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This slide presentation is intended for non-technical audiences. A more
technlcal orientation can be achieved with a moderate adjustment of the basic
format, and addition or subtraction of slides according to need. Additional
coal slides are available Iin the coal-slide library, ADGGS Coalfield Investiga-

tions Section, Fairbanks, Alaska.
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ALASKA COAL
SLIDE SHOW PRE-TALK

I'm here to talk to you about Alaska's coal resources. Most of what I've been
doing over the lagt 7 years has to do with Alaska's coal. That is the branch

of geologic studies that I have chosen for my career,

At the moment, and for the last 4 years off-and-on, 1've worked for the State
of Alaska Division of Geological and Geophysical Surveys. One of our jobs at
the gtate survey is to locate, map and assess mineral and fuel resources in

the state. Coal 1s a fuel resource.

Much of my work with the state survey has been with assessment of the coal
resources of Northwest Alaska. That area 13 roughly right through here. (MAP)
In addition to that work, I have visited coal locations Here - at chicken, at
Rampart..briefly,.Here, above Galena and on down the Yukon to below Kaltag,
Here - on the Kernal Peningula, the Little Tonzona field, Here - at Preacher
Creek, and Broad Pass - The Nenana fileld, and Cape Dyer on the Lisburne Penin-

sula,

The slides that 1'11 show you soon are a collection of State Geological Survey
slides, and some donated by colleagues of mine. I have pictures from most of

the coal locations in Alaska,

[f you will look at this map of Alaska, you willl see several colored areas,
These represent known coalfields and occurrences in the state. Compared to
this huge area, those blobs and dots might not be too impressive, but let's

look at some figures:

You have several handouts there. One of them 1is the State Geological Survey
Circular No. 17, "Coal Resources of Alaska"., The other, "The Coal Op-
tion..energy for Alaska's future" is put out by an organization of Alaskan coal
developers call C.0.A.L. Both contain interesting basic information about our

coal regources and thelr uses.
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In I.C. 17, on page 4, you will see that coal resources of Alaska, baged on

known coal and estimated tonnage amounts to over 5% trillion short tons.

Alaska contains half as much coal as the total lower 48. (P.1l, I.C. 17).

Before going on, I want to give you a brief rundown of some of the most common

terms ugsed in discussing coal in Alasgka:

Bone Coal: Impure coal containing a high percentage of clay or other

fine-grained mineral matter,

Coal Bed: All the coal, including parctings, lying between roof rock and floor
rock,

Coal Seam: Sometimes used instead of coal bed. Not an officially recognized
term, but commonly used anyhow. In common usage, 1t can either mean a very
thin coal bed, or one or more of the coal portions of a bed containing part-

ings.

Parting: A layer of non-coal material, such as clay or sandstone, or shale,

that occurs within a coal bed, and does not exceed the width of cthe coal lying

above or below 1it.

Hanging Wall: That portion of the enclosing rock units that is in direct

contact with the top of the coal bed. (roof rock)

Footwall: That portion of the enclosing rock units that is in direct contact

with the bottom of the coal bed. (floor rock)

Other terms that are unfamiliar may come up as we go along, so i{f T use a term
that you are not familiar with, don't hesi{tate to ask me what it means. Tt's
hard to remember sometimes that what might be an everyday term for me might be

meaningless to someone else.

For a complete glossary of terms, I am giving you this handout., (Glossary

section from Coal Resource Classification of the U.S. Geological Survey,

Geological Survey Circular 891.
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Now, the next thing that [ want to explain is the relationship between the rank

of a particular coal and icts age. With a few exceptions, which I will talk

about as individual cases later, the rank or heating valve of a coal depends on

how old it 1s. The older the coal, generally speaking, the greater it's
heating value will be. Look through your handouts for the one that says "Types
of Coal'". The last page has a geo~time scale. Look at your time scale. Most

Alaskan coals are either of Cretaceous age, or Tertlary age.

The largest of these are:

1) Northern Alaska
2} The Cook Inlet - Susitna Lowlands, and

3) the Nenana Trend...which includes Jarvis Creek and the Little Tonzona

River coal.

Coking and Metalurgical grades of coal are found in certain seams 1in the

Lisburne Peninsula field, che Northern field, the Nulato field, the Bering

River field, the Matanuska fleld and the Herendeen Bay field.

There have been studies 1n the past, and recently, regarding some of the

potential uses for Alaska's coal. Some of them are for products such as

briquettes, synthetic fuels, amonium sulfate (fertilizer), light oils and tar,

and coke. Other studies have looked at the use of some coal deposits as fuel

sourcesg for villages,.,.and for export to Pacific Rim nations such as Korea,

Japan and Taiwan.

The energy equivalent of the known coal in Alaska 1s many orders of magnitude
greater than all of the oil that can ever be recovered from Prudhoe Bay.
Alaska's coal resources are the equivalent of between 7 and 20 trillion barrels

of oil...which equals 700 to 2000 oilfields the size of Prudhoe Bay.

Rank..this 13 a classification system of coal based on it's heating value, or

British Thermal units per pound, - based on its dry, mineral matter free heat

value, fixed carbon percentage and volatile matter compomnent.
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BTU = British Thermal Unit: A BTU is the amount of heat required to raise the

temperature of one pound of water one degree farenheit, at or near its point of

wmaximum demsity at 39.)°F,

Coal: A readily combustible rock containing more than 50% by weight and more

than 70% by volume of carbonaceous material, including water.

Coal Rank Classifications

Lignite: BTU Range from less than 6,300 BTU/1b ro 6,300 BTU/lb for Lignite
"B", and from 6,300 BTU to 8,300 BTU/1b for lignite "A".

8,300 BTU/1b to 11,500 BTU/1b.)

Subbituminous "C" = 8,300 BTU/1b to 9,500 BTU/1b

Subbituminous "B" 9,500 BTU/1lb to 10,500 BTU/Lb

Subbituminous '"A" 10,500 BTU/1b teo 11,500 BTU/1b

Subbituminous: (Range

i

Bituminous:

Bituminous "C", (high volatile) 211,500 <13,000, commonly agglomerating
210,500 <11,500, agglomerating

Bituminous "B", (high volacile) 13,000 - 14,000, commonly agglomerating
Bituminous "A"”, (high volatile) 14,000 and above, commonly agglomerating
Bituminous (Medium volatile) >14,000 BTU/1b F.C.%Z 269%
Bituminous (Low volatile) >14,000 BTU/1b F.C.7% 278%

Semi Anthracite: (non agglomerating) F.C.% 286%

Anthracite: (non agglomerating) F.C.2% 2927%
Meta-Anthracite: (non agglomerating) F.C.% 298%

100% Fixed Carbom 1s graphite or diamond.

Most of you are familiar with the coal that is mined in Healy at the Usibelli
Mine. Usaibelli coal is ranked between Subbituminous '"C" and "B".

Most of the coal found in Alaska 1s either Tertiary or Cretaceous 1in age.

There are two exceptions to that. One 1s the coal on the Lisburne Peninsula,

near Point Hope. That coal is Mississippian in age...350 million years old.

The other exception 13 the coal exposed in the cliffs on the Yukon called the

Palisades or the “Bone Yard". That coal ig hardly more than compressed wood in
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some cages, It 1s in the first stages of coalification. The coal is Pliocene

in age...5 million years old.

The Cretaceous period of geologic time is designated as the span of years

petween 140 million years B.P. and 65 million years B.P,

The Tertiary Period of geologic time 18 designated as the span of years between
65 million years B,P. and 1.8 million years B.P.

During the long time span, of over 130 million years, conditions favored coal
formation in Alaska. Not all at once, and not continuously, but over-all,
conditions were good. In order to form thick coal beds, you must have rapid
plant growth and death in an environment where the plant remaing accumulate
great thickness without decaying much, This requires a lack of oxygen--such as

in stagnant water. Huge swamp-forests must have covered great areas of land

over long periods of time.

In order to appreciate the amount of vegetable matter that it takes to produce
coal, comsider this...it takes about 9 feet of peat, which is partially de-
compaosed and compregsed vegetable material, to produce 1 foot of subbituminous
rank coal. It takes double that amount to produce l foot of high rank coal

such as low volatile bituminous.

As coal forms from dead vegetation, going from stage to stage, the necessary
component is pressure, New material accumulates on top of old, and the layers
get buried deeper and deeper as time goes on. With increased depth of burial,
more moisture {3 squeezed out, and some heat 1s generated. Compression, heat,
compaction, losas of moisture and volatiles all change the nature of the materi-
al, What remains is a concentrated carbon-based product similar in molecular
structure to crude oil. The more advanced the metamorphism, or change, in the

coal, the higher the rank.

Pressure and compaction from deep burial 1s the most common agency of coal
upgrading, but there are other natural events that can upgrade a coal to higher
rank. 1In the process of uplifting mountains, subsiding basins, lateral com-

preasion through fault and tectonic activity; sediments that were ounce
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flat-lying become folded and deformed. The amount of deformation varies with
the severity of the deforming agency. The kinds of stress produced by folding
and faulting also produce heat and compression. This heat and compression can
raise the rank of a coal in a similar manner to deep burial. Another way of
upgrading a coal occurrence is through the close intrustion of an igmeous rock
mass from great depth. If hot magma rises through weak spots in the earth's
crust, and happens to come close to a coal deposit, the heat from this mass of
hot rock can thermally upgrade the coal by driving off volatiles in the form of

gasses, and moilsture, and causing molecular re—-organization.

Soon we can zero 1n on individual coal occurrences in Alaska. But first, let
ne give you a brief overview (Use map).

About 55 percent of Alaska's known coal is of Bituminous rank...40 percent

is subbituminous, 5 percent is lignite, and less than | percent is semi-

Anthracite and Anthracite,

Bituminous coal i3 found 1in: (Use map).
The Northern field
The Lisburne field
The Kobuk field
The Nulato field
The Matanuska fileld
The Bering River field
The Chignik field

At Herendeen Bay, and at

Tramway Bar above Bettles

Subbituminous coal is found in
The Northern field
The Rampart field
The Yukon flats uplands...and probably under most of the flats,
In the Eagle field
The Nenana field and Jarvis Creek
The Little Tonzona field

Subbituminous coal is found in {(Continued)
The Beluga fileld
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The Little Susitna field and

The Kenal field, underlying most of the southern Kenai Peninsula.

Lignite is found in the: Palisades--Alaska's youngest deposits,

(Fossil treea, mastodon + mammoth, etc.)
Seward Peninsula...Chicago Creek and other places
The Broad Pass field - near Mt. McKinley
The Herendeen Bay fileld
The Little Tonzona field
Unga Island —-

Chicken--and scattered around the state.

Seml Anthracite and Anthracice:

Are found primarily in the Bering River and Matanuska fields, although small,
igolated occurrences can be found elsewhere on occasion--where localized

conditions have upgraded small bodies of coal, or portious of a coal bed.

The figure--Five trillion, 600 billion tons of coal in Alaska--may be conserva-
tive. There may be millions or billions more. 1 say this because there has
been very little systematic coal exploration in Alaska. Most of the identified
and reported coal occurrences in Alaska are known as a by-product of other
mining and prospecting efforts, Many of these coals were exploited on a small
scale around the turn of the century for use in mining operations-mostly
placar- and as fuel for river steamers along with the usual cord-wood. Most of
these small coal-mining ventures close down after the California oilfields
gstarted producing, when gasoline became availlable, in 1903--and haven't been
looked at since. Many have never been mapped, drilled or sampled, especilally
in the interior, It is reasonable to assume that there are stiil many coal
deposits lying undiscovered out thera, It should be one of our biggest pri-
orities to locate and Llnvestigate; map and sample; and estimate reserves for

one of the biggest fossil fuel banks in the world.



Types of Coal handout

TYPES OF COAL

The many types of coal in Alaska are classified, or ranked, according to
physical and chemical properties. A coal's rank is determined by laboratory
testing of 1{ts properties using ASTM standardized methods. Rank 1s based
primarily on heating value (Btu/lb.) and content of certain physical com=-
ponents. The main coal rank classifications are: A) lignite = very low rank;
B) subbituminous = low to medium rank; C) bituminous = medium to high rank;
and D) semianthracite and anthracite = very high rank. Each of these rank
classifications has discrete subdivisions (see below), and distinct
properties that help to determine its optimum potential use. The uses that
are appropriate for one type of coal may not be appropriate for another type.

Classification and use are determined by a coal's rank, its heating
capacity, and its weathering characteristics (whether it remains compact or
readily crumbles and decomposes under surface conditions). Lignites and sub-
bituminous coals are often satisfactory for local use, such as home heating
and power generation, but poor weathering behavior and low heating values
typically make the long distance transportation and storage of low-rank coal
impractical. Bituminous coals are of higher rank than lignites and subbitu-
minous coals, and may be coking, caking or non-coking. Coking and caking
coals soften and flow prior to ignition. The escape of volatile components,
under heat in the absgence of oxygen, results in a dull-grey, porous mass
called "coke." This material, which has a high percentage of fixed carbon,
i8 used in the production of steel. Caking and non-coking bituminous coals
are not suitable for metalurgical use, but have high heating values, and do
not weather as badly as lower rank coals. Long distance transportation and
storage of these coals may therefore be feasible. Anthracite, the highest
rank of coal, has the highest heating wvalue per pound, with the fewest
residual impurities, but there 1s very little anthracite coal in Alaska. At
a very high fixed-carbon content, anthracite becomes graphite, which cannot
be usad for fuel.




Coal Rank - Based on Moilst, Mineral Matter Free Btu/lb

Lignite: 6,000 to 8,300 Btu/lb.

Subbituminous: subbituminous~C = 8,300 to 9,500 Btu/lb.
subbituminous-B = 9,500 to 11,00 Btu/lb,

Bituminous: subbituminous—-A to high volatile bituminous-C = 11,000
to 13,000 Btu/lb.
high volatile-B bituminous = 13,000 to 14,000 Btu/lb.
high volatile-A bituminous = 14,000 to 16,000 Btu/lb.

Coal Rank - Based on Dry, Mineral Matter Free Fixed Carbon 7

8TU/Lb Fixed Carbon Z
Bituminous 11,000 to 16,000 Btu/lb 69-78%
(medium volatile)
Bituminous
(low volatile) 16,000+ Btu/lb 78-867%
Semi~anthracite " 86-927%
Anthracite " 92-98%

SOME EQUIVALENTS

1 Btu (British thermal unit) equals 250 calories of heat. There are
approximately 138,000 Btuv to 1 gallon of fuel o1l or diesel. 1 Kwh
(kllowatt hourg) equals approximately 3,400 Btu,

Therefore, using an average value of 12,000 Btu/lb for calculation:

! ton of coal = |44 gallons of fuel for electric power
l ton of coal = 176 gallons of fuel for home heating

Since the Btu value of coal varies considerably, 1 ton of a lower
ranked coal, such as a lignite averaging 6,000 Btu/lb, 1is the equilvalent
of half as many gallons of fuel as a coal with an average of 12,000
Btu/lb. Conversely, 1| ton of 12,000 Btu/lb coal equals 176 gallons of
fuel o01il, but it would take 2 tons of 6,000 Btu/lb coal, or twice as
much, to generate the same amount of heat.

GLOSSARY OF TERMS (MAP VERSION)

Coal A compact, light weight dark brown to glossy black rock
that is composed of vegetable material physically and chem-
ically altered to a concentrated fixed carbon product.

Coking coal A form of coal, usually of bituminous rank, where the coal

material softens and flows when heated to just below the

-6 -



Syncline

Dip of rocks

Strike of rocks

Deformation

Anticline

JTRIKE AND DIP OFP ROCKS

point of ignition. During this process, volatile gasses
egcape and leave the dull-gray porous mass that {3 called
coke.

A rock structure that {38 formed from the large-scale fold-
ing of massive rock formations. The syncline is the ‘U’
ahape of the downward folded portiom of the rock.

The angle from horizontal in which a rock unit liegs,

The dip of a rock unit can be the product of one or wore
deforming agencfes, such as uplift, mountain building,
fault movements or down-warping of rocks due to the weight
of overlying sediments.

The strike 1s always perpendicular to the dip. If a rock

unit 1s dipping at some angle toward the north, the strike
will be east-west.

Deformati{on {s any physical change 1in attitudinal position
or volume of rocks from the original conffguration that
they had when formed. Folding, tilcing and warping are
forms of deformatfon. So are compression (squeezing) and
tension (stretching).

A rock structure that ig formed from the large-scale fold-
ing of massive rock formations. The anticline {s the " &

shape of the upward folded portion of che rock. Tllustra-
tion:

PRESENT-DAY LAND SURFACE

FOLDED ROCKS

!



Btu

Bone coal
Ash

Coal float

Basin

i N\

British thermal unit. One British thermal unit {s the
equivalent of the same amoynt of heat it takes to heat one
pound of water one degree fahrenheit. This is the standard
unit of heat used in describing the heating value of most
fuels.

A coal that containg a high percentage of impurities such
as clay, dirt, or rock fragmentas,

The residual mineral matter impurities left after the com-
bustion of coal.

Fragment of coal that have been displaced from the parent
coal bed. This can occur through normal erosion. Coal
fragments found in stream gravels, Iin rock and gravel talus
at the base of a bluff, in landslide material and in other
places removed from the in-place coal bed - are all called
coal floac.

Any structural depression in the earth's surface. Struc-
tural basins are where thick accumulations of sediments
collecc. Many such basins provide an environment whereby
the thick layers of vegetable matter that may become coal
can accumulate. Ancient basins that served as coal-forming
environments may have undergome uplift and erosion through
geologic time. In this case, what was at one time a basin
may now be iIncorporated 1In a present-day topographically
high area, such as a hill or mountain. Nevertheless, if
it' original configuration was that of a basin, it will be
described as such in geologic terms. TIllustration:

SOME TYPES OF BASINS

FAULYT CONTROLED
(Oown-droopes biock |

) ' EROSIONAL
STRUCTURAL Jiays
; bly plunging synchas) |Siream, fiver or giac\al veiley



Coal rubble

Coal resources

Coal reserves

Similar to coal float, but often the fragments of a frac-
tured sub-surface coal bed being frost-jacked to the sur-
face through freeze-thaw actilon, or the fractured and frag-
mented coal particles that accumulate from the weathering
of a surface or near-surface coal exposure. Coal rubble is
usually found close to the parent coal bed.

Naturally occurring concentrations oxr depogits of coal i¢n
the earth's crust, In such forms and amounts that economic
extraction 18 currently or potentially feasible.

Identified, recoverable coal resources.

sub-categories 1, measured reserves...accesgsed and virgin coal

Missisaippiau

Cxetaceous

Tertiary

Quacernary

reserves having the highest degree of geologic as-
surance

2. 1indicated reserves...categories of virgin re-
serves having a moderate degree of geologlic ag-
surance,

3. 1inferred reserves...categories of virgin coal
reserves having a low degree of geologic assurance,

The lower s of the geologic period called the carbonifer-
ous. The carboniferous period was a time when many of the
world's coal deposits formed. It spans the time from 360
million years ago to 183 million years ago. The Missiasip-
plan subdivision spans the time from 360 milliom years ago
to 320 willion years ago, a total of 40 million years.

The geologic period spanning the time from 140 million
years ago to 65 million years ago. Many of Alaska's coals
were formed during the Cretaceous period.

The geologic period spanning the time from 65 million years
ago to 1.5 million years ago. Many of Alaska;s coals are
Tertiary in age.

The geologic period spanning the time from the end of the
Tertiary through the pregent, or the last 1.5 million
years.
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Figure L. Geologic time scale.
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Taken from: ‘Coal Resource Classification System of the U.S. Geological Survey’, by Gordon H. Wood, Jr.,
Thomas M. Kehn, M. Devereux Carter, and William C. Culbertson, U.S. Geological Survey Circular 891

RESOURCES OF COAL
AREA; (MINE DISTRICT FIELD.STATE, ETC.) UNITS: (SHOAT TONS)

IDENTIFIED RESQURCES UNDISCOVERED RESQURCES
CUMULATIVE
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OCCURRENCIS i
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A PORTION OfF RESERVES OR ANY RESOURCE CATEGORY MAY BE RESTRICTED FROM EXTRACTION BY LAWS OR REGULATIONS.

FIGURE |.—Format and classification of coal resources by reserves and subeconomic resources categories.
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A PORTION OF RESERVES OR ANY RESGURE CATUGORY MAY BE RESTRICTED {ROM [ XTRACTION BY LAWS OR REGULATIONS.

FIGURE 2. —Format and classification of coal resources by reserve and inferred reserve bases and subeconomic and inferred sub-
€conomic resources categones

GLOSSARY OF COAL CLASSIFICATION

The criteria and guidelines may be revised periodically
SYSTEM AND SUPPLEMENTARY TERMS

to reflect changing national needs without affecting the
definitions.

Some of the following general definitions of coal re- All definitions herein refer only to usage in this coal
sources and supplementary terms are amplified else- resources classification system and are not intended as
where in this report by criteria and guidelines for usage.  definitions of the terms relative to any other usage.

W




Comparanve values for unigs in the memic and English
(U.S. Cusomary) systemns of measurement are based on
the Handbook of Chemistry and Physics by R. C.
Weast (1971, p. F-242-F-263).

Note.—Glossary terms and specific critena are cross-
referenced within this report. To aid the reader, gossary
items, beginning below, are printed in boldface rype,
and specific criteria, beginning on p. 24. are printed in
boldfoce italics.

accessed. —Coal deposits that have been prepared for
mining by consgucton of portals, shafts, slopes,
drifts, and haulage ways; by removal of overburden;
or by partial mining. See virgin coal.

acre,—A measure of area in the United States: 43,560
square feer; 4,840 square yards; 4.046.856 square
meters; 0.4046856 hectare; 0.0015625 square mile;
0.0040468 square kilomneter.

acreage. — The number of acres at the ground surface

acre-foot (acre-ft).—The volume of coal that covers
1 acre at a thickness of | foot (43,560 cubixc feet;
1,613.333 cubic yards; 1,233.482 cubic mecers). The
weight of coal in this volume vanes according o
rank.

acre-inch (acre-in.).—The volume of coal that covers §
acre at a thickness of | inch (3,630 cubic feet; 134.44
cubic yards; 102,7903 cubic meters). The weight of
coal in this volume varies according o rank.

agglomerating. —Coal that, dunng volaale maner de-
terminagons, produces either an agglomerale buron
capable of supporung a 500-gram weight without
pulverizing, or a burnon showing swelling or cell
structure.

anthracite or anthracitic. —A rank class of nonag-
glomerating coals as defined by the Amencan Society
for Testing and Materials having more than 86 per-
cent fixed carbon and less than |4 percent volacle
marter on a dry, mineral-master-free basis, (Anthracize
is preferred usage). This class of coal is divisible into
the semianthracite. anthracite, and meta-anthraate
groups on the basis of increasing fixed carbon and
decreasing volatile marter. (See table 1)

ah. —The inorganic residue remaining after complete
incineration of coal,

ash content.—The percentage of a laboratory sample
of coal rcrmaining after incineranon to a constant
weight under standard condinons following D-2795-
69 (ASTM, 1981, p. 335-342).

ash free.—A theoredcal analysis calculated from basic
analytical data expressed as i the total ash had been
removed.

as-received condition or as-received basis.—Repre-
sents an analysis of 3 sample as received at a
laboratory.
aness. —To analyze crivcally and judge definiavely the
geologic nature or economic potential, significance,
swatus, quality, quanaty, potental usability, and
other aspects of coal resources and reserves.
assessment. —A cndcal analysis based on integrating,
synthesizing, evaluatng, and interpretng all avail-
able data aimed at a judgment of the geologic narure
or economuc potendal of the coal resources and re-
serves of an area, field, distnct, basin, region. prov-
tnce, county, state, nanon, contnent, or the world.
An arsasment differs from an estumate, which is a de-
terminacon of the amount of coal in an area. An
esumate or estimates may be the principal data used
to assess the coal resources and reserves of an area.
See economic assessment and geologic 2ssessment.
auger mining.—A method often associated with con-
tour smp mining © recover additional coal after the
overburden to coal rado has become too great for fur-
ther contour mining. Coal is produced by boring into
the coal bed much like a carpenter’s wood bit bores
into wood. An auger consists of a curang head and
screw-like extensions.
bed. —Al the coal and partings lying between a roof
and floor. The terms *‘seam’’ and ‘‘vein'' should not
be used.
bench. —A subdivision and (or) layer of a coal bed sep-
arated from other layers by partings of non-coal rock.
bicuminous coal.—A rank class of coals as defined by
the American Society for Tesing and Matenials
(ASTM) high in carbonaceous manter, having less
than 86 percent fixed carbon, and more than 14 per-
cent voladle matter on a dry, rmuneral-mater-free
basis and more than 10,500 Beu on a moist, mineral-
matter-free  basis. This class may be either ag-
glomeraang or nonaggiomeraung and is divisible inco
the high-volaule C, B, A; medium; and low-volatle
biturninous coal groups on the basis of increasing heat
content and fixed carbon and decreasing voladle mat-
ter. (See table 1.)
bone coal or bone.—Impure coal that contains much
clay or other fine-grained detrital mineral mater
(ASTM, 1981, D-2796, p. 344). See impure coal.
Drscussion: The term bone caal has been ervone-
ously used for cannel coal, cannelodd coal, and
well-cemented to metamorphosed coaly mudstone
and (or) clavstone. Bone coal has also been applied
to carbonaceous partngs. The term ''impure coal'’
accompanied by adjecave modifiers such as 'sifry, "’
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“shaly,”” or “‘sandv.”’ 1is the prelerred usage be-
cause the definition of bone coal does not specdy the
tvpe or weight percentages of impunties.
British thermal unit (Btu). —The quantev of heat re-
quured (0 raise the temperarure of § pound of water

( degree Fahrenheit (°F) at. or near. its pownt of max-

imum densiey of 39.1° F (equivalent to 231.995 gram

calones: 1,054.35 Joules: 1 05435 kilojoules: 0.25199

kuocalone).

burn line.—~The comact berween bumed and un-
burned coal in the subsurface. In the absence of de-
fimtive informauon, the subsurface posioon of a bum
ine \s assumed tg be verucallv below the surface con-
tact beeween unaltered and altered rocks. See clinker.
calorie (cal).—The quantitv of heat required to raise

1 gram of water from 15° to 162 Celsius. A calone s

also termed gram calone or small calorme (equivalent

1o 0.00396832 Brtu: 4.184 Joules. 0.001 kiogram

calone).

clinker. —Baked or fused rock formed from the heart of
a buming undedving coal bed.

coal —A readily combustble rock contaning more
than 30 percent by weight and more than 70 percent
bv volume of carbonaceous matenal. including inher-
ent mowsture. [t is formed from plani remains that
have been compacied, indurated. chemicallv altered.
and mewamorphosed by heat and pressure dunng geo-
logic time.

Ducusswon: Differences n the kinds of plant matenals,
in the degree of metamorphism (rank). and in the
range of impunties are charactenstic of coal and are
used i coal classification. Impure coal/coaly
matenal containing more than 33 weight percent
ash is excluded from resources and reserve esti-
mates unless the ash is largely in associated partings
so that the coal is cleanable to less than 33 weight
percent ash.

coal bed, —See bed.

coal field. —A discrete area underlain bv strata con-
taining one or more coal beds. (Sec figs. >and 6 )

coal measures.—Strata contaning one or more coal
beds.

coal province ~—An area conwining rwo or more coal
reqons. (See fig. 8.)

coal region.—An area containing one or more coal
fields. (See fig. 7.)

coal reserves. —See reserves. (See also reserves, p. 30 )

coal zone.—A senes of laterally extensive and (or)
lenncular coal beds and associated strata that art-
rrardy can be viewed as a unil. Generallv. the coal
beds 1n a coal zonr are assigned o the same geologic
member or formauon.

coke.—A gray, hard, porous, and coherent cellular-
struceured solid. primanly composed of amorphous
carbon. Coke is combustible and is produced by de-
strucuve distllaton or thermal decompasition of cer-
tain biruminous coal that passes through a plastic
state 1n the absence of air.

concentration.—A greater than normal accumulanon
of substances such as (1) coal, (2) elenents, (3) com-
pounds, and (4) minerals. In coal resource termunol-
oQy, concentration is used in two senses: (1) concen-
trations of coaly material into beds that are minable,
and (2) concentrations of elements, compounds. and
minerals that may add or detract from the value of the
extracted coal. A concentraton of a substance alwavs
exceeds the average content of that substance v the

Earth's crust.

consolidated coal. —See lignite.

content.—The amount of ash, an element, an oxide,
other rvpes of compounds, or a mineral in a unit
amount of coal. expressed in parts per million or per-
cent. Also refers ta the hear value of coal as expressed
in Joules per kilogram (J/kg), kiojoules per kiogram

(kJ/kg). Briush thermal units per pound (Bru/Ib). or

calories per gram (cal/g).

control point.—A point of measurement, a point of
observation. or a sampling pownt.

correlate. correlation. —Demonstration of the appar-
ent conunuity of a coal bed berween control, meas-
urement, or sampling points by showing correspond-
ence in character and straugraphic position,

Duscussion: Correlations of coal beds are based on a
knowledge of the strangraphy of the coal beds
and of the endosing rocks and of the unique
charactenstics of individual cocal beds. Con-
fidence in correlations increases as the knowi-
edge and abundance of data increases. Where a
coal bed is continuously exposed along an out-
crop or strip-mine face, continuiry of the coal
bed becomes an established fact and not a
corvelation.

Where data indicate that correlation of a coal
bed is possidle or probable among data points
within an area. an estimate of the resources of
that coal bed can be made for the entire area.
However, where a coal bed at single data pownt
cannot be correlated with beds at other data
points, or where there is only one data pownt,
resources can be calculated for that coal bed us-
ing the single data point as the center of crcles
defining measured. mndicared. and tnferred.

cumulative depletion.—The sum in tons of coal ex-

tracted and lost-in-mining to a stated date for a

"



specified area or a specified coal bed. (See cuomulanive
depletion, p. 25 and fig. 3.)

cumulative productian. —The sum in tons of coal ex-
tacted to a stated date for a specified area or a speci-
fied coal bed. (See aomulatioe production. p. 25; and
figs. 1, 2, and 3.)

demonstrated. —A term commonly used for the sum of
coal classified 23 measured and indicated resources,
Used when not feasible or desirable to subdivide into
measured and indicated. (See figy. 1. 2, and 3.}
demonstrated reserves. —Same as reserves. (See also,
demonstrated reserves, p 25; and figs. L. 2, and 3.)
demonstrated reserve bhase. —Same as reserve base.
(See aiso demonstrated reserve base. p. 25, and figs. 1,
2.and3.)
demonstrated resources. —See resources. (See also,
demonstrated resources, p. 25; and figs. |, 2, and 3.)
density. —Mass of coal per unit volume. Generally ex-
pressed in short tong/acre-foot or memc (onv/hectare/
square hectorneter-meter of coal. See specific gravity.
depleted resources. —Resources that have been mined:
includes coal recovered, coal lost-n-muning, and coal
reclassified as subeconomic because of mumning. See
cumulative depletion. (Sec also cumulatie deple-
tion, p. 25 and fig. 3.)
depth (overburden) categories,—Coal tonnage data
are divided into classes by the chickness of over-
burden: 0-500 feet (0-150 m); 500-1.000 feet
(150-300 m); 1,000-2,000 feet (300-600 m);
2,000-3,000 feet (600-900 m}; and 3.000-6.000 feet
(500-1.800 m). See overburden.
Discussion: The depth categories or overburden cate-
gories (see uble 3, and specific instrucion No.
2. p. 33) were decided after consultation among
personnel from the U.S. Geological Survey. the
Burcau of Mines, and various State Geological
Surveys, muning companies, and agencies of
foreign nadaons.
dry, mineral-matter-free basis. —A type of calculated
analyucal value of a coal sample expressed as if the
total mowcure and mineral mater had been remaoved.
Mineral-matter-free is not the same as ash-free.

cconomic. —This term implies that profitable exwraction
or production under defined wnvesonent assumpaons
has been established, analytically demonstrated, or
assumed with reasonable certaincy.

cconomic assessment.—A cnucal analysis resuling in
a judgment of the economic nacure. significance.
status, quantry, quality, market. demand, supply,
costs, transporation, cash flow. capral, and proc-
essing of the coal resources of a mune, area. distnct.

field. basin. region, province, county, state, or na-
ton. See asseasment.

estimate. —A determination as to the amount or ton-
nage of coal \n an area. The term sisnale indicates
that the quanaues of resources are known wmpre-
cisely. An estwnate differs from an assessment, which is
an analysis of all data concerning an area’s coal
resources and reserves with the objecuve of reaching a
judgment about the geologc nature and economic
potennal of the coal resources and reserves of the
area.

existing market conditions. —The terlations berween
producaon, seilling and transporation costs, supply,
demand. and profit at any ume.

extraction.-~The process of removing coal from a
deposit.

feasibility. —The poasibility of extracting coal.

fixed carbon.—The solid residue, other than ash, ob-
tained by desructive distillation of a coal, determined
by definite prescribed methods (ASTM. 1984,
p. 183).

floor. —Surangraphically, the rock ummediately under-
lying a coal bed. Where the bed s overrurned, the
stratigraphic flaor is the mining roof.

gasification, underground (in situ).—A method of
utilizing coal by bumning in place and extracting the
released gases, tars, and heat. Sce in sir: mining.

geologic assessment.—A crincal analysis resulting un
a judgment of the geologic nacure, significance,
starus, quality, and quanaty of the coal resources of
an area. dismrict. basin, region, townshup, quad-
rangle. province. county, state or poliucal province.
nation, continent, or the world. See assessment and
cconomic assesrment.

geologic assurance.—State of sureness, confidence, or
certainty of the existence of a quanuty of resources
based on the distance from points where coal is meas-
ured or sampled and on the abundance and quality of
geologic data as related to thickness of overburden.
rank. quality, thickness of coal, areal extent, geologic
hustorv. structure, and correlations of coal beds and
enclosing rocks. The degree of assurance increases as
the nearness o pownts of conuol, abundance. and
quality of geologw data increases.

geologic evidence.—Informacon denved from geo-
logic observauons that can be used o substanuate the
existence, size, depth, amtude. suwucture, tonnage,
and physical and chemical charactenstics of a bodv of
coai.

geolagic identification. —Swate of being idenunfied as
o locauon. areal extent or size, depth, volume, quan:
utv, magnitude, and qualicy of coal resources.



grade. —A term indicaung the nature of coal as mawnly
determuned bv the sulfur content and the amount and
tvpe of ash. This term 1s not recommended for usage
in coal resource estimauons: definidve staternents as
to the contents and types of sulfur and ash are prefer-
able. Statements indicaring high, medium. or low
grade are nappropnate without documentauon. See
quality

heat value or heat of combustion. —The amount of
heat obtawnable (rom coal expressed in Bansh thermal
units per pound, joules per kilogram. kiojoules or
kilocalones per kilogram, or calores per gram. To
convert Baw/lb to kcal/kg, divide by 1.8. To conver
kcal/kg to Bru/lb. multiply by 1.8.

hectare (ha) or square hectometer (hm’).—A mewnc
unit of area equal to 10,000 square meters; 0.010
square kiometer, 2.4710538 acres: 107.639.10
square feet: 11,959.9 square yards; 0.003861 square
mule.

high-ash coal.—Coal containing more than 15 percent
otal ash on an as-received bams. See ash-content,
medium-ash coal, and low-ash coal.

high-sulfur coal. —Coal containing 3 percent or more
toal sulfur on an as-received bass. See low-sulfur
coal and medium-slfur coal.

high-volatile bituminous coal.—Three related rank
groups of bituminous coal as defined by the Amencan
Society for Tesung and Matenals which collecuvely
contain less than 69 percent fixed carbon on a dry,
mineral-marter-free basia; more than 31 percent vola-
tde macer on a dry, mineral-maner-free basis: and a
heat value of more than 10,500 Bru per pound on a
moist, mineral-matter-free basis. (See table 1.)

bypothetical.—A low degree of geologic assurance. Es-
timates of rank, thickness, and extent are based on
assuming contnuity beyond inferred. Esamates are
made, not exceeding a specified depth beyond oal
classed as inferred, by projection of thickness, sample.
and geologic data from distant outcrops, menches.
workings, and dnll hales. There are no measurement
sites 1n areas of hypotherical coal. Used as a modifier

to resource terms. See resources and undixcovered.
(See alsofigy. 1,2, and 3.)

bypothetical resources. —See Undiscovered Re¢-
sources. p. 20: (See also Aypothetionl resources, p. 25,
andfigs. 1,2, and 3 )

identified resources. —See Identificd Resources,
p-19; (See also dentified resources, p-25; and
figs. 1.2.and 3)

impure coal. —Coal having 25 weight percen( or mare.,
but less than 50 weight percent ash on the drv basis
(ASTM, 1981, D-2796, p. 344). Impure conl having

more than 33 weight percent ash is excluded from re-
source and reserve estmates unless the coal is clean-
able to less than 33 weight percent ash., See bone
coal.

indicated. —A moderate-degree of geologic assurance.
Esumates of quantiry, rank, thickness, and extent are
computed by projecdon of thickness, sample, and
geologic data from nearby outcrops, trenches, work-
ings, and dnll holes for a specified distance and depth
beyond coal classed as measured. The assurance,
although lower than for measured, is high enough to
assume continuity between points of measurement.
There are no sample and measurement sites in areas
of indicated coal. However, a single measurement
can be used o classify coal lying beyond measured as
induated and o assign such coal o resource and
reserve base categories (fig. 4). Used as a modifier to
resource 1erms.

indicated reserves and indicated marginal reserves. —
See reserves and indicated. (See also indicated re-
sevves and indicated marginal rezerves, p. 25 and figs.
1,2,and 3)

indicated reserves base and indicated marginal re-
serve base.—See reserve base. (See also indicated
reserve base, p. 26 and figs. 1, 2, and 3.)

indicated resources.—See Indicated Resources, p. 19.
(See also indicoted resouroes, p. 26, and figs. 1, 2,
and 3.)

inferred. —A low-degree of geologic assurance. E.
mates of quantcy, rank, thickness, and extemt are
based on inferred conunuity beyond measured and
wndicated for which there is geologic evidence. Esa-
mates are computed by projecion of thickness,
sample, and geologic data from distant outcrops,
wenches, workings, and dniil holes for a specified dis-
tance and depth beyond coal classed as indicated.
There are no sample and measurement sites in area:
of inferred coal. However, a single measurement can
be used to classify coal lying beyond indicated as m-
Sferred and o assign such coal 10 inferred resource and
inferred reserve base caregories (fig. 4). Used as a
modifier to resouree terma.

inferred reserves and inferred marginal teserves. —
See subdivisions of reserves. (See also inferved re-
serves, p.26, and inferred marginal resenes, p. 26 ;
and figs. 1, 2, and 3.)

inferred reserve bhase.—See reserve base. (See also
(nferred reserve base, p. 26 and figa. (, 2, and 3.)

inferred resources. —See Inferred Resources, p- 19.

(See also inferved resourcas, p. 26; and figs. 1, 2,
and 3.)
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inferred subeconomic resources.—See Inferred
Subeconomic Resources. p. 20. (See also inferred sub-
economic resources. 0. 31: and figs. 1. 2. and 3.)

in sitw. —Refers 0 coal ""in place™ in the ground.

in sitcu mining. —Utilization of coal bv bumung in place
and extracung the gases. tars. and heat

joule (J).—The basic metric unit of work or energy
equal 10 | x 107 ergs. 0238662 gram calone,
0.0002386 kilogram-calone, or 0.0009471 Beu.

kilogram-calorie (kcal).—~A metnc unit of heat equal
1o 1.000 gram-calones: 3.9683207 Bwu: 4.184 Joules:
4.184 x 10" ergs: or 4,184 Wart seconds Also
known as “’large calone. ™’

kilogram (kg).—The basic metnc unit of wesght meas-
urement equal to 1.000 grams: 0 00l metnc tom;
2.2046 pounds. 0.0011023 short ton: 0 0009842 long
ton.

kilojoule (k]).-—~A metric unit of work or energv equal
o 1.000 joules: 0 948708 Bru. or 238.662 gram-
calones.

known coal. —Coal whose existence has been perceived
from measurcments and observauons at the outcrop.
in mines, from dnll holes, and [rom exploratory
wrenches. Data confirmuing existence mav be projected
lor several mies (kilometers) ¥ based upon reasonable
geologic assumpuons. Sec identified resources. Coal
fields. basins. regions, provinces. and occurrences of
coal 1n the United States are dlustraced in figures 3, 6.
7.and 8

lignite or lignitic.—A class of brownish-black. low-
rank coal defined by the Amencan Societv for Tesung
and Matenals as having less than 8.300 Bru: on a
moist. mineral-mauer-free basis. (See able 1) In the
Cnited States, (gnue i1s separated o two groups:
Lignite A (6.300 to 8.300 Bru) and lignue B ( <6.300
Bru). Lignuers the preferred usage.

long ton.—A unit of weight in the U.S. Customary
Svstem and in the United Kingdom equal to 2.240
pounds (1.0160469 metric tons; §.1200 short tons;
1.016.0465 kilograms). This term s not recom-
mended for use in estimates of coal resources.

lost-in-mining. —Coal remamning in the ground aftes
all exxraction s completed. Lost-m-runing includes
coal that is (1) left 10 support mine roofs. {2) too thin
to mine. (3) unmined around oil. gas. water. and dis-
posal wells. (4) unmined around shafts and electncal
and water conduts, (5) unmuned as bamer pillars ag-
Jacent 6 mine or property boundanes. (6) unmuned
adjacent o haulagewavs, runnels. awrwavs. and
waterwavs, (7) unmined because of manv other un-
specified reasons. (8) the unrccovered or unrecover-
able pan of anv coal bed ;1 a2 mining property that has

been or may be extracted, (9) all unrecoverable in

beds that closely overtie a mined bed, (10) all unre-

coverable in beds that closelv underlie a2 mined bed,

(11) unmined between mning properties.

Ducusston According to this systern of classification,
lostin-mining equals reserve base minus reserves
and marginal reserves. Thus, lbst-in-mming includes
all reserve base coal not economically recoverabie
at the nime of classification or not bordering on be-
wng economicallv recoverable. Lost-in-mining coal
15 subtracted from the reserve base and is divisible
into subeconomic coal or noneconormc coal acecord-
ing to uts potential for being reclassified as eco-
nomic, (See fig. 3.)

low-aah coal. —Coal conuaming less than 8 percent tomal
ash on an as-received basis. See ash content. high-
ash coal, and medium-ash coal.

low-sulfur coal. —Coal contaming ! percent or less
total sulfur on an as-received basis. See high-sulfur
coal and medium-sulfur coal.

low-volatile bituminous coal. —A rank group of bitu-
munous coal as defined by the American Socierv for

Testng and Matenals containing more than 78 per-

cent and less than 86 percent fixed carbon, and more

than 14 percent and less than 22 percent volatide mat-

ter on a drv, mineral-marer-free basis. (See wble 1.)

marginal reserves.—Borders on being cconomic. See¢
economic. general guideline no. 8, p. 32; and sub-
divisions of reserves. (See also indicated marginal

reserves and reasured marginal reserves, p. 25 and 27,

andfigs 1.2, and3.)

measured. —The highest-degree of geologic assurance.
Estimates of quanury are computed pardy from di-
mensions revealed n outcrops, trenches, workangs.
and drill holes and pardy by projection of thickness,
sample. and geologic data not exceeding a specified
distance and depth. Rank i calculated from the
results of derailed sampling that may be located at
some distance from this type of resource and may be
on the same or other coal beds. The sites for thickness
measurement are so coselv spaced and the geologic
character so well defined thai the average thickness,
areal extent. size, shape, and depth of coal beds arc
well established. However. a single measurement can
be used (0 classifv nearby coal as measured (fig. 4).
Used as a modifier to resource terms.
measured reserves and measured marginal re-
serves.—See subdivisions of reserves. (See also
measured reserves. p. 27 mearured mayginal reserves,

p.27: and figs. 1.2.and3.)

measured reserve base. —Sce reserve base. (See also
measured reserve base. p. 27 and figs. 2and 3.)
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measured resources. —See Measured Resourcey, p. 19,  metric ton, megagram, tonne, or millier. —A metrnic
(See also measured resowrces, p. 27, and figs. 1, 2, unit of weight equal o 1,000 kilograms: t.1023113
and 3.) short tons: 0.98420653 long ton: 2,204.6226 pounds.

medium-ash coal.—Caoal containing 8 percent to 15 The marnz wn ia the preferred usage.

percent ash on an a:i-rtmived basis. Sce ash content,  migahle. —Capable of being muned under current
lo?v-uh coal, and high-ash coal. o mining technology and environmenwal and legal re-
medium-sulfur coal. —Coal contalning more than strictons. rules, and rcgu.lm:iom.

percent and less than 3 percent total sulfur on an as- g y _ o . e
reuvived ‘basis, See high coal and low m'mcnl marter.— The s?hd inorganic f-nalena.t in coal,
il mineral-matter-free basis. —A theoretcal analysie cal-

medium-volatile bituminows coal. —A rank group of culazcd_fmm basic analytcal data expressed as"d' the
bicurunous coal as defined by the Amencan Society total rrlxmcrai-maner had been removed. Used in de-
for Testing and Materials containing more than 69 termuning the rank of a coal.
percent and less than 78 percent fixed carbon and @ining.—Al methods of obtaining coal or s byprod-
more than 22 percent and less than 31 percent voladle gels from the Earth’s crust. including underground,
matter on a dry, mineral-maner-free basis, (See surface, and in situ mining.
wable 1.) moist, mineral-matter-free basis.—A theoretical anaj-
metallurgical coal. —An informally recognized narme vsis calculated from basic analyncal daa and
for bituminous coal that is suiable for making coke expressed as if the mineral-marer had been removed
by induastries that refine, smelt, and work with iron, and the narural moisture retained. Used in deter-
Other uses are space heanng, blacksmithing, smelting minung the cank of coal.
of base metals, and power generanon. Generally,
metallurgicel coal has less than | percent sulfur and less
than 8 percent ash on an as-recewved basis, Most pre-
mium maallurgual coal is low- 10 medium-volanie bicu-  moisture  content.—The percentage of mosture
minous coal. (water) \n coal. Two types of moisture are found in

moisture, bed. —The percentage of moisture or water
in a bed or sample of caal before mining.

13
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FICURE 6 —Coa fields of Alaaka (from Avenr, 1978).

coal. namely, free or surface moisture removed by ex-
posure to air, and inherent moisture enmapped in the
coal and removed by heating w 220°F.

ooneconomic.—Not capable of profitable producnon
or extraction. Coal classified as noneonome may be re-
ported in other occurrences. Sec other oaurrEncEs,
nonsconomic coal, p. 27.

original. —The amount of coal resources in the ground
before productaon.

original resources.—See Original Resources. p. 19:
and original resources. (See also onginal resowrves,
p. 27; and figs. 1, 2, and 3.)

other occurrences.—~Coal! tn the ground that is ex-
duded from classificaton as coal resources. Includes
anthracite and biruminous coal less than 14 inches
tuck, subbituminous coal and lignite less than 30
inches thick, and any coal more than 6.000 feet deep
unless it is currendy being mined. May wncude coal
that contains more than 33 percent ash. (See other oc-
curvences, noneconomic coal, p. 27 and figs. | and 2.)

overburden. —Rock including eoal and (or) uncon-
solidated matenal that overlies a specified coal bed.
Ouverbusden is reported in feet and (or) merers and used
10 classify the depth ta an underlying coal bed.

14

partial or incomplete measurement of coal thick-
ness. —A deterrunation of an incomplete coal thick-
ness at a pount of measurement.

Dusnusion: Measuremnents of coal thicknesses that are
incomplete because of (1) near surface slumping of
coal and overlying beds, (2) weathering, (3) a dnll
hole not penetratng the entre coal bed, (4) iden-
tfied planar erosion of top part of coal bed, or
(5) removal of most of a coal bed by a srearn chan-
nel are (0 be reated as points of measurement from
which circles of reliability are to be conswrucied. A
geologist must decide whether cach measurement is
complete or incomplete, The thickness of coal at
ptaces where a measurernent is deemed incomplete
shall be located on the coal bed map by the number
of feet and inches acrually measured followed by a
plus sign to indicate that only a part of the bed was
measured. Thus, incomplete measurements define
measured coal of a stated minumum thickness, If
other thickness data are available 1o show by iso-
paching that a coal chickness is incomplete at a
pont of measurement, the isopached towal thick-
ness at the point of measurement thould be used to
determine the average thickness for the tonnage
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esuomates of measured, indicated, and inferred either the direcdy underlying or overlying benches.
categories. In those places where the coal bed can- (See specific instruction No. 3, p. 34.)
not be isopached, the parnal thickness of coal parts per million (ppm). —A method of statng content
should be used as the thickness for esamaang ton- of a substance in coal. One ppm equals 0.001 percent,
nages. See point of measurement. or 0.000001,
parting.—A layer ot srarum of non-coal material in a2 point of meamrement. —The exact location on an out-
coal bed which does not exceed the thickness of coal in aop, in a trench, 1n mine workings, or in a dnll hole

15
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where a coal bed s measured for thickness and (or)
sampled for analysis. The surface position of a point of
megsurement must be located preciselv on 2 map so that
its geodetic position can be determined. The alurude
of a subsurface pomt of measurement can be determuned
from cores. lithologic logs, mine workings, and also
can be determined from a geophvsical log of a dnll
hole or well . in the opinion of a geologist or geo-
phvsist, the log is of good qualiv. See partial or in-
compliete measurement of coal thickness

point of observation.—Place on an ouicrop where a
coal bed is visible or where evidence indicates that a
coal bed could be measured or examned by trenching
or digging a pit. Pounts of observauon are used to
vertfy the existence of a coal bed. and apparent

similariry and (or) difference of a coal bed’s thickness
as to tckness at points of measurement. They also
can be used 1o confirm the position of a coal outcrop
on a geologic map and (o support the measured, in-
dicated. and inferred classification of a coal bed:
however, these points cannot be used without acrual
measurements 1o classify a resource body.

production. —The coal that has been extracted from a

mine for a specified period. Production may be re-
ported for a mine or larger area such as a coal fieid,
region, province. basin, township, quadrangle. state,
nanon. and (or) the world. Production in the United
States ts usually reported in short tons; most other na-
tons report production in metric tons.

proximate analysis.—In coal. the determinacon by
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*Modsfied (rom ASTM, 1981

prescribed methods of motsture, voladle matter, fixed

carbon (by difference), and ash. Unless speafied,

proxamate analyses do not include determinadons of
sulfur or phosphorous or any determinatons other
than those named. Proximate aralyses are reparted
by percent and on as-received, mouscure-iree, and
moisrure- and ash-free bases.

quality.—An informal classificanon of coal relatng to
its suitability for use for a particular purpase.

Drscusswn: Moat coal is used as a souree of heat or
energy, but coal is or will be used in making petro-
chemicals, metallurgical coke. svnthenc gas, and
synthetic liquid fuel. Factors considered 1n judqing
a coal’s qualiry are based on, but nor limited to.
heaz value: content of moisture. ash. fixed carbon,
phosphate, silica, sulfur, major, munor and trace
clements. coking and petrologic properues: and

orqanic constituents considered both individually
and in groups. The individual importance of these
factors varies according to the intended use of the
coal. Therefore, any designaoon of '‘high-quality
coal,”” ''moderate-quality coal,”’ or ‘‘low-quality
coal'” should plainly indicate the intended or opa-
mum use or uses and is inappropriate without such
documentaton,

quantiry.—Refers 10 the amount or tonnage of coal.

Quanuuy should be reported in shart or metric tons.

rank. —The classification of coals according to their de-

gree of mewamorphism, progressive alterauon, or

coalificanon (marurauon) in the narural series from

lignite 1o anthracie.

Duscussion: Classification is made on the basis of anal-
vsis of coal in accordance with table t. The rank of
coal can be used to wnfer the approximate dry,



mineral-matter-free heat value, fixed carbon. and
volatile matter in a coal, because the amounts of
the consucuenes vary lide within each ooal rank.
(See table I: and rank calculation, p. 28 .)
rank calculation.—The determinadon of the rank of
a coal. Such determinagon must use the ngtrucuons
given under rank calculation, p. 28
recoverable coal. —The coal that s or can be ex-
racted from a cosd bed during muning The term ““re-
coverable’" ¢hould be used in combinanon with ““re-
sources' ' and not with ‘‘reserves.’’
recovery percent.—The percentage of coal extracted
from a bed where the total tonnage ongnally in the
bed 1s equal to 100 percent.

recovery factor.—The esamated or actual percentage
of coal that can be or was exoracted from the coal ong-
inally in a bed or beds for an area, mune, distrct,
field, basin, region, province. ownship. quadrange,
county, state, political province, naoon. and (or) the
world. Se¢ recourry factor method, p. 28.

reliability categories. —Categories based on distance
{from points of measurement and (or) sampling. The
theasured, indicated, nferred. and hypothetical
resource categories, as defined, indicare the relative
reliabilicy of tonnage estimates as related (o distance
from points of thickness control of paracular parts of 2
coal deposit. The relabiily categoner are not indicadve
ol the rchability of the basic daca (that 1s, the accuracy
of coal measurements, or the accuracv of locaton of
the coal outcrop). It is assumed thar all basic daw
used in resource estrmaton have been judged reliable
by the estimator and that unreliable data have been
discarded. (See fig. 4.)

reserves. — Virgin and (or) accessed parts of a coal re-
serve base which could be economically extracted or
produced at the ame of determinagon considering en-
vironmental, legal, and technologic consoaina. The
term neeves need not signify thar extracnon faclides
are in place or operative. Resve include only recov-
erable coal; thus, terms such as ‘‘exuactable
reserves'’ and ‘'recoverable reserves'’ are redundant
and are not a part of this classificadon system. (See
figs. 1 and 3; and reseres, p. 30.)

Drscussion: Reserves can be categonzed as measured
and indicated, as underground or surface minable,
by thickness of overburden, by thickness of coal in
the bed. and by various quality factors. The term
“‘economic reserves'' is not 10 be used because
reerves by definidon are economic. Reewe, which
are derived {rom reserve base ooal, excude coal
thinner or deeper than that classified as reserve

18

base unless such coal 18 currently mined. See gen-
eral guideline No. 7, p.32.
MANDATORY SUBDIVISIONS:

A. Indicated Reserves and Indicated Marginal
Reserves. —Categories of virgin reserves having
a moderate degree of geologic assurance. See in-
dicated and marginal reserves. (See alwo
ressvees, p. 30 and figs. { and 3.)

B. Inferred Reserves and Inferred Marginal Re-
serves. —Categories of virgin reserves having a
low degree of grologic assurance. See inferred
reserves and marginal reserves. (Sec alwo
resevues; p. 30 ; and figy. 1 and 3.)

C. Measured Reserves and Measured Marginal
Rescrves, —Categones of accessed and virgin
coa) reserves having the highest degree of gro-
logic assurance. Sce measured reserves and
marginal reserves. (See also figs. | and 3.)

OPTIONAL SUBDIVISIONS:

A. Regerves and Marginal Reserves. —
Resever may be divided into subcategories other
than those herewfore defined. These subcategones
may be differentated, for example, by ash and
sulfur content, and heat value; by rypes or vanetes
of coal such as boghead or cannel coal; by usage
such as memllurgical, petrochemical, and syntheric
fuel types; by muneral ownership such as Stare,
Federal, Indian, or private ownership; by Federal
coal underlying privaze surface ownership; and by
reserves and restcreted reserves underlying State or
nagonal parks. monuments, foresns, grasdands;
military and naval reservanons, alluvial valley
foors, steep siopes, lakes and large rivers, and en-
vironmentally protecred areas.

I. Resmiaed Reserves and Resmaed Marginal
Reserves.—Those parts of any reserve category
that are resnaed or prohibied by laws or
regulasons from extraction by underground and
{or) surface mining.

Discwssion: For example, coal in a nanonal
park mav meet all dw physical, chemial and
economic requirementss of a reserve but 18
prohibited from eoaraction. The assgnment
to a resmicted category may be either tem-
porary or permanent; however, because laws
and regulapons can be repealed or changed,
such ooal should be separately disinguished,
and tonnage esdmates recorded as a resriced
reserve. Locally, a spenific regulation or law
miglt prohibz onc method of mining and
allow or not speafy other methods. [n such a
darcumsance, the coal would be resricted
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from mining by the prohibied method and
tonnage esumates would be 30 recorded. In
other droumstances, other methods would be
unresricted, and tonnage esumates would be
reparted accordingly.

The scparation of ooal reserves i the
‘many different subcategonea lised above and
other subcategoriea not listed in this texx
desirable and encoursged. All subcategories
not listed should be defined dearty and ex-

plicity so that other resource specialiss and
the public will not be confused.

reserve base ~Those paras of the idendfied resources

that meet specified minimum phyncal and chemucal
awenia relaced 0 current mining and producnon prac-
ooes, induding those for quality, depth, thickness, rank,
and disance from poins of measurement (See
reliability categories; and figs. 2 and 3.) The reerne base
i the in-place dernonsorated (measured plus indicated)
resouree from which reserves are esumated. The rmene
base may encompass those pars of a resource that have a
reasonable potental for becomung economucally
availahle within planning horizons beyond those thar
assumne proven technology and current economics. The
reeoe base includes those resources that are currendy
economic (reserves), marginally economic  (marginal
reserves), some of those that are currendy subeconome
(subeconomux resources), and some of the resources that
have been or will be lost-in-mining but whose atributes
indicate poasinle future recovery. The term *‘geologi
reserve’’ has been applied by others 1o the reserve base
category, but it alv may indude the inferred reserve
base category; 1t is not a pan of this dassification system.
(See reserve bam, p. 29 and figs. 2 and 3.)

reserve base, inferred —The in-place part of an iden:

nfied resource from which inferred reserves and inferred
are based largely on inowledge of the geologic character
of a coal depomn for which there are no samples or
measurements. The estimates are based on an assumned
condnuity beyond the reserve base for which there is
geologic evidence. (See figs. 2 and 3.)

resources. —Naturally occurmng concencauons  or

deposits of coal in the Farth’s qust, in such forms and

amount that ecohomic extracuon is aurendy or poten-

gally feasihle. (See remmoves, p. 30: and figs. 1. 2.

and 3.)

MANDATORY SUBDIVISIONS:

A. Hypothetical Resources.—See  Undiscovered

Resources (p.20). (Sec also Aypothetical
resowrees, p. 25; and figs. [. 2. and 3.)

19

B. Idendfied Resources. —Resources whose loca-
uon, rank, qualry, and quandry are known or esa-
mated from specfic gelogic evidence, (See idm-
tified resowoss, p. 25). ldenufied coal resources
indude economic, margmally econormac, and sub-
economic components. To reflet varying distances
from poinm of contrat or reliabdity, \hese subdivi-
sions can be divided 11w demonsmrared and in-
ferred, or preferably into measured, indicated, and
inferred. (See sdentified resceeues, p. 25; and
figs. 1.2, and 3.)

Discussion: Identified resources may be accessed and
(or) in bodies of virgin coal which are assigned
to resource and reserve base subcategonies on
the basis of geologic evidence f{rom mapa,
samples, drill holes, wells, mine records, and
fieldwork. Specific evidenes mus include data
on the locadon, thickness of overburden,
distance from points of measurement or sam-
pling, and extent and thicknesses of the re-
source bodies. Evidence about qualiry and
rank may be determined from analyses of
samples collected from the resource bodies or
may be inferred by projecton of analyacal
dam obtained elsewhere in the body or from
adjacent bodies. An identfied resource body
may contain reserves, marginal reserves, in-
ferred reserves, inferred marginal reserves,
reserve base, inferred reserve base, demon-
stated resources, measured resources, indi-
cated resources, inferred resources, subeco-
nomic resources and inferred subeconomic
resources. (See figs. 1, 2, and 3.)

C. Indicated Resources. —Idendfied bodies of
virgin coal having 2 moderate degree of geologic
assurance. See indicated. (See also indicated
resources, p. 26 and figs. {, 2, and 3.)

D. Inferred Resources.—Identified bodies of
virgin coal having a low degree of geologic
assurance. See inferrved resources. (See also in-
ferred resourves, p. 26 and figs. 1,2, and 3 )

E. Measured Resources. —Accessed and vugin
demnonstrated resources having a high degree of
geologic assurance. (See nmeasursd resowrres,
p. 27.andfigs. 1, 2, and 3.)

F. Original Resources. —The amount of coal in-
place before producnon. Where muning has oc-
curred, the total of ongmal resources is the sum of
the identfied resources, undiscovered resources,
coal produced, and coal lost-in-mining. (See
original resowrces, p. 27; and figs. 1. 2, and 3.)

G. Remainung Resources.—The resources in (he

wo.



ground in a mine, area, field, basin, region,
province, counry, state, and (or) nagon after
some mining. The term does not incdude coal
lost-in-mining unless such coal can be considered
potenually recoverable. Reonamng rsourcs may
be divided into categories such as remaining
economic, marginally economic, subeconomic,
measured, indicated, wnferred, idenafied, and
undiscovered (hypothedcal and speculadve)
resources or other rypes of resources. (See op-

conal subdivisions, below; and figs. 1, 2, and 3.)

The total rermaining resources are the sum of the

remaining jdentfied and undiscovered resources

as of the date of the esumate.

H. Subeconomic Resources. —That part of
identified (demonsmated) resources that does not
meet the economic criteria of reserves and
marginal reserves. See resources and economic.
(See also subsconomic resowrees, p. 31 and figa.
§ and 2.)

I. Inferred Subeconomic Resources.~-That par
of idennfied (inferred) resources that does not
meet the economuc critenia of wferred reserves or
inferred marginal reserves. Sce resources and
economic. (See also subsconomsic resowe:,
p. 31; and figs. 1 and 2.)

J. Speculative Resources.—See Undiscovered
Regources (below). (See also apeculative
resources, p. 30; and figs. |, 2and 3.)

K. Undiscovered Resources. — Undiscovered
reources, the exastence of which is only postu-
lated, comprise deposits that are cither separate
from or are extensions of idenafied resources.
Undiscopered  resources may be postulated in
deposis of such quality, rank, quannty, and
physical locaton as 10 render them economic,
marginally economic, or subeconomic. To re-
flect varying degrees of geologic ceruainty, uwndss-
covered mesowres may be subdivided nto two parta
as follows. (See undisoouered resourees, p. 31.)

1. Hypothetical Resources.—A clau of un-
diseovered resources that are either similar to
known coal deposits which may be reasonably
expected to exist in the same ooal field or
region under analagous geologic conditons or
are an extension from inferred resources. in
general, Aypothdual reources are in the cenual
parts of broad areas of coal fields where points
of sampling and measurement and evidence
for thickness and existence 1s from distant out-
crops. mine workings, drill holes, and wells. If
exploragon confirms the exstence of hypo-
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thetcal resources and reveals encugh informa-
gon about their quality, quantry, and rank,
they will be reclassified as identified resources,

2. Speculadve Resources.—A cass of un-
discovered resources that may occur either in
known rypes of depoaits in favorable geologic
serangs where coal deposits have no¢ been
discovered or in rypes of deposits as yet
unrecognized for their economic potenual. If
exploration confirms the exastence of specula-
dve resources and reveals enough informadon
about their quality, quanaty, and rank, they
will be reclassified as identfied resources.

OPTIONAL SURDIVISONS:

Resources may be divided into subcategones, for
example, on the basis of ash content, sulfur con-
tent, and heat value; rype or vaniety of coal such
a3 boghead or cannel coal; usage such as mecal-
lurgical, petrochemical, and synthetc fuel types;
resources underlying specified lands owned by
State governments, the Federal Government, or
private interests; by resmicted resources under-
lying Swate or nadonal parks, monuments,
{orests, grasslands; military, naval, and Indian
reservagons: and alluvial valley floons, steep
slopes, lakes and large nivers, and environmen-
tally protected areas,

A. Resmicred Resources.—Those parts of any

resource category that are restmricted or pro-

hibited from exwraction by laws or regularions.

Ducussion: Restncted resources meet all re-
quirernents of coal classified as resources, ex-
cept that they are resmicted from extracton by
law or regulation. The assignmpent to a re-
stricted category may be either temporary or
permanent, but, because laws and reguladons
can be repealed or changed, such coal should
be separately distnguished and tonnage esu-
mates recorded as resricted resources.

The division of coal resources into the many
different categories described heretofore and
into other categories not differendared in the
text is desirable and encouraged. Many re-
quests for inforrmaton about resources are
received by coal resource specialists and are
unanswerable because the soopes of the
systemns of classificanon used in the past were
too limited. Persons and insorutons classify-
ing resources are, therefore, encouraged to
use initiative in defining and developing addi-
vonal classes of coal resources.



restricted reserves.—See opuonal subdivisions of
reserves.

restricted resources.—See optional subdmsions of
resources.

roof. —Stratigraphically, in underground mining the
rock immediately overiving a coal bed. Where a bed
is overrumned. the stratgraphic rof 1 the muning
floor.

sample.—A representative fraction of a coal bed col-
lected by approved methods, guarded against con-
tamination or adulteranon. and analvzed to deter
mine the nature; chemical. mineraloqic. and (or)
petrographic composiaon; percentage of ppm content
of specified consutuents; heat value: and possibly the
reactvity of the coal or 1ts constituents.

Discussim: Some samples are also collected so that
fossil remains can be ascertained and phvsical,
magnetic, or other geophysical propernes can be
determined, tested, observed, or analvzed. All
samples should be accompanted by a descnpuon of
the sample, including locanon, thuckness of coal,
and strangraphic relattonshup to other rocks.

TYPES OF SAMPLES:

A. as-received sample.—A sample of coal as it
is received at a laboratory.

B. bed or channel sample. —A sampie of coal col-
lected from a channel cut perpendicular to the
saratificanon.

Duscussion: This rype of sample 1s used 10 ascer-
tatn the chemusoy, rank ol coal. mineralogy,
petrography, and geophysical and physical
properties of coal. Instrucdons for thes tvpe of
sampling are contaned in Geologcal Survey
Circular 735 (Swanson and Huffman. 1976,
p- 2).

C. bench sample.—A sample of a subdivision
and (or) layer of a coal bed separated from other
subdivisions by parnngs of non-coal rock.
Ducussion:  The term  bench sample does not

apply to coal lithotypes such as vinmte and
exanite as used by perrologists.

D. blend pile sample.—A sample of coal collected
from the biend-pile of a processing plant or a
ucilization facility such as a powerplant or steel
mull.

E. breaker sample.—A sample of coal broken or
¢rushed in a breaker plant. A breaxer sampie 15
usually collected prior to cleaning of coal.

f. cleaned coal sample.—A sample ol coal col-
lected after use of a cleaning procedure.

G. core sample.—A sample of coal recovered

from a core which was obtained at depth by a

conng device in a dril) hole.

H. cutting sample. —A sample of coal taken from
the curungs recurned during dnlling.

Drscussion: Curting samples are not recommended
because many compansons with properly or
conventionally collected samples indicate they
are rarely representative.

[. delivered coal sample.—A sample of coal col-
lected from a shipment that s being or will be
delivered to a user.

J. grab sample.—A sample, commonly a single
piece. selected from a coal bed. upple, prepara-
non piant. biend pile, conveyor belt, or coal car.
Discussion: Grab samples are not recommended

because many compansons with properly col-
lected samples indicate they are rarely
representative,

K. mine sample.—A sample of coal collected
from a mine, generally (rom an underground
working face or from a stnp-wall (ace.

L. run of mine or mine run sample. —Generally
the same as a tipple sample.

M. tipple sample.—A sample of coal collected at
a mine tpple.

seam.—A bed of coal lying between a roof and (loor.
This term is not to be used in place of *"coal bed'” in
reports of the U.S. Geological Survey.

short ton.—A unit of weight equal o 2,000 pounds:
0.9071847 metnc ton, megagram;
0.892857 1 long ton.

specific gravity of coal.—The rato of the mass of a
unit colume of coal to the mass of an equal volume of
water at 4°C.

Duscussion: The specific gramity of coal vanies considerablv
with rank and with differences in ash content. The
values shown in table 2 are close to the average
specfic graviues of unbroken or unmined coal 1n
the ground (in situ) for the four major rank cace-
gones and are o be used in preparing U S. Geo-
logical Survev estimates of coal resources and
reserves.

Persons associated with indivnndual mining oper-
ations sometimes use lower specuic graviry factors
10 allow for anticipated losses v extracuon. Such
usage mav be suitable for specdic mine areas but s
not recommended (or use in general reports be-
cause the recoverabilicv of coal vares greadv
between aceas. beds. muing methods. and mine
operaors.

speculative. —Lowest degree of geologic assurance
Esumates ol rank. thickness, and extent are based on

lonne, or




TABLE 2 —Auemge spacyic pravuy ond aperagy winght of unbroken ool per unut volume of differau ranks

Ve right of unbcokan coal per uow ~alume

Short wony Shor wna Meox om0 Shon onr e X Mimictions Meaxc iy
Rank Specilic per pore- ot acre- orr Kre per >quare pe? equare per Saunr PEFIGOLS
frane L] re-y foo mabe-foor nule-foot hectometey: heromerer
meser meter
Anthracite and
seruanthracite ----1 4) 2,000 166 & 1.81¢ 1,280.000 1.160.960 14.700 1.470,000
Buuminous coal ------ 1.32 1.800 150 1.633 1,152,000 1,045,120 13.200 1,320,000
Subbieuminous coa) -~-1.30 1.770 147 % 1,605 1,132,800 (1.027,200 13,000 1,300,000
Lignne =---mmmemmnean 129 1,730 1458 1.588 1,120,000 1.016.320 12,900 1,290,000

assumung the existence of known rvpes of coal de-
posits 1 favorable geologic semungs or on assuming
the exastence of unknown types of deposits as vet un-
recognized for their economic potendals. Tonnages
are esumated by assurming thickness of coal. over-
burden, extent, and rank to a speafied depth. There
are geologic evidence sites but no measurement sites
in areas of speculadve coal. Used a< a modifier to re-
source terms. See Hypothetical Resources, p. 20 ;
Speculagve Resources, p. 20, and Undiscovered Re-
sources, p. 20. (See also figs. 1.2, and 3 )

speculative  resources, —See  Speculatve  Resources,
p.20. {Sec also speculasive resources, p 30, and figs. |,
2. and 3.)

square hectometer-meter (hm?=-m). —A memic unit of
the volume of coal that covers | square hectometer at
a thickness of | meter; 10,000 cubic meters; 10 cubic
dekameters; 0.010 square kilomneter-meter: 13,079.54
cubic yards: 8.107132 acre-feer; 0.0126674 square
mile-foot. The weight of coal tn this volume vanies ac:
cording to rank. (See table 1.)

square kilometer. —£,000,000 square meters; 100
heciares; 247.10538 acres: 1,195,990 square yards;
10,763,910 square feer.

square kilometer-meter (km!-m).—The volume of
coal (1,000,000 cubic meters; {00 square hectare-
meter-meters or 100 hectare-metery;  {,307,9%0.6
cubic vards; 35,314,667.0 cubic feet) that covers |
square kilometer at a thickness of | meter. The weight
of coal varies according to the rank. (See table 2.)

square mile. —27.878,400 square feet: 3,097.600
square yards; 2,589 988.1 square meters; 258.99881
hectares; 640 acres; 2.5899881 square kilometers.

square mile-foot.—The volume of coal (27,878.400
cubic feer; 789,428.38 cubic meters; 1.032,533.33
cubic vards) that covers | square mule 1o a thuckness of
| foot. The weight of coal vanes according to the
rank. (See table 2 )

strip or sripping ratio.—The amount of overburden
that must be removed to gain access to a unit amount
of coal.
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Discussum: A simippang ratio may be expressed as
(1) thickness of overburden to thickness of coal,
(2) volume of overburden to volume coal,
(3) weight of overburden o weight of coal, or (4)
cubic yards of overburden to tons of coal. A rinp-
ping ratio commonly is used to express the max-
mum thickness, volume, or weight of overburden
that can be profitably removed w obtain a unit
amount of coal.
strip or surface mining.—The exwacton of ooal by
using surface mining methods such as area saip min-
ing, contour stnp mining, or open-pit munihg. The
overburden covering the coal is removed and the coal
extracted using power shovels, front cnd loaders, or
similar heavy equipment.
subbituminous coal.—A rank class of nonagglomer
atng coals having a heat value content of more than
8.300 Bru's and less than 1{,500 Beu's on a moist,
mineral-marcter-free basis. This class of coal is divis-
ible on the basis of increaging heat value into the sub-
biturninous C, B, and A coal groupa. (See table 1.)
subeconomic resources.—See resources and eco-
nomic. {See also subsoomomic resowves, p.31. and
figs. 1, 2, and 3.)
sulfur content.—The quandry of sulfur in coal ex-
pressed in percent or pars per million. May be di-
vided into the quannties occurring as inorganic
(pyridc) sulfur, organjc sulfur, and sulfate sulfur.
thickness categories.—The categones of thickness of
coal beds employed in calculating, estimating, and
reporung coal resources and reserves. (See thickmess
of coal for resowrae calculations. p. 31; and spedfic in-
soucdon No. 3, p. 34.)
ultimate analysis. —In coal, the determinaton by pre-
scribed methods of the ash, carbon, hydrogen,
nirogen, oxygen (by difference), and sulfur contents.
Quandiges of each analyzed substance are reported by
percentage for the following conditons: as-received,
dried at 105°C, and moisture-and ash-free.
Ducussion: The principal reason for the ultwmate maly-
s is the classification of coals by rank, although it
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is often used for commercial and indusgial pur
poses when it is desirable 0 know the sulfur con-
tent. The wltimat analysis also is known as the *‘total
analyns.'' This, however, i3 a misnomer because
substances other than those noted above are not
identified and quanafied, such as trace clements,
oxides, and rare gases.
underground mining —The extracdon of coal or its
products from between enclosing rock smata by
underground muning methods, such as room and
pillar, longwall, and shortwall, or through in situ
ganificacon.
undiscovered. —A category of vugin resources of coal
having the lowest degree of geologic assurance. Cate-
gory is divisible into the hypothetcal and specuiarive
categories. (See hypothetical and speculative.) Es-
mates are quangtative. There are no sample or meas-
urement of coal thickness sites in areas of undis-
covered coal. Used as a modifier (0 resources.
undiscovered resources. —See mandatory subdivisions
of resources. (Sce also undiscooered resowrems, p. 31 ;
and figs. 1, 2, and 3.)
vein.—A bed of coal lying between a distinet roof and
floor. Term is not 1o be used in place of ''coal bed'’ in
reporus of the U.S. Geological Survey.
virgin coal. —Coal that has not been accessed by min-
ing. See accessed.
volatile matter.—In coal, those products, exclusive of
motsture, given off as gas and vapor, determuned by
definite prescribed methods (ASTM, 1984, p. 184,
D2361-66. D3761-79, D3175-77, D3176-74,
D3178-73, and D3179-73).

CRITERIA FOR COAL RESOURCE
CLASSIFICATION

Although not specfically noted, coal resources are
dassified v figures 1, 2, and 3 according to geologic
assurances of existence and to the economic feasibility of
recovery.

The degree of geclogic assurance in this system of coal
classification is determined from the interrelagons of
(1) proximity to or closeness ol spacing of points where a
coal bed is measured or sampled (relability); (2) con-
cepts, ideas, and modeis of the depth, rank, quality,
thickness of coal, arcal exient, deposiconal parterns and
correlations of coal beds and enclosing rocks; and
(3) knowledge of associated structural fearures as they
control the dismribution, extent, thickness, depth of
burial, and metamorphisrn of coal resources. An under-
standing of these clements as they relate o the three
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dimensional configurations of stratigraphic sequence is
necessary ta provide the highest degree of geologic as-
surance as 10 the exastence and contnuity or lack of con-
tinuity of specific coal beds.

The degree of economic feasibility is detcrmined by
uterreladng the (1) thickness of coal (see speafic in-
struction No, 3, p. 34); (2) thickness of overburden:
(3) the rank and quality of coal as ascertained from anal-
yses that may be from the same bed or adjacent beds
and which may be projected on geologic evidence for
several miles; (4) coms of muning, processing, labor,
transportaton, selling, interest, taxes, and demand and
supply; (5) expected selling price; and (6) expeced
profits.

The thickness of overburden and the thickness of a
coal bed are the primary factors controlling the feas-
ibility of mining. Knowledge of the quantty of coal and
rock that must be removed per unit of recovered coal, of
the roof and floor conditions, and of the difficulty of
separating coal from rock determine the mining method
and the equipment chosen for the mining operadon.
The rank. purity, heat value, and selling price of the
coal commonly dicrate usage and marketabidity. Higher
rank coals generally are judged more valuable than
lower rank coals owing o greater heat values and chem-
wcal characreristics that are sought currendy by the
metaflurgical] and petrochemical indusmies. Economic
variables that influence feasibility are price of coal, cost
of ecquipment, mining, labor, processing, Tanspora-
uon, interest rates, and taxes. Supply and demnand for
coal algo influence feasibility as do environmental laws.,
restricuons, judidal ranongs, and political considera-
vons. The reladve value of coals may change markedly
in the near future as the result of udlizing new tech-
niques for convertng oal to gas and or liquid fuels.
Low-rank coals and coals containing pyrite that are cur-
rently of lower ecopornic value may in the furire be con-
sidered premium fuels for conversion processes.

The critena for the principal classes of coal resources
deseribed hereafter are summanzed in table 3 and are 10
be used in preparing all U.S. Geological Survey caal re-
source esumates from January 1, 1983, undl further
revised.

APPLICATIONS OF CRITERIA

The criteria are to be applied only to those deposits of
coal that are curendy or potendally feasible for
economic extracton by underground mining, surface
mining, and (or) in situ gasificanon methods. Coal beds
that are thinner than 14 inches (35 cm; anthracite and
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biturmnous) and 30 inches (75 cm: lignite and subbitu-
munous) generally are excluded from resource consider-
aton unless currenty betng mined. All coal beds deeper
than 6.000 feet (1.800 m) are excluded. These limits are
imposed as the result of consultations with geolomsts
and minwng engineers throughout the intemanonal coal
community. In the United States, beds that conuain
more than 33 percent ash also are excluded: because of a
shortage of energy in some countnes, however. coal
containing more than 33 percent ash is being mined and
is classified as reserves.

Coal beds thinner or more deeply buned than the un-
pased himits have been mined locally at several places in
the United States and are mined in other panis of the
world, however, their extraction in the United States
has generallv not proven econorm¢ Where such mining
» taking place, the coal should be classed as a reserve
and recorded ac the tirne of assessment in the coal re-
source tigures. With the lew exceptions owing 1o current
mining and simiar (uture exceptions. the wmposed limits
should be adhered to. Sce general guideline No. 7.
p 32.
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SPECIFIC CRITERIA

Note.—Specific criteria and glossary terms are cross-
referenced within this report. To aid the reader. specific
cntena. beginning below, are printed in boldface italics.
and glossary items. bequnning on p. 5. are printed n
boldface tvpe.

anthracite and bituminous coal reserves.— Tonnage
esumnates for these classes of coal are determined by
summung the recoverable quanuues of coal in the re-
serve base and are assigned (o the lollowing categones.
{a) thickness of coal—28 (o 42 inches (70 to 105 cm), 42
to 84 inches (105 w0 215 ¢cm), 84 to 168 inches (215 w0
430 ¢m), more than 168 inches (>430 cm): and (b)
thickness of overburden—O0 to 3500 feet (0 to 150 m) and
500 to t.000 feet (150 10 300 m). Tonnage estmares for
the bituminous coal class may be divided into low-
volatile. medium-volatile, high-volatile A. high-volatle
B. and high-volatde C groups. Similarly, tonnage esu-
mates for the anthraciie class may be divided into meta-
anthracie. anthracite, and semianthracite groups. Re-
serves assigned 1o these coal classes must be considered
as economically producible at the time of classification,
burt facilities for extraction need not be in place and
operative. See specific instruction No. 3. p. 34,

anthraciee and bituminowus coal inferved reserves.— Ton-
nage esurnates lor these classes of coal are determined
bv summmng the recoverable quantities of coal in the
inferred reserve base and are assigned to the same coal
thickness and overburden thickness categones as
anthracite and biuminous coal reserves. Inferred re-
serves must be considered as economically producible at
the ame of classvicaton. Facilities for exwraction need
not be in place and operative.

anthracite and bituminous coal marginal and inferred
marginal reserves. — Tonnage estimates for these classes
of coal arc determined by summing the marginally ce-
coverable quanuines of coal 1n the reserve base and 1n
the inferred reserve base and are assignable to the same
categonies of thickness of coal and overburden descnbed
for anthracite and bituminous coal reserves. Thesc
classes of coal may be divaded wnto the same rank groups
as descnbed lor anthracie and biruminous coal re-
serves Mar@inal and inferred marqunal reserves must
be considered uncerawn as to economic producibilitv at
the ume of classification. Facuites for extraction need
not be in place and operanve.

w



coal resenw base,—See reserve base (or thickness of coal
and thicknesa of overburden critena.

anthsacits and bituminows coal resowrces. —Tonnage es-
timates for these classes of coals are deterruned by sum-
ming the estimates for anthracite and bicumunous coal
identified and undiscovered resources (fig. 3). They are
assignable to the same thickness categories as for anthra-
cite and birurmninous coal reserves with the additon of a
14-28 inch (35-70 cm) category (see specific insoruction
No. 3. p. 34), and the following overburden categories
are 1o be recognized: 0 to 500 feet (0 o 150 m): 500 to
(.000 feet (150 to 300 m); 1,000 10 2,000 feer (300 to
600 m); 2,000 to 3,000 feet (600 1o 900 m); and 3.000 toc
6.000 feet (900 to [,800 m). Tonnage csamates for the
biuminous coal clags may be divided inw the low-
voladle, medium-volatile, high-volavle A, high-volagie
B, and high-volaule C groups, and tonnage estimates
for the anthracite clags may be divided into the meta
anthracite, anthracite, and semuanthracie groups.

cumulatie  deplation. —Cumulaiwe deplawn 18 summed
from all coal exmacted and lost-in-mining prior to the
date of the estimate, which may be subdivided on the
basis of rank and subrank (class and group) of coal,
overburden class, thickness class, muning method, heat
value, usage, ume, cokeability, chermical consutuents,
and area of producnon.

cummulative production. ~— Cummulative  production 13
summed (rom production from a mine. field, basin,
region, province, state, or nauon pror to the date of
the esimate, which may be subdivided on the basis of
rank and subrank (class and group) of coal. overburden
class, thickness class, mining method. heat value,
usage. tme, cokeability, chemical consuruenu, and
area of production.

demonstrated reserves and demonstrated marginal re-
serves. — Tonnage estimates for these categones of coal
are the sum of the esumates for measured and tndicated
reserves and marginal reserves, repecnvely, which are
the preferred usages. See Reserves and Marginal Re-
serves, p. 18.

demorustrated resevve bare. —Tonnage estimates for this
category of coal are determined bv summing the esu-
mates for the measured and wndicated reserves bases.
The demonstraied reserve base is the same as the ‘'reserve
base.'’ which 1s the preferred usage. See reserve base,
p.19).
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demorutrated retources.—Tonnage esnmates for this
category are the sum of the esumates for the reserve base
and subeconomic resources.

economic refowares. —An informal term used by geolo-
quses to indicate their esumates of the coal resources that
are potentially economic.

Aypothetical resources. —Tonnage estimates for this cace-
gorv of resources are for (1) exwensions of inferred
resources (coal beyond a radius of 3 miles or 4.8 km
from a pownt of measurement)j, and (2) regions where
onnage esrimates are based on a knowledge of the geo-
logic character of coal. Hypothawal resources include coal
that is t4 inches (35 ¢cm) or more thick (anthracite and
bitumninous coal) and 30 inches (70 cm) or more thick
(subbiruminous coal and lignite) to a depth of 6.000 feet
(1,800 m). (See secuon on ‘'Extrapolated Bed Map
Method,” p. 37, and ‘ Exuapotated Coal Zone
Method,"" p. 38: see also fig. 4.)

identified resources.—Tonnage estimates for this
category of resource include all bicuminous ecal and an-
thracite 14 inches (35 cm) or more thick and al] subbiru-
minous coal and lignite 30 inches (75 cm) or more thick
from the surface to a depth of 6.000 feet (1.800 m)
whose location, rank, quality, and quanary have been
determined within specified degrees of rehabliry as
demonstrated, measured, indicated. and inferred.

indicated. —\'irgin coal that lies berween 1/4 mile
(0.4 km) and 3/4 mile (1.2 km) from a point of thickness
of coal measuremnent. (See fig. 4.)

indicated margpinal reserves. —Tonnage esumates for this
category of reserves include those parts of an indicated
reserve base that at the wme of determination border on
being cconomicallv producible assuming cerain pro-
Jected economic or technologic changes. The assumed
changes and the specific criteria suggestng potendal
economic profitability should be documented. (See in«
dicated. p. 10: and fig. 4.)

indicated reserves.— Indicated reserver are esamated from
an wndicated reserve base by subtracting the assumed
onnage of coal that will be lost-in-mining and indicated
marginal reserves. The remaining tonnage—the coal
thae is assumed will be extracted—is the ndicated reserves,
which must be considered a5 economically producible at
the ume of dassification. However, facilines for extrac-
uon need not be in place and operative. (See indicated,
p.10: and fig. 4)




indicated resevie base. — An indicaled reserve base \s deter-
mined by projection of tncknesses of coal and over-
burden. rank. and qualirv data from pounts of measure-
memnt and sampling on the basis of geologic ewvidence
using the following cntena: (a) indnadual powts of
measurement are bounded by measured coal for i+
mye (0 4 k) suceeded by wndicated coal from 1) ¢ mue
(0.4 km) w0 3/4 mde (1.2 km): and (b indwated reserve base
includes anthracite and bituminous coal 28 nches
(70 cm) or more thick and subbicuminous coal 60 inches
(150 ¢m) or more thick o depths of 1.000 feet {300 m)
and hgnite 60 inches (1350 cm) or more thick 1o depths of
500 feet (150 m). (See indicated. p. 10 1

indicated resources.—Tonnage estunates for indicased re-
sources are computed by projection of thicknesses of coal
and overburden. rank. and qualiev data irom powts of
measurement and sampling on the basis of geoloqic ewr-
dence and are assigned 10 the following calegones:
(a) individual points of measurement are bounded by
measured coal for 1/4 mile (0.4 km) succeeded by 1/2
mide (0.8 km) of indicated coal: and (b) indwatad resources
include anthracite and biumwmnous coal 14 inches
{35 cm) or more thick and lignite and subbiruminous
coal 30 wches (75 cm) or more thick 10 a depth of 6.000
feel (1.800 m). The quantiry of coal esumated as indi-
cated resources 1s the same as the sum of the wndicated re-
serve base. and tndicated subeconomic resources. (See
indicated. p. (0: and fig. 4.)

inferred. —\Virqin  coal that lies between 3/4 mile
(1.2 km} and 3 mUes (4.8 kun) from a pownt of tuckness
of coal measurement. (See fig. 4.)

inferred marginal reserves.—Tonnage estunates for this
categorv of reserves include those parus of an wferred
reserve base that at the ume of determinauon border on
being economically producible assuming cerawn pro-
jected economic or technologic changes The assumed
changes and the specific criteria suggesting potential
economic profitability should be documented. (See in-
ferred. p. 10 and fig. ¢.)

inferred reserve base. —An nfered reserve base s deter-
mined by projection of thicknesses of coal and over-
burden. rank. and qualin- data from points of measure-
ment and samphng on the basis of geologic evidence
using the following criena: (2) wndidual pownts of
measurement are bounded by measured and (ndicated
coal for 3/4 mue (1.2 km) succeeded bv inferred coal
irom 3/4 mue (1.2 km) 0 3 mues (4.8 km). and (b) -
Jerved reserve base includes anthracite and birurminous coal
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28 inches (70 ¢m) or more thick, subbiturninous coal
60 inches (130 cm) or more thick. all to depths of t.000
feet (300 m), and hgnite 60 winches (150 ¢m) or more in
thickness to depths of 300 feet (150 m).

inferred reserves. — Inferred reserves are estimated from the
inferred reserve base by subtracung the inferred
marginal reserves and the coal that is estimated will be
losi-in-mining. Inferred reserves must be considered as eco-
nomically producible at the time of determination con-
sidering environmental, legal, and technologic con-
straints. Extraction faclities need not be in place and
operative.

inferred resources.— Inferred resources are determined by
projecting the thicknesses of coal and overburden, rank.
and quality data from points of measurement and sam-
pling on the basis of geologic knowledge and are as-
signed o the following categones: (a) individual points
of measurement are bounded by meagured and nd-
cated coal for 3/4 mile (1.2 km) succeeded by 2-1/4 mules
(3.6 km) of inferred coal: (b) inferred resources inctude an-
thracite and biturninous coals 14 inches (35 ¢cm) or more
thick and lignite and subbituminous coal 30 inches
(75 ¢m) or more thick to depths of 6,000 feet (1.800 m).
The quantity of coal escirnated as an inferred resource s
the same as the sum of the inferred reserve base and in-
ferred subeconomic resources.

lignite reserves. —Tonnage estimates for chis dass of coal
reserves are determined by summing the recoverable
quantities of coal in the reserve base and are assigned to
the following categories: (a) thickness of coal—3 10 10
feet (1.5 10 3.0 m). 10 to 20 feet (3 to 6 m), 20 to 40 feet
(6 10 12 m), and more than 40 fect (>12 m); and
(b) thuckness of overburden—0 to 500 feet (0 to 150 m).
Tonnage estimates for ligniis reserves may be divided nto
the lignite A and B groups. Reserves assigned (o the lig-
nue class rust be considered as economically producible
at the time of classification. but facilities for extracuon
need not be in place and operatve.

Discussion: Currendy. there are few underground
ground hgnuie mines i1 the United Suates. In
addition. there are few. if anv, lignite stnp mines
that are removing as much as 300 feet (100 m) of
overburden. In order o provide for future tech-
nologic and surfacc muning advances, the max-
wnum thickness of overburden for surface-
minable lignue reserves and reserve base is set at
500 feet (150 m). I is deemed inexpedicnt (o es-
umate underground-minable lignie reseves and
rescrve base at depths greater than 300 (eet
(150 m). (See specitic inscruction No. 3. p. 34.)



lignite marginal and inferred margpinal reserves.—Ton-
nage estimates (or these classes of coal reserves are de-
termined by summing the marginallv recoverable quan-
tities of coal in the reserve base and wnferred reserve base
and are assignable o the same categones ol thicknesses
of coal and overburden descnbed for hgnite reserves:
coal may be divided into the lignite A and B groups.
Ligmie marginal and inferred marginal reserves must be con-
sidered as uncenain as to thewr economic producibuicy at
the ume of classicauon. Facilities for extraction need
not be in place and operative.

lignite inferred reserves.—Tonnage esumates for this
class of reserves are determined by summung the recov-
erable quantiaes of coal in the inferred reserve base and
are assignable to the same categones ot thicknesses of
coal and overburden descnbed for lignite reserves. Also,
this class of coal mav be divided into the lignite A and B
groups. Such inferred reserves must be considered eco-
nomycally producibie at the time ol cassuicanon: facty-
ties for exaraction need not be (n place and operauve.

lignite reserve base and inferred reserve base. —See reserve
base (or thickness of coal and thickness ol overburden
cntena.

lignite resourves. —Tonnage esumates for this class of
coal are determined bv summing the estnates for lig-
nite identified and undiscovered resources. The same
thickness categones as for lignite reserves are o be used
with the addition of a 30-60 wches (73-130 cm) cate-
gorv {sce specific instrucnon No. 3, p. 34 ). and the fol-
lowing overburden categones are to be recognized' 0 to
500 feet (0 w 130 my: 500 to 1.000 feer 1150 1o 300 m).
1.000 to 2.000 feer (300 to 600 m). 2.000 o 3.000 feet
(600 to 900 m). and 3.000 w0 6.000 feet (900 ¢o
1,800 m). The tonnage estimates for this class of coal
mav be divided into lignite A and B groups.

measured. — Accessed and wvirgin coal that lies within a
radius of 1/4 mue (0.4 km) of a point of thickness of coal
measurement. (See (ig. 4.)

measured marginal reserves. —Accessed and virgin coal
that lies within a radus of i/4 mue {0 + km) of a point of
thickness of coal measurement. Tonnage estimates lor
this category of reserves includes those parts of a meas-
ured reserve base that at the wme of determinanon
border on economic producibilin assuming certain pro-
Jected economic or technolo@ic changes. The assumed
changes and the specific criteria suggesung potential
economic  producibility should be documented. (See
measured, p 12: and fig 4)
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measured reserves. — Measused reserves arc estimated from
a measured reserve base by subtracting the sum of the
assumed tonnage of coal that will be lost-in-mining and
measured marginal reserves. The remaining ton-
nage—the coal that is assumed will be extracted—s
measured reserves which must be considered as eco-
nomically producible at the ume of classification:
however. facilities for extraction need not be n place
and operauve.

measured reserve base.— A measured reserve base s deter-
mined by projection of thicknesses of coal and over-
burden. rank. and qualitv dawa from points of measure-
ment and sampling on the basis of geologic evidence for
a radius of 1/4 mue (0.4 km). A meacured reserve base in-
cludes anthracite and bituminous coal 28 inches (70 cm)
or more thick and subbituminous coal &0 inches
(150 ¢m) or more thick to depths of 1,000 feet (300 m)
and lignite 60 inches (150 cm) or more thick to depths of
300 feet (50 m).

measured resources.— Tonnage estirnates for measured re
sources are computed by projection of thicknesses of coal
and overburden. rank, and quality data for a radius of
1/4 mie (0 4 km) [rom a pomnt of measurement. Meas-
ured resources include anthracite and binuminous coal
14 inches (35 c¢m) or more thick and lignite and sub-
biuminous coal 30 inches {75 cm) or more thick to
depths of 6.000 feet (1.800 m). The quanary of coal es-
umated as measured is the same as the sum of the meas-
ured reserve base and measured subeconomic¢ resource.

ongnal resources.— Tonnage estmates determined for
coal in the ground prior 10 production. Where coal has
been mined. estimates are made by sumuming remainung
resources. curnmulative production. and coal lost-in-
mining. An estimate of total ongwnal resources is the
sum ol the onginal resources determined for many
mines, lields. basins. regions, provinces. States, and the
Naoon. (See resourzes {or thicknesses of coal and over-
burden: and lost-in-mining. p. 12.)

other occurrences, noneconomic coal.—Such coal. except
where mined locally, consises of anthracue and bicumi-
nous coal beds less than 14 inches (35 cm) thick: lignite
and subbituminous coal beds less than 30 inches (75 cm)
thick: and ali coal beds that are buried by more than
6.000 ieet (1,800 m) of overburden: coal containing
more than 33 percent ash: and that coal tost-in-mining
that 1s considered noneconomic. Tonnage estumates are
opuonal for such coal. However. if estimates are made.
thev should be reported as *'other occurrences’ and not
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as resources. However. where currendy mined, coal
that is considered 100 thin or oo high in ash and would
normallv be. classed as ‘other occurrences™ 1s 0 be
classed as reserves.

rank asngnments.— The assignment of rank is a neces-
sarv part of classifving a coal; however. data for deter-
muning rank are commonly sparse or are far-removed
from the localities where the dawa required for rank
assignment s needed. In general. rank gradually
changes laterally over many miles or suatigraphically
over hundreds o thousands of {eet. Because of the lack
ol dawa in some areas, conclusions concerming rank as-
signments commonlv must be denved from analvuc or
petrographuc determuwnauons made on coal that lies some
distance from where the rank assignment is desired.
Conclusions concerning rank where analync or petro-
graphic data are sparse must be viewed as tentative.
However. if a geologist's understanding of the serting of
the area sampled is adequate, the rank assignment prob-
ably will be correct even though the rank data are

sparse.

rank calculation. —The rank of coal s to be calculated
by using the following instuctions which are quoted
from the standard specificanons for dassification of coais
by rank (ASTM Standards, 198}, p. 212-216):

8. Calculanon o Mineral-Marter-Free Basin

8 | Caleulation of Fired Corbon and Calonfc Valw. For clasaificanon of
coal according o rank, fixed carbon and calonfic value thall be cal-
culated (@ the mweral-maner-(ree basy \n accordance with either the
Parr formuias. Eqs 1. 2. and 3, or the approsamanon (ormulas. Eqs 4,
3 and 6. thar follow In case of llaganon use the appropnate Pare
Formula

8 2 Calculauon to Mm-free bass.

Parr Formulas
(FC - 0.138)
D, Mm-f; - 100 (I
e Mmefree FC = oM < T0BA + 05580 M
D, Mm-free VM = 100 ~ Dry. Mm:free FC (2)
Moist. Mm-free Bru = (B - 6 100 (H

(100 - ) 0BA < 05581

Note—The above formula for fixed carbon u denved from the
Parr formula for velanle marer
Appronmation Formulas

Dn Mm-lree FC - - FC « 100 (¢
(100 -« (M « 1 1A - 018}
Dn. Mm-free \'M = 100 - Dn. Mm-iree FC (9}
Bru
Noist. Mm-free By = « 100 (6)
[100 - (J.1A + 018y
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where
Mm = Mineral mauer.
Beu = Bnush thermal uries per pound (calonfic value).
FC « percendaqr of fixed carbon.
\'M e percendage of voladle mareer.
M - percentage of mowrure.
A = percencage of ath, and
S - percentage of sulfur

Above quantures are all on the inhereni mobture hasis This basis
refers 10 coa) conlaning 1 narural inherent or bed mourure bul not
ncluding water adhenng to the surface of the coal.

recovery factor method.—Only a part of the coal in any
deposit can be extracted when mined. The coal not ex-
tracted during underground mining, strip mining, or
auger mining: the coal that becomes a part of a under-
ground or stip-mine waste ptle: or the coal that s not
removed adjacent to a stip-mine or underground-mine
boundary is considered as lost-in-mining unless sufh-
cient tonnages are left unextracted so that additional
mining or recovery can be foreseen.

If it is not feasible or possible to calculate the reserves
of an area using an economic analysis, a reasonable
approxumanon of the reserves can be determined by us-
ing the recovery factor method described hereafter.

Each operating mine has a unique percentage of coal
that is recovered. This percentage is termed the re-
covery factor of the mine and 1s obtained from the fol-
lowing formula:

Y x 100
RE= —x
where
RF = Recovery factor or percent coal estimated
extractable during mining,
X = The 1ol ronnage of coal estimated in the
ground,
Y = The tonnage of coal esumated to be recov-
erable duning mining.

A recovery factor can be applied to a reserve base
obtain an estimate of the reserves of an area. Such use of
a recoverv factor is appropriate when there is a paucity
of geologic data for estumating the tonnage of potentially
exuactable coal.

It 1s difficult to estimate accurately the recoverable
coal in a very large area such as a field, region, prov-
ince. basin, State, or the Nation because 1t is impossible
o detesmine how much coal in the area will not be
mined for legal or environmental reasons, what method



or methods of mining will be used, and what the average
recovery factor will be for all mining methods.

A reserve base and reserves have been estumated by
industry for most operating mines in the United States.
Generally, data that can be used to compute recovery
factors for individual mines are closely held by the oper-
ators; therefore, there is little publicly available informa-
tion to guide estumators in determining local, regional,
and national recovery factors. Commonly, estimators
must extrapolate recovery factors from experience
gained in a few mines by assuming that (1) geologic
conditions conuoliing mining will be similar, and
{2) success in the recovery of coal in unmined areas will
be similar to that of mined areas unlizing the same min-
ing method. Such extrapoiation of recovery factors from
a few well known mined areas to less well known or
unknown areas requires experience regarding the geol-
ogy, the mining method or methods to be employed,
and an awareness of the difficulties, geclogic and other-
wise, that affect the estimation of reserves. Area, quad-
rangie, township, field, basin, province, county, State,
and nauonal recovery factors can be determined by us-
ing formulas after determining the mean recovery factor
in percent for many mines, ascertaining the quantity of
reserve base coal in the area of study, and ascertaining
the total quantity of coal that is resmcted from mining
for any legal, environmental or technologic reason.
These formulas are:

X
2-100},

NRF = W(100 - 2)

where

X = tonnage of coal restricted from extraction
for any legal, environmental, or tech-
nologic reason,

Y = twnnage of coal included in the reserve
base category of a large area,

Z = restricted coal (percent),

W = recovery factor percent obtained from
local mines, and

NRF = Natonal, State, or large area recovery

factor in percent applied to all coal in-
cluding restricted.

In the United States, recovery factors for under-
ground muning as determined from mine maps of aban-
doned and operating mines generally range from about
35 to about 70 percent and average about 30 percent.
Similarly, recovery factors for abandoned and operating

"
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surface mines range from about 70 to 95 percent and
average about 80 percent. These local recovery factors
are valid for individual mines but are not valid for large
areas because they fall to consider the coal lost-in-
mining such as (1) the coal that will not be mined be-
tween properties, and (2) coal in overlying and under
lying beds rendered usuitable for future mining by past
underground mining. Further, the local recovery factors
do not consider the coal that is restricted or prohibited
from mining, such as the coal underlying natonal parks
and wild life sanctuaries; coal that is too deep and too
thin to be mined because of excessive costs; and coal that
cannot be mined because of unsolved technologic, geo-
logic, or engineering problems.

The authors recommend appiying a recovery factor of
50 percent to the reserve base when computing under-
ground and surface mining reserves of large areas.
However, if actual local recovery factors have been cal-
culated, the procedure outlined with the two formulas
should be impiemented for smaller areas.

remaining resowrces.~The resources remaining in the
ground after prior mining. These resources inciude
identfied and undiscovered resources and include coal
lost-in-mining whose attributes indicate possible future
recovery. See resources, for thickness of coal and over-
burden criteria, and figure 3.

reserve bass.—A tonnage estmate for this category of
coal consists of the sum of the estimates for measured
and indicated reserves, marginal reserves, and a part of
the measured and indicated subeconomic resources (the
coal that has or will be lost-in-mining). The reserve base is
the same as the demonsurated reserve base. The term
reserve base is preferred for reports of the U.8. Geological
Survey. The criteria for the reserve base inciude bitum-
nous coal and anthracite 28 inches (70 cm) or more
thick, subbituminous coal 5 feet (1.5 m) or more thick
that occurs at depths to 1,000 feet (300 m), and lignite
5 feet (1.3 m) or more thick that occurs at depths 1o
500 feet (150 m).

Discussion: Individual reserve bases, where needed
and appropriate, are to be determined by cate-
gories of reliability, thicknesses of coal and over-
burden; rank, chemical constituents, ash
content, heat value, and potential usage. Addi-
tionally, estimated individual reserve base
estimates are to be summed into wtals for each
township, quadrangle, coal field, basin, region,
province, township and range, county, State,
and the Nation. Assignment of coal w a reserve



base is controlled by physical and chermical eni-
teria such as categories of reliability, ducknesses
of coal and overburden, rank of coal, and knowl-
cdge of deposidonal patterns of coal beds and
associated sgucrural featmures. Changing cco-
nomuc, technologic, and environmental connd-
erauons do not conuol assignment of coal to a
reserve base. In conoast, the discrimunanon of
reserves i largely controlled by economuc factors
suchb as judgmenes of cost, profit, and supply of
and demand for coal. Reserve dixnminanon i
congolled secondanly by advances or differences
in mining, preparaton and transportanon tech-
nologies, and by environmental rcgulavons,
laws, and juchcial rulings.

The physical and chermucal criteria used 1o
assign coal to a reserve base category have been
used already to evaluate many coal beds that are
currendy mined in the United States. These
evaluatons indicate coal assigned to a reserve
that is derived from a physically-chemically
defined nove base can be expected w0 be
economically minable with a high degree of con-
fidence. In a few places, however, where the
thickness of a coal bed or associated rock condi-
Hons are exceptionally variable or severe, the
varying tonnages of coal classified as a reserve
from a physically and chemically defined resere
basr may or may not prove 10 be exuacrable at a
profit.

Changes in environmental laws and regula-
tions generally affect the tonnages of coal as-
signed t0 the vanous categonies of the reserpe base,
however, assesstnents of these changes have not
been made.

ressrves. —Reserve tonnage csdmates are to be de-
termined by summing the recoverable quanaoes of coal
in the reserve base for cach rank of coal and are assigned
0 the following categories: (1) thidmesa of overburden—
0 10 500 feet (0 to 150 m) and 300 o 1,000 feet (150 m to
300 m); and (2) thickness of coal—28 tw 42 inches (70 w0
105 cm), 42 o 84 inches (105 w 215 am), 84 o
164 inches (215 to 430 am), and more than 168 inches
(> 430 an) for anthracdite and bituminous coal; and 5 to
10 feet (1.5 10 3.0 m), 10 o 20 feet (3.0 0 6.0 m), 20 10
40 feet (6.0 to $2.0 m), and more than 40 feet (> 12.0 m)
for subbiruminous coal and lignite. (See specific instruc:
gon No. 3, p. 34.) Rasves must be considered as
cconomically producible at the dme of dassificanon, but
facilices for exeracnon need not be in place and opera-
tve. In addidon, catcgories based on potennal mining
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methods (surface and underground); chemical constit-
uents such as sulfur, phosphorous and ash content; heat
value: and usage such as meullurgical, steam, petro-
chemical, gasificaton, and liquefacuon are desirable.
Reeavs and marginal reserves are esumated by deter-
mining the amount of coal in each reserve base category
that can be exwaced at the ume of daasification
(raerpis), and the amounc that borders on being extract-
able at a profit (marginal reserves). Theae two amounts
and the amount that will be lost-in-mining, when
summed, are equal 10 the reserve base. The esamates of
cach reserve category are to be touled into quadrangle,
township, field, basin, region, province, county, and
State estmates, and into a nadonal total, and then the
varous esumates for all caregories are to be rotaled
sirularty to reach an indusive estimate of all reserves.

Rarve are derived from the reserve base, which in-
cludes bituminous coal and anthracite 28 inches (70 cm)
or more thick, subbimuminous coal 5 feet (1.5 m) or
more thick that occurs at depths to {,000 feet (300 m),
and lignite 5 feet (1.5 m) or more thick that occurs at
depths to 500 feer (150 m). Reesos also include thinner
and (or) more deeply buried beds of these ranks of coal
that are currendy being mined.

resouroes. ~Tonnage estumates for coal resources arc
determined by summing the estimares for identified and
undiscovered deposits of coal that are 14 inches (35 cm)
or more thick for anthracite and bituminous coal and
under less than 6,000 feet (1,800 m)-of overburden, and
30 inches (75 em) or more thick for lignite and subbitu-
minous coal and under less than 6,000 feet (1,800 m) of
overburden.

speculative resources.—As of publicadon of this dreular,
there are no speculative resources of coal estmated for
the United States. However, if it is desirable to make
such estmates, the definition of Speculatve Resources
(p.20) and the criteria for resossoes will be followed,
and the geologic evidence supporung the carimates and
methods of quandficadon will be made available
publicly.

rubbituminows coal inferved reserues. —Tonnage est-
mates for thiy class of coal are determined by summing
the recoverable quantites of coal in the inferred reserve
base and are assigned to the same categories of thickness
of coal and overburden described for rubbituminows coal
reserves. This class of coal may be divided into the same
rank groups as described for rubbituminow coal ressroes.
Inferred reserves must be considered as cconomically
producible at the time of clasificagon, However,
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faciliies for exwraction need not be in place and
operative.

subbifurninous coal marginal and inferred marginal re-
serves.— Tonnage estimates for these classes of coal are
determined by summing the marginally recoverable
quantities of coal in the reserve base and inferred
reserve base, respectively, and are assigned to the same
categories of thicknesses of coal and overburden de-
scribed for subbituminous coal reserves. These classes of
coal may be divided into the same rank groups as de-
scribed for subbituminous coal reserves. Marginal and
inferred marginai reserves must be considered uncertain
as to their economic producibility at the time of classifi-
caton. Facilides for extraction need not be in place and
operative.

subbituminous coal reserves.—Tonnage estmates for
this class of coal are determined by surnming the recov-
crable quantides of coal in the reserve base and are as-
signed to the following categories: (a) thickness of
coal—3 to 10 feet (1.5 to 3.0 m), 10 to 20 feet (3.0 to
6.0 m), 20 to 40 feet (6.0 to 12.0 m), and more than
40 feet (> 12.0 m) (see specific instruction No. 3, p. 34);
and (b) thickness of overburden—0 to 500 feet (0 to
150 m) and 500 to 1,000 feet (150 to 300 m). Such re-
serve estimates may be divided into subbituminous A,
B, and C rank groups. Reserves assigned to this coal
class must be considered as economically producible at
the ume of classificaton, but facilides for extraction
need not be in place and operative.

subbituminous coal reserve bass and inferred ressrve
base.—See reserve base for thickness of coal and thick-
ness of overburden categories.

subbituminous coal resowrces.—Tonnage estimates for
this class of coals are determined by summing the esu-
mates for identfied and undiscovered subbituminous
coal resources. The same thickness categories as for sub-
biturninous coal reserves are to be used with the addi-
don of a 30 inches-5 feet (75 am-1.5 m) category (see
specific instruction No. 3, p. 34), and the following
overburden categories are to be recognized: 0 to 500 feet
(0 1o 150 my); 500 to 1,000 feet (150 to 300 m); 1,000 to
2,000 feet (300 to 600 m); 2,000 to 3,000 feet (600 to
900 m); and 3,000 to 6,000 feet (900 to 1,800 m). Such
resource estimates may be divided into subbituminous
coal A, B, and C rank groups.

subeconomic resources and inferved subeconomic re-
sources.— Tonnage estimates for these classes of coal are
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determined by summing the estimates for measured, in-
dicated, and inferred resources that do not meet the cri-
tena for assignment to the reserve base or inferred re-
serve base because they are too thin to mine, are 100
deeply buried to mine, or are those parts of the reserve
base or inferred reserve base that have been or will be
lost-in-mining but whose annbutes indicate furure
recovery may become feasible. Included are all meas-
ured, indicated, and inferred reliability categories of
bituminous coal and anthracite beds {4 to 28 inches (35
to 70 cm) thick, all subbituminous coal beds 30 to
60 inches (75 to 150 cm) thick that are less than 1,000
feet (300 m) below the surface, and all lignite beds 30 to
60 inches (75 to 150 cm) thick that are less than 500 feet
(< 150 m) below the surface, unliess the coal in these beds
will be recovered in the process of extracting coal from
thicker beds. Also included are all beds of bituminous
coal and anthracite 14 inches (35 cm) or more thick and
beds of subbituminous coal 30 inches (75 cam) or more
thick that occur at depths between 1,000 and 6,000 feet
(300 and 1,800 m) and lignite beds 30 inches (75 cm) or
more thick and more than 500 feet (> 150 m) below the
surface.

thickness of coal for resource calculations. —The thick-
ness of coal used for resource caiculations is the net
thickness of coal in a bed excluding all partings more
than 3/8 inch (>1 cm) thick. Beds and parts of beds
made up of alternating layers of thin coal and partings
are omitted from calculations if the partngs comprise
more than one-half of the total thickness. Also, benches
of anthracite and bituminous coal less than 14 inches
(35 cm) thick and benches of subbituminous coal and
lignite less than 30 inches (75 cm) thick are omitted from
calculations if they lie above or below partings that may
deter their mining. Coal and coaly material containing
more than 33 percent ash is excluded from resource and
reserve estimates unless the ash is largely in associated
partings so that the coal is cleanable to less than 33 per-
cent ash. (See parting, p. 15, and specific instruction
No. 13, p. 36.)

undiscovered resources.—Tonnage estimates for this
category of resources are based (1) on knowledge of the
geologic character, habit, and pattern of a coal bed or
coal zone in an area or region or (2) on speculative
geologic data. Estimates are made by summing the ton-
nage estimates for coal assigned to the hypothetical and
speculative resources reliability categories. Included are
hypothetical and speculative resources of bituminous
coal and anthracite in beds 14 inches (35 cm) or more



thick and hypothetical and speculative resources of sub-
birurninous coal and lignite in beds 30 inches (75 cm) or
more thick presurned to occur in mapped areas and in
unmapped or unexplored areas to depths of 6,000 feet
(1,800 m).

GUIDELINES FOR ESTIMATING
COAL RESOURCES

These guidelines were prepared so that coal-resource
workers will have logical and undorm procedures to
follow. They combine the best feanures of the procedures
used in preparing many previously published estumates
of State and naronal coal resources with additions and
modifications from numerous conferences with expen-
enced coal resource esamators.

These guidelines are aimed at producing a uniformiry
of procedures 30 that c¢opal-resource csumates prepared
by various individuals and groups can be compared and
(or) combined into meaningful totals for a quadrangle,
township and range, coal field, basin, region, province,
county, state, nangn, continent, and {or) the world,

Some statements in the guidelines obviously are not
rgidly applicable to alt eoal beds or coal-beanng areas.
Where such shortcomnings are perceived, a logical pro-
cedure 15 10 develop new guidelines 1o effect appropnate
changes in methodology so that they can be studied,
criticized. and accepted or rejected by others.

The following statements are to be stricidy adhered to
bv all coal resource specialists in the U.S. Geological
Survey: (1) All ables of coal resource or reaerve ertzmates must
contan a date and approprate authorshsp informahom, and
(2) ench able of coal resmoce or roerve etimales musi thow
where supporting basic dala were localed af the teme of estonalion.

GENERAL GUIDELINES FOR
CLASSIFICATION OF COAL RESOURCES

These general guidelines are required for uniform
classificauon and reporting of coal into the different
resource categories. They arc modeied after the guide-
hines in Circular B3t (U.S. Geologieal Survey, 1980,
p. 3-4) lor all minerals.

1. All narurallv occurring concentrations of coal can

be distributed into one or more of the classification

catcgones. .

2. Where the term “‘reserves’’ is used without a

modifving adjecave, for example, margnal, indi-

cated. restricted. low-sulfur, or wnferred. it 15 0 be
considered synonomous with the demonstrated-
econornic calegory.

3. Quantities and qualines of coal may be expressed
in a vaniery of terms and units to suit different pur-
potes but must be clearly stated and defined.

4. A reserve base 1s a resource category delineated
only by physical and chemical criteria. A major pur-
pose for the recognition and discriminanon of a re-
serve base is to aid in long-range public and commer-
cial planning. A reserve base esumnate for apecific
rank, thicknesses of coal and overburden, quahry,
usage, geologic formnaton, age, deposidonal environ-
ment. and many other factors can be speafied for any
given deposit or area, or for the Nation, The positdon
of the lower boundary of a reserve base is intended to
extend into the subeconomic category. The tntendon
of this extension is to define quandues of in-place
matcrial, parts of which may become economic
depending on the extraction plan finally ualized. As a
result of any given extraction plan, the reserve base
can be subdivided into component parts—reserves,
marginal reserves, and a remnant of subeconomic
resources. For the purpose of Federal (USGS) asseas-
ment, criteria for the reserve base are listed on page
29 of this report.

5. Undiscovered resources should be subdivided in ac-
cordance with the definitions of hypothedcal and
speculative resources or they may be subdivided in
terms of relative probability of occurrence (sec figs. |
and 2).

6. Inferred reserves and the inferred reserve basc rep-
resent postulated extensions of reserves and the re-
serve base, Thev are identified resources but are
quantified with a reladvely low degree of cerainty.
Postulated quanuties of resources based on geologic
inference alone should be assigned to the undis-
covered categories.

7. Locally, limited quantities of coal may be produced
{rom beds that are of insufficient thickness or are 100
deeply buried to be classified as reserves. This situa-
tion arises when production facilites are already es-
1ablished or when favorable local circumstances, such
as particular coal qualines or removal of overburden
for other purposes, make it possible to produce coal
that otherwise could not be extracted profitably.
Where such production is occurring, the quantity of
in-place coal (including coal for in situ gasification)
shall be included in a reserve base and the quanty
that is potenually producible shall be documented as
reserves. The profiable production of such coal, how-
ever, should not be used as a rationale to ass:gn a
reserves dlassification to coal in other areas having
sumilar overburden, thickness of coal, and qualities.

8. Coal resources classified as reserves must be con-
sidered as cconormucally producible at the tme of



dassificadon. Conversely, coal not currendy produc-
ible at a profit cannoc be classified as reserves. How-
cver, there are siruations in which mining plans are
being made, lands are being acquired, or mines and
plants are being constructed to produce coal that does
not meet economic critena for reserve classificacon
under current cosa and prices but that would do so
under reasonable future projectnons and expectadons.
The marginal reserve category applies 0 ruch situa-
uvons. When cconomic productuon appears certain,
coal classified as marginal reserves will be redlassified
as reserves. Marginal reserves also may include any
other coal whose economic producibility borders on
being profitable.

9. Tonnage of coal that is too impure, too thin, too
deep, or for other reasons not considered to be poten-
dally economic may be esumated. bu( s not to be
clagsified 23 a resource. These onnages may be
classified in the box labeled ‘'other occurrences’’ in
figures 1, 2, and 3.

0. Rank classes of coal. for example. bituminous coal
as disninct from fignite, should be separately
quandfied.

t1. The amount of cumulabve producdon 1 not a part
of the remaining coal resources. However, an under-
standing of what has been produced in the past is im-
portant to resource understanding, both in terms of
the amount of producdon and the amount of coal re-
maining in place. Separate accounung for cumuladve
production should be made for each report area,
county, State, and the Nadon,

12. By-passed coal in large blocks left in the ground
during mining, or planned to be left \n the ground
duning current or future exwracnon, should be re-
corded in an appropnate resource category depend-
Ing upon its economic recovery porzndal. Coal lost-
in-mining should aiso be recorded in an appropriate
resource category if there is a potendal for further
recovery,

13. In classifying reserves and resources it may be nee-
essary to recognize locally that some asal deponts
derive their economic viability from coproduct or
byproduct relatonshipa with other commodites.

14. Factors other than economic and geologic consider-
adons, including legal, regulatory, environmenual,
and polideal coneerns, may restnect or prohibit the
utlization of all or part of a coal deposit. Reserve and
resource quantdes known to be restncted shouid be
recorded as such in an appropriate category.

15, This claasification systcem allows {or the presenta-
uon of more subdivisions than wil commonly be re-
ported or for which data are availahle. Where appro-
priate, subdivisions may be aggregated or omiered.

33

16. Data supportng resource estimates are 1o be docu-
mented and preserved.

SPECIFIC INSTRUCTIONS
{. RANK OF COAL

Where coal of more than one rank class or rank group
s covered by an individual report, the resource data
shall be reported separately for ecach major rank class
and when possible for each rank group listed below:

Cau Ront rug 4 b
Anthraate -=~- Meu-anthracite ma
Do -——<cse-meeeee Anthraate an
Do =----—ec———Semianthraate n
Bitumunous coal ~=====Low-volanle bituminous coal ---=--—=ivh
Do e Medium-valanie biruminous coal ----mvbh
Do ----=vr-=meem- High-volasile A biraminous coal ~=~--hvAb
Do w——amme— e High-votatle B bituminous coal ~-—--hvBb
Do ———vervene ~~High-volanle C birumunous coal ---~~hwCb
Subbirumnous coal -—Subbituminous A coal --~e=e=ea— —3ubA
Do -——— e Subbtturmunous B coal sse-mmmmammme wbB
Do ~~=———————Subbruminous C coal —~====—- —subC
Ligmte —-—--—<-—Lignute A igA
Do —~—ea—aaem ——Lignite B ligh

Abbreviations can be used wherever appropnate in
reports and tables,

2. OVERBURDEN

Tonnage estimates shall be reported according to
thickness of overburden:

Hotary marrned sy oty ont gEERS v

e ted -q-‘
0 (0 500 feet 0 to 500 feet (0 to 150 m)
0w 15 m) mandawmry use
500 o 1,000 feet 0 ¢0 100 feet (0 0 30 m)
(150 «0 300 m) opoonal use
1,000 ro 2,000 (eet 100 to0 200 feet (30 (0 60 m)

(300 t0 600 m) opoonal use

2,000 o 3,000 feet
{000 o0 900 m}

0 te 200 feet (0 w 60 m)
optonal use

3.000 10 6,000 feet
(900 <o 1,800 m)

200 to 500 feet (B0 10 150 m)
opoonal use

Opsemasl ashe psrsrvanss congery
> 6.000 feet { > 1,800 m)

'Une of opoonal muntace munsg tacgonm ohuaa Om cxmplem oversge of e -
500 ket 10-150 m) calseony  Othee calegones may v vaed V ther A% 8 ncremena of 10 Fer
130 ™) ang ao oor excoed 500 feex (150 m)



Alaska Coal
Slide Presentation

Now I'm going to show you some slides. Because of limited time, I can't

show you every single coal occurrence in the state. 1I'll start with the
North Slope.

Slide Number:

1.

11.

12,
13,

14,

15.
16.

L7,

The first location we'll look at is the most extensive coalfield in
Alaska. 1t is possibly the last in the world.

The Cape Beaufort region. This is a simplificarion of the geology.

Note the elongated shapes. This depicts the structure, Thege are the
coal bearing synclines--the Corwin formation--Cretaceous in age. This
coal 1{s all bituminous in rank.

A false color IR satellfte view,,.this 18 the Liz-A syncline. See how
the structure stands out.

Here's a Simplified Geologic illustration of the syncline showing some
of the mapped coal beds.

The Deadfall syncline—-

Simplified geology of same--showing mapped coal beds.

This region contains coal beds up to 20 ft. chick. The Deadfall
syncline and Kukpowruk River area are the most thoroughly explored, with
the Liz-A syncline next. In 1983 over 5,000 fc. of drilling was
completed in Deadfall syncline,

Now--let's get down to ground level---

The 20 ft. bed outcropping on the Kukpowruk---
A clogse-up of game. This is the location of the Morgan Coal Company
lease,

North of Cape Beaufort--on the plain there are a few coal outcrops.
Another outcrop north of Cape Beaufort. This one has been trenched for
gampling.

Moving down the coast to Corwin Bluff, named for the ship
Corwin...Captain C.L. Hooper of the ship

Corwin is reported to have taken 20 tons of coal

from here in 1881.

Now for the Liasburne Peninsula. As you can see from the map...there is
coal ocutcropping here on the coast in

the region of Cape Dyer. This is the Mississippian coal

that I mentioned...as much as 350 million years old. This 1is good
coal..But the whole region has undergone

gome terrific deformation...This simplified geologic map illustrates the
problem. The red area here 18 the coal bearing formation. These black
linea with teeth are thrusts...(explain "thrust" if audience 1is
unfamiliar with the term),
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18,

19.

20.

21,

22,

23.

24,

25.

26.
27,
286

29.
30.

31,

32.

33.

34.

Here's an illustration of the coal-bearing section, drawn from a series
of photographs taken from the air. The numbers are those asaigned to
the different coal beds--~gtarting at Niak Creek, going south--by Irving
Tailleur of the U,S$.G.S. in the 50's.

Niak Creek - This is the farthest north outcrop of coal that we could
locate in 1983,

A couple of the coal beds, Note the deformation.
The continuity of a coal bed with this kind of deformation is
questionable. Still...the coal 1is good, and accessible--and could

provide fuel for Point Hope.

Next I'm going to skip down to Unalakleet...We did a drilling program
there in 82-83.

Here's the coastline...the area where coal was reported. Apparently

some limited mining of coal was done here around the turn of the
Century. Unfortunately--

this 1s what the coal 18 like...seems to be limited to slump blocks in
the coastal bluff. There may be more coal, but our drilling did not
confirm this. More exploration is needed. Reports of coal float in
creeks may indicate a more promising source inland from the coast.

Now let's move back up to the Seward Peninsula. DGGS investigated coal
occurrences in these locarions, I don't have slides of every coal
occurrence, but,=--

Here's The drill rig at Sunuk River...
And a shot of typical coal here. Not too exciting.

This 1s at Turner Creek - or Noxapaga...The coal occurs in a pingo.
There could be gome potential here.

Next we move to Koyuk...(USE MAP) wa drilled at this location. Here is
a simplified geologic map...The Blue is the coal-bearing formation,
Sorry...no coal picturea... There i3 a significant amount of coal here
although it appears to occur in pod-like, discontinuous deposits.

This next series of slides is of Chicago Creek! (USE MAP). This {is the
prize that made the rest worth it. Here is a geologic illustration.

The Chicago Creek Coal deposit was the site of a coal mine that operated
between 1908 and 1911. 100,000 tons of coal was mined through a 330 fr.
inclined shaft. The coal was hauled overland to Candle and used to fire
boilers for Steam=Thawing Placer deposits,

Here's the old Mine Site...not much left now.

The driil rig in place (Jim Thrasher) 1982-1983.
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35.

36.
37.
38.
39.
40.
41,
42,

43.

4“.

45,

Some of the results of the drilling...coal..,lots of it. A total of 68
holes, up to 500 ft. in depth were drilled as of the end of 1983.

Since then, C.C, Hawley Co., has put down 47 more holes. The
coal-bearing unit at Chicago Creek is confined to a long-narrow
norch-south trending trough., To-date...The coal bed at it's thickast
point 13 78 ft. chick. It varies in thickness but, so~far has been
traced for 18,000-19,000 ft. along strike. Strippable reserves are
calculated to be 3.4 million short tons. This coal is a lignite,
BTU/1b = 7,000, It is late Tertiary in age.

I1'1ll now move inland to the Kobuk River area. (USE MAP - POINT OUT
LOCATION).

Several areas of coal occurrences were investigated along the Kobuk and
it's tributaries, and in the nearby Hockley Rills.

Here 18 an occurrence on the Kallarichuk River.

And the Singauruk River.

And the Hockley Hills.

Now for St.Lawrence Ialand.

Therae i3 coal on St. Lawrence 1in several locatioms.

Portable auger drill.,.teating for sub-surface coal.

Now, I'm jumping way over to the northern Interior. This last summer,
we visited the Tramway Bar coal occurrence on the middle for of the
Koyukuk, south of Wiseman., This 1s Cretaceous age coal...bituminoua in
rank., Good coal--but, as you can see-=-pretty deformed. The thickest
bed 13 about 17 fe. thick, including a significant clay parting,
Continuicy of this bed i3 not known. It i3 only 4 miles from the TAP
road, but 1s in Yukon Charley Park and Preserve.

Jumping again...To the Eagle Coalfield not many shots from here...coal
known all along Tintina Trough...Starting at Mission Creek...(Mention
Nation River -- Bituminous...deformed show locations on map along Yukon
drainage).

Here's a shot of coal on Sam Creek, near the Charley River.

Now I'll move down to

Chicken. (Show location on Map). This is the old mine adit.

Aé.

47.

48.
49,

And Tipple.
Coal in Dredge Tallings on Chicken Creek.

Preacher Creek - July this year...

near Circle. Jim Barker and I weut up to look at the Tertiary rocks
there. A thin line of coal in this creek bank turned out to indicate a
+5 ft, coal bed when Jim dug into it. This hole is 7 ft. into the bank.
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50.

51.

52.
53.
54,
55.
56.
57.
58.

59.

60.
61.
62.
63.
64.

65.

66.

Now - on over to the Yukon Flats uplands. Thare are several reports of
coal in this region...

Here on the Dall River in the Beaver Quadrangle ~ there 1s an 18 foot
coal bed.

On the Hodzana River - and also on the Ray River, the Big Salt River,
and the Tozitna River...(mudbank). Under Yukom Flats could be a huge
coal resource

LIGHTS ON - MAP

Talk a bit about Yukon River coals---
Rampart Drew Mine, Minook Creek coal exposure, geology,

Now down to Nulato Coalfield...

In October, 1985, DGGS personnel in a cooperative reconnalssance
expedition down the Yukon investigated coal occurrences from near
Louden, above Galena, to below Kaltag.
At Louden - 10 foot bed-

wooomwonown 1" n
Dave Hertlein - Doyon - 3 ft. bed near Louden on the Yukon River.
Near Pickart mine aite below Koyukuk on the Yukon River,
Blatchford mine site below Nulato, on the Yukon River,
Adolph Muller Prospect ~ Lears Pt., south of Kaltag
Ellens Camp (Ellenr Peters, of Nulato) 16 miles below Nulato on the Yukon
River.

Moving inland,..Little Tonzona River, Talkeetna Quad; about halfway
between Talkeetna and McGrath.

SHOW ON MAP - 277 fr. of section - with
134 ft. of clean coal--Tertiary - Subbituminous 36-37 coal beds.

More familiar to all...Usibelli Mine at Healy
Should be producing 1.5 million tona per year
as a resault on Korean Contract.

And Jarvis Creek field - under development - (big seam)
owned by Delta Coal Company.

Moving southward...Just south of Cantwell,,.
in Broad Pass...Lignite, Used to be mined to supply the Alagka
Railroad.

LIGHT ON -- MAP TALX

The Beluga and Yentna flelds of the Susitna Lowland contain the largest
recoverable coal reserves in southern Alaska. Coal-bﬁating rocks of the
Tertiary Kenal group are scattered over some 6,000 mi~, The coals are
subbituminous., Seams up to 50 ft., thick are prasent. Identified
resources for the Baluga and Yentna-Susitna fields are 10 Billion short
tons, with Hypothetical resources of 30 billion short tons.
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Diamond Alaska holds over 20,500 acres in State coal leases in the
Beluga field, and Placer U.S. holds about 26,000 acres in leases,

Both companies have been exploring the possibility of synthetic fuel
production. Mobile O{1l holds 23,000 acres in the Yentan Basin.

The Matanuska field covers about ?? - The coal~bearing unit is the
Chickaloon Formation...contains at least 30 coal beds up to 40 ft. thick
3 main areas=-Wishbone Hi1l (Evan Jones), Chickaloon and

Anthracite Ridge.

This 1a an up-graded coal---medium to low volatile bituminous =~ with
some semi Anthracite and Anthracite found in the Anthracite Ridge
district.

Between 1958 and 1960 over 20,000 tona of coal were produced here.
Identified regources are 180 million short tons. Hypothetical Resources
are 500 million short tons. Total past production has been 7.5

million tons,

SLIDES

67. This 1s the Chuitna Bed, Brown seam - 28 feet thick Susitna area.

68. Wishbone Hill - Matanuska fileld
69. Evan-Jones Mine - Wishbone Hill
70. Lone Ridge Mine - Beluga field
71. Waterfall seam - 36 feet thick - Beluga field

NOW - TO THE KENAI PENINSULA (MAP LIGHTS).

Much of the Kenai Peningula isg underlain by coal-bearing rocks. This is
called the Kenal field--and it extenda out under Cook Inlet -- and under
Katchemak Bay. There are 3 coal-bearing formation --- The oldest, with the
thickest Bads if the Tyonek. Next is the Beluga, then the Sterling. All ave
Tertiary in age. The cocal i3 subbituminous,

Coal beds can be up to 20 ft. thick - but tend to be less, Identified
resources are 320 Million short tons (ongshore) and Hypothetical resources are
150 Billion tonsa. Much more lies under sea.

72. Here's a view of typical beach cliffs with coal beda near Homer.
NO SLIDE - SHOW PICTURES ON MAP MAT.

73 & 74, Down on the Alaska Peninsula -~- Chignik
This 18 Bituminous in Rank.

75. Herendeen Bay and
76. Unga Island
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77. Last ... The Bering River field, This field covers some 300 miz in
south-central Alaska. The coals are Tertiary -- but very deformed, and
upgraded to High Volatile Bituminous to Anthracite. Coal beds up to 30
feet thick are present. Identified resources are 100 million tons, and
Hypothetical Resources are 3.5 Billion T. The coal has been mined
gporadically ~-- with about 100,000 toms being produced overall.

78. Chugach Natives and Korean-Alaskan Development Corp. working on
development of the Bering River coalfield.

79, Some core from a drilling project at Bering River field.



