s.

It must be remembered that these conclusions were applicable to conditions 42 years ago.

In addition, they concluded that the treated coal had improved physical properties which

were an added benefit. This study was the most comprehensive yet undertaken in evaluating

the process variables and economic possibilities of the process.

Banbridge and Stachwell (6) investigated the drying of Victorian brown coal using the

Fleissner system. They confirmed that the coal can be dried without disintegration. The
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Effect of Iign ite source

Fleissner-dried coal has better weathering qualities than corresponding raw coal or air

dried coal, and considerab Ie quantities of water can be removed from the coal in a liquid

form. They suggest that the amount of liquid expelled depends upon the type of coal and

increases with treatment pressure and, to a lesser extent, on time. They.suggest further

research on the effect of process variables that result in most desirable mechanical properties

of the dried product.

Oppelt, et. 01 (7) concentrated their investigation in obtaining precise information on net

thermal requirements for this Fleissner method of drying North Dakota lignites. They found

large differences in the amount of liquid water removed from various lignites and suggest that

structure and response to heat treatment of colloidal materials forming the lignite substance

are different depending on the source of Iignite. Oppelt, Kube and Kamps (8) studied drying

of lignite with steam pressures to 1,500 pounds per square inch absolute, and temperature of

590°F (Figure 2). (The earlier work involved only pressures of 200 to 370 p.s.i.a.). They did

not find any significant advantage in pressures in excess of 400 p.s.i.a. At the highest

pressures employed (1,500 p.s.i.a.) the moisture could be reduced to nearly zero, but the

material is hygroscopic and picks up moisture to the level attained at 400 p.s.i.a. Thin sec

tions of lignite treated at 400 p.s. i .0. showed maximum alteration adjacent to exposed sur

faces. At the hig hest temperature pressure conditions, much bloating occurred. It was

observed that woody, nearly barklike sections of lignite were less readily affected, while

the amorphous appearing sections were more responsive to bloating.

The portion of water removed in liquid form was directly related to the processing temp

erature-pressure level, and ranged from 53.4 to 60.3 percent. Lumps dried at 1,500 p.s.i.a.

retained their form for over a year when exposed to the atmosphere. Although a portion of

the film-like surface spoiled, the honeycombed interior did not. In the same period similarly

exposed lignite which had been dried at lower temperatures would have weathered more,

while untreated Iignite would have disintegrated.

In Alaska, W. E. Dunkel conducted experiments in high pressure dehydration. A report

prepared by March (9) gives details of the tests. Coal was subjected to a high temperature,

375° - 390° in a closed container. Heat exchange was accompl ished by circulating hot avia

tion engine oil through heating coils in the drier. The oil was heated by passing coils through

an oil-fired-heat-pak-type boiler. The coal was dried to a moisture content of 13.8 percent

from an initial moisture content of 31.8 percent.
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Figure 2. Schematic Flow Diagram of High-Pressure Experimental Fleissner Drying Unit, after Oppelt, Kube & Kamps (8).
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More recent research has been aimed at protecting dried coal by making it nonhygro

scopic by an oil surface-coating. Research at both the University of North Dakota and the

Research Council of Alberta has been in this direction. Coal is immersed in a hot, high

boiling-point oil. The moisture in the product is a function of immersion temperatures and

immersion time. The major cost factor is the oil retained on the coal. Attempts have been

made to reduce this oil by centrifuging. The Grand Forks Laboratory and the University of

North Dakota have both done excellent work on dehydration of Iignite.

Parry and Wagoner (IO)investigated drying fine low-rank coal in the entrained or flui

dized state. They found that 90 percent of the moisture in coals can be removed in high

temperature gases with absol utely no effect on coal substance. Further drying resulted in

devolitization of the coal. Considerable degradation of coal particles is reported, caused

by rapid evolution of moisture and shrinkage of coal. Their tests included subbituminous

'C' and lignitic coals from a variety of sources including subbituminous coal from the then

Suntrana mine in the Nenana coal field of Alaska. Alaskan coal showed least degradation;

Iignite from Greece showed most degradation due to the drying process. It was shown

that degradation is not only a function of locality but also of size of particles dried. Larger

coals showed much higher degradation due to rapid shrinkage of particles and consequent

disintegration of the weakened pieces. Disintegration was hastened by particles colliding

in the boiling bed. The dried products were, however ,of uniform characteristics despite

the source.

In pneumatic or entrained drying, fine coal is suspended in a rapidly moving stream of

hot gases. A cyclone separator separates the dried coal from hot gases. Due to Iimitations

imposed by the short retention time and the high gas velocity (maintained so that the larger

pieces will be entrained) minus-1/8 inch is the most suitable size. Minus-1/4 inch particles

will only lose small quantities of water, and may be considered as the largest size suitable

for this process. Two pneumatic driers have been constructed in North Dakota by Baukal

Noonan, Inc. for treating minus-one inch lignite, reducing the product moisture to 18 per

cent from 36 percent in the feed; this product is mixed with mined lignite to freeze-proof

it during wi nter months.

Combined drying and water-proofing was investigated by Schnoch (II) as early as 1939.

Lignite was first coated with light petroleum oil. The oil-coated coal particles were heated

in a closed vessel to 4100 F. A product with a moisture content as low as four percent water

could be produced. Oil absorbed by the coal particles was about two percent.

Burr, et. al. (12), have investigated variables that effect the removal of moisture by
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immersing coal particles in hot oil (SAE 20). Temperature of the bath was maintained

between 3100 F and 3200F, and spheres of coal were immersed in it. Process variables

studied were diameter of coal parti cles and drying time. Moisture could be reduced, but

depended on drying time and diameter of the particles. The dried particles, however,

showed deterioration ranging from sl ightly cracked to complete disintegration.

Recent research on low-rank coals has been to evaluate storage and handling character

istics of dried coals, (Paulson 13, Sondreal 14). Dried low-rank coal is hot, dusty, and

highly reactive to oxygen because of elevated temperatures and new surfaces produced

during drying. Their observations were made on two carloads of dried lignite, and

one carload of dried subbituminous coal.

Continuing investigations have been on the behaviors of dried coal in transportation and

storage when coated with oil (15). Subbituminous coals were dried from 26 to 16 percent

moisture, cooled to 115°F and sprayed with cil, from 2 to 6 gallons per ton; and lignite was

dried from 39 to 20 percent moisture, cooled to 85°F and sprayed with oil at rates from I to

2 gallons per ton. It was found that increase in moisture during transit was minimal even

after subjected to two inches of rain. Exposure of the tops of the railroad cars to air did not

cause heating problems, but leakage of air into the coal from the bottom caused fire. Dried

coal consumes oxygen in ambient air, and heats up slightly. Further restoration of oxygen

through circulation can cause the coal 'to heat up and start fires. Properly stockpiled coal at

Grand Forks, using proven techniques, maintained a stable temperature for nearly a year.

Additional research is needed to evaluate the effectiveness of these and other processes

for upgrading Alaskan coals by washing followed by dehydration.
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FEDERAL SURFACE MINING REGULATIONS

Leo Sarella

U.S. Geological Survey

Menlo Park, California

One of the most important recent developments on Federal coal in the continental U. S.

and Alaska took place with the Secretary of the Interior issuing proposals in the September

5th issue of the Federal Register. These apply to all phases of coal exploration and mining,

and will include pre-lease planning and environmental analysis, prospecting, exploration,

production, processing, reclamation, and abandonment of mines.

Reclamation required

These proposed regulations stipulate that leases, perm its, and licenses for coal would be

issued, and plans of operation approved, only where reclamation is attainable and assured.

New regulations would require that exploration and mining plans be submitted in advance,

describing in detail operations to be undertaken.

Plans must include a description of the environment of the area to be mined, conditions

of the land covered by the plan prior to any mining, the intended use of the land after re

clamation, and a description of how the intended post-mining land use .is to be ach ieved.

Also required is a detailed description of coal deposits, mining operation plans, estimated

timetable of reclamation and suitable maps. Not included in this set of proposed regulations

are sections assuring di Iigent development of leased land.

Proposed rules require operators to reclaim land lias contemporaneously as practicable

with operations, to a condition of at least fully capable of supporting all practicable uses

which it was capable of supporting prior to any exploration or mining, or equal or better

uses than can reasonably be attained II • Land must be brought back to its "approximate

original contour ll or to a condition closely resembl ing the surface configuration of the land

prior to mining. Original elevation restoration is not required, but the resurfaced land must

blend into and complement drainage patterns and topography of the surrounding terrain.

Restoration to absol ute equal ity of prior conditions is re jected since it would "impose an

impossible burden" on the operator.
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State reclamation laws

To satisfy both state and federal interests, new regulations impose a mechanism whereby

a governor may request the interior secretary to direct some or all existing state laws, re

lating to reclamation, to be applied by federal officers in that state as federal laws. These

state laws would have to be of at least equal standard and be consistent with the national

interest in IItimely and orderly development ll of federal coal resources.

Interior's coal leasing program has been in limbo since 1973. Sales have been halted

since then to assure environmental critics that adequate precautions would be taken. The

department has completed the first of two prerequisites for resumption of leasing. Early last

month, it published the final interim report on its Northern Great Plains program. A second

requirement, a programmatic environmental impact statement on the entire leasing program,

has just been released. Proposed rules would apply to almost all of the existing 530 federal

leases.

Di Iigent development

Last December, Interior proposed regulations, still pending, for '1diligent development ll

and II continuous operation II of federal coal leases. These rules would require uninterrupted

commercial operations for at least six months each year and inclusion of leases into a Illogical

mining unit, II (LMU) defined for the first time in the new proposed regulations.

LMUs are areas of coal lands that can be developed in an efficient, economical and orderly

manner. These rules may be adopted this fall after consideration of comments.

Your attention is invited to the background and salient provisions of these proposed

regulations: proposed revision of 30 code of Federal Regulations, Part 211; and 43 Code

of Federal Regulations, Part 23--Federal Register Vol. 40, No. 173, Pages 41122 to 41138;

Friday, Sept. 5, 1975. Parti cularly note sections on Pages 41122, 41123 and 41124. I have

labelled I,ll and III, as follows:

I. On January 3D, 1975, and on April 30, 173, notices and texts of proposed re

visions to the coal mining operating regulations of the U. S. Geological Survey were

published in the FEDERAL REGISTER (38 FRI0686; 40 FR 4428). Those regulations

govern operations conducted under coal permits, leases, and licenses on public and

acquired lands of the United States and Indian lands administered by the Department

of the Interior. The previously proposed regulations would also govern the mining of

coal in Alaska and, therefore, were proposed to revoke 30 CFR Part 216, which con-

tains such regulations.
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II. The purpose of the proposed set of regulations is to delete obsolete provisions,

update existing regulations so as to impose reclamation and performance standards

upon operations relating to Federal coal, and clarify the responsib i Iity of lessees,

permittees, and Iicensees for the protection of the surface, natural resources, en

vironment, and existing improvements during all such operations.

Together, the proposed regulations govern pre - and post-leasing operations con

ducted under coal permits, leases, and licenses on public and acquired lands of the

United States, regardless of surface ownership. In addition, the new proposed 30 CFR

211 would govern operation on Indian lands administered by the Department of the

Interior, and 30 CFR Part 216 is again accordingly proposed to be revoked.

Finally, conforming amendments to 43 CFR Part 23 to reflect the new proposed

43 CFR Part 3041 are also proposed.

The proposed regulations provide sp~cific language to clarify responsibilities of

lessees, permittees, and licensees for all phases of coal mining operations on public

and acquired lands of the United States and Indian lands administered by the Depart

ment of the Interior. The scope of the regulations addresses not only the "orderly

and efficient development" phase of the operations, but also the total spectrum of

events beginning with the pre-lease land-use planning and environmental analyses

into prospecting, exploration, and testing activities and extending through the

development, mining, production, and coal processing practices, as well as the

abandonment and reclamation measures.

Under the proposed regulations, leases, permits, and licenses for coal would be

issued, and plans of operation approved only where reclamation of the affected lands,

pursuant to the standards set forth, is attainable and assured, and reclamation programs

will be required to be undertaken as contemporaneously as practicable with mineral

development.

The new regulations set forth environmental standards that will be used in con

ducting pre-lease, permitting, and licensing exam~nations, from which the terms and

conditions of the lease, permit, or license will be developed.

Performance and reclamation standards that would automatically apply to all

operations subject to these regulations are provided and set forth in identical terms in

each proposed regulation so that performance and reclamation requirements will be

consistent throughout the pre-leasing, exploration mining, reclamation, and abandon-
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ment phases of coal operations.

The new regulations further require that exploration and/or mining plans, des

crib ing in deta iI the operations to be undertaken, be prepared and subm itted in

advance of that operation.

These two revisions are compl imentary, and designed to create a coordinated

mechanism for coal development.

Under the proposed 43 CFR Part 3041, a decision mechanism is outlined whereby

decisions as to whether coal leasing should occur, and what specific conditions

might be applied to a lease, will be made after appropriate environmental review.

Under the proposed 30 CFR Part 211, the Geological Survey will monitor coal

operations, and enforce lease terms and conditions and general performance stand

ards which are included in identical language in both regulations.

The Department of the Interior is currently completing an environmental review

of its entire coal leasing program. This review will be published shortly, and will

contain a formal mechanism defining with greater specificity the Department's

coal leasing policy. With the proposed regulations, it will constitute a unified

program to direct future development of our resources. Several el ements of the

proposed regulations should be specifically noted and public comment is specifically

requested thereon.

First, the relationship between Federal and State jurisdiction to impose reclamation

standards has arisen in the recent proposed legislation. On the one hand, it is clear

that the States have a direct public policy interest in coal development within their

geographical boundaries. In addition, the historical development of coal resources

has, in many areas, resulted in patterns of intermingled tracts of Federal and private

ownership with respect to which coordinated regulatory mechanisms would be de-

sirable.

On the other hand, it is also clear that Federal coal resources belong not to one

or more of the several States, but to the Nation as a whole. The Federal interest

in assuring the timely and orderly development of such resources must be implemented

with that end in mind.

A mechanism is, therefore, proposed in these regulations which would satisfy both

Federal and State interests. This mechanism would allow the Secretary of the

Interior to direct that some or all of the existing State laws, regulations, practices
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and procedures of a State relating to reclamation be applied by Federal officers

within that State as a matter of Federal law. Such discretion may be exercised

at the request of the Governor, if the Secretary, upon review of that State1s

regulation, determi nes that such appl ication would:

(a) Effectuate the purpose of the proposed regulations;

(b) Afford protection of the environmental values which would be at least as

stringent as would occur under otherwise applicable Federal standards; and

(c) Would be consistent with the interest of the United States in the timely and

orderly development of its coa I resources.

Such an order would remain in effect until rescinded or amended and would--enable

Federal and State concerns to be appropriately balanced.

It has been and is the current practice of the Department to include in coal

leases a provision requiring compliance ir. State and local laws. It is also the

practice of the Mining Supervisors of the Geological Survey to follow this practice

in the implementation of their responsibilities with respect to ongoing operations.

The proposed mechanism would allow continuation of this existing practice, while

reserving the power to insure that the National interest in resource development

is accommodated.

It is hoped that this mechanism will have the effect of encouraging those States

without comprehensive, reasonable regulatory mechanism to enact such control, with

the assurance that the development of Federal coal within their boundaries may take

place on similar terms.

Second, the method of applying the proposed regulatory mechanism to existing

operations, and the timing of such application, is not specifically addressed. The

notice of proposed rulemaking for the proposed 211 regulations published on January 30,

1975, provided: 1I0perators holding existing permits, leases, or licenses will be re

quired to comply with the requirements of this part no later than 180 days following the

date of re-publ ication of these regulations in the FEDERAL REG ISTER with respect to

lands from which overburden and the coal seam being mined have not been removed ll
•

Publ ic comment is expressly requested upon the question of whether separate provision

should be made within the proposed regulations to cover existing regulations, or whether

separate effective dates for the regulations should be provided for new and existing

operations, and in either event what time period for compliance is appropriate.
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III. In accordance with the Department's policy on public participation in rule

making, interested parties may submit written comments, suggestions, or objections

with respect to the proposed regulations to the Director, Bureau of Land Management,

Department of the Interior, Washington, D. C., 20240 and the Director, u. S.

Geological Survey, Reston, Virginia, 22092, on or before November 4, 1975.

After expiration of such period for comment, and the expiration of the appropriate

commend period upon the above mentioned environmental impact statement, the proposed

regulations will be revised, if appropriate, and republished in the FEDERAL REGISTER

in final form.
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ALASKAN COAL-MINING LAWS AND REGULATIONS

Cleland N. Conwell

Alaska Division of Geological and Geophysical Surveys

The coal-mine safety regulations are administered by the Alaska Division of

Geological and Geophysical Surveys. The regulations are taken from the Alaska

Administrative Code and are printed in a state publication: "State of Alaska Mine

Safety and Conservation Regulations ". Section II AAC 44.008 of the code provides

that: - - the code of Federal Regulation Title 30, parts 211 and 216 are adopted by

reference and made a part of this chapter. This means that the State follows the

Federal Code.

In general the coal-mine safety record in Alaska has been good, in spite of a very

harsh working environment. When compared to the national averages for coal mine

safety, the number of man hours lost has been both above and below national averages.

There has only been one mine fatality in the past 10 years. In the one fatality, a foreman

was crushed between two bull dozers.

The State of Alaska has coal conservation regulation; Chapter II AAC 46 of the

Alaska Administrative Code and parts of the code apply to surface mining. The conserva

tion regulation for strip mines is in two sections. The first section appl ies to waste

disposal and provides:

II AAC 46.200 DISPOSAL OF SLACK AND REFUSE. The lessee shall
dispose of waste, slack, refuse, and water from a mine and waste and
sludge of any washery in such a manner as not to cause private or public
damage or inconvenience, be a nuisance, or obstruct any stream, right
of-way, or other means of transportation or travel. (Eff. 8/1/63, Reg. 12)
Authority: Alaska Statute (AS) 27.20.005; AS 27.20.010

In actual operation, the operator will also have to comply with Federal Regulations

and standards set by the Federal Water Poll ution Control Act of 1966 as amended in 1972.

As a conservation measure there must be separate storage of slack and waste:

II AAC 46.210 SEPARATELY STORI NG SLACK AND WASTE. All waste
containing practically no coal shall be deposited separately and apart
from coal for which no immediate market exists and from waste con-
taining coal in such quantity that it may be later separated from the waste
by washing or other means. (Eff. 8/1/63, Reg. 12) Authority: AS 27.20.005;

AS 27.20.010
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In practice the State inspects coal mining operations to determine that the operator

is complying. An evaluation is made by the State to estimate economic Iimits to the

separation. The regulations for maps and plans required by the State are concise:

II AAC 46.300 MAPS AND PLANS REQUIRED PRIOR TO BEGINNING
COMMERCIAL OPERATIONS. Prior to beginning of actual commercial
mining operations, maps and plans showing the proposed mining methods
and the plant layout shall be submitted to the director for approval.
Such maps and plans may be modified as required by the director, and
when approved, shall be put into execution. If subsequent operations re
quire radical departure from the approved maps and plans, supplementary
maps and plans shall be submitted with a statement of reasons for the
changes. Operations conducted in advance of approval of such maps and
plans by the director or not in conformity with approved maps and plans
constitute violation of the regulation in this part. (Eff. 8/1/63, Reg. 12)
Authority: AS 27.20.005; AS 27.20.010

II AAC 46.310 REQUIREMENTS FOR MAPS OF SURFACE OPERATIONS.
Maps of surface operations and equipment may be to a scale of not over
200 feet to the inch. All maps shall be appropriately marked with refer
ence to landmarks or lines and elevations with reference to sea level.
iVtaps shall be brought up to date every six months and shall be submitted
to the director at the end of each year. (Eff. 8/1/63, Reg. 12)
Authority: AS 27. 20.005; AS 27.20.010

II AAC 46.320 OTHER MAPS. The lessee shall prepare such maps of
the leased lands as in the judgment of the director are necessary to show
the surface boundaries, improvements, and topography, and ,the geo
logical conditions so far as determined from outcrops, drill holes, pros-

pecting, or mining. All excavations in each separate bed shall be shown
in such manner that the production of coal from any given royalty period
can be accurately determined. (Eff. 8/1/63, Reg. 12) Authority:
AS 27.20.005; AS 27.20.010

From the required maps and by field inspection the geological survey will determine

that proper drainage is maintained.

II AAC 46.330 DRAI NAGE OF STRIPPING OPERATIONS. No strip pit
will be perm itted on the outcrop of any dipping coal bed until the workable
coal at lower altitude in that bed and underlying beds has been extracted,
unless there is free natural or artificial drainage from the pit that will pre
vent seepage underground down the dip. (Eff. 8/1/63, Reg. 12)

Authority: AS 27.20.005; AS 27.20.010
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Fire prevention is covered:

II AAC 46.30 FIRE PREVENTION. Accumulations of slack coal or com
bustible waste that may, if fired, endanger the coal deposit shall not be
permitted at or near coal or carbonaceous material in place,

(Eff. 8/1/63, Reg. 12) Authority: AS 27.20.005; AS 27.20.010

II AAC 46.360 COAL FACE TO BE COVERED IN STRIP PITS. Upon
completion or indefinite suspension of mining operation in all or any
part of a strip pit,· the face of the coal shall be covered with noncombus
tible material that will effectively prevent the coal bed from becoming
ignited. (Eff. 8/1/63, Reg. 12) Authority: AS 27.20.005; AS 27.20.010

At the present time a request to mine coal by augering would have to be iustified

and is covered by regulation:

II AAC 46.370 UNDERGROJND WORKI NGS FROM STRIP PITS PROHIBITED.
The driving of underground working places from the face of a strip pit for
the purpose of getting cheap coal is contrary to conservation principles and
is prohibited. However, it is provided that underground mining can be
started from a pit face for the orderly development of underground mining if
there is no danger of surface water entering the beds or openings within
the beds and such plans are approved by the director. Surface augering of
exposed coal beds from strip pits may also be approved by the director.
(Eff. 8/1/63, Reg. 12) Authroity: AS 27.20.005; AS 27.20.010

The State of Alaska does not have a mined-land reclamation law. /-Iowever, many

of the coal lands in Alaska are state-owned. The State lands are administered by the

Department of Lands, and all leases wifl contain the following paragraphs:

The lessee shall notify the Director and obtain his approval prior to
commencement of any operations other than mining operations on the
leased lands that may lead to disturbance or damage to lands, resources
or improvements either on or adjacent to the leased lands. (Mining opera
tions are covered in the second paragraph). The letter of notification must
contain a detailed description of the operations planned including specific
reference to: I) the location of the work, 2) type of equipment to be
used, 3) methods to assure proper disposal of garbage, refuse, equipment,
waste and pollutants, 4) methods to be used to minimize surface damage
and erosion and 5) restoration measures to be taken upon completion of
the operat ions.
Before commencement of mining operations, a detailed mining plan shall be
submitted for approval by the Director. The detailed mining plan shall
include: I) location and type of all mining operations including related
activities such as access roads, camps, service facil ities and dump areas,
2) a reclamation and restoration plan, 3) measures to be taken to prevent
erosion and damage to adjacent lands, 4) any other information whi ch the
Director may require to evaluate the operation's effect on land and its re
sources. The restoration plan must provide for a) restoring mined and dis
turbed areas to some form of practical use that will not leave a physical
or aesthetic mess, b) grading and conforming the area to the surrounding
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topography where practical, c) revegetation and d) control of water
runoff during and after mining to prevent siltation, contamination and
erosion.
Operations under the lease shall not be abandoned and the bond shall
not be released until all runoff water is satisfactorily controlled and
revegetation is assured. Plans may be revised as circumstances warrant,
subject to approval of the Director.

The mining plans, together with the reclamation plans, are sent by the Division of

Lands to the Division of Geological and Geophysical Surveys for approval or comments.

The mining engineer from the Geological Surveys Division monitors the reclamation

effort for health, safety, and conservation of the coal resource. Upon termination of

any mining operation, at least one representative of the Geological Surveys Division

and one representative from the Division of Lands inspect the mines and their combined

report indicates either a release of the bond or additional reclamation to be completed

before release of the bond.

In conclusion, the State of Alaska does monitor the health, safety, conservation of

coal, and reclamation of surface coal mining. The Federal agencies have also assumed

an aggressive role in health and safety. Coal conservation, and regulations on reclaiming

the surface of coal lands, remain a prerogative of the State of Alaska.
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SLOPE STABILITY OF OPEN PIT MINES

Brian Stimpson and Dermot Ross-Brown
Dames & Moore

Introduction

A recent study by the National Academy of Engineering concluded that if the

U. S. coal industry is to double production by 1985 it must open 30 new 2,000,000

tons-per-year surface mines in the eastern states and 100 new 5,000, OOO-tons-per-year

surface mines in the western states, in addition to major growth in underground

mining. Alaska can play an important role in meeting our energy needs through the

production of coal from its vast surface-minable coal resources.

Surface mining involves altering not only the environment but also the natural

mechanical equil ibrium of the ground by the creation of large excavations and the con

struction of waste piles. The design of slopes and the solution of other geotechnical

problems (Figure I) can be approached by the well-developed principles of soil and rock

mechanics. In this presentation only pit slope and waste pile stability will be discussed.

Pit slope stab i Iity

Slope heights are increasing in surfdce coal mining and with them the importance

of slope stability. Ultimate slope heights in excess of 200 ft. are becoming more common,

and heights approaching 2000 ft. are planned for coking coal operations in mountainous

terra in.

In dragline stripping operations the safety and efficiency of stripping is determined

largely by highwall stability, and in open-pit operations slope angles and stability of

faces carrying haul roads are of critical importance.

Experience shows that slope stability in coal measure rocks is usually controlled by

one or more of the following geological features: I) weathered rock; 2) undisturbed

clays and weak mudstones; 3) sheared zones in clays and mudstones; 4) loose or weakly

cemented saturated sands; 5) bedding planes, including current bedding;' 6) faults; and

7) joints.

168

I
I

II
I'
I
I
I
I
I
I
I
I
I
I
I
I
I
I



I
I
II

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Figure 2 illustrates the maior slope failure modes that may be associated with the

general geological conditions listed above. Particular attention should be paid to

slope stab iIity in deeply weathered overburden. Exceptionally, weathering and the re

sultant low strength of overburden can extend to depths of 150 ft. or more.

In addition to their occurrence in geologically recent deposits, soft, undisturbed clay

and mudstone layers from 1/4 inch to several feet in thickness may be found in geo

logically ancient and once deeply buried coal measure rocks. Accelerated softening

of these zones due to removal of load and easier infiltration of water after excavation

can, in some instances, be an important factor in slope stability.

Zones of sheared clay, silty clay and mudstone as thin as 1/8 inch in thickness

have been found in coal measure rocks in several parts of the world (I). Careful

drilling is required for their observation. As an example a narrow 1/4 inch thick sheared

clay zone dipping into a pit at less than 5 degrees, resulted in slope failure which

eventually resulted in closure of the pit.

Saturated lenses of loose or weakly cemented sand and sandstone confined between

less permeable beds are found in coal measure strata. The interception of these zones

during excavation can result in sudden slope collapse or undercutting of the face.

Bedding planes usually have low strength where they represent maior changes in

lithology, particularly as between clayey beds and waterbearing, more permeable

strata where softening may occur. Also narrow shear zones, as described earl ier, are

usually found to be parallel or quasi-parallel to bedding.

In another instance a highwall failure developed along a weak bedding plane in a

Permian, clay-rich overburden. Although the overall dip of the strata was into the

highwall, the zone immediately above the coal seam revealed bedding planes dipping

at iust a few degrees into the pit. This was a "minor" geological detail that would

only have been detected by a thorough geotechnical study but has had serious consequences

for the mine operat io n •

On the other hand a low wall can fail resulting in a heaved floor from failure

along a smoothly polished bedding plane in mudstone . Unfortunately, this problem is

from the same mine that has the hig hwa II fa i Iures referred to above.

Faults can be of maior consequence to slope stab iI ity because of the continuity

or extent of such features. Very low angle faulting can be a particular problem as it

may go undetected beneath surficial cover until mining is actually taking place.
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The intensity and orientation of joints should b~ known for slope design purposes.

Though failures associated solely with jointing are seldom massive, they can be of signifi

cance in coal mining where equipment such as draglines and bucketwheels is working close

to the crest or face.

Groundwater is often a major factor in coal measure slope stabil ity. Groundwater

pressures in slopes are a well-documented feature of slope failures, Softening and internal

erosion can a Iso Iead to dramati c and sudden slope collapses.

Groundwater pressures can be of sufficient magnitude to cause floor heave. For example,

in an Australian brown coal mine two sand aquifers, the deeper one 200 to 250 ft. below

the first aquifer, were found to be under sufficient pressure to heave the pit floor. Free flow

pressure relief wells were installed to eliminate the problem.

Other factors that need to be evaluated in coal measure slope stability include the

presence and magnitude of high tecton ic stre5ses (2); the length of time for wh ich the slope

will ha\€ to stand (3); the effect of blasting; slaking or breakdown of materials under alter

nate wetting and drying (4,5,6); erodability of slope materials; crest loadings from equipment

or heavy snow pack; and face freezing.

Collection of geotechnical information for pit slope stability

For a slope stability study it is most efficient to divide the program into two stages. In

the first stage available or easily acquired information is collected from exploration drilling,

topographic maps, climatic and hydrologic reports, simple strength tests, aerial photographs,

geophysical logs and geological reports and maps. The second stage is based on the findings

of the first stage and may include special strength tests, field pumping tests, installation of

piezometers for measurement of groundwater pressures and various analytical procedures,

including slope stability analyses.

Typical geotechnical field logging attempts to characterize spacing of discontinuities

such as bedding, the attitude and surface characteristics of discontinuities, and rock

strength. Figure 3 illustrates a logging scheme based on four parameters only: rock type,

point load strength, fractures per foot and slake durability - ability to resist alternate

wetting and drying (4, 5, 6). The point load strength (7) is obtained by compressing the

core between two conical platens until the sample splits. The numerical value obtained

from this test is an index of strength and may be correlated with other strength tests

or used to compare strata in different drill holes. For incompetent, non-brittle materials,

a simple knife penetration test is more suitable (See Figure 4).
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There are several other logging procedures for engineering purposes, parts of

which could readily be incorporated into exploration drilling programs (8,9).. During ex

ploration, it is also suggested that lengths of overburden core be drilled and preserved

in paraffin wax or by more specialized techniques (10). This core will be valuable f~r any

subsequent geotechnical work. Four feet of each of the typical lithologies (with no

stick length less than three times the core diameter), fault gouge and soft clay seams

should be sampled.

Geophysical logs are now run more routinely in exploration coal dri II ing than in

the past. For geotechnical purposes resistivity (especially microlog), gamma ray,

neutron and cal iper logs appear to be the most useful of the standard tools.

Other useful data include: drilling rate; depths at which water is first encountered;

zones of water loss, gain and estimated amount; and depth to water at the commence

ment of each dayls drilling. At relatively little expense, simple standpipe piezometers

may be installed in a number of expl_oration holes to determine the groundwater pressures

in the main aquifers. It is also valuable to take color photographs of any overburden

core that is drilled.

Drilling should extend sufficiently for into waste to provide information for slope

design. In inclined beds in which the strata beneath the lowermost coal seam will form

the footwall of the pit, drilling should extend 75-100 ft. below the proposed footwall

seam. For most strip mine operations drilling 20 ft. below- the floor is usually sufficient

unless high artesian pressures are anti cipated (II).

Waste piles

Various guidel ines for waste dump stab iI ity have been establ ished in most maior

coal-producing countries (13). Ground conditions at potential waste pile sites and the long

term physical and chemical behavior of discard must be determined if the dumps ae

are to be permanent features.

In strip mining the load from spoil cast onto a floor containing weak layers can cause

floor heave as well as spoil pile failure. The suddeness with which the heave can occur

presents a real danger to operators, and the resulting uneven floor conditions, even

after attempts to grade, reduce trafficability. Continued movement of spoil into a

strip mine cut may significantly reduce the void volume available to spoil from the next

dragline pass. Under these conditions it may be necessary to consider removal of the weak
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Topics Requiring Geotechnical Input in Surface Coal Mining
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Environment

Noise; vibrations

Stab iIity - long term;
erosion; reclamation

Use of groundwater
resource; effect on local
groundwater table, polll
tion of groundwater

Long term stab iI ity;
erosion; reclamation

Mining

Stab iI ity - short term

Groundwater pressures;
seepage quantities

Fragmentation; damage to
slopes

Modes of failure; design
angles for different slope
heights; drainage; variations
in angle around pit; effect on
min ing method (s) and sequence
of mining

FIGURE I

Blasti ng

Pit slopes

Groundwater

Waste dumps

Floor conditions

Haul roads

Excavation method (s)

Risk of floor heave;
method (s) to eliminate or
reduce; traffi cab i Iity

Location and pavement
design

Blasting; ripping; bucketwheels;
drag line, etc; beari ng capac ity

I
Noise; erosion; long terJ
use; pollution from haul

roads I
Reclamation

I

I
I
I
I
I

To it ings dams;

Plant foundations

Stability; settlements;
seepage; piping; borrow materials

Settlements; bearing capacity;
design
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I Figure 2.

Types of slope failures encountered in surface coal mining

Weak material, inclined
coal measures towards
cut

Rock - usually in fold
mountain coal measures

Rock - steeply dipping beds,
inclined into face with
well developed cross joint
system

Bedded rock with well
developed cross joints

Rock - particularly fold
mountain coal measures
and their footwall slopes

Bedded soils and weathered
rocks or isotropic soils
overlying weak bedded
material'

General Engineering Geology

Isotropic soils and
weathered or randomly
jointed rock

~~ ,.
I"....j~~
~;

Intact rock
tensile failure

heave

Steeply dipping
discontinuities, e.g.
bedding

can occur in wedge failur e.g. bedding

~_-:::~r
~e~---===--·__'2

1-1ode

Arc

Arc

Failure

types of

~
... ~

. It

,,---........:::....~_ ;;0 Bedding, fault
Thrust fault, bedding, joints, step jointed surface

I NOTE; Complex failure modes involving a combination of two or more of those
shown above occur or a mode that is a variety of 'one of the above.
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Geotechnical log for coal measure rocks
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Ilayer (s) or the construction of "key cuts" or slots in the floor.

If material is weak and saturated, particular care must be taken with regard

i Ito the rate and sequence of dumping. Special measures, such as drainage mats or

'

trenches, may be required to improve bottom drainage and rate of consol idation of

. the spoil material.

I
I

FIGURE 4

Suggested Strength Classification for Weak, Non-brittle Materials
For Core Logging In Coal Exploration

rlassifieation Symbol Descriptive Name

WI Very Weak

I
WeakW

I F Firm

I VF Very firm

I H Hard

I
I

VH Very hard

I EH Extremely hard

I
I
I
I
II
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Characteristi cs

Easily molded or crumbled
between fingers

Core easi Iy penetrated to
full thickness of knife blade

Knife blade penetrates but
not easily to full length

Kni fe b lade can only be
penetrated to full Iength with
considerable difficulty

Knife blade will partially
penetrate and can cut groove
on core surface

Knife blade will not penetrate
core and will only scratch core

surface. Core could probably
be point load tested

Competent, brittle materials
that can be point load tested
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ENVIRONMENTAL CONSIDERATIONS IN COAL MINING

Lance G. Elphic and :Richard A. Stokes

Alaska Department of En vironmental Conservation

Introduction

I think most people would readily admit that only during the last 10 years or so has

there been a concern for the environment in coal mining operations. lnitially, two out

stand ing concerns were voiced:

I. the visual appearance of the land, air and waters (aesthetics), and

2. the surface-water pollution and its effect on the rest of the nearby environment.

This talk will touch broadly on these, and other, considerations. In addition, some

of the secondary impacts under these broad headings will be addressed.

Rather than go into all the different problems associated with each method of coal

mining, only those factors influenced by strip mining or open pitmining will be considered,

as these appear to be the only methods Iikely to be important here in Alaska.

Air quality

Direct impact. The Federal Clean Air Act set standards for air quality. The tremen

dous ramifications this act has on coal use have been addressed in an earlier paper. This

talk will be limited to impacts on mining-related air quality.

The three operations associated directly with coal mining that can cause adverse effects

on air quality are excavation, crushing and hauling. These principally result in dust par

ticles (rather than chemicals), becoming entrained in the air. Dust problems created by

excavation may be difficult to solve. Should dust become a problem at a nearby town or

village it may be necessary to confine operations to periods of favorable wind direction.

Fugitive dust from crushing operations, on the other hand, may require some type of air

pollution control equipment such as a baghouse or cyclone to remove the particulates

before they reach the air. The problem from large trucks on dusty roads may be solved

through watering, paving, or possibly even changing to the use of rail cars.

Indirect impact. Coal-burning power plants and heating systems operating at the mine

site are generally the type of equipment that would require control measures such as

cyclones, scrubbers or baghouses. And though only indirectly associated with the mine

operation, these may actually have the greatest impact on air quality.
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Water quality considerations

Here we have some of the major coal-mining impacts deserving consideration.

Direct Impact. The first area we may want to look at is the leachate from spoil or

overburden piles. Generally, the stratigraphic sequences containing coal are characterized

by the presence of relatively impermeable shales and claystones containing salts

and trace elements. When broken up by coal extractive operations, the increased surface

area exposed on the shale, most of which was previously unaffected by groundwater,

presents a readily available source of high concentrations of these salts and trace elements.

The major leachable ions are: Na+, ~++, Ca++, 504> and C03.
Another concern related to mine spoils, and which is probably a major factor, is

the initially high horizontal and vertical porosity and permeabil ity following the concl usion

of mining activities. It has been observed in the Northern Great Plains that as the spoil pile

ages the material becomes more compact, with the porosity and verti cal permeab iIity

remaining higher than the pre-mine overburden. The horizontal permeability may decrease

to pre-mine levels.

The lowering of the water table due to open pit mining has also been shown to be a

problem in the Northern Great Plains coal mining areas. If infiltrating ground and

surface waters are continually pumped out of the bottom of the pit in order to continue

operations,the effect is to draw down the water table. The pit acting in this case like a

huge well.

Compl icating this problem is the fact that generally more impermeable strata under! ie

the coal seam which is being mined, precluding maior seepage up through the mine pit

floor. Thus, the groundwater affected is that which seeps through the coals themselves

(and any permeable strata above them) and which is intercepted by the pit. Several

factors which have additional influence on this type of problem include:

I. the position of the mine relative to the regional groundwater flow, i.e., whether

it is at the recharge area, between recharge and discharge areas, or in the

actual discharge area;

2. the number of local water wells;

3. and depth and quality of permafrost, if it exists.

Siltation, though generally thought of in connection with placer mining, can
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also be a problem in surface coal mining. This is usually an easier problem to solve

wi th settl ing bas,ins and proper diversion techn iques.

Add to the above factors, close proximity to a stream and adequate rainfall, and

we have the ingredients for possible water pollution and acid mine-drainage. Solving

these problems is generally not easy or cheap. Ensuring against acid mine-drainage may

involve engineered diversion of surface waters or the installation of an expensive treatment

plant, or both.

Indirect Impact. Perhaps the most common environmental problem resulting indirectly

from coal mining,or for that matter any type of resource development, is that of sewage.

The influx of people necessary to operate a new mine can place quite a load on existing

sewage treatment facil ities, if in fact there are any. The maior problem here is that.

quite often the infl ux of people takes place before adequate planning or proper equipment

installation. Adherance to State requirements regarding sewage discharge should el iminate

problems in this area.

Another indirect water quality problem can res.ult from improper solid waste

disposal. Uncontrolled garbage dumping, though principally a land problem, canalso

become a water poll ution problem. And though perhaps not as great a problem from the

volume standpoint, leachate from a landfill or garbage dump is generally several times

stronger than raw sewage. This leachate, iust Iike that from mine spoil piles can have

a devastating effect upon nearby streams and their hab itat.

Land management considerations

Direct Impacts. Usually the first thing that comes to mind when a person is talking

about mining and the environment, is the problem of reclamation of the land when mining

is concluded in an area. We have subdivided this problem into six major categories.

I. Erosion, landsliding and slumping
2. Degradation of ice-ri ch permafrost
3. Backfilling of open pits
4. Reduction of faunal habitat.
5. Disposal of vegetative overburden
6. Reduction of scenic or aesthetic values

Though these categories may overlap to some degree, each one needs to be addressed

as a separate environmental consideration.

Erosion, landsl iding and sl umping are all a result of instab il ity, and can have an

impact ranging from si Itation of streams to the death of workers. It is imperati ve from

the standpoint of human safety as well as future land value that mined areas as well
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as mine spoil areas be properly regraded and revegetated.

Degradation of ice-rich permaforst also contributes to erosion, slumping and

landsliding. There are methods, hO¥te ver, to handle ice-rich permafrost; the important

consideration is to recognize its presence before operations begin in an area, and plan for it.

A major land use problem which has been recognized in the Northern Great Plains

is the reclamation of large open pits. Even if all the spoil is put back into the pit

following mining operations there is still a significant volume missing due to the coal

extraction. A number of ideas have been proposed for reuse of these pits in the region

just mentioned, ranging from use as a solid-waste disposal site to a small recreational lake.

These ideas, however, may not be feasible in Alaska.

The reduction of faunal hab itat by mining operations does not have to be a

serious problem and, in fact, is fairly easily remedied. The reseeding program at the

Usibell i Mine has seen some success in this area in that the grass produced not only

inhibits erosion but acts as pasture for Doll sheep in winter.

A problem in strip mining which is often overlooked is that of disposal of the

vegetative overburden. This is the upper few inches to one foot of Iiving material in

the soil whi ch, when stripped off acts just Iike garbage in that it decomposes to produce

leachate. Several acres of vegetative material stripped and piled up or landfilled

may become a long term source of wate'r poll ution.

Ideally a disposal site for this material should be establ ished away from water courses

and high above the ground water table in order to reduce the chances of water poll ution.

The wisest course of action, however, may be to replace soil stripped off a current

excavation onto a recently reclaimed area, thereby el iminating long storage periods and

subsequent decomposition of the soil. Since native soil is used, fertilizing and reseeding

may become minor considerations.

Considered as a separate impact but actually a result of those just mentioned is

a reduction in scenic or aesthetic values in a coal mine area. Since it is often several

tens of years before a regraded, revegetated coal mine area will begin to blend

into the surrounding native countryside, it is imperative that land reclamation and

rehabil itation programs begin in any portion of the operation that is no longer

be ing worked.

Indirect Impact. As an indirect result of the influx of people into an area because
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of the coal mining operations, there will be the production of both municipal and

industrial sol id waste wh ich must be disposed of in some manner. There is the water

pollution potential previously mentioned, as well as the possibility of windblown or

burning debris. Here again proper planning and adherance to State regulations

governing the disposal of solid waste will preclude significant environmental

problems.

Summary

The maior environmental concerns in coal mining are for water pollution

resulting from chemical leaching and siltation; and land use impacts resulting

from disruption of drainage patterns, vegetative cover, and consequently scenic or

aesthetic values. Though proper planning, engineering and adherance to federal

and State laws governing the activity can minimize these impacts, efforts must

also be made to deal with environmental concerns indirectly resulting from 'the

operation, such as sewage treatment and solid waste disposal. In this way, no part

of the environmental picture will be missing when a new coal mine commences

operation.
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POTENTIAL WATER QUALITY IMPACTS OF ALASKAN COAL MINING

G. M. Zemansky
Institute of Water Resources

T. Titsworth
Environmental Quality Engineering

D. J. Cook
Department of Mineral Engineering

University of Alaska

Approximately 12 percent of the estimated strippable coal reserves of the United States

are located in Alaska. 1 The bulk of this coal is located in the North Slope field under

conditions of continuous permafrost. Sizeable coal deposits are also found in the Nenana

and Susitna fields.

Usibell i Coal Mines, Inc., operates the only coal mine currently in production in Alaska,

a surface mine in the Nenana field. However, the large scale of the deposits on the North

Slope likely will lead to extraction efforts in the future, despite the major unsolved trans

portation and environmental problems. Such projects will probably involve surface mining.

Additionally, there has been serious consideration of mining the deposits near Beluga in

the Susitna field. It is therefore appropriate that the environmental consequences of surface

mining in Alaska be investigated.

This paper briefly considers the potential impact that surface coal mining and associated

coal washing plants may have on water quality in Alaska. The words "briefly" and "poten

tial ll are appropriate in view of the limited coal mining which has occurred in Alaska and

the lack of quantitative water-qual ity data concerning it. This lack of data necessitates

that estimates of potential impacts be based, primarily, on information from sources outside

of Alaska. Such extrapolations mayor may not be applicable to local conditions.

Environment and pollution have become words of our time. However, their meaning is

often misunderstood. Webster defines environment as the IIcomplex of ••••• factors that act

upon an organism or an ecological community and ultimately determine its form and survival. II

Within that defination is the most persuasive reason why rational people should be concerned

about protection of the environment -- our ultimate survival depends on it.

Pollution involves the contamination or fouling of the environment and may result from

natural or man-made causes. It should also be noted that gross evidence of pollution is not

1Grim, E. C. and Hill, R.D. (1974). Environmental Protection in Surface Mining of Coal.
Environmental Protection Technology Series No. EPA-670!2-74-093, U. S. Envi ron
mental Protection Agency, Cincinnati, 277 pp.
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always required for significant adverse impacts to be possible. Too many persons tend to

equate estheti cally pleasi ng circumstances with a lack of poll ution. Crystal cl ear water

can be highly contaminated with disease-causing bacteria or toxi c concentrations of dis

solved heavy metals. Complete and unbiased investigation is necessary to determine what

is actually occurring.

The danger in man-made poll ution is that it frequently far exceeds the Ievel of natural

pollution in a restricted area and can occur at inappropriate times. Miners are quick to

point out, and correctly so, the natural pollution evident in the silt load carried by glacier

fed streams, commonly known as glacial flour. They should, however, recognize that such

streams may be biologically less protluctive than relatively non-silty streams and that

lfglacial flour II is a seasonal phenomena. These same streams may naturally be free of si It

during biologically important periods. Man-made pollution in conjunction with natural

pollution may cause unnecessary environmental damage.

For example, it was proposed in 1954 that overburden in the Nenana field be hydrauli

cally stripped for reasons of ease and econom ics. The presence of ice-ri ch permafrost was a

contributing factor in the proposal. Calculations indicated that hydraulic stripping as pro

posed would del iver material to the Nenana River at a rate exceeding the natural erosion by

a factor of 10. It was predicted that the resulting impact " ••. might seriously affect the

Alaska Railroad, the Clear airport, and the town of Nenana and its dock facilities. ,,1

Such massive siltation-related problems can be avoided by using mechanical stripping

methods, as is done presently by the Usibell i Corporation.

Mining effects on water qual ity

Surface coal-mining, by greatly accelerating the natural erosion and weathering pro

cesses, can cause water pollution by introducing solids of all types (often referred to as

siltation), or by making acid generation possible. Coal-washing discharges can cause the

same types of poll ution .

The following characteristics of water are those which would be most noticeably impacted

by mining operations:

1) Physical

a. turbidity

b. color

c. suspended sol ids concentrations

1Wa hrhaftig, C. and Berinan, J. H. (1954). Stripping Coal Ceposits on Lower Lignite Creek,
Nenana Coal Field, Alaska. U. S. Geo!. Survey Circular 310. U. S. Geo!. Survey,
Wash. D. C ., 11 pp.
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2) Chemical

a. heavy metals concentrations

b. dissolved oxygen concentration

c. acidity (p H)

d. dissol ved organic concentrations.

Changes in more than one parameter may result in synergistic actions that increase the

magnitude of the impact. Major changes in these parameters may make the water unsuitable

for further human use or as fish hab itat.

For example, high concentrations of heavy metals may become dissolved in drainage

from exposed mining cuts. High concentrations of heavy metals are known to be toxic to

fish and other aquatic organisms as well as humans. Although adult fish can usually pass

through silty water, high sil t concentrations have been known to reduce insect population

and also other organisms which serve as food for fish. The silt may also settle out and clog

gravel beds, thereby endangering or eliminating fish spawning grounds.

The adverse water quality and environmental impact resulting from poorly planned coal

mining in other states, whether through lack of knowledge or through intent, is well

docume nted .

The major environmental factor which makes Alaskan coal mining different from mining

in other parts of the United States is the possible presence of permafrost. Potential problems

related to the presence of permafrost have been Iis ted by Jirik
1

as follows:

1) change in thermal regime resulting from piling of overburden

2) change in thermal regime resulting from disturbance of the insulating vegetation

3) decreased slope stability.

The magnitude of each of these problems is dependent to some degree on the presence

of ice in the permafrost and on the availability of moisture. Changes in thermal regime

which result in the melting of ice-rich permafrost, particularly on slopes, may result in

gross subsidence and long-term erosion prob Iems.

Ice-rich overburden will require special handl ing procedures in all phases of excavation,

stacking, and reclamation. For example, the amended Usibelli Corporation Mining Plan

(for operations in the Gold Run Pass area) proposed to stabilize expected ice-rich overburden

by construction of gravel impoundment structures.

1Jirik, R. (1973). Strip Mining in Permafrost Regions: At what Economic and Environmental
Cost? unpublished paper, Dept. of Mineral Engineering, University of Alaska.
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The following are mining and processing operations which may adversely impact water

qual ity:

1) Surface mining

a. placement of overburden in surface waters, or adjacent to surface waters,

followed by slumping into the water;

b. erosion and leaching of temporary overburden stacks;

c. erosion and leaching of mining areas during or after mining;

d. erosion and leaching related to transportation, including improper road con

struction, stream crossings, and damage to vegetation;

2) Washing

a. direct discharge of washing plant refuse into surface waters;

b. erosion and leaching of temporary refuse stacks;

c. drainage or direct discharge of fluids separated from washi ng-plant refuse.

Control measures

Control measures are available to minimize the impact of each of the above operations.

Therefore, the degree of water quality impact becomes a function of planning, management,

laws, and economics. A detailed discussion of available technology and control measures

is beyond the scope of this paper, however, the following list illustrates measures which

should be considered:

1) adoption of appropriate mining techniques for the terrain (for example, in mountain

ousterrain the use of contour block-cut mining facilitates overburden handling and

reclamation );

2) the use of drainage diversion ditches to minimize erosion and leaching, and to direct

contaminated waters to treatment facilities;

3) segregation of topsoil from other overburden to facilitate revegetation;

4) reclamation by contouring, surface texture adjustment, and revegetation to minimize

erosion and leaching,

5) treatment of drainage waters prior to discharge (plain or chemi cal sedimentation, pH

adjustment, filtration, biochemical oxidation, and aeration processes are potentially

available.:

6) treatment of washing-plant refuse prior to disposal or reuse (plain or chemical sedi

mentation, pH adjustment, filtration, and centrifugation processes are potentially

available );
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7) revegetation of "temporary" overburden stacks to minimize erosion and leaching

prior to eventual reclamation measures after completion of mining.

Laws and regulations

There are three governmental agenc ies with protection responsib iI ities for water qual ity

in Alaska: the U. S. Environmental Protection Agency (EPA); the Alaska Department of

Environmental Conservation (DE C); and the Alaska Department of Fish and Game (DFG).

These agencies operate independently of each other and have different statutory concerns;

however, there is a limited degree of coordination between them. Any mining operation

which might impact water quality would be required to consult with and submit an applica

tion to each of these three agencies for review in order to obtain issuance of a written

permit or approval. Their respective functions and concerns are outlined below.

u.s. Environmental Protection Agency. The EPA administers the Federal Water Pollu

tion Control Act Amendments of 1972 which establ ished the National Poll utant Discharge

Elimination System (NPDES). Any industrial operation with a discharge to "navigable

waters" is required to obtain an NPDES permit and meet prescribed treatment and effl uent

quality standards. As of this time the EPA is developing effluent limitations for the coal

mining industry but the procedures, guidelines, and regulations have not yet been issued.

Alaska Department of Environmenta"1 Conservation. The DEC reviews NPDES permits

and may deny them. Any industrial operation proposing to dispose of Iiquid or sol id wastes

is required under Alaska" Statute 46.03.100 to first obtain a permit from the DEC. Histori

cally the DEC has not issued such permits for the mining industry; however, the DEC has

indicated that it will issue Title 46 permits at some time in the future to encourage compli

ance with Alaska's Water Quality Standards. The DEC has the responsibility of enforcing

the water qual ity standards wh ich prescribe criteria for streams depending on the designated

water use. An example of these standards would be the requirement that turbidity increases

in waters designated for the growth and propagation of fish be less than 25 JTU when attri

butable to solids which result from other than natural origin.

Alaska Department of "Fish and Game. The DFG is primarily concerned with maintenance

of an aquatic environment suitable for the propagation of anadromous fish such as salmon,

which live in marine waters but breed in fresh waters. Any use of water which might

impair anadromous fish hab itat must be reviewed by the DFG. The DFG can place appropri

ate restrictions on the operation in order to protect the fishery under Alaska Statute

16.05.870. This year for the first time the DFG issued Title 16 approvals to some placer
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gold mines and would be expected to issue similar approvals for coal mine operations. These

approvals usually require that fish passage be assured, that explosives not be used in streams,

that Alaska Water Qual ity Standards as administered by the DEC be compl ied with, and that

an NPDES permit be obtained from the EPA.

The DEC and DFG also review mining plans being processed by the Alaska Department

of Natural Resources. Mining plans and other federal and state laws whi ch are oriented

towards protection of the land environment indirectly minimize water poll ution by requiri ng

such measures as land reclamation.

Summary and Conclusions

It is apparent that improper management of Alaskan coal mining operations could result

in serious adverse environmental impacts. Although both the industry and environmental ists

would Iike to avoid such impacts, the necessary data base specific to Alaskan conditions is

lacking. The following concl usions are evident:

1) coal mining in Alaska has effected water quality in the past and will in the future;

2) adverse impacts to water quality can be minimized with available technology to

meet water qual ity standards and effl uent lim itations provided that appropriate

planning and management is exercised;

3) the costs of control measures to minimize adverse impacts to water quality in Alaska

are unknown but would likely be higher than in other states because of the compl i

eating factor of ice-rich permafrost, and the higher costs of labor and material in

Alaska;

4) Federal and State laws for the protection of water quality will apply to coal mining

in Alaska and must be considered;

5) the lack of appropriate data specific to Alaska prevents a thorough evaluation of

potential water-quality impacts.

Too often in the past, development in Alaska has failed to provide for adequate protec

tion of the environment. Prior development has been such that environmental damage,

although significant, has been of relatively small scale and localized. However, with maior

development anticipated we can no longer afford environmental damage.

It is recommended, therefore, that industry and regulatory agencies cooperate in initiat

ing the work that is necessary to identify prob lem areas and carry out sol utions. An educa

tional effort is necessary to make both industry and government aware of the concerns and

constraints of the other. It would also be appropriate to involve the pub Iic since much of

187



Alaska1s coal is on public lands and the costs - environmental and economic - will event

ually be shouldered by the public.
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Discussion

Conwell: f\Aore of a comment than a question but you omit the number of other agencies

that are trying to regulate coa I mining?

Zemansky: That is correct. These are the primary agencies that have direct responsibility

related to water qual ity. There are other agencies whi ch get in on the act

indirectly; for instance an agency that would require a mining plan or would

require reclamation has an indirect effect on water quality. These three agen

cies have a direct role. There are laws that are under their jurisdiction that

specifically apply to water quality.

Usibell i: I would like to make one comment on your text here. The proposal for hy

draulic mining in that area was actually conducted in 1948 until 1964 and at

that time tests taken from the Nenana River indicated that at the flood stage

the Nenana River carried more silt in 48 hours than the mining produced in an

entire year.

Zemansky: I really don't have any information on that. The information I have is from

U. S. Geological Survey Circular 310 which concerns a proposal for hydraulic

stripping in the lower lignite creek area.
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NOTES ON LOCAL COAL BURNERS AND AIR QUALITY

H. J. Coutts

Arctic Environmental Research Laboratory

Fairbanks, Alaska

Today I will discuss pollution resulting from the ultimate use of coal, which is

burning it to provide heat and power. This presentation represents my personal views,

not those of my employer.

I will try to clarify the connection between the combustion processes and "ambient

air quality"---the quality of the air in the surrounding area. The ambient air quality is

usually affected by the amounts of gaseous chemicals or solid particulates that it contains.

Quantitatively, these pollutants are measured in terms of mass of pollutant per volume of

ambient air. The ambient air quality is affected by two things. They are: emissions (into

the air) and weather. Meteorology, the science dealing with weather, defines how much

wind is blowing and how stagnant the air is.

Stagnant Air

The major weather problem we have in the Fairbanks area is stagnant air. This is

caused by the almost persistent winter thermal inversions, and by hills on three sides of the

area which prevent winter ventilation from the predominantly north winds. Any emission of

any pollutant into the stagnant air on the Chena River flood plain will tend to increase the

concentration of that pollutant in the air, since there is very little mixing or wind for dis

pers ion. But if the em issions were above the inversion level, or well dispersed, then

poll utant concentrations would generally be less.

In discussing emissions from point sources, such as coal burners, there are two

standards to measure pollution. One is an emission standard which specifies the maximum

amount of contaminates that a source can emit (to the atmosphere). The other is the

ambient standard which specifies the maximum contaminant level permitted in the surrounding

air.

All sources effect ambient levels. Even if an emission source can easily meet the

emissions specifications (regulations), the ambient specifications must also be met.

But this is one case where dilution is allowed as a solution to pollution. If the source

emissions are diluted enough, they can usually meet ambient specifications required by

the regu lations.
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Pollutants from coal

In discussing emissions from coal-burning systems, I am talking about the larger heat

and power plants - - not about the small coal burner used for home heating. In coal burning,

there are two pollutants that are given most consideration. These are sulfur oxides and

particulates. Nitrogen oxides can also be a problem.

The sulfur oxides come from the combustion of sulfur in the coal. The particulates are

generated by burn ing fines and by ash attrition. They usually have the same chemical com

position as the ash. They are emitted due to the extreme turbulence in the combusion chamber,

and the high velocities in the heat exchange area which prevents precipitation. ~st

operators of coal-burning facilities call the particulates lIf1y ash ll
•

Air Quality Regulations

Officials of the State of Alaska have determined what lowest air quality they feel

state residents desire, and they have then set regulations for minimum air quality to protect

the health and welfare of residents. State officials have also determined reasonable emissions

from well-operated combustion processes, and set these emissions as source' regulations. The

Alaska State Air Quality Regulations have basically been approved by the United States

Environmental Protection Agency and the State has enforcement authority.

The air quality regulations can be divided in two parts, the ambient air quality

specifications and the source emissions specifications.

For the source specifications, I refer to Title 18 of the Alaska Administrative Code,

Chapter 50.050, on industrial processes and fuel-burn ing equipment. For fuel-burning

equipment using coal as fuel, the particulate matter emitted may not exceed 0.1 grains per

cubic foot of exhaust gas, corrected to standard conditions for those sources in operation

prior to July 1,1972. Newer sources must have a particulate emission (loading) half that:

i.e. 0.05 grains per cubic foot of flue gas. The sulfur oxide emissions may not exceed 500

parts per million (ppm) expressed as sulfur dioxide (S02). In other words, the S02 flue gas

concentration may not be greater than 500 volumes of sulfur dioxide per I million volumes

of flue gas. The State Air Quality Regulations do not address themselves to nitrogen oxide

emissions from coal-burning sources.

There mayor may not be a direct relation between the emissions and resultant ground

level concentrations of pullutants. The correlating factor is the weather. The State Ambient

Air Quality Standards (Chapter 50.020) for suspended particulates are 60 micrograms per cubic

meter of air as an annual geometric mean. The corresponding standards for sui fur oxides
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Alaskan coals

What about emissions when burning Alaskan coals? The emissions from combustion

of these coals are determined by the chemical composition of the coal, the type of burner,

and/or the method in which the coal is burned. If one were to do some combustion chemical

calculations, the stoichiometry would show that, assuming all sulfur compounds were oxidized,

for everyone percent of sulfur in the coal there would be about 1000 ppm of sulfur oxides in

the flue gas. Therefore, referring back to the State's source regulations, it appears that

we could burn almost any of the Alaskan coals without having to worry about sulfur oxide

controls in the flue gas. This is because the Alaskan coals generally run about 0.2~ percent

sulfur which would yield about 200.!ppm of sulfur oxide in the flue gas; which is well

below the 500 ppm standard. However, there is value in running a sulfur analysis on the coal

every now and then to make sure you haven't found a sulfur mine in a coal bed.

As far as particulate emissions go, they depend upon the type of burner and how the

coal is being burned. There are two standard types of coal burners in our local area. One

is the cyclone type and the other is the old-fashioned stoker. The cyclone burner appears to

be favored because it makes ash handl ing easier. In the cyclone burner, the coal is burned

in suspension under high turbulence. The coal must be pulverized before being admitted to the

burner. When such coals are burned in suspension without the use of electrostatic pre

cipitators they have yielded emissions which have exceeded the State Standard of 0.1 grains

per cub ic foot of fl ue gas.

On the other hand, if the coals are not pulverized but are burned on the stoker-type

grates and the flue gas is passed through multi-cyclones, then past experience has indicated

that the flue gas will meet the emission standard, even without electrostatic precipitators.

This appl ies only if you have consistent burning properties on the grates and if you have

experienced operators .• Therefore it would seem that state emission regulations can be

attained when burning Alaskan coals in a stoker-type furnace.

As I mentioned earl ier, the connection between the emissions and the" amb ient con

centrations of pollutants can be estimated by calculating the diffusion from flue stacks.

The diffusion is controlled by the meteorology. There are many methods of estimating

atmospheric dispersion. The method in Turner's Work Book of Atmospheric Dispersion

Estimates (U.S. EPA Publication AP-26) is the one most commonly used. However, the

air on the Chena River Flood Plain is so stagnant that there is no known reliable method

(measured as sulfur dioxide) is 80 micrograms per cubic meter annual arithmetic mean.
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Discussion

Other poll ution sources

of estimating dispersion from high level sources into and below these inversion levels.

Question: Are atmospheri c conditions as poor in other areas?

Answer: No, the Arctic regions per se usually have the most stagnant air in the

world, and; the Fairbanks area more so because it is surrounded on

three sides by hills whi ch prevent air from flowing in or out. So Pd

say that the Fairbanks area has a real problem as far as air quality goes.

Question: How can smoke stacks be sized to reduce poll ution?

Answer: Okay, you can actually design the height of your stack by the amount

of dHution you want to get. There are formula·s for estimating ground

level concentration of contaminants. You go to the regulations and see

what they wi II allow. If the maximum level is 60 micrograms per cubic

meter, and if the state will allow you to use ten percent of that, then

you take that as your basis, plus the amount of sulphur in your fuel, and

calculate ground level concentrations for the various stack heights. Then

consider what would be the ground level concentration under the various

weather conditions. Th is can be a rough estimate but it is used to size

stacks. It determines the diameter and height of that stack and also the

location.

Almost all sources of pollution affect ambient levels. Besides coal burners, there

are many sources of sulfur oxide and particulates. These sources may be quite significant,

especially if they are below the inversion. Major sources of particulates on the Chena

River Flood Plain are fugitive dust from roads and wind blown silt from sand bars on the

Tanana River and dust from construction activities. There are also many low-level sources

of sulfur oxides. These are, of course, due to combustion of sulfur compounds in hydro

carbon fuels. The hydrocarbon fuels are gasoline, used for motor vehicles and fuel oil,

used in diesels and in home heating.
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Question: What did you say you were afra id of?

Answer: Low electro conductivity in the fl ue gas due to low sulphur oxides.

Dr. Wood: You say Fairbanks has the worst air pollution. I have never seen an in

depth study to verify this.

Ques tion: Can you say anything about regulations and enforcement?

Answer: No, I donlt have anything to do with the regulations and enforcement.

11m involved in research .. Trying to keep up with the regulations is a full

time job, even just to read the federal register.
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How about, II one of the worst. If

Question: You soy that when you are burning coal you can meet air regulations?

Answer: Yes, with stokers. I would assume not so with suspension burning. But

there is another problem of course, with electro static precipitators in a low

sulphur coal. A lot of the manufacturers are kind of afraid of it because

flue gases donlt have enough electro conductivity to make these

precipitators work. This is a problem which may be solved in the near

future. I'd preferably try to get away from something like that. .. burn it,

so there is no problem.

Answer:
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THE BURNHAM COAL GASIFICATION COMPLEX

Mi chael C. Holland

EI Paso Alaska Co.,

Anchorage, Alaska

The United States is presently faced with a critical energy shortage. Today, natural

gas supplies one-third of our nation's energy. Over the past few years, however, domestic

natural gas supplies have diminished while demands have increased. We are now consuming

about three times the natural gas that we are finding each year. In addition, the recent

oil embargo, and the action of Canadians in quadrupl ing the price of natural gas exported

to the United States, makes it increasingly apparent that the U. S. must develop and control

its own new domestic energy resources.

In short, there is strong incentive to develop new sources of energy. The EI Paso

Company is involved in a variety of projects in an attempt to satisfy corporate and national

energy needs for clean fuel from domestic sources.

Of all the recoverable fossil energy resources in the United States, coal is by far the

most abundant. Estimates made by various private and governmental sources indicate that

as Iittle as one-tenth of one percent of the country's coal deposits have thus far been

consumed, as compared with perhaps 5OC!c> of the country's natural gas reserves.

The best of both worlds

When consumed directly, coal is an environmentally inferior fuel in that its combus-

·tion releases relatively high quantities of pollutants. On the other hand, natural gas and

synthetic gas of pipeline quality, are the cleanest burning fossil fuels and are thus preferred

in this era of environmental consciousness. It would appear, then, that the production

ofgas of pipeline quality from coal, when done by way of an efficient, environmentally

accepted process, represents the best of both worlds in that the nation5 abundant coal

resources can be used to produce a clean-burning fuel for hungry markets.

EI Paso's Burnham Project was the first commercial-scale coal gasification proposal in

the United States. It involves the development and operation of a coal mine, and con

struction and operation of a facility to convert 28,000 tons of coal to 288 million cubic

feet of pipeline-quality synthetic gas daily. The mine and gasification complex is to be

located on a 40, OOO-acre coal lease on the Navajo Indian Reservation in northwestern

New Mexico. The total project will cost approximately 1.2 billion dollars, of which

$225 mill ion represents expenditures a·ssociated with the mi ne.
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The cost of product gas for the Burnham Complex will be about $3. OO/Mcf (thousand cub ic

feet) for the first year of operation. Included in this cost are royalty payments to the Navajo

Tribe of over $4 mill ion per year and amine reclamation cost of over $1,000 per acre. Over

the twenty-five year Iife of the project, the average cost of the product gas is estimated at

$2 .50/Mcf.

First Commercial Application

Product gas from the Lurgi gasifiers has to be upgraded in its Btu content in order to per

mit its commingling with natural gas. This is done through methanation, which increases the

heating val ue of the product gas from about 430 Btu/scf up to 950 Btu/scf. EI Paso has

participated with Lurgi and several others in developing the methanation process through

the pilot-plant stage. The first commercial application of this process was a small plant

in Westfield, Scotland which converted gas from a Lurgi gasifier to pipe line quality gas,

commingled it with natural gas and successfully used it in homes in Scotland.

The coal lease was jointly acquired by EI Paso and Consolidation Coal Company from the

Navajo Tribe in 1968. The coal underlying this lease is sub-bituminous and comes from the

Fruitland Formation. Four principal coal seams have been ascertained and mapped, and they

range in depth from less than 20 feet to over 200 feet. The lease contains some 700 mill ion

tons of recoverable coal situated less than 1500 feet below the surface. It can be surface

mined readily, and is of sufficient quantity to support the ultimate production of 785 million

cubic feet of synthetic gas per day.

The proposed mining plan is similar to that being employed successfully in numerous

surface mines throughout the world. Draglines will remove the earth above the coal seam,

shovels and end loaders will scoop up the coal, and trucks will then move the coal to the

crushing, screening, and blending and storage areas. From storage, the cool will be trans

ported to the gasification complex where it will be converted to gas. The synthetic gas will

then be piped to EI Pasors existing mainlines, where it will be commingled with natural gas

and transported to customer companies in New Mexico, Arizona and California.

The idea of coal gasifi cation is not at all new. Coal gasification technology, and

particularly the Lurgi Pressure Gasification Process, is backed by more than 30 years of

design and operational experience in commercial appl ications abroad. Today, there are

sixteen plants around the world utilizing Lurgi technology in the manufacture of low Btu

synthet ic gas.
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Coal is converted to a gaseous product in a Lurgi gasifier by reaction with steam and

oxygen at a pressure of about 450 psi. The gasifier itsel f is a moving bed-type reactor, with

sized coal entering the top through a distributor, and a mixture of steam and oxygen entering

the bottom. Ash is discharged from the bottom of the reactor through a rotating grate into a

locked hopper.

Coal moving downward from the top of the reactor is successively dried, devolatil ized,

gasified, and oxidized as the temperature increases. The maximum temperature is reached

in the combustion or oxidation zone, where highly exothermic oxidation reactions provide

the necessary heat and temperature for the endothermic reactions and vaporizations which

occur in the upper portions of the reactor. The gas produced contains primarily carbon

dioxide, carbon monoxide, hydrogen and methane. Ash leaving the combustion zone is

cooled by incoming steam and oxygen before being discharged.

To achieve the proper ratio of carbon nonoxide to hydrogen for methanation, a portion

of the crude gas is passed through a so-called shift-conversion unit. The converted gas is

then cooled to remove water and liquid by-products before purification. In the purification

step, carbon dioxide and gaseous sui fur compounds are removed by the Lurgi Rectisol process.

The purified gas is then methanated to produce a product gas which is 93% methane and has

a heating value of 950 Btu/scf. The waste gas produced in the Rectisol unit is treated to re

cover the by-product, hydrogen sulfide, as elemental sulfur.

The water and Iiquid by-products removed from the crude gas are further processed to

. recover tar, tar oil, crude phenol and ammonia, and the water is then used in the plant

cooling system. No aqueous effluents leave the complex. Fuel requirements for utility

systems are provided by an air-blown coal gasification unit which produces low Btu gas.

Water required

Signigicant quantities of water are required for coal gasification. For t~e initial

complex, which will produce 288 million cubic feet per day of pipeline quality gas,

10,000 acre feet of water per year will be needed. Maximum production of 785 mill ion

cubic feet of gas per day will require 28,250 acre feet of water annually. EI Paso has made

application to the Bureau of Reclamation for water allocation from the Navajo Reservoir

on the San Juan River.

For water conservation and pollution control, the plant is designed with a balance

between water and air-cooled heat exchangers which consume the reclaimed water from

the complex. The plant does not use fresh water for cooling purposes. Water which cannot be

economically reclaimed is disposed of in Iined evaporation ponds so that none is returned
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gas.

cost.

EI Paso plans to construct and operate a Development Coal Gasifier Plant on the Burnham

coal lease prior to start-up of the Burnham Complex. This facility will contain only one full

size Lurgi gasifier as opposed to the 38 gasifiers proposed for the Burnham Project. Construc

tion of the Development Gasifier is expected to advance both high Btu and low Btu coal

gasification technology in a number of areas for the Burnham Project. The Development

Gasifier will also provide facil ities for .operator training and will allow for development of

t~chniques for poll ution control and land reclamation.

Construction of the Development Gasifier, and ultimately the Burnham Comple><., cannot

begin until a number of approvals and permifs have been secured. Foremost are Federal

Power Commission certification, Bureau of Reclamation and Congressional approval of the

water allocation, and approval by the Navajo Tribe of business site leases, rght-of-way

easements, water-well permits, and mining and reclamation plans.

EI Paso filed an application with the Federal Power Commission in November 1972, re

questing certification of the Burnham Project. The FPC, addressing the issue of its juris-

di ction over syntheti c gas faci Iities, decided that it has control over the transportation and

sale of the synthetic gas only after it is commingled with natural gas In an interstate pipe line.1

Therefore, in the Burnham Project, FPC jurisdiction is limited to (I) the tap and valve

assembly at the point of connection with an existing natural gas mainline, (2) the trans

portation of the synthetic gas, and (3) the rates that EI Paso will charge for the sale of the

to the fresh water source.
Plant boners and turbines are fueled with clean, low-heating-value gas made in

pressure gasifiers, thereby eliminating particulate emissions. Coal fed to the plant is not

burned in boilers and virtually all of the sulfur in the gasified coal is removed and recovered.

Reclamation

Planned reclamation activities for the mine area include burial of ash generated by the

gasification process, grading of the mined area, reseeding of graded areas, and controlled

util ization of the reclaimed and revegetated areas until seeded vegetative cover is estab-

Iished. Where soil conditions and topography permit, surface runoff water wi II be directed

into constructed lakes and stock watering ponds for use by resident ranchers and sheep grazers.

The reclamation operations and environmental control facilities installed to prevent air

and water pollution represent more than 250 million dollars of the $1.2 billion total project
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Hearings on EI Paso's application began in November 1973. On June 21, 1974, the FPC

Judge issued his initial decision recommending conditional certification of the Burnham Pro

ject • Normally, the n ext step would be the final Commission rul ing.

EI Paso also filed a separate application for rate base inclusion of the expenditures for

the Development Gasifier, on the basis that the project represents activities in the research

and development category. In his initial decision, issued in November 1974, the FPC Judge

recommended approval of EI Paso's request conditioned on the requirement that all revenues,

rental fees and other proceeds real ized from the Development Project, be appl ied for

benefit to EI Paso's gas customers. Again, the next step would be final Commission action.

Protracted Litigation

Delays in obtaining approval of a water contract from the Interior Department, and the

initiation of protracted litigation in the State of New Mexico on the availability of water

for the Project, have forced EI Paso to ask for a deferral of the final FPC decision on both

the Burnham Project application and the Development Gasifier Project application.

Hearings on the draft environmental impact statement have been completed, and the

Bureau of Reclamation is now preparing its final statement.

Although the cost of gas produced from the coal gasification process will be high when

compared to the costs of domestically-produced natural gas, it should certainly be competitive

with imported suppl ies of energy. Product gas from coal also compares well with electricity

in that it requires one half of the capital, uses one half as much raw material and one fourth

. as much water, and sells for one half the market price.

Coal gasification technology is new in the United States and all the affected administra

tive agencies are proceeding with caution. While new groundwork should be covered

prudently, coal gasification is the very embodiment of IlProject Independence ll and we hope

that the experience and knowledge now accumulated will permit some acceleration of the

remaining del iberations, allowing the nation to take a major step toward energy sel f

sufficiency.
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IN-SITU GASIFICATION OF COAL

Donald O. Emerson
Lawrence Li vermore Laboratory

Livermore, California

The Lawrence Livermore Laboratory (LLL) is one of the two nuclear weapon design and

testing laboratories in the United States. We also have a large energy program, a significant

part of which is devoted to non-nuclear energy technology. The Laboratory is operated for

the U. S. Energy Research and Development Administration (ERDA) by the University of

California and is located 30 miles east of San Francisco.

The concept that we have for coal gasification is similar to other plans. Our scheme is

to gasify an explosively rubblized zone in deeply buried coal by igniting it near the top and

recovering the gas through peripheral wells (Figure 1). Many of the surface facilities are

similar to those of other gasification projects that you may have read about, such as the Lurgi

process at EI Paso's Burnham gasification project. However, we are working under much more

difficult conditions by trying to use the earth as our reaction vessel. There is a water plant

to supply steam for the process and an oxygen plant. When the gas comes to the surface, we

plan to upgrade it to a pipel ine qual ity gas.

There have been quite a few attempts to gasify coal in-situ. A recent review of these

can be found in A. Maimoni and D. R., Stephens Q975) "In-Situ Coal Gasification, An

Update of the National Research Program II Lawrence Livermore Laboratory 1 Report UCRL

77102. In our process, wet coal is dried and charred. The char is methanated and some CO

and H2 is produced in the high temperature zone (Figure 2). All of this results from the

injection of oxygen and steam at the top of the burn and removal of gaseous products from

the bottom.

In review of the Iiterature we found U. S. Patents wh ich indi cate that Cities Servi ce Oi I

Company in the late 1960·s gasified a 22 inch coal seam at a depth of 36 feet and developed

gas with a heating value of 127 Btu/scf. Air was used instead of oxygen, and that reduces

the heat content of the gas. They did a forward burn, circumventing liquid plugging by

working at an inlet air pressure higher than overburden.

Forward and Backward Burns

A forward burn is where the burn front and the injected gases are moving in the same

direction. A backward burn is where the gases are injected at one hole, and the coal is

ignited at the outlet hole so that the burn moves toward the inlet. It has the advantage of
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Figure 1. In situ coal gasification concept. Figure 2. Possible underground reaction zone.
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Contract with Russians

We have some interesting developments in the United States related to the Russian in

situ gasification industry. Texas Utilities Services, Inc. signed a contract in March, 1975

with the Russians to apply their technology to deeply buried lignite in East Texas. Drilling

has started for that program. The plan is to bring a small power plant into production in late

1976. If successful, commercial operations will follow.

Three field programs for in-situ gasification are supported by ERDA, two of them by

Energy Research Centers (formerly with the Bureau of Mines) and one of them by the Lawrence

Livermore Laboratory. The Morgantown Energy Research Center has a program in which they

plan to drill into the Pittsburgh coal seam at a depth of 1,000 feet near Princeton, West

Virginia. The scheme is to develop parallel holes horizontally through the coal by directional

not plugging up with tars because you are removing the product on the hot side. The disadvan

tage is you burn some of your product so that there is a less efficient conversion of coal to gas.

Gulf Research and Development Company did a small in-situ coal burn in Kentucky.

They made gas of 150 to 270 Btu/scf, working on a 9 foot thick coal seam 100 feet down.

That, by the way, was bituminous coal, which some people have indicated would not be

suitable because of its swelling characteristics. That was also a forward burn at pressures

above Iithostatic. The area was later exposed by strip mining so they could see what had

taken place.

The British and Russians have had much experience with underground coal gasification.

The Russians at the present time are producing gas, but it is not clear that their process would

be profitable in our economic situation. They do have three semi-commercial plants. Two

of them are working on horizontal beds of coal. The one at Shatskaya south of f'.Iloscow is

work ing on a two-metre seam of brown coa I at a depth of 50 metres. At Angren, near

Tashkent, they are working on a ten-metre thick seam of brown coal at a depth of 150 metres.

Both of these plants produce a 240 Btu gas that is burned at the site for electric generation.

They have another interesti ng in-s itu gas ifi cation reaction goi ng on ina bed of b itum in

ous coal that is dipping 70 degrees. It is two to ten metres thick and of course goes from the

surface to a great depth. This plant is at Southern Abinsk, in the Kuznets Basin of Siberia,

and has worked quite successfully. The"ir production holes are uncased and go right down

the dip of the coal. The ash slumped and plugged the injection holes forcing them to drill

a second set of holes higher up on the seam to regain access for their input air.
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Lawrence Livermore Laboratory Program

A major field, laboratory and computational program for in-situ coal gasification started

at the Lawrence Livermore Laboratory in 1974. A study was made to find areas where coal

in beds at least 50 feet thick occurred at depths from about 500 to 3000 feet. We need at

least 500 feet of overburden to avoid areas of strip-mineable coal and to get into a regime

of higher pressures. At depths over 3000 feet the technique is in economic trouble.

Probable sites were located in the Powder River Basin where finding 50 feet of coal is

no problem. Areas that look interesting for future development would include the thick seams

in Alaska and the San Juan basin of New Mexico, the Kiaparowitz Plateau of Utah and near

Kemmerer, Wyoming (Figure 4). Thick dirty coals like those in North Park, Colorado and

Centralia, Washington are also of interest. Coal interbedded with many thin shale beds may

be amenable to this process.

drilling from the surface. They intend to drill horizontally in the coal seam placing the holes

about 100 feet apart. At the present time, their first hole has almost reached the coal. The

plan is to pump air into one hole and have it move to the second parallel hole thereby bringing

out the product-gas.

The Laramie Energy Research Center started a field program near Hanna, Wyoming in

1972. They are burning a 30-foot thick seam of coal at an average depth of 400 feet. During

the latter part of their first experiment they were producing about 2 MMcf/day. This gas

averaged about 126 Btu/scf using air in a reverse combustion mode. They are presently dril

ling to set up a new test area based on what they learned in their first burn.

People have asked about the costs of this process. At LLL we have looked into the question

for our process, realizing that it is difficult to get a firm fix on many of the variables.

Figure 3 shows our estimates in 1973 dollars. It is clear that two things affect the price. One

is the thickness of the coal seam and the other is the depth of the deposit. Both affect the

cost of the drilling. Should this technique become feasible, it would be one way to produce

a reasonably-priced, pipeline quality gas.

Lawrence Livermore Laboratory recently finished a feasibility study with Gulf Research

and Development Corporation. After reviewing our concept they determined an estimated

price of $1.68/MMBtu. They compared that with a Lurgi process price of $2.88/MMBtu.

We are going through a similar study with a group of companies coordinated by Research

Sciences Corporation, and their numbers are essentially the same.
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Wyoming Site

Now to get back to our current field program and another look at the Wyoming sites.

The six sites that we drilled in the initial exploration phase proved to have sufficiently thick

coal at a reasonable depth. The five Powder River Basin sites were on Federal land.

At the Kemmerer location (Figure 5) there was a problem. The Kemmerer Coal Company

intends to mine this dipping coal to where they are removing as much as 1000 to 1300 feet of

overburden. This can be done with an open pit because they recover many seams of coal on

their way down. The dip and depth of the beds available to us were considered excessive for

our first experiment. We did accept their offer to use the thick, Number 1 coal seam for our

initial fracturing experiment. A 6.6 Kg charge, 5.5 metre long and O. 1 metre in diameter

was detonated in the middle of the bed (Figure 6). Pre-shot and post-shot measurements were

made around this single charge in order to determine the fracturing and permeabil ity enhance

ment due to the explosion.

The coal in this area tends to be more permeable than we had expected. However, we

were able to show by many different approaches that our measurements correlated with what

we would predict from computer calculations (Figure 7). The computer codes that we use

calculate the failure shear strain in relation to the distance from a particular charge. Close

in we were able to measure changes in permeability, in the fracture count and in the ease

of drill ing. The acoustic attenuation and electrical resistivity changes are apparently more

sensitive to fractures than the other techniques and we detected these at a greater distance.

By means of experiments of this nature we hope to develop the capability to predict permea

b if ity changes from explosions.

In the laboratory, heating experiments were performed on subbituminous Powder River

Basin coals both from the Decker Mine (which is in Montana north of Sheridan, Wyoming)

and the Wyodak Mine (which is just east of Gillette, Wyoming). These coals shrink during

heating as much as 12% for the Decker and as much as 25% for the Wyodak coal (Figure 8).

As these coals are heated in the gasification processes this shrinking may provide fractures

large enough for the tars to move through. This would prevent the pi ugging often experienced

in a forward burn. We are also working with laboratory reactors to simulate what is expected

underground. A typical coal-filled reactor (Figure 9) is capable of gasifying coal at pres

sures up to 1000 psi. It is with this kind of reactor that we have developed information about

the temperatures of gasification and compositions of the gas produced in relation to injected

gas compositions and rates.
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Unfortunately, the funding for our program did not increase sufficiently during the second

year and we had to modify the field program. We had to work at a shallower depth. Only

one of the sites that we dri lied had a 25 foot thi ck seam that was shallower than 200 feet and

that was picked as the place to start (Figure 10). Pre-shot geology and hydrology has been

characterized at this location.

At the present time the crews are drilling shot holes at the Hoe Creek site which is about

15 miles south of Gillette. There we plan to gasify the Fel ix Number 2 seam. Our first

experiment will be to detonate 750 pound slurry explosive charges in two holes 25 feet apart.

After dewatering, we will ignite the top of the coal seam through one of the shot holes and

produce from a new hole completed to the base of the seam. The reason for this simple experi

ment is to determine how (1) holes will survive the explosion, (2) how we should drill back

into the area after fracturing with explosives and (3) how gasification proceeds in a zone

prepared th is way.

The next step, which will have to wait for next year's funding, is to design a second

experiment using the information we obtain from our first experience. The seam we are using

is thin and shallow, however, it should give us a handle on many of the problems that we are

going to encounter, and the cost of the research will be much less.

In summary, we hope to be able to duplicate in the field the reactions that we are able

to do in the laboratory. If so, we will'have a product gas from these tholes that can be up

graded to a pipeline quality gas. With a sufficient number of holes for good access to the

coal, we expect to gasify about 700/0 of the coal in place. This is more than you would

recover from room and pillar mining. By reacting 700/0 of the coal, you should be able to

recover about 50 to 6{)O/0 of the actual thermal value in a pipeline quality gas.

We think convervation is one of the main areas to consider in this approach: Not con

servation in the sense of permanently conserving an energy source, but in the sense of

recovering as much of the energy source as is technically feasible. You can mine much of

this coal by existing underground techniques; although this type of mining is not currently

planned in the Powder River Basin. The advantages we see to in-situ gasification is that it

minimizes many of the environmental and human problems. The coal is not burned at the

surface and you do not put men underground.

Admittedly there will be environmental problems. One is the disturbance of the ground

water system which we have to manage during the burn; we will also have to be sure that

the post-burn regime does not seriously affect future water uses. The other problem is that
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when you burn the coal, the roof will collapse. Most likely there will be surface subsidence.

The Russian experience shows this to be true. It settles down in blocks, not always as nicely

as one would Iike, but it does settle down and it can be reclaimed without completely dis

turbing the original soil layers.

I will be happy to answer any questions that you might have.
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Discussion

Is there any reason why this shouldn't work at a great depth; besides economics,

is there any technical reason?

We don't feel there is a technical reason. We are not sure of the stability of the

openings or whether or not we could put sufficient explosives to obtain the per

meability necessary for gasification. The big problem is the cost of drilling a

sufficient number of holes to that depth.

Have you tried any other method of fracturing other than explosives?

No we have not. The Laramie Energy Research Center used hydrofracturing and

pneumatolyti c fracturing at Hanna. The Russians also used electro Iinki ng. All

of these developed single channels and they fit into their schemes of gasification.

We are trying to get a rubble bed of some sort; a distributed permeability and as

yet explosives have been the only scheme that we have thought of that would

develop that kind of permeability distribution.

Has anybody done any research on gasification of worked-out mines?

No, but it sure looks attractive. Especially at a place like Kemmerer where

there is an 80 foot seam that has only been SOC/o removed by a room and pillar

mining. If you could blow in those pillars you might gasify that coal. The

frightening thing is that there is a lot of air access from the surface which you

would have to seal very well.

Do you have any minimum depth for this process where we could be assured that

you are going to be sealed?

That is very site-dependent. We had some interest in a site on the Kaparowitz

Plateau that was a thousand feet deep and still above the water table. There

were fractures in naturally-burning coal at that depth that come clear to the

surface. So it is really site-dependent. We are staying below SOO feet in the

concept just to avoid easily-removed surface coals. Usually at that depth, espec

ially in the Powder River Basin, you are deep enough to get a seal'. I

Emerson:

Emerson:

Question:

Question:

Emerson:

Emerson:

Question:

Question:
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What size are the holes?

For the explosive implacement they are 13-3/8 inch holes that are underreamed

to 30 inches. The gas production holes are cased at 7 inches.

Is there much cary-over in this technology to the petroleum industries fire

flooding, oil shale or tar sand work?

Well, it comes the other way. Those people have been helping us. The com

panies who have been helping have the experience. There is an interaction

between both technologies, although I think we are behind in relation to their

capabilities.

Have you done any estimating of the amount of gas from each development hole

you might expect?

Yes, it is available but I don't have those figures. They are in the economic

reports. It is sufficient to make a worthwhile operation if the process is successful.

Must you fracture continuously ahead of the burn?

At the present time we are looking at it as a batch process. We go in and

fracture a batch drill collection wells and burn it out. We really are not for

enough along to decide how to utilize some of those wells in the next scheme.

Part of that depends on what kind of barrier we have to leave between reactions

in order to keep the gas in the area we wnat it. These are problems to be solved.

Emerson:

Emerson:

Question:

Emerson:

Question:

Question:

Emerson:

Question:
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Sam Friedman

The SYNT HOll process

COAL CONVERSION, SYNTHOll AND SYNTHANE PROCESSES

Energy Research and Development Administration Pittsburgh
Energy Research Center

At the present time, about one-half of the electric power in the U. S. is generated

from natural gas and low-sulfur fuel oil or petroleum. That percentage would diminish

radically if our ample supplies of coal could be converted into a nonpolluting, low-sulfur,

low-ash, synthetic fuel oil. If petroleum products were replaced with coal-derived

fuel oil, there would be no need to import Mideast oils, and if natural gas were re

placed in a similar way, the supply of this energy source available to non-electric power

customers would double. Accordingly, the Pittsburgh Energy Research Center is

emphasizing development of the SYNTHOll process which, in one quick step, hydro

desulfurizes coal to produce a non-polluting fuel oil that is essentially free of sulfur

and readily de-ashed. Use of this coal-derived oil for firing steam-electric power

generators would eliminate needs for stack gas scrubbing for removing sulfur oxides and

particulates to satisfy air quality regulations. Also, because the oil has a higher

heating value than the initial coal, transportation costs are reduced, which is especially

important for the bulk of low-Btu western coals. Although the SYNTHOIL process is

currently aimed at producing power plant fuel oil, the process is readily adaptable to

producing upgraded products as gasoline, kerosene, and petrochemical feed stocks by

treating the initial oil product through a second stage of hydrogenation withOJ t

additional coal.

Detailed descriptions of the SYNTHOll process have been published (1,2,3). A

brief description follows: In this one-step hydrodesulfurization process, pulverized

coal, conveyed in recycled IIcarrier ll oil is propelled by turbulent flow of hydrogen

through a fixed bed of catalyst pellets, accomplishing over 94°;'0 conversion to oil in

just two minutes of reaction time. Unused hydrogen is recycled to provide the ncessary

turbulence. The sulfur is removed as hydrogen sulfide, and is easily converted to

elemental sulfur for sale or storage. Figure I presents a conceptual block diagram of

the process.
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Figure 1- SYNTHOIL PROCESS
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Process variables. The key to long-term operability with the packed catalyst bed

is the turbulent flow of hydrogen; this propels the coal sl urry so violently through the

packed or immobilized bed that plugging is prevented as the coal passes through its

sticky plastic phase prior to becoming liquid. Turbulence also has two more benefits;

by controlled attrition it keeps the catalyst surface clean for good contact, and by

violent mixing it promotes mass transfer of the hydrogen into the slurry where it is

needed for the hydrodesulfurization reaction with coal. The high mass transfer

and high-activity catalyst are the factors that allow the short residence time and

desirable high throughput. In this system, the intent is to do just enough hydrogenation

(3 to 4% H
2

added) to remove the sulfur, taking whatever amount of liquefaction

incidentally occurs, thereby using only a minimum of costly hydrogen. The product

is still fluid at ambient temperature for convenient handling and easier de-ashing.

The catalyst consists of 1/8 inch x 1/8 inch pellets of Co-Mo supported on silica

activated alumina. Process conditions are 4,000 or 2,000 Ib/sq. in. at 4500 C with

recycle gas rate of about 40 scfh per each Ib/hr of slurry feed (35% coal in recycle

oil). The product oil per se is an excellent "carrier ll oil; a portion is directly recycled

without further processing to feed more coal to produce more oil.

Achievements of SYNTHOIL operations with 100 Ib/day and 1/2 ton/day units include:

I. Product oil is a satisfactory slurry feed vehicle.
2. No mechanical, materials problems; long runs of 500 hrs.
3. No serious catalyst decay or loss in 500-hour runs.
4. Sulfur in oil reduced to below 0.5% from any coal.
5. Successful ash removal with centrifuge (below l°lc».
6. Reactor has very low residence time, low pressure drop.
7. Applied successfully to variety of coals.
8. High oi I yields, over 3 bb I/ton (94-98°;'0 conv.).

Bench scale tests. The earliest SYNTHOIL unit (I) contained a reactor of 5/16 inch

diameter by 68 ft.long, packed with catalyst and operated at 100 Iblday for 30-day runs

with five different coals. Even the highly caking bituminous coals, Middle Kittanning

No.6 Seam (Ohio), Indiana No.5 Seam, and Pittsburgh No. 6 Seam (Pennsylvania),

operated successfully. These three gave essentially the same results, namely coals

having approximately 30/0 sulfur and 100;'0 ash were all converted to oil having only

0.3°;'0 sulfur and 1.3% ash by centrifugal removal of residual solids. The less-caking and

very high ash bituminous coal from combined Kentucky Seams 9 through 13, having

50/0 sulfur and 17°;'0 ash, gave even more spectacular results, namely oil having
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Feed Oil From Oil From
Coal 4000 psig 2000 psig

Su Ifur (Ok) • . . . . . . . 3.8 0.4 0.6
Ash (%) . . . · · . ~ . 8.1 0.5 1.6
Viscosity, SSF at 1800 F •• 18-40 56-580

Btu/lb . . . · · 13,400 17,000 16,700

Yield, bbl/ton • · · . . 3.3 3.2

Conversion of W. Va. Coal- to Oil in 1/2 TPD Unit (500 hr)
I-inch x 14-ft reactor at 4500 C, 2 min residence time

Conversion of Kentucky Coal to Oil in 1/2 TPD Unit (500 hr)
I-inch x 14-ft reactor at 4500 C, 2 min residence time

Feed
Coal

Sui fur (0fc,) . . • • . . .• 5.5
Ash (Ok). • • • • • •• 16.5
Viscosity, SSF at 1800 F •
Btu/lb ••. . . • • • . 11,000
Yi e Id bb I/ton • . • •

Hydrogen consumption for above two coals was 4,200 scf/bbl at 4,000 psi and

3,400 scf;bb I at 2,000 psi. Desulfurization was better for the Kentucky coal likely

because of added catalysis by its high ash. The W. Va. coal will be run again with

double the reactor length (28 ft) to determine whether its product oil can be reduced

in sulfur content also to 0.20/0 by doubling the catalytic reaction residence time.

The residue cake from the centrifuge oil de-ashing operation can be pyrolyzed to

only 0.2% sulfur and less than 1% ash after cetrifuging. The high ash of Kentucky I
coal may have accentuated the catalysis. A subbituminous Wyoming coal (8,000 Btu/fb,

0.5% sulfur) was also liquefied to enriched oil of 15,000 Btu/lb and 0.20/0 sulfur, but

the high oxygen content of this coal leads to unacceptably high hydrogen consumption.

Pilot pfant tests. Because of the success of the above small unit, a large 1/2 ton/day

unit (Figure 2) was built and operated, using a I-inch diameter reactor of 14 ft. length.

It was discovered that this much shorter reactor could be used as diameter increased, due

to less wall-effect (noncatalytic contacting) and increased catalyst packing (more contact).

Some typical abbreviated results from 500 hr operations in this larger unit appear below:



CommentsReactor ID

5/16 11

4 11 (and 6")

36"

The SYNT HANE Process

PDU Size

100 Ib/day

1/2 ton/day

10 ton/day

700 ton/day

Operated Feb. 1971 - Dec. 1972

Construction Nov. 1972 - Mar .1973
Operate Apr. 1973 - June 1976

Construction May 1975 - June 1976
Operate July 1976 - July 1978

Prel im. design Apri I 1975 - July 1976
des. for Const. Aug. 1976 - Aug. 1977
Construct. Sept. 1977 - Jan. 1980

Sufficient data should be available for commercialization before 1985.

The aim of coal gasification is to produce a substitute natural gas, or SNG, with the

high energy value of natural gas and transmitted via the same pipeline network.

The SYNTHANE process is a high pressure gasification system developed by the

Pittsburgh Energy Research Center of the U. S. Energy Research and Development

Administration (ERDA), formerly a part of the U. s. Bureau of Mines. It converts

bituminous coal, sub-bituminous coal, and lignite into a satisfactory substitute for

natural gas with a heating value of 950 Btu's per cubic foot. SYNTHANE gas emerges

under pressure of 1,000 pounds per square inch, ready for direct feeding into existing

gas pipelines.

The important difference of SY NT HA NE from the existing technology is that it can

utilize caking coals as well as non-caking coals as the raw material. It was developed

in response to a need posed by the existence of large deposits of caking coals in the

Appalachian region of the Eastern United States.

recover absorbed oi I, contributing about 15°k of the oil from the process. Filtration

is also being studied for more complete ash removal after centrifugation.

The energy conversion efficiency (~) of the overall SYNTHOIL process is 75%.

Process costs are estimated (±) as $8.33/bbl of oil product for $IO/ton coal costs

with 12°k discounted cash flow rate. If the coal cost is $20/ton, the oil cost becomes

$12.88 bbl. These estimates were based on a conceptual 108,000 bbl/day plant.

Scale-up of the Process for future. Because of the success of the above process

development units, advanced development and scale-up of the SY NT HOI Lprocess is

scheduled as follows:
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There are five basic process steps in SYNTHANE gasification:

I. Pretreatment of the coal to eliminate caking.
2. Gasification of the pretreated coal in a fluidized bed.
3. Shift conversion of that portion of the gas not already

methanated to a hydrogen/carbon monoxide ratio of 3 to I.
4. Purification of the shifted gas.
5. Catalytic methanation of the H

2
and CO into CH

4
•

A pilot plant is in the final stages of construction at Pittsburgh Energy Research

Center and shake down tests are under way. It was designed and engineered for

ERDA by C-E Lummus of Bloomfield, New Jersey, who also provided construction

advisory services and wi II operate it under a government contract. Field construction

was done by Rust Engineering of Birmingham, Alabama, under a separate government

contract. The plnnt is designed to convert 72 tons per day of coal into 1.2 million

cubic feet of gas. The installed cost is about $15 million. Approximately 100 people

will be employed in operating the plant.
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COAL RESOURCES OF NORTHERN ALASKA MAY BE NATION'S LARGEST

I. L. TaHleur and W. P ~ Brosge
U. S. Geological Survey
Menlo Park, Cal ifornia

I invited myself to this conference to do two things: first, to publicize Brosge's

and my discovery that the identified coal resources of the North Slope can pro;ect to a

potential store of energy greater than in the rest of the country; and second, to generate

the speculation and investigation I believe should be commanded by so large a potential.

The synopsis that you may have picked up records the points I hope to emphasize

and amplify now. I'll show briefly how the 120 billion ton resource identified by Farrell

Barnes in 1967 applied to only a quarter of the then prospective land, (computations of

the hypothetical resource in the land not assessed by Barnes range up to the trill ion-tons

order of magnitude estimated by Don McGee and Chris O'Connor of the State Geological

Survey instead of the 120 billion ton proiection from the identified tonnage cited in 1973

by Paul Averett of the USG S. )

fill emphasize how the avilable information from two dry oil wells indicates that the

subsurface section of rocks may contain as much as 10010 coal. This aaccounts for more

than half the coal identified by Barnes. jill also mention the substantial increase in po

tential brought about by 1) the determination of Art Grantz and others that the prospec

tive rocks extend westward under the shallow Chukchi Sea and 2) the penetration of coal

in drilling for oil and gas in the Prudhoe region.

Some broad aspects of energy have heightened my regard for the northern Alaska

potential and I'll take the minute required to pass them on, in case you'll find them use-

ful too. Ultimately, there are three sources of energy: the sun, atomi c forces, and

gravitational attractions. Until we harness breeder reactors, fusion, low geothermal

gradients, or tides, the energy to run on must come from the sun. Though solar energy

incident on the U. S. is about 1000 times the Btu's we consume, direct conversion has eluded

us effectivel y - we rely on transformations to water power, or wind, or overwhelmingly,

fossil fuels.

The last of our hydrccf1rbon fuels going out the tubes now faces us and, as I fore-

see things, the assured supply of Btu's needed a generation from now will be those transformed

from the sun and preserved in organic deposits during the past half billion years. Therefore,

coal deposits, which may store more than a century's energy, demand attention and their
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Coal in the Chukchi-Colville area was deposited in beds as much as 30 feet thick a-

I need to take another minute to define the resource categories or ranks as I'll use

them.

Vince McKelvey devised the diagram in Figure I to relate the uncertainties and

ambiguities of resource estimates. It is, essentially, a matrix with geologic assurance

declining to the right and economic viability decreasing down. Resources are thereby

catagorized as identified or undiscovered and economic or subeconomic. Only those

resources economically recoverable at the present time and known well enough for

amounts to be measured, indi cated, or inferred count as reserves.

Accumulations reasonably expected to be found in known geolog ic settings count as

hypothetical resources and those in unknown settings or of new type count as speculative re

sources. Identified deposits not yet explo itab Ie are subeconom ic resources.

The diagram is described fully in the September 1974 Geotimes; some find it

confusing but I think it works well for the different categories of northern Alaska coals. For

instance, plotting shows the present lack of economic feasibility for the identified coals

measured by Jim Callahan and others and the indicated or inferred amounts cal culated by

Barnes. Plots of the hypothetical and speculative resources set off their dubious geologic

assurance. I will use the jargon with these distinctions in mind.

Figure 2 general izes and locates the identified and undiscovered coal resources in

northern Alaska. Those who have not travelled the state may better appreciate its vastness

by noting the overlay of California on Alaska in the insert map.

The black dots depict Barnes' identified resource and the area between the Chukchi shore

and the mouth of the Colville River represents lands with hypothetical resource. The two

dots joined by dashed lines show the two dry wells that reflect extraordinary concentrations

of coal and aggregate more than ha If the identified tonnage. The area on the west, con

servatively represents the continuation of the coal-bearing rocks beneath the Chukchi Sea,

which Art Grantz bel ieves may have un ique speculative potential because of the shallow

depths. A number of wells penetrating coal or lignite demonstrate speculative resource

eastward to the Cann ing River.
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long with beds of sandstone and shale of the Nanushuk Group during mid-Cretaceous

time and, in the eastern part, as part of the Colville Group of sediments during Late

Cretaceous time. The older group does not persist far into the eastern speculative area where

the coals are mainly Colville Group and younger.

The beds are practically undisturbed under the coastal plain which encompasses a

bout the northern two-thi rds of the onshore areas. They have been, moderately folded,

locally upgraded to bituminous rank, and breached in the foothills to the south. Most of

a limited number of samples contain .30/0 or less sulfur and have heating values ranging be

tween 7 and 14,000 Btu.

Figure 3 shows in some detail the area of identified resource relative to the remaining

unassessed area. Unassessed land clearly predominates -it amounts to about 23,000 of the

30,000 square mile total. Please note again the location of the two wells - Kaolak and Meade 

which appear to have penetrated extraordinary concentrations of coal. Barnes calculated

indicated and inferred amounts of subbituminous coal in beds thicker than 2 1/2 feet and

of bituminous coal in beds thicker than 14 inches present within 3000 feet of the surface

and within 6 miles of outcrop or well control points.

Unless Jim Callahan's new work has proved differently, his and others detailed mapping

of small areas (the earliest two marked by squares in the southwest) have shown that calcula

tions from outcrop data are reasonable. As can be seen in Figure 3, distribution of the con

trol points is random enough to assure the assumption that concentrations of coal around the

control points apply to the intervening areas.

Thus, the ingredients exist for determining the hypothetical resource of the unassessed

land. However, computations are ambiguous because the amounts of coal indicat ed by well

information are 20 to 70 times greater than the amounts based on outcrop data.

This is illustrated by the Figure 4 on which are summed the tonnages and associated

areas identified from surface and subsurface information. The average concentration based

on outcrop data is 5 million tons/sq. mi, which contrasts sharply with an average 100 million

tons per/sq. mi. around the wells. Together, they average 17 million tons/sq. mi. whereas

the concentration for Kaolak and Meade wells averages 340 million tons/sq. mi.

This is probably the appropriate time to look at the subsurface information. In Figure 5,

circles enclose the area of coal identified by Barnes within 6 miles of Kaolak and Meade

wells.~ the intervening area contains a hypothetical resource proportional to that identified

from the wells. Subsurface seismic contours show that the beds are barely folded.
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Black on the logs represents coal identified mostly from well cuttings; few of the

recovered cores consisted of coal. You can see that electrical resistivity peaks coincide

with logged coal in some places but not in others. Obviously, the evidence for as much

as 1{)O!c> coal in the section is largely indirect and cannot be considered definitive.

As 1 see it, the objective way to assess the hypothetical resource is to multiply

the 23,000 sq. mi. area by each of the concentrations as - done in the upper section of

Figure 6. The results range from 115 b ill ion tons, using the surf."'Jce concentration, through

390 billion tons with the average, to 2.3 trillion tons with the subsurfaces concentration. If

the concentration for the Kaolak and Meade wells should be valid for half the area, the

hypothetical resource would be over 3.7 trillion tons.

60 billion ton estimate

The speculative resource in the offshore area, likewise dependent on the concentra

tion, could range from 50 billion to I trillion tons. Jim Callahan made a preliminary

assessment of the logs from wells in the Colville-Canning region in the east and told me that

60 billion tons seemed to be a conservative estimate. Thus the speculative resource seems

to be between 100 billion and I trillion tons.

As shown in the lower section of Figure 6, all three categories could total as few

as 345 bill ion tons or nearly 5 tri II ion tons. The 5 tri II ion figure is, of course, the one that

I consider important.

However, there seems no basis other than credibil ity for judging which of the two ex

tremes may be closer to actuality. For instance, the scarcity and incompleteness of outcrops

probably balance the uncertainties of indirect evidence from the subsurface. But the importance

of definitive estimates is obvious. Should those based on subsurface information be highly

exaggerated, the substantial total resource would not be extraordinary and the identified re

source, itself, would be reduced by more than half.

If the subsurface concentrations approach the actual order of magnitude, on the other

hand, the implications are great - - as shown by Figure 7. The total resource in northern

Alaska might exceed that in the rest of the country. The 12-mile strip of land between

Kaolak and Meade Test wells, an area about two-thirds that of Rhode Island, could contain

300 billion tons of coal - from which a normally recoverable 50 percent would furnish about

half a century's energy at the annual rate of 75 quadrillion Btu's. Such concentrations of fuel

would, I believe, challange technology to make use of it.

To sum up, I have shown how substantial identified resources on the North Slope
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project to hypotheti cal resources of unassessed lands onshore and speculative resources

offshore that total probably incredible amounts. I have also shown that available evidence

is not definitive but cannot be evaluated.

The chance, (even if less than 50-50) that northern Alaska contains extraordinary

amounts of coal seems to me to compel testing by a few carefully located and drilled core

holes. This should be done as soon as possible, in case results are favorable, to preserve

the lead time before the energy source is needed. Possible coupling with the exploration

of NPR 4 that is now under way also suggests an immediate start on testing.

The additional potential energy source in gas generated by the coal bears mention

but supports Iittle speculation; it is probably best to hope for it as a serendipity.

Utilization of northern Alaska coals would encounter innumerable new, mostly adverse,

environmental and other conditions. Except for the status of coals in lands shown in

Figure 8 as reserved in NPR 4, open to native selection, or of ecological concern, how

ever, I bel ieve these conditions can be faced if or when, extraordi nary coal resources are

determined.
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Figure I. McKelvey resource matrix.
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Figure 2. Identified and undiscovered coal resources of northern Alaska·
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Figure 3. Identified resource relative to remaining unassessed area.
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5500' <'000'

Ka-9~P~;\'
AREAL + SEISMIC

O'

1000'

2000'

(BARNES. 1967)
AREA IDENTIFIED

OUTCROPS: 6.300 32 BILLION 5 X 106
sa MI TONS TONs/sa MI

WELLS: 900 88 BILLION 100 X 106

sa MI TONS TONS /sa MI

7.200 120 BILLION , 17 X 106

sa MI TONS TONs/sa MI

KAOLAK-
226 sa MI 76.8 BILLION 340 X 106

MEADE:
TONS' TONS /sa MI

- 5500'

Figure 4. Concentrations of coal from surface and subsurface information.

Figure 5. Supsurface coal data from Kaolak and Meade well logs.
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HYPOTHETICAL RESOURCE:
(30.000 sa MI TOTAL - 7.200 sa MI IDENTIFIED =
23.000 sa MI)

23.000 sa MI x 5 X 108 TONS/SO MI· 115 X 109 TONS
23.000 SO MI X 17 X 108 TONS/SO MI- 390 X 109 TONS
23.000 SO MI X100 X 101 TONS/IO 'II- 2.300X 109 TONS
23.000S0 MI X340X10 15 TONS/SO MI-3.700X.t,1()9 TONS

x 1I2±
115 BILLION TO

3.7±TRILLION TONS

SPECULATIVE RESOURCE:

OFFSHORE 10.000.tso MI X 5 X 106 TONS/SQMI:50~X 1OeTONS
x 100 X 108 TONSISQ MI.1.000 X 10~TONS

EASTERN 10.000~SOMI 80 X10 TONS
(CALLAHAN.PERS COMM)

110 BILLION TO
1 TRILLION TONS

I
I
I
I

TOTAL RESOURCE:
IDENTIFIED
HYPOTHETICAL
SPECULATIVE

TOTAL

120 BILLION TONS
115 - 3.700;1 BILLION TON S
110 - 1.000 BILLION TONS

345 IILLION TO 4.1.£ TRiLLION TONS
I

Figure 6. Coal resources of northern Alaska.

NORTHERN ALASKA TOTAL 345 X 109 TO 4.7 X 1012 TONS-------------------
12

U.S. TOTAL IDENT. 1.73 X 10 TONS

I
I

(AVERITT. 1975)

KAOLAK-MEADE WELLS. 65 MILES APART

HYPO. 2.24 X 10'2 TONS
4 TRILLION TONS

IOENT.

HYPO.

200 SO MI

650+ SO MI

900 SO MI

77 X 109 TONS

220 X 10g TONS

300 BILLION TONS I
POTENTIAL ENERGY SUPPLY:

AT 50% RECOVERY - - - - - - - 150 BILLION TONS

AT 25 X 106 BTU PER TON- --- - 3.750 X 1015 BTU

AT U.S. ANNUAL CONSUMPTION

OF 75 X 10'5 BTU - - - - - - - 50 YEARS

KAOLAK-MEADE AREA - ABOUT 2/3 AREA OF RHODE ISLAND

Figure 7. Significance of Kaolak-Meade well coal concentrations.

100 "7M;;-'-------=1===-1---=1;==-'OO-K-M-- D-2 ~'ECOLOGIC CONCERN

Figure 8. Status of coal lands.
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GASIFICATION PROSPECTS AND APPLICATION IN COOK INLET, ALASKA

Don L. McGee
Division of Geological and Geophysical Surveys

State of Alaska

Anchorage, Alaska

Research is being done on the gasification of coal in place, through a well bore. If this

process should become economically feasible, the coal reserves of Cook Inlet may be of

great importance. Consequently I a study was made of coal reserves in place, and their

potential energy content in this area.

The Cook Inlet region involved in this report, some 6,300 square miles, is the lowland

area north of Kachemak Bay. (Bounded by the Kenai Mountains and the Castle Mountain

fault, and extending to the Talkeetna Mountains.) This terraine is underlain by coal

bearing Tertiary rocks to about 20,000 feet thick.

Coal counts were made in 86 wells drilled for hydrocarbons. Counts were based on data

obtai ned from electric and radioactivity logs, supplemented by mud logs. The cumulative

coal thicknesses obtained from the coal counts were contoured for three different depth

intervals.

Figure I shows the cumulative coals in the interval surface to 2000 feet. The vary

ing thickness of the Quaternary sediments, and the lack of shallow data in the unlogged

portions of the control wells, made this an incomplete map. The highest contour val ue was

100 feet. The hypothetical coal for this interval is 100 billion tons.

Figure 2 shows the cumulative coals in the drilled depth interval 2000 to 5000 feet.

The largest contour val ue was 250 feet, and the interval contai ns 300 bill ion tons of coal in

beds 2 to 40 feet thick. Two coal fairways become apparent. The western fairway extends

along the west side of the Cook Inlet terminating beyond the Beluga coal field. The eastern

fairway extends from the Homer coal district northeastward to approximately the old Houston

open pit operation.

Figure 3 shows the cumulative coals in the interval surface to 10,000 feet. The

contour interval was 100 feet, and the contour with the highest val ue was 600 feet. There is

in this large mass of sediments, over I trillion tons of coal. Again there are two dominant

coal fairways with northeast-southwest orientations.

Figure 4: In order to show where the thicker coals are geographically located, maps

were constructed of areas containing at least one coal bed in excess of 20 feet. With an inter-

227



I

I
I
I
I
I
I
I

228

between wells drilled for hydrocarbons in the Cook Inlet. Thus a twenty-foot-thick coal

seam, assuming penetration near the thickest part of the lense, could be expected to ex

tend over about 1700 acres and to contain 26.5 mill ion tons of coal. This amount of ena-gy

would be equivalent to about 60 mill ion barrels of crude oi I.

How can this energy be extracted from the deeper coals?

) would Iike to digress a Iittl e. I have ignored the surgace coal s in the Chuitna, Capps

Glacier and Beluga coal fields and these are the areas where initial coal extraction will take

place. I would expect not only the shipping of raw coal, but also using coals from these areas

for Iiquefaction and power generat ion.

The individual coal bodies are lenticular in shape with an elongate orientation northeast

southwest paralleling the paleoshore of the Cook Inlet Basin during the time of ceposition.

Correlations of the coals between wells has always been difficult and a probable maximum

correlation for the thicker coals would not exceed 7000 feet. A median value for the ratio

of coal thickness to lateral extent of a coal bed is I:250 for the northeast orientation and

I:120 for the northwest orientation. These val ues were obtained from numerous correlations

increase.

5000 feet.

Figure 8 showed two large areas of coals 20 feet or greater were found in the inter-

val 5000 to 10,000 feet. The largest area contains about 144 square miles with an average

coal thickness of 40 feet (thick beds). Each square mile contains 40 million short tons of coal

or 5.7 billion tons. This is equivalent to about 18 billion barrels of oil or twice the recover-

able oil ot Prudhoe.

General Discussion of w,at may eventually be done with the coals

The first assumption is that the coal reserves are nearly all below the depths where the

ordinary extraction methods can be used. We can also state that the rank of the coals will

increase with depth as the result of higher temperatures and pressures, hence btu values will

4000 feet.

Figure 7: there were areas ",·r coals 20 feet or greater in t-he interval 4000 to

val 1000 to 2000 feet, there were areas containing thick coals located south of the

Capps Glacier coalbed.

Figure 5: there were three areas of coals 20 feet or greater in each of the

intervals, 2000 to 3000 feet.

Figure 6: there were areas of coals 20 feet or greater in the intervals, 3000 to
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Jnsitu gasification. Experiments in underground coal gasification have been performed

in many countries over the past 100 years without economic success. However, the preliminary

eval uation of underground coal gasifi cation at Hanna, Wyoming by the Bureau of Mines was

considered successful. Hera a thick seam of subb ituminous coal was gasified at a depth of

350 feet, with the production of low btu gas with a heating val ue of around 120 btu per cubic

foot. This can be compared to natural gas that has a btu content of around 1000 btu per cubic

foot. The coal is very similar to the coals in the Beluga area - - subbituminous with 7-8

thousand btu.

Another process that may become increasingly important in the future is insitu combustion

of coal for energy. Few studies have been directed toward insitu combustion of coal for the

purpose of producting thermal energy underground, and the recovery of that energy above

ground. There are over 100 abandoned coal mines on fire in the United States; the fact that

some of these have been burn ing for well over 50 years suggests that an insitu coal combustion

process is maintainable for extensive periods of time. What we are talking about here is a

burning coalbed that contains one or more air channels. Air forced through the channels

would sustain a coal-burning process and would serve to carry off most of the combustion

energy as sensible heat of the gaseous combustion products. Recovery of the sensible heat

energy could be accompl ished by heat exchange with the hot combustion products to produce

high pressure steam, either above or below ground.

There are two main advantages to this system:

First, energy can be made available from coal deposits which are not economically

minable by conventional techniques (Iow-heat-value coals, thin seams, etc.)

Second, insitu combustion might be used to supplement other insitu coal extraction

processes (such as gasification) to optimize the recovery of the total energy of the coal.
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McGee:

Question:

McGee:

Question:

I
I
I
I
I
I
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I
I
I

Discussion

Are those maps available in your office?

Right. They are listed as State open file Report Number 74

How have you translated logs - mud logs, the electric logs and so on?,

many of the mud logs show coal thicknesses due to the tailing of the coal

intervals, that are greater than the actual thickness.

McGee: You use the electric logs, and the other type logs for this purpose, but if

you find some place on your log that looks a Iittle strange to you then you can

go to the mud log. Ordinarily the mud log and the top of the coal will be

correlatable to the top of the coal on the electric log. The bottom of the coal

on the mud log will tail out and may be several times as long but we use it

just to make sure we are in a coal bed.

Comment: But frequently the electric log is not very diagnostic; sometimes it is and some

times it isn't.

This is true but usually your SP breaks back. In most of your Cook Inlet wells

you get a break to the right in your SP. This, combined with high resistivity

will show there is coal present. Regular electric logs could be used, and then

you could go to the mud logs to back the whole thing up.

Question: What is the area of the study area?

McGee: 6300 square miles. That was the entire area on the second, third, and fourth

slides.
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HOW ARE WE DOING ON
CONVERTING EXISTING PLANTS TO COAL?

Arthur M. Hughes
Federal Energy Administration

Washington, D.C.

At the end of World War II, annual coal consumption by the electric utility industry

was about 72 million tons (about 13 percent of total coal consumption). It jumped to 391

million tons in 1974 (70 percent of total coal consumption).

However, while the total tonnages of coal used for generation of electricity have shown

these rather dramatic increases, coal's relative share as a primary fuel for the utilities mar

ket has failed to increase, and has even declined, in the last decade.

In 1945, 52 percent of the total kilowatt hours of electricity produced was generated

from coa I, compared to about 4 percent from oil and 9 percent from gas. Last year, 1974,

coal was at 44 percent, oi I at 18 percent, gas at 17 percent, and nucl ear at 6 percent.

Increasingly, much of the new generating capacity in the last 20 years has turned to oil or

gas for fuel, rather than coal, because of price competitiveness and most recently because

of air pollution control requirements.

This decline in coal's share of electricity generation is even more pronounced on a

regional basis. In 1974, there were some 970 fossil-fuel-fired steam-electric power plants

in the contiguous United States.

There are wide variations in the fuel mix used from area to area through the country. In

New England, for example, oil contributed 94 percent of the total energy input in 1973.

In the same year coal contributed 93 percent of the input energy in the eastern north central

region (III inois, Indiana, Mi ch igan, Ohio, and Wisconsin) and in the eastern southcentral

region (Alabama, Kentucky, Mississippi and Tennessee).

However, coal is a minimal factor in the southeastern and southwestern states and along

the west coast except for Washington.

Converti ng to 0 iii n the 60's

In the 1960's, not only were lower and lower percentages of new fossil-fuel-fired plants

designed for coal, but in addition, from 1965 onward an increasing number of existing boilers

were converted from coal to oil. Between 1965 and 1972, 398 boilers with a total name

plate capacity of 28,785 megawatts were converted.

In the early 1960's most of these conversions from coal to oil were based on economics.

It was cheaper to import residual oil to burn in East Coast power plants than to ship coal from

the Appalachian area.
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As the Clean Air Amendments of 1970 made their way through Congress, environmental

concerns became more important and the pace of conversions qui ckened, peaking in 1971

and 1972.

In December of 1972, however, EPA studies were showing that, within a very short

time, there would not be enough natural gas or low-sulfur coal available to fill all the

needs required by State Implementation Plans under the Clean Air Act.

AI so in 1972, the OHi ce of Emergency Preparedness (OEP) became concerned about the

potential threat to national security of the switch to oil, as wei I as about its impact on

balance of payments and on foreign pol icy. OEP's study showed that most pro jections of

fuel mix being made at that time indicated that coal's share of fossil steam-generating capa

city was expected to stabilize at about 55 percent but could be increased to about 70 per

cent by 1980 if all equipment that could burn coal did burn coal, all new fossil fuel-fired

plants used coal, and any slack resulting from nuclear slowdowns would be taken up by

coal-burning facilities. OEP pointed out that, for this scenario to occur, either environ

mental restrictions would have to be softened or the several billions of dollars of capital

investment required by the utilities would have to be protected by national energy policy.

All during 1973, the debate over fuel mix, sui fur oxide abatement technology, abate

ment timetables, and national energy pol icy continued unresolved. When the oil embargo

hit, the pace of debate and action picked up quickly. On November 8, 1973, President

Nixon sent a special energy message to Congress asking for emergency legislation empowering

him to order power plants or other fuel burning installations to convert to coal from oil, and

to grant waivers to such converting sources from Federal and State air and water qual ity

regulations.

Re-converting to coal in 1974

Congressional debate on the President's request and on a number of its own proposals

culminated eight months later in passage of the Energy Supply and Environmental Coordina

tion Act (ESECA). While the debate was going on, 22 units at 11 power plants on the East

Coast had converted to coal conserving about 53, 000 barrels of oil per day and using about

13, 000 tons of coal per day. FEO reported that another 15 plants with a total of 33 units

were willing to convert "if and when environmental, technical, transportation and supply

problems are solved." An additional 22 units at 8 plants "await(ed) a Federal order to con

vert, because of contract difficulties, etc."

When the Arab oil embargo ended in mid-March 1974, the steam went out of the volun-

tary coal conversion program. In mid-April 1974, the Connecticut Department of Environ-
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mental Protection ordered Northeast Uti Iities to reconvert to oi I as soon as it had used up

coal suppl ies it had bought. On April 22, 1974, a trade newsletter reported on interviews

with some utilities executives and power industry officials that most of the plants converted

to coal during the embargo would switch back to oil when their short term variances for use

of high sulfur coal ran out.

Converting back to oil

By July, seven of the eleven East Coast power plants that had switched to coal during

the embargo had switched back to oil. No plants have switched back since July, 1974,

however, the other four prefer to continue to burn coa I.

Since that time, no substantive changes have occurred in the coal conversion program.

The period has been one of preparative work by FEA en route to implementation of ESECA,

continuing debate on national energy and environmental objectives, and gradual increases

in consumption of oil relative to natural gas.

Nuclear plants delayed

During the past year also, new questions have arisen concerning the future role of

nucl ear power. These questions relate to both safety and economi cs and are far from resol ved.

In the last six months of 1974, 34 percent of the electric generating capacity scheduled to

go on line was delayed for one reason or another. Of the delayed capacity, 68.3 percent

was nuclear and was delayed for equipment, labor, or regulatory reasons (where reasons were

given).

In early 1975, there have been more decisions to delay scheduled nuclear power plants

and some decisions to scrap nuclear plants completely. Either there will be no construction,

or coal- or oil-fired facilities will be built. More such decisions can be expected. The

Tennessee Valley Authority, for example, has been planning to rely almost completely

(90 percent) on nuclear faci Iities for expansion over the next 10 years. However, the fire

at its Browns Ferry facility on March 22, 1975, which forced the shutdown of 2,000 mega

watts of generating capacity, has contributed to a new surge of calls for .delays in nuclear

power plant co~struction by opponents of nuclear energy, and may also lead to slowdowns

in timetables for those plants currently committed to nuclear energy.

The Energy Supply and Environmental Coordination Act (ESECA) (Publ ic Law 93-319,

enacted June 22, 1974) is the result of eight months of Congressional debate over, among

other things, the role of coal in power generation and the effect of air-pollution control
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requirements on that role. ESECA requires the Federal Energy Administration (FEA) to

prohibit certain power plants from burning natural gas or petroleum products when FEA

determines that a facil ity meets defi ned criteria regarding equipment, coal supply, and

rei iab ility of service, and when the Environmental Protection Agency (EPA) certifies that

the facility will be able to burn coal and comply with applicable air pollution requirements.

FEA is also authorized to require that certain power plants in the early planning process

be designed and built to be able to use coal as their primary fuel (it cannot order them to

burn it, however) and to allocate coal to power plants and major fuel burning installations

(MFBI) that have been prohibited from burning oil and natural gas.

Prohibition of oil and natural gas

Before issuing prohibition orders, FEA must make several findings. The first is that as

of June 22, 1974, the power plant or MFB I had the necessary equipment and capab it ity to

burn coal. In addition, FEA must find that coal and coal-transportation facilities will be

available and, for power plants, that the prohibition order will not impair the reliability of

service in the area served by the power plant. For power plants in the planning stage FEA

must find that coal-transportation facilities will be available and that reliability of service

wil I not be impaired.

FEA IS authority to issue prohibition orders expired June 3D, 1975. The authority has not

been renewed, but it will be in the next few weeks, we hope.

EPAls role in an FEA conversion order under ESECA is to certify to FEA the earliest date

on which the affected facility can comply with air-quality requirements, and then to work

with the facility can comply with air-quality requirements, and then to work with the faci

Iity should a conversion order require modification of the facil ityls compl iance schedule.

ESECA gives EPA some additional flexibility by amending the Clean Air Act to permit

compl iance-date extensions for power plants under conversion orders to December 31, 1978.

To obtain such an extension, the power plant must be able to meet "primary standard condi

tions" (its emissions would not result in violations of primary ambient-air-quality standards),

plus any applicable regional or Jlsignificant risk" limitations.

Procedurally, FEA published notices in the Federal Register that it plans to issue a pro

hibition order and will provide opportunity for oral and written comment. Thirty-two notices

were publ ished. Once issued, the order cannot become effective until EPA has made its

determinations. The recipient of a prohib ition order must apply to EPA for a compliance
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date extension and submit its plan for compliance. Before issuing a compliance date

extension, EPA has to give notice and provide opportunity for public input.

ESECA also authorizes State air pollution control agencies to petition EPA to modify

Iimitations or extensions the latter may grant. In addition, EPA can issue fuel exchange

orders and establ ish priorities for emission control systems to sources on the basis of air

quality or health risks.

Plants ordered to cease using oil or natural gas

On June 30, 1975, the FEA issued orders to 25 utility companies to cease using oil or

natural gas as their primary energy source at 74 power plants located at 32 generating

stations. The conversion of these power plants could result in yearly savings of over 64

million barrels of oil and more than 88 million MCF's of natural gas.

The next step is for the Environmental Protection Agency (EPA) to certify the date that

each plant can burn coal and still meet air quality standards. EPA estimates that, under

normal conditions, it would take three to six months to process each case from issuance of

an FEA order.

During this period FEA will be assessing the environmental impact of coal-burning at

each of the 32 generating stations. These assessments will result in either a Negative Deter

mination of significant environmental impacts or an Environmental Impact Statement for each

station. After EPA certification and the FEA environmental analysi s, with respect ,to each

affected station, a Noti ce of Effectiveness wi II be issued by FEA.

In addition, the Federal Energy Administration has issued construction orders to 41 com

panies requiring certain proposed new power plants to be built with coal-burning capability.

Issuance of these construction orders will ensure that the power plants or boilers will be

designed and cons:ructed so that coal can be used as their primary energy source.

The construction orders involve 47 generating stations with a total of 74 power plants in

25 states. In each case FEA has found that a Iteri ng the desig n and construction of the power

plant would not impair the reliability or adequacy of service, and availability of an adequate

and reliable supply of coal would be reasonably expected for the plants~

Also, FEA has found that no significant adverse effect is anticipated from any contractual

comm itment for the construction of the power plants; the compan ies have the capab il ity to

recover any increase in pro jected cap ita I investment needed as the resul t of a construction

order; no significant revenue would be lost due to a delay in the commencement of the sale

or exchange of electric power caused by a construction order; and no significant adverse
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effect would occur from the relevant regulations or policies of any state or local agency

with jurisdiction over the sale or exchange of electric power by power plants.

Meanwhile, work is going forward on ordering conversion of industrial plants. Some

6,000 major fuel-burning installations were surveyed. Of these about 1,000 have been

selected as candidates for conversion based on size, fuel consumption, age, environmental

impact, economic feasibility. A technical assessment of each plant is underway including

an on-site visit. Assuming that the new ESECA legislation is passed by January, orders

should go out to a large number of these 1,000 plants by early spring.

The total impact of these orders will depend on the number of plants finally affected.

In all, the 1,000 plants could burn about 75 million tons of coal per year. The utilization

of the plants actually issued orders is Iikely to be only a fraction of this amount, however.

In short, the conversion program is underway. How much additional coal will be burned

as a result is hard to judge. The program could increase coal consumption by as much as

30 to 40 mill ion tons or more. Whether it wi II do so, time wi II te II .
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PANEL DISCUSSION

Moderator: Ernest N. Wolff, MIRL, University of Alaska

Participants: A.W. (Woody) Baker, Golden Valley Electric Association

Irene E. Ryan, Consultant-Geologist, Anchorage, Alaska

William Waugaman, Usibelli Coal Mines, Inc., College, Alaska

Arthur M. Hughes, Federal Energy Administration, Washington, D.C.

Harold H. Galliett, Jr., Gall iett Engineering, Anchorage, Alaska

Moderator: I think you will agree this panel represents a broad spectrum. We

should hear some different viewpoints. Our purpose is to disseminate

information about coal. There really are not any ground rules. We

can ask questions of each other and members of the audience can ask

questions. tv\ost of these people have participated in this symposium

during the past two days. Woody Baker has prepared some remarks

for presentation which he will give now; to be followed by the panel

discussion.
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PLANS FOR POWER GENERATION
GOLDEN VALLEY ELECTRIC ASSOCIATION

A. W. Baker
Golden Valley Electric Association (GVEA)

Fairbanks, Alaska

J am Woody Baker, Production Superintendent of Golden Valley Electri c Association.

As such, I am responsible for the operation of GVEA's production facilities, which include

our "coa l-fired mine-mouth II plant at Healy, and our diesel gas turbine complex here in

Fairbanks.

My background includes 29 years experience in fossil fueled generating complexes both

here and outside. I hold degrees in mechanical engineering from the Georgia Institute of

Technology and am licensed to practi ce th is profession in Alaska. 1 have been asked to make

comments at this Symposium from the viewpoint of a coal consumer, and perhaps, give you

some insight into the how and why we do the things we do as well as some of our future plans

and our reasons for proceeding in this way.

Golden Valley Electric Association is a corporation incorporated in the State of Alaska.

It is owned by its members and is partially financed by the Rural Electrification Administration

in Washington.

Golden Valley serves some 11, 000 consumers in an area which extends from the corner of

McKinley Park in the southwest to Delta Junction in the southeast. Its service area includes

the area surrounding Fairbanks. Golden Valley is intertied with the University of Alaska,

Fairbanks Municipal Utility System (MUS), Ft. Wainwright, Eielson Air Force Base and Ft.

Greely. It regularly wheels power from Ft Wainwright to Ft. Greely and from Eielson Air

Force Base to Murphy Dome. By this, we mean that power produced at Ft. Wainwright utilizes

Golden Valley Electric Association1s transmission system for delivery to Ft. Greely and power

produced at Eielson utilizes Golden Valley Electric Association's system for del ivery to Murphy

Dome.

In addition to this, we have entered into an agreement with the City of Fairbanks to "pool"

reserves. This is, necessary reserve generation is "shared" between the utilities and is called

on by each utility when needed. This means that neither utility has to have complete backup

for its reserve generation to ensure reliability, thus we are able to defer the construction of

generating units until some later date. As a part of this pooling agreement, there is a provision

for the purchase and sale of the excess capacity of either system to the other which we refer

247



to as economic power interchange.

This is the way it works. Say that GVEA reaches a load level that is beyond the capa

bility of the Healy Plant, we would normally bring oil-fired units lion line. II However,

if MUS has coal-fired units on line with capability available, we can use the economic

interchange provision to purchase this energy. This only costs MUS the additional fuel,

and they can terminate the interchange whenever they wish. The cost of the energy to the

purchaser is hal fway between the fuel cost of the economic energy and the fuel cost of the

oil-fired units which would have been used. Thus the seller makes a modest profit and the

buyer spends less than he would have normally. In 1974, on this basis, GVEA bought some

23,000,000 kilowatt hours (KWHs) or 9.3% of its requirement from Fairbanks MUS.

In addition to the pooling agreement with Fairbanks MUS, GVEA has purchase agree

ments with the army and the air force to purchase excess power from those sources. All of

these in comb ination assure maximum ut!l ization of coal-fired interconnected un its.

During calendar year 1974, GVEA produced some 248 million KWHs to supply its consumer

needs. Of this amount, 87.16% was produced by GVEA facilities and 12.840/0 was purchased.

Rearranging these statistics, we find that of this 248 million KWHs, 86.96% was made with

coal and 13.04% was made with oil. In our Healy Generating Station, we managed to use

some 137,000 tons of coal while the coal-fired generation purchased from others amounted

to approximately another 21,000 tons.

In calendar year 1975 we will make approximately 300 million KWHs for our consumers.

Of this, we will make 89% and purchase 11 % • This will break down into 72% from coal and

18% from oil. The reason the oil percentages increase and the coal percentages decrease is

that GVEA has used all of the coal-fired generation at its disposal and must supplement with

oil-fired generation.

This will continue to be the case in the immediate future because in November 1976 GVEA

is bringing on line a 70,000 KW gas turbine generating unit which will use oil as a fuel.

This is in conjunction with the E.C.A. Refinery in North Pole and GVEA will ultimately

purchase it's fuel directly from the refinery.

How did GVEA find itself in this situation; oil shortage in the country, oil prices going

up while we have extensive coal reserves within 120 miles. If you look back to 1969-1970

you will find some of the answers. In those holy days the Trans-Alaska Pipe Line was Ilgo",

just a few permits to obtain and Atlantic Richfield had announced the construction of a re

finery which could produce all of the Interior's petroleum needs and sell its residual oil at
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$2.50/barrel. At that point GVEA initiated a power supply study which indicated that in

1975 GVEA needed to bring on line some 32,000 KWs of generating capability. This was,

of course, based on pipeline impact, which was expected to begin at any time. This study

further indicated that this could be done with either gas turbines in the Fairbanks area, or

with a steam plant addition at Healy. Indicated cost of gas turbines was some $7,000,000

while the indicated cost of a Healy addition was $18,000,000, pi us and additional transmis

sion line at $6,000,000. With $2.50/barrel fuel and a much smaller investment, it seemed

obvious which way to go. We were in the gas turbine business. An additional advantage

was lead time. Only a year was required for gas turbines and approximately three years for

a steam plant. This gave us time to watch load trends and still meet the 1975 target date.

As you know, some four years passed before the pipeline was started. GVEA's load growth

showed modest increases but nothing like the 1970 study indicated. So, GVEA sat tight and

waited developments. In 1974, last year, GVEA initiated another power requirement study.

To begin with, the $2.50/barrel oil is now $9. OO/barrel maybe. Load requirements indicated

a need for a 70,000 KW plant, not 32,000 KW, to be on line in late 1977. Lead time for a

steam plant had changed from three years to five years and there were some rather formidable

environmental considerations to be met. Of course, installation and construction costs had

also increased. Therefore, GVEA committed itself to a 70,000 KW gas turbine, to be on

line in the fall of 1977. This was our only alternative at this point in time. Despite the high

cost of oil and the scarcity of that material, we were more or less forced in that direction.

Then came the winter of 1974-75 - the winter just past. By mid October 1974, the Healy

Plant was loaded at maximum capability and remained at that load until mid April 1975. In

December we reached our all-time hourly peak of 76,000 KW which was broken a week

later, the first week of January by a peak in excess of 71 ,000 KW.

During this period we were purchasing all of the excess coal-fired generation of our

neighbors and making the difference with expensive oil-burning gas turbines and diesels.

Coal costs also increased significantly with the new year. Hence "surcharge" became a dirty

word with our consumers. With the load growth numbers for the year 74-75 now a proven fact

and not theory, we were able to move the 70,000 KW gas turbine planned for 1977 up to 1976.

Thus we will have this additional capacity available in the winter of 1976-77. This still leaves

us with the prob lems of the wi nter 1975-76. In order to meet th is load, we have .our reserve

agreement with the Fairbanks Municipal Utility System, purchases from the Military and two

additional gas turb ine un its to see us through. With the addition of these two new units and
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the reserves we now have, we will have a reliable system for this upcoming winter.

As for our future plans - in November 1976, a 70,000 KW gasturb ine generator at

North Pole, followed by a similar unit in November 1977. Both of these will use oil as

fuel. These are firm installations and we have already committed to them. Beyond that,

Our present load growth information indicates an 80,000 KW unit, probably at Healy in 1983.

This would be coal-fired steam and would call for the use of some 400,000 tons of coal per

year. In addition to this, our planning calls for another 80,000 KW unit at Healy in 1986,

which would push our coal use upward toward 800,000 tons per year.

These two new additions to the Healy plant will cost GVEA some $75, ODD, 000 each in

new capital, plus some $10, 000,000 for a transmission line, which even by 1983 standards,

is not an attractive pri ce to pay for this type of generation. Based on "old" standards, hal f

this amount should suffice. At least 10% of the installed cost will be in pollution-control

hardware so that we might meet the emission standards for both air and water imposed on us

by the Environmental Protection Agency and the Department of Environmental Conservation.

Then there is the cost of coal delivered at the Healy Plant. Since 1970 this very important

operati ng parameter has doub Ied . By 1983 we anti c ipate another addi tiona I 600/0 increase

in price. At any rate, GVEA will within the next year initiate the necessary studies and

decide its future course with respect to future generation.

The other power source, which interests us very much is the Devil's Canyon Hydro Pro

ject. As yet this is still in the idea stage. Should it proceed and become a fact, it would

defin itely infl uence our decision regarding the Healy Plant and coal-fired Steam generation.

That is, if we knew definitely that this power source would be in operation in, say 1987,

we probably would not make the investment at Healy and we would be back in the gas tur

bine business. Rather than make large investments in coal-fired steam plants, we would go

for simple cycle gas-turbines for the immediate loads, which could be utilized as reserve

units to back up future purchases from Devil Canyon. From our present information, this

would produce the least expensive power for GVEA's consumers.

Another benefit which would be derived from Hydro development at Devil's Canyon would

be the fact that Anchorage and Fairbanks could be tied together electrically. This would

mean that large blocks of power could be transmitted between the two population centers of

Alaska with the increase in reliability that such a system would bring. The main reason this

has not been done already is again economics. Transmission lines cost in excess of $100,000

per mile. By simple arithmetic you can see that some $40 million in new investment will
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be required. Of course such an investment would lead toward the development of the power

system the state needs, and probably lead toward much lower power rates in the population

center.

As for the future of coal in this area, present research indicates that this type of coal

could be gasified or processed in some manner to make it more competitive with oil on a use

basis. Lacking this, export of the product in its present form would greatly increase coal

production in the state, and we local people could get the benefits of more efficient pro

duction methods. This of course gets the coal industry into the export business with all of

the I1 red tape II invo Ived •

To summerize, GVEA is at present building large generating units which will use petro

leum as fuel, despite the fact that the country at large is suffering from an oil shortage.

GVEA is doing this because, at decision-making time, this option promised the most power

for the least money_ GVEA will, in the future, construct more coal-fired generation if,

and only if, this type of generation gives promise of meeting their members needs for the

Ieast number of dollars.

We realize, of course, that government and bankers can and will place road blocks in

the way of our idealistic thinking. It seems strange to us that we are in an area so rich in

energy resources and still have to meet the expensive standards imposed upon us by others.
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Waugaman: Gaso line.

Question: Bill, is that little generator of yours fun with gasoline or diesel fuel?

Question: Where are you going to get that?

Waugaman: I told you I have the tank.
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To answer personally, I have a coal burning range in addition to my electric

range.

Could I respond to that question a Iso? In terms of who is to be shut down we

already have an answer. As I mentioned before, natural gas is already being

cut off or curtailed in a great many areas in the country. The Federal Power

Commission has drawn up definite schedules of who doesn't get gas and who

does, and of course, as you know the residential consumers get the gas. The

people that are being cut off are the industrial consumers. Now the situation

is that people are going to lose their jobs, but when they go home they will

still have gas to cook with and to heat their homes. They may not be able to

pay for it but it will be available to them.

Oh yes we have.

Have you got a Iist of who we should shut off fi rst?

As a consumer and as a coal miner I am just sort of wondering what will happen

if we have another embargo, and Uncle Sam back in Washington says, llWe're

not going to burn any more oil in our power plants fella's - shut them down. II

Have you people thought about that?

Comment: It's easy enough to see how this came about but in the future I think we are

going to have to change our way of thinking. Now the amount of oil this plant

is going to use is going to be considerable and the cost of that oil is going to be

considerable, and it is going to be reflected in the electric rates at an increas

ing cost as time goes on. In this case I don't suppose there was much that could

Hughes:

Ryan:

Baker:

Hughes:

Baker:

Waugaman: I don't know about you Woody, but I already have a standby generator big

enough to take care of my requirements. I have a tank that has a Iittl e reserve,

and a coal burner that will take care of the heat, so I'm not worried about

be ing number one on that list.



Federal fuel pol icy

Comparative cost of coal and oil pla'nts

have been done to avoid this, but if the Federal government goes on financing

plants like this without restriction weill just have more of it. Someone has

got to draw the line and say that we will convert to coal in the national

interest.

lid like to make one comment along that line. One of the problems I'm faced

with is that the cost of fuel and the cost of money are just about on the par at

the present moment. Now I go out and build an oil-burning plant for one

quarter of the capital cost of the coal-burning plant; or do I spend four fourths

on a coal-burning plant sO that I can cut my fuel cost by a quarter. This means

to me that the two are just about off-setting. So 11m spending four times as

much on a coal-burning plant to get fuel that costs me a fourth as much or I

spend one fourth that amount on an oil burning plant and use up the other three

fourths buying high priced oil. So as far as the electric bill is concerned it all

comes out just about the same.

Baker:

Waugaman: Actually, I understand exactly the problem you have in trying to make these

decisions. Actually what we really need is a little guidance from Uncle Sam.

The coal industry has been asking for many, many years that our Federal govern

ment establish a fuel policy. I wrote a letter back there to your office Arthur 

a year and a half ago, right after you were organized. I waited about three

months for an answer. It told me exactly nothing. And we still donlt have a

policy. Frankly I sort of feel for these utility companies and people who are

going to spend public money on power plants without some sort of guideline from

our Federal government. Do you happen to know when welre going to get a

fuel pol icy?
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Hughes: Well, I donlt know that you can say there will be one day when you wi II have a

fuel policy. A fuel policy is very complicated and we have been attempting to

establish pieces of it for some time. As you know, we are trying to reduce the

consumption of gasoline for one thing. A great many things have been done
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Ryan:

along those lines. Congress has talked about gasoline taxes, they have talked

about restricting the size of the engines, the weight of the automoviles. We are

hoping that we can get some firm policy on that. But the problem is we have a

government that consists of three branches. We have had a great deal of difficulty

in getting the President's bill through Congress. So I don't think you can look to my

office of Coal and the FEA, or to any specific place to get a firm energy pol icy un

til we get a meeting of minds with the Congress and the Executive Branch. I think

we urgently need this. We have conflicts between our environmental restrictions

and our energy pol icy. We have a great many coal plants today that are burning

coal in violation of existing environmental controls and regulations, but they have to

do it because they cannot shut down -- they have to provide the power. We do not

have firm guidance on that. As I said, we do not have a situation today to give a

guarantee if a coal-fired plant is built it will not be in violation of regulations that

may be issued tomorrow. I think we must have such a situation. We must have a

situation in which the government can give a plant at least a twenty year guarantee

there will not be new regulations after a year or two that will put them out of

business. We have asked the Congress for it. I think maybe we are getting closer

to a meeting of minds, however, when I left Washington, Congress was debating

major energy legislation without any real end in sight. I think we are in a very

di fficult period and it is very difficult to get these answers.

Part of the problem is that generally throughout the U. S., the public is not aware

of an energy crisis as such. We are importing a large part of our oil from foreign

sources. The pri ce of that is holding up the pri ce of local oi I too. However, that

puts us in the position of, as the bankers say, of being unable to plan. We are

buying a sufficient amount of oil from foreign sources that if the bankers extend

credit to convert to coal or to build a coal plant (whi ch must be amortized over

a long period of time) and the oil exporting nations suddenly drop the price of oil

for their own convenience then the utility company is faced with public clamor.

Like "why in the hell are you running on this expensive coal when you can

get cheap oil imported?" Then the bankers would be left holding the bag.

Somewhere there has to be public understanding of the fact that there is a
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different time period in planning, construction, return of your money and in cash

flow for coal development as compared with petroleum. And also efficiency of

use of these different types of energy. For instance, I have heard all sorts of

arguments about how it is more efficient to use public transportation rather than

private transportation. But I cannot see the advantage of a bus that has two

people in it. If the bus were operating at capacity, then yes, you do get an advan

tage. Also, some of the efforts to conserve by adopting rules and regulations are

based on incomplete knowledge. Rather than looking at the whole problem and

analyzing it from start to finish before adopting pollution control measures, agen

cies have responded to suggestions made by well meaning, narrowly knowledgeable

people.

Baker: I have a question I want to ask our bureaucrat. The actual time for the construction

of a coal-fired steam electric generating plant is somewhere between two to two and

one-hal f years. The other two to two and one-hal f years is spent in the ball of red

tape to get the permission to build it. So it strikes me that some sort of shortening

up in that procedure could be made. Also, with respect to the idea of building coal

fired generating plants, and not being able to use oil in them should the price of

oil (as we all hope) drops - well you can. My plant down at Healy, with very

little modification, can burn pulverized coal now. But we can burn fuel oil or

even natural gas should it become expedient to do so with very little modifi cation.

Red tape in the energy field

Hughes: Well I certainly realize that red tape is one of the most serious problems we face

in the energy field. I was head of a task force this summer that looked into the

problems of the electric utilities across the country that were delayed in the

process of construction. We went after some 274 major electric util ities whose

plants have either been cancelled or delayed to see what the problems were.

Of course we found that the temporary slowdown in demand and financing were

the chief sources of cancellations. But other problems were just what you cite •••

delays. And the delays appall me, that it does take two years to get approval. We

heard this morning a discussion of how long it took the Federal Power Commission to

review the EI Paso Natural Gas Synthetic Gas Plant - a matter of having first
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Question: It is becoming obvious that we have a lot of coal except it is also becoming

obvious to me that we can't afford to burn it ourselves - from what we heard from

Woody. If Alaska is a storehouse of energy for the U. S. and perhaps the world

on the Pacific rim, we are going to have to export that in some form. I would

like to hear what some of the members ideas are,particularly Irene. I have heard

some talk of producing nuclear energy, say in the Anchorage area, by using coal

as a primary fuel. I wonder if you could discuss this for a little bit. I do not

understand very much about it but I have been told that we have everything:

an isolated area, water, coal, and we've got water transportation.

Ryan:

applied for it in 1972, and he hasn't a decision yet, and it is 1975. We can also

look into the nuclear regulatory field where we take a great deal of time to re

view these applications, and the environmental impact statements take a long

time. We have a wh ole new approach to environmental problems in the past

five years, and often involves litigation. We are involved in tremendous red

tape from both the inside and the outside. I have no answer for it. It is a major

problem. I know that half the time spent in the planning or construction of

either coal or nuclear plants is spent in regulatory delays. All I can do is admit

it and say that I wish something could be done about it.

Nuclear energy from coat

Well, I first became familiar with the proposition when it was discussed by the

Western States Nuclear Compact at the time that the U.s. was interested in

extending the Japanese an opportunity to invest in an enrichment plant some

where in the U. S. Uranium as mined is not rich enough to use as a fuel and it

has to run through a process in which it is enriched. This process requires a

tremendous amount of cool ing water and electrical energy. It is however,

energy-saving in the end; in the ratio of energy you finally get from the en

riched uranium. The quantity of uranium for the enrichment process is relatively

small, both that which is shipped in and what is shipped out. When the idea was

first discussed, the area of the North slope came under study, utilizing gas or oil

for the energy needed for the enrichment process. The plant does not have to be

in a remote area, however, it does require a tremendous amount of energy.
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Transportation

Wol ff: Who wou Id care to take that. Irene?

Wolff: Mr. Galliett, would you care to comment on that?

And it may be that one of the reasons why a plant using this diffusion process has

not secured final approval is that there is the possibility of using a different method

for enrichment, one which does not require so much energy. Of course, when

ever in the past Alaska has come up for consideration nationally for the utiliza

tion and development of her fuels whether for transportation or in the form of

finished products, Alaskans have always been behind the eight ball. If govern

ment participation is required, other states who have stronger representation in

Congress succeed in diverting the needed funds. When this kind of money is being

spent we just haven't had the political pressure to make sure that it would be spent

here. Whether or not such an uranium enrichment plant is ever built in Alaska

would depend upon a vigorous effort by Alaskans to go after it at both the Federa I

and State level, together with making welcoming contacts with the country or firm

or whoever would put up the capital for it.

Question: What transportation developments do we predict or do we think are desirable?

Wolff: Thank you Irene. Are there any questions from the audience on this subject or any

subject discussed sO far?

Ryan: Now you are discussing one of my favorite sub jects. We have energy resources

in the north, both coal and petroleum. Furthermore, development of port

facilities is very difficult in the Arctic Ocean area with its shallow shores, so

you cannot transport material in bulk. It has always seemed logical to me that

the Alaska railroad should be extended to the north for this purpose. Also exten

sion should be made into the one or two locations along the Bering Sea where it

is possible to have a deep water port and almost year round transportation. If such

extensions of the railroad are built to handle Alaskan products in bulk, the power

util ized by the railroad should be derived from coal.
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Galliett: Yes. Thank you very much. The developments in transportation of natural

resources seem aimed first at getting this coal that we have discussed during

this meeting to a place where many people Iive and need that coal for energy.

Now we have 350,000 people -- approaching 400,000. The western states

might have a total population of 20 million to 30 million people. Some of

those people would be within easy reach of the coal in the Rocky Mountain

area, but some on the western coast would not. It seems to me that the first

order of business in our transportation of natural resources is to sol ve those

problems. I don't think they are so great from what I've heard at this meeting-

of moving coal to the west coast and burning it there to replace the large quant

ities of residual fuels that are now being used by power plants. I will throw out

my idea of how this might be done most economically. I've heard a number of

other gentlemen in this audience come up with similar conclusions of their own.

I believe we will be shipping our coal in the form of a slurry, of one form or

another. PersonJ lIy, I feel that maybe a methanol fuel slurry might be the

best answer, methanol fuel being derived from our coal. Because of the cost

of small vessels I think we need to ship this coal product in the largest possible

vessels. I made a study of port locations in the state and I find that we have a

very restri cted range of cho ice. For exampl e, if we run heavy coa I trai ns

through Anchorage I think we are going to have the people of Anchorage in

revolt over the noise, the horns, the hazard, the rumbling and the vibration.

We need to look for a different port on Cook Inlet that does not involve railroad

traffi c through Anchorage or at Ieast not the heavy traffi c. There exists such a

location, but apparently our Governor seems to be bent on giving it to the Cook

Inlet Native Association. I bel ieve that from such a port we could ship this

coal as a slurry, sending it through a pipeline, subaqueous tunnel type to single

point moorings. The vessels could line up with the flow of ice pans and the tidal

currents. The depths are adequate, we need wire drag surveys, the cI earances

are excellent, the approaches are good, the currents are swift. At the far end

I see aga in the movement of a sl urry to tanks and very probab Iy the burn ing in

existing plants with a minimum of conversion. Now it is true that some of these

oil and gas designed oilers might not produce quite as much steam if fired with

this fuel. I don't know. Tests are not available to me at this time. However,
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derating is a possib iI ity. Modifications such as precipitators to remove the fly

ash would be necessary. But this is an enormous market. Once the coal in

this form is produced and made available to moorings where large vessels can

load quickly by pumping, the market extends itself to anyplace where those

vessels can off-load. There are a number of those such places in the Pacific

basin. The potential for export is considerable if that is the goal. Now there

are some other uses besides nucl ear enri chment that suggest themse Ives to a

person who gets invol ved with gas Iines and oil Iines and so on. For example,

one is -- just for example, I am not saying that it is the most practi cal -- the

EI Paso folks are planning on putting in a gas liquefaction plant. They have

told me that 80/0 of the gas going down the pipeline from Prudhoe Bay will be

used just to run the liquefaction equipm ent. Now there are genera Ily two types

of drives for the compressors. The high rpm compressors in these plants are gas

turb ines and steam turb ines. Steam turb ines use steam whi ch can be generated

with coal. At some point in the arguement between EI Paso and Arctic Gas,

the question is going to be asked, "Why are you using gas which could be ex

ported to a needful market to fire these compressors when you might be using

coal which could be made available to you in Alaska?" I am sure that I am not

the only one who has considered this and I am sure this question will be brought

up and it may even be decisive. Such a conversion from gas to coal would re

sult in approximately a 1()olo increase in the amount of gas exported to the

Southern California area. More gas would be saved in that manner for a needful

market than is proposed to be generated in EI Paso's coal plant in the Four Corn

ers Area. The Expense would merely be converting to the use of Alaska coal to

power their liquefaction plant.

There are other possibilities of a similar nature. Most'engineers are probably

wondering what is happening to all of the fertilizer plants in the u.S. that are,

or were, running on natural gas when there are great shortages. Some conver

sions are due. Whether we will have some of those industries here using coal

as a raw material is a very big question, but it is possib Ie. As far a transporta

tion to move more remote resources (such as coal fields inland rather than the

Beluga Field or the Susitna Field coa, for example) I agree absolutely with

Irene Ryan that the Alaska Railroad need s to be rebuilt and extended. 1 have
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talked around the state in favor of this and I believe it will happen in time.

Such a railroad might be powered by coal, electrified and powered by coal,

or it might be run by the Devil's Canyon hydro power. Whether or not elec

trification would be economical is related somewhat to the question of whether

we want to use electricity to run heavy trains. The power in the electrical

locomotives is considerably greater, and there is some advantage at least to

the electrification. The estimated cost of freight over such a railroad would be

Iess than ha If (in my estimation anyway) over what it is today but that is pre

dicted on a very large tonnage haul. In my opinion railroad improvement is

only practical if someone can come up with a very large tonnage and a regular

tonnage.

Devil's Canyon hydroelectric project

Ryan: No comment. Mr. Gall iett has ana Iyzed some of the trade-offs. Of course

it is easy to dream about them. You have to get your slide rules out and run

through costs before you can actually make a decision as to whi ch trade-off is to

the advantage of Alaskans. In spite of the fact that right now the state has an

available oil and gas resource to develop and to use ourselves, and a coal re

source to be developed, I still think it is very very important, from a selfish

point as an Alaskan, to get Devil's Canyon also. In the long run Devil's Canyon

hydro development is going to furnish us with firm power and it is going to mean

more to the total balance in energy use and in the development of these other re

sources than anyone other thing that I can th ink of.

Wolff: Any comments and questions from the audience?

Question: What effect will native land claims have on development?

Answer: I think there is an issue in that point that is not so much related to development

as it is to the pol iti cal matter of whether or not 800/0 of the people of this state

are going to enjoy the royalties from that coal development or whether a small

native group is going to enjoy that exclusive right. That is what it boils down

to. It is a political matter. Gentlemen in the oil industry have expressed con

cern about native contracts in the "Iower 48" and their shaky nature. But I

rather doubt that the present leases would be affected very much. I th ink that.
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the companies would be able to proceed with exploration, leasing and development.

Baker: Don't worry. We won't throw out the Healy plants. Next year this time we wi II

be facing the dilemma of deciding just which direction we should proceed in.

By 10980, unless someone has given us some pretty firm guarantees that Devil's

Canyon will be on line, say by 1987, we'll be in the coal-fired business in

Baker: The last calendar year the plant was on approximately 93% of the time. We

were off for 7% , and less than 1% of that was a forced outage. The rest of

the time it was scheduled. During that time period we made about 185 million

kilowatt hours of energy out of it and that is a load factor of something like

80 to 85%
• So it is a pretty rei iab Ie plant.

Ryan: I think Alaskans are probably spoiled by the amount of royalty and taxes the

State is getting from oil and gas. We must realize that with the development of

coal and our other mineral resources we cannot expect to take as large a slice

as we have from oil and gas and remain competitive. In other words, I am afraid

we are going to have a choice of taking less or having nothing.
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GVEA reliability

Waugaman: First Woody, I would Iike to say I enjoyed your paper and I hope I can have a

copy of it for my office and I will certainly make use of it in my studies. I would

Iike to point out, Woody, that you have plans for coal-fired plants in Healy.

hope you won't throw them away. As we see it, in the last decade I think

Alaska's energy should be on an all electric basis. Perhaps it would be a mixture

of hydro and coal, with a possible fusion of nuc_lear later on. Now as far as

continuing to see that these projects get off the ground, I am concerned as to

where our next hydro project is coming from. When the Devil's Canyon project

is settled we have no plans for another hydro project. Harold was tell ing me

before Iunch that he was concerned about the fact that some of these smaller

hydro plants are being reconsidered and turned back. They are not economi cal

from the federal standpoint. Down in southeast Alaska, the communities could

get together and then do something about supporting the programs themselves.

If they could get financing it might be more reasonable than federal projects in

that field.
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Baker: I'm not. I've seen the cost numbers.

Question: What about deriving other fuels from coal?

Healy for real - whether Devil's Canyon comes on or not.

Baker: Where can I get some 15 1/2 mill power? I'd lower the rates if I could find it.

262

Deriving other fuels from coal

Ryan: Well I understand we can get methanol and imported gas from Saudia Arab ia

and the Mediterranean rim so much cheaper for a while yet.

Answer: Liquefied gas still coming in on the East coast is running around $2.50.

Answer: Yes, that is right.

Ryan: How about methanol?

Ryan: I'd like to pose a question in that connection. Are not most of these industrial

processes also very capital intensive?

Comment: Out of the Fossil Energy Office in Washington there are several contracts with

compan ies to see what can be done with the Iiquid fuel you can derive from coal

through various processes.

Answer: Well, the Germans I believe, could be said to have pioneered this field. If

I remember correctly, we extended quite a few lives during World War II to

knock out a German synthetic fields plants. You can derive most of the things

from coal that we get more cheaply from oil and from gas and from various gas

factions. Now I think you are going to find that these would be high-pri ced

products, and I bel ieve that some of the experts that have practiced in this

field (such as Leo Smith here) might be able to tell you why we still continue

to use gas or gas factions for this manufacture. But many of the plastics or

most of the synthetics can be made from oil or coal.

Comment: Based on the '75 rates, Devil's Canyon will be somewhere in the area of 20

mills.

Comment: I'd like to say that I get nervous every time I hear about hydro coming on line

and causing a drop in rates. Don't look for that.
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Economics of transportation

Micro-wave transmission of power

Answer: Well, for instance, Iran.

Which will be invading our markets also.

Well I mean the methanol being made in these countries.Ryan:

Answer: The big problem is that all the equipment involved with micro-wave transmission

has not been invented yet. At the present time for extreme long distance trans

mission of electric power DC transmission lines seem to hold the most promise.

At least in my mind it would be feasible (if enough power were available) to

transmit it by DC transmission lines between here and the Pacific Northwest.

Again, only if someone had the capital and wanted to invest in the equipment

necessary to do it. It would have a pretty staggering cost.

That was covered - if you will dust off your books - in the Yukon Power study,

in which it was listed as one of the alternate ways of marketing a tremendous

amount of power that would be generated if Rampart were built. The corps of

engineers has facts and figures. Of course the money would have to be adjusted

to today's dollars. The North Slope coals would of course be a greater distance 

but I think if you got your pencil out and did some real figuring it might be more

economical to transfer the energy in the form of hydrogen, which you can trans

port as a liquid. Generate the hydrogen at the mine-mouth, coal fired electric

generating facility.

Question: What about electri cal energy being transmitted from Alaska to the "lower 48"

by means of micro-wave transmission?

Answer: Well who is making methanol?

Ryan:

Ryan:

Question: What about the economics of transportation over the long range?

Answer: I think the gentleman has a very good point about taking the long view. We

actually only have a toehold in this country, with 350,000 people in a state

with 586,000 square miles. There is a very strict limit to what we can do or
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will do in this generation. But looking back, we used to get boat mail in the

Hawaiian Islands, and then the first China Clipper came through, and since that

time the world has gotten smaller, and smaller and smaller. Some of these

problems and changes are of significance for some kind of a national intelli

gence agency that deals in long range economics. The problem of transporting

what we have to a needful market is a Iittle more immediate. It probably does

not permit us to go to the North Slope in any fashion today except for something

as valuable as oil or gas. The gentleman that gave the paper on the Black

Mexico pipe line has an interesting chart which has also appeared in the Oil

and Gas Journal showing the relative cost of ultra-high-voltage electric trans

mission versus slurry pipe lines versus unit train rail transportation. I worked

out something similar for an improved Alaska railroad hauling oil, versus the

pipe line moving oil to tidewater. It indicated similar results -- that inflation

factors definitely affect the economics of rail transportation, whereas it has

very Iittle to do with the pipe line transportation. But I would say at the present

time, from what I can see, the economics of our coal will pretty much be con

fined to the rail belt, or coal-mining operation on lands that are very close to

deep water (and probab Iy lands that are very close to ice-free deep water).

Wolff: I am going to give the microphone to Mr. Hughes who wants to summarize the

ideas which he has put forth at this symposium.

A bright future for Alaskan coal

Hughes: Well thank you. It is not really what I have put forward but what I have gotten

out of this conference. Since this may be my last chance at the microphone I would

Iike to use it to say how impressed I am. As you know, I am not an Alaskan or

anyth ing. I am a card-carrying bureaucrat, and I have been that for twenty-

five years and I'll probably be that until I die. But I am very impressed with

what I have seen here: the friendly attitude of the people I have met; the enthus

iasm of the people here for their state, and for their resources here - the terrific

resources here. I have learned a great deal. I am going back with a feeling that

there is an awful lot that can be done in the Cook Inlet, that we should not over

look it. That the Bel uga Field is something that we should be thinking about,
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especially about how we can help move it along. I think this idea about floating

coal plants is very exciting and intriguing and I think the possibility of develop

ing increased exports from this area is something that we have got to start looking

into. This coal oil slurry from this area sounds tailor-made for what we have got

here.

I am impressed by the oHi cials from the State government here. A lot of State

governments are difficult to work with. From what I see the State government

officials here are a very knowledgeable group and enthusiastic, and that is

going to be a great help in the development of this state. I have been

impressed by the speakers I have heard and by the people I met in the audience.

So my feel ing is that the people of Alaska will keep up the momentum they

have started wi th th is conference. It is a terrific idea to have this conference.

There are many important people here who have seen what is going on. I know

that the future of coal in Alaska is a very, very bright one, and I just hope that

you can keep it goi ng from here. Thank you.

Wolff: Well after that I do not believe that there is anything to add. We certainly

appreciate what you have said and we hope that Alaska does Iive up to what

we a" hope for.
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DEVELOPMENT OF ALASKAN COALS - A CHALLENGE

Keynote Address
Hugh J. Matheson
Placer Amex Inc.

We are gathered here tonight to consider the possibility of exporting coal to

other parts of the world. Large scale development of Alaskan coal has been an unful filled

dream for longer than most people realize. In fact, the earliest beginnings of an Alaskan

mining industry are devoted to a search for coal.

In 1849, Peter Doroshin, a graduate of the Imperial Mining School at St.

Petersburg was sent to Alaska to investigate its mineral resources. During his four year

reconnaissance he visited many of the coal occurrences along the Pacific Coast. Upon

his recommendation, a coal mine was opened at Port Graham near Seldovia.

The operation was surprisingly multinational. American made equipment was

employed by imported German miners~ At one point 131 men were employed, although the

mine had a daily output of only 30 to 35 tons. This was intended to be an export facility

with the coal being sent to San Francisco to supply the booming gold-rush city. Alaskan

coal was being marketed in competition with the higher rank coals from the east coast of

Vancouver Island. The venture eventually was a financial failure. Doroshin turned his

attention to gold. He was successful in locating a placer deposit on the Russian River and

sluiced several ounces--the first recorded gold production from Alaska.

Is anything new under the sun?

A good deal of the early American attempts at developing Alaska and its re

sources was intimately tied to exploiting coal resources. Congress first seriously recognized

the importance of investigating the mineral resources of Alaska in 1895. A small appropria

tion allowed the Geological Survey to send their first party north. Dr. W. H. Doll studied

the coal deposits of the coast. The AAatanuska Valley was first traversed by Military

Expedition #3 under Capt. Edwin Glenn. W. C. N\endenhall, as the expedition geologist,

traversed the north shore of Prince Will iam Sound from Resurrection Bay to tre head of

Turnagain Arm, up Knik Arm, through the AAatanuska. Then the expedition continued a

cross the Copper River plateau to the Tanana.

The Beluga-Yenta coal was noted by Spurr and Eldridge in 1898 and 1900

The most complete early work on Alaskan coals was performed by George C. AAartin. He
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examined and mapped the Bering Field in 1903 and the tv'K:Itanuska Field in 1905, preparing

a surprisingly accurate appraisal, considering the time.

Early optimists, developers, and promoters suggested in earnest in 1900 that Alask

long imprisoned wealth only required an outlet to the sea. Eleven companies has made

filings for railroad routs by 1899. These early promoters envisioned Vanderbilt fortunes tied

to railroad development. Access to Alaska's coal was universally thought to be a guarantee

of success. Indeed, a private company commenced construction from Seward in 1903 with

the goal of reaching the tVotanuska Valley. The abortive attempt by private capital to com

plete the line was eventually renewed by the Federal government culminating in our present

Alaska Railroad.

The first successful coal mine

The beginnings of the first long term successful coal mining venture occurred at

the tVotanuska field in January in 1917. Coal was sledded three miles to Sutton at a rate of

35 tons per day.

One must give pause after reviewing our Alaskan mineral development history.

Somehow, our pipeline proiects don't appear quite as awesome when one considers what

man has done in the past, virtually with bare hands.

Although large scale development of Alaskan coal has been an unfulfilled dream

for at least 125 years, I think all of us believe,l1ow, is the moment for maior development.

We all recognize that the energy crisis is real. OPEC is here to stay. There is no easy solution

to energy needs and the United States is dedicated to a program of self-sufficiency. In 1973

our domestic energy demand was 36 mill ion barrels per day (BPD) oil equivalent. Latest pro

iections indicate a 1985 demand of 58 million barrels unrestrained, or 51 million barrels with

conservation.
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To meet the 1985 demand with domestic energy supplies our economy would have

Increase nuclear energy to one-third of the total electrical capacity.

Increase domesti c oil and gas production by 25°,.'0.

Double coal production.

To DO~LE coal, we must typically:

Develop 140 new 2 mill ion TPY undetground mines.

Develop 30 new 2 million TPY surface mines.

Develop 100 new 5 million TPY surface mines.
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We are also faced with preparation of environmental impact statements, re

clamation plans, permits, maintaining contact with scores of State and Federal agencies.

I find more and more of my energy expended on nonproductive man-made

problems--abstract arguments, and I wonder if you, too, are not experiencing the same

dilemna? The change in my lifetime in the nonproductive work seen around me has in

creased by orders of magnitude.

Today, however, the engineering problems are rapidly becoming the easy part

of the task. First one must weave through an incredible tangle of land ownership problems.

(In the case of my own company, did you know that last week the State proposed giving

our leases to the Cook Inlet Region, Inc. and we were asked to comment? Do you real ize

the time that now must ~e spent on legal implications, procedures, research? For what

purpose?

Surmounti ng Alaska's prob lems

Nevertheless, I believe the physical problems are surmountable and markets do

exist. Fifty years ago, with a comparable market situation, the pioneer Alaskan would

have somehow started mining, brought the coal to the beach with sleds, and barged the

product to a customer. Remember that Dorosh in, 125 years ago was defeated because the

coal was of lower rank than Vancouver Island's deposits--not because he couldn't mine the

coal.
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It is interesting to note that the estimated capital requirements for doubling

coal production is 60 billion dollars per year. This figure can be compared to the current

total energy industry capital requirement of 30 billion dollars per year and the total 1970

industrial plant investment for all purposes of 100 billion dollars.

The U. S. has a truly awesome task---even to approach the goal set for us.

Realistically, I cannot imagine the task being accomplished. Nevertheless, with those kinds

of problems facing us; the development of Alaskan coals is virtually a certainty.

Our large deposits are not without problems, as our speakers of the last two days

have noted. The accessible deposits tend to be of low rank. Southcentral Alaska lacks a

port and construction is complicated by difficult tides. The weather is adverse throughout

the State. Labor is costly and in short supply. Lead times are long for large proiects-

power plants, require approximately 8 years in today's economics. A large Alaskan

development needs a particular plant to form the market and tf-a t plant is not yet built.
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It is obvious any healthy society can subsidize~ of its members. Even in

simple societies, the young are cared for through adolescence and most subsidize the elderly.

It is equally obvious that no society can subsidize everything. Part of society must be

suffic iently strong to support the nonproductive portion.

The sticking point

Somewhere in this balance of productive-nonproductive members of society, we

have what the iournalist Vermont Royster has labelled "THE STICKING POINT", the point

where the burden of subsidizing too much becomes too great a burden for the remaining

members of society. In our complex industrial world, thousands of diverse activities per

formed by millions of indivduals obscures a clean view of that point. It is indeed obscure

to assess the eventual effect of any single action. Our intellectuals and politicians have

forgotten the sticking point. I wonder if some ever realized it eJ<ists.

I can assure you there is a sticking point. New York has found it. Great

Britain has found it. How close are we in the United States as a whole? How close is Alaska?

Within the last decade, intellectuals (particularly in America) have popularized

a disillusionment with progress. The widely espou-s~d limits to growth concept, has made it

popular to block industrial expansion at every turn. A large segment of the American public

has "bought" the concept that we are rapidly depleting the earth's food, energy and mineral

resources and that further industrial ization hastens our demise.

I accept the thesis that mankind has resource problems--the population explosion

is a threat to survival, if left unchecked. Real growth problems do exist, but I am not at all

convinced the preservationist has God on his side. Quite the contrary, I believe a bleak and

dismal future is a certainty for mankind, if the preservationist has his way.

Solving the resource crisis

Let me try to explain why I am optimistic man can solve the resource crisis.

believe many mineral deposits have a transient val ue for our society. Thus there is a specific

time interval during which any specific resource is economic. For example, the traditional

prospector looked for narrow high-grade veins. Labor intensive hand methods could treat this

resource at a profit. The identical deposit today has no val ue. Technology has allowed man

to process larger tonnage lower grade deposits with much less physical effor t.

The copper industry is an obvious example--now we look for disseminated

porphyry deposits and consider the narrow high-grade vein deposits to be of no interest. This

"transition" is continuing. I would be willing to speculate that within our lifetime substantial
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outboard motors be used?", "Is this a canoe area?"

Are there not larger issues we should be concerned about? Is this not el itism

and selfishness of the highest order? In the long run, is this not fantasy?

And I bel ieve that is true only if we technocrats continue to produce, develop and

prudently expand our industrial base.

Let me digress for a moment and playa number game. The land mass of the world

is approximately 54 million square miles. At the present time (1975) we have approximately

8.6 acres of land area (including Antarctic) for each human being on earth. Population

projections prepared by the United Nations suggest 2175 world population at a stable level

of 15 billion. In 200 years, then, there will be approximately 1.7 acres for each human being. •

Alaska now has about I, 100 acres per capita. If the world was evenly distributed, Alaska would

support 43 million people now and would have 163 million people by 2175.

In the face of these simple statistics, I find it incredible that AlaskaSls C'Jn spend

so much of their time arguing about how many tens of millions of acres are to be locked up for

all time. Arguments about "Should float planes be allowed to land on these lakes?", nean

In my opinion," limits to growth II concept presents an entirely erroneo~s view

of the world based upon the obvious fallacy of extrapolating isolated growth patterns to

infinity. You may recall the old "saw" wherein a statistician (scientist?) at the turn of

the century made a mathematically sound analysis regarding the increased horsepower re

quirements for the next few decades. He was able to "prove" conclusively that the United

States would be 75 feet deep in horse manure by 1975. The extrapolation was accurate--

he simply failed to take into consideration the internal combustion engine and the automobile.

I do not mean to imply that consideration for the environment can be neglected.

The mining industry, for example, should not repeat the excesses of yesterday's coal miners

in Appalachia. We must be aware of potentially catastrophic events. But I firmly believe

that if man remains prudent, flexible and alert, if technology is wisely used, mankind can

achieve abolition of worldwide poverty and there will be a higher quality of life to all, and

our children do have a future to look forward to.

amounts of copper will be extracted by high pressure leach processes "in situ" and deeply

buried deposits will become the attractive exploration target.

And in 100 years? Likely trace amounts from the ocean will be economically

concentrated. Who knows?
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Land withdrawals

Just for a moment let me touch on the subiect of public land withdrawals a bit

more specifically as it relates to the mining industry. This story is likely "old hat" to most

of you considering the prominent part it has played in Alaskan politics, but bear with me, it

is worth repeating.

The 50 United States comprise 2.264 x 1rf acres. As of 1964 we had 1.74 x 1rf
acres of public land a\Qilable for mining exclusive of withdrawal areas. That is 690k of the

total land area was theoretically accessible to the mineral industry. By 1968, various

withdrawals had reduced accessible public lands to 54.90/0 of the total land area. By 1974,

further withdrawals reduced accessible lands to 20.6% of the total area and the process is

continuing .

I do not bel ieve this has occurred due to a deliberate conspiracy, but rather

the cumulative effect of thousands of individual withdrawal actions, each resulting from

separate pressure group activities. No one in our Federal government has the foresight to

assess the cumulative effect. No one considered the "Sticking Point. II

I would like to recommend an excellent summary of the public land question

published in the September 1975 issue of MINING CONGRESS JOURNAL, entitled "Is Our

Account Overdrawn?" It should give you heart to learn the article was written by two very

perceptive Department of Interior e-;lployees--Gary Bennethum and L. Courtland Lee.

Let me attempt to bring this talk to a close. What can we do as individuals?

How can we turn this world around? Let me suggest beginning with a simple program. Each

of us should attempt to influence iust one educator to understand the mining industry and

mineral resource problems. It is the teacher, particularly at secondary and undergraduate

levels, that forms the attitudes of next generations. t-Aeet a teacher socially and work on

him. Tell him about the "sticking point". Tell him about land withdrawal problems. Tell

him about land reclamation. Explain the multiple use concept. Convince lust~ teacher

that prudent development offers a bright future for mankind.

Thank you for your attention.
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