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ABSTRACT

This report covers the results of a study conducted to obtain washability data
for Alaskan coals to supplement the efforts of the U.S. Department of Energy (for-
merly U.S. Bureau of Mines) in its ongoing studies on washability of U.S. coals.
Alaska has 130 billion tons of identified coal resources and could be in a position
to supply environmentally acceptable low-ash and low-sulfur coals to other states.

Preparation characteristics were obtained for nine coal samples collected from
the Nenana, Jarvis Creek, and Matanuska coal fields. The raw coals were crushed to
1-1/2 inches, 3/8 inch, and 14 mesh (Tyler) sizes and float-sink separations were
made at 1.30, 1.40, and 1.60 specific gravities.

The results showed that six subbituminous C coals from the Nenana coal field,
when crushed to minus 14 mesh and floated at specific gravity 1.40, yielded products
ranging in heating values from 10,098 to 11,664 Btu/lb with 0.15 percent to 0.23
percent sulfur on a moisture free basis, making them among the most environmmentally
acceptable coals in the United States.

A subbituminous C coal from the Jarvis Creek coal field yielded 84.9 weight-
percent of float 1.40 specific gravity product with 11,272 Btu/1lb on a moisture free
basis and 0.98 percent sulfur after crushing to 14 mesh top size.

A high volatile A and a high volatile B bituminous coal from the Matanuska coal
field yielded 65.7 and 75.3 weight-percent of float 1.40 specific gravity product
with heating values of 14,383 and 13,371 Btu/lb when crushed to 14 mesh top size.
The sulfur in these two coals was very low (less than 0.50 percent) and was vir-
tually all organic sulfur; therefore, no sulfur reduction occurred during washing.
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INTRODUCTION

Alaska has very extensive coal deposits. Bar_nesl estimates identified coal
resources at 130 billion tons. Recent estimates based on o0il well drill logs in
Cook Inlet? nd the North Slope3 could place the coal resources of Alaska at several
trillion tons, exceeding the resources of the rest of the nation. Alaska is in an
enviable position of being able to supply the energy needs of this state as well as
the nation.

For more than half a century, coal has played a significant role in supplying
the energy needs of the rail belt, and today furnishes the energy base for much of
the state's interior region. Usibelli Coal Mine, the only operating coal mine in
Alaska, produces about 0.75 million tons to meet the annual demand. There has been
an increased interest in Alaskan coals during the past few years, thus necessitating
a need for more information concerning the amenability of these coals to benefici-
ation. Figure 1 shows the major coal resource areas in Alaska.

Alaska can supply coal to lessen the nation's reliance on imported oil and
reduce the balance of payments deficit by exporting Alaskan coals to other Pacific
belt nations and to the west coast of the United States. This coal would come from
the Nenana and Matanuska coal fields, accessible to the Alaska Railroad, or from the
Beluga coal field, accessible to a deep water port.

There are three major undesirable substances in coal: moisture, ash, and
sulfur. Although moisture is the most undesirable of the constituents in Alaska's
subbituminous coals, it is not being addressed in the present investigation. The
extent to which ash and sulfur can be reduced depends to a large extent on the form
and mode of occurrence and is readily evaluated by standard washability tests.
These involve crushing and float-sink separation of coals in organic liquids at
varying densities, followed by chemical analysis and evaluation of the densimetric
fractions.

COAL FIELDS SAMPLED

Nine 600-1b raw coal channel samples were collected, six from the Nenana, one
from the Jarvis Creek, and two from the Matanuska coal field. In operating mines,
samples were obtained from freshly exposed seams; elsewhere, fresh surfaces were
exposed on outcrops of weathered coal. The samples were transported to the labo-
ratory in heavy duty plastic bags in gunny sacks.

Nenana Coal Field

The Nenana coal field is located about 110 miles south of Fairbanks on the
Parks Highway at Healy (Figure 2). The field extends 80 miles in the east-west
direction and is one to thirty miles wide**%°®, The coal bearing formation con-
sisting of sandstone, siltstone, claystone, and shale has numerous thick coal beds
and is divided into five formations by Clyde Wahrhaftig et al’.

Figure 3 is a generalized geological section showing coal beds exposed at
Suntrana and Healy Creeks. No. 2 Seam (UA-105) was sampled in this sequence.
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A geological section of coal seams exposed on Lower Lignite Creek is shown in
Figure 4 (Wahrhaftig®), and the coal seams are correlated with those shown in
Figure 3. S

Figure 5 is a geological section of seams exposed on Upper Lignite Creek. Moose
seam of this section has been correlated to F seam in Figure 3 above. Caribou and
Bear seams, however, have not been correlated to seams in other parts of the
coal field.
Barnes! estimates the original resources of the Nenana coal field at 7 billion
tons, of which 3 billion tons are on Lignite Creek. Accurate estimates of recover-
able reserves for individual seams are not available.

Jarvis Creek Coal Field

The Jarvis Creek coal field is located about 125 miles southeast of Fairbanks
on the north side of the Alaska Range (Figure 6). The coal field is 16 square miles
in area and the site of sporadic mining activity. It is about 6 miles via a pioneer
gravel road from the Richardson Highway, Mile 242. The coal field has been mapped
by Wahrhaftig and Hickcox®. It is Tertiary in age and has been correlated to the
Healy Creek formation of the Nenana coal field, 100 miles to the west.

The coal bearing formation consists of a sequence of interbedded lenses of
poorly consolidated sandstone, siltstone, claystone, and conglomerate. Although
there are numerous coal beds, those with thicknesses exceeding 2-1/2 feet are rare.

Figure 7 is a geological section showing coal beds in the Jarvis Creek coal
field and is a combination of several sections measured by Wahrhaftig and Hickcox8.
Beds B and C are the only beds containing minable coal. Recent drilling by Warfield?
seems to indicate depositional continuity over a fairly long distance. The seam
that was sampled (UA-106), designated Mine Seam, has been intersected by three drill
holes at 62 feet, 34.6 feet, and 20 feet below the surface®. This seam has not been
correlated with the seams measured by Wahrhaftig. From the drill data, it is con-
servatively estimated that the Mine Seam has a strip mining potential of 375,000
tons?. Additional geological and drill data are needed to assess the potential of
the coal field and to correlate Mine Seam with seams exposed in other parts of the
coal field.

Matanuska Coal Field

Matanuska coal field is about 45 miles northeast of Anchorage on the Glenn
Highway. In the Upper Matanuska Valley (Figure 8), the coal increases in rank from
high volatile A bituminous at the Castle Mountain Mine, to anthracite at the An-
thracite Ridge. The coal in the Wishbone Hill District of the Lower Matanuska
Valley (Figure 9) is high volatile B bituminous. The coal seams are limited to the
Chickaloon formation of Tertiary age. This formation consists of nommarine rocks
that include all gradations from coarse sandstone and conglomerate to claystone. It
is concealed by a mantle of Quaternary deposits or by a capping of younger Tertiary
conglomeratelo’ll
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Figure 10 is a geological section showing the principal coal beds in the Wish-
bone Hill District. A coal seam sampled at the Premier Mine (UA-~108) is from a
region highly faulted and at the crest of an anticline. This seam could not be
correlated or located in the general geological section (Figure 10). Barnes es-
timates that the Wishbone Hill has resources of 51.7 million tons in the indicated
category and 53.7 million tons in the inferred category. Detailed information on
the remaining resources of various coal beds is lacking.

There are two coal beds exposed at the Castle Mountain Mine (not operated since
the early 1960's) (Figure 8). The lower bed, 7.0 feet thick, was sampled (UA-107);
the upper bed, 5.0 feet thick, was not. Continuity of the coal beds has not been
established and the remaining resources of the seams are not known. Complex struc-

ture, lack of continuity of coal beds, and widespread igneous intrusions add to the
difficulties in estimating the reserves!?,.

LABORATORY PROCEDURES

This investigation closely followed the laboratory procedures described by
Cavallaro et all3, Figure 11 is a flowsheet of procedures used in the laboratory
for processing the samples. Raw coal samples were crushed to 1-1/2 inches, 3/8
inch, and 14 mesh sizes. Minus 100-mesh material was removed from the 1-1/2 inches
and 3/8 inch crushed samples, leaving the coarse fraction for float-sink testing in
60 liter containers. The 14 mesh by 0 samples were separated in glass separatory
flasks joined by ground taper joints. Float-sink separations were made at 1.30,
1.40, and 1.60 specific gravities using perchloroethylene-naptha mixtures as heavy
liquid. The air dried products were first crushed in a hammer mill to 14 mesh and
pulverized to 60 mesh for analysis. Proximate and ultimate analyses of raw coals

are presented in Table I. The concentration of major elements and the fusibility
of ash are presented in Table II.

All float-sink products were analyzed for ash, moisture, heating value, total
sulfur, and pyritic sulfur. All data were calculated on a moisture free basis.
American Society for Testing and Materials (ASTM) standard procedures were used for
all analyses except for a slight modification made in the procedure for the deter—
mination of pyritic sulfur. In the modified procedure, 1 g. of coal sample was
digested with 50 ml. of 2:3 HC1 for 30 minutes in a 250 ml. flask connected to a
water cooled condenser. The contents were cooled, filtered, and washed. The filter
paper with the residue was inserted back into the flask and digested again with 50
ml. of 1:7 HNO3 for 30 minutes. The contents were again filtered and washed and the
Fe content in the solution was determined using a Perkin-Elmer 303 atomic absorption

spectrophotometer. It was assumed that the determined iron was entirely from pyrite
(FeS3).

The Hardgrove grindability indexes of the samples were determined with air
dried samples as per ASTM designation D409~71 using standards HGI 41, HGI 54, HGI
80, and HGI 92, supplied by ASTM. For subbituminous coals, grindability of the
samples was also determined in "as received' condition with minimum loss of bed-
moisture as this would be of more practical significance.

Table III shows the Free Swelling Indexes and gives a comparison of HGI of dry

coals, and "as received" coals, along with the moisture content of the 16 by 30 mesh
fraction used for hardness determination. All samples did not show the same trend.

12
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TABLE III

Hardgrove Grindability and Free Swelling

Indexes of Raw Coals

Air dried samples
Sample ASTM method D409-71 As received samples
number Moisture:L FSI | HGI Moisture HGI
UA-100 7.1 0 32 22.7 29
UA-101 6.3 0] 31 22.9 33
UA-102 6.5 0 32 26.6 39
UA-103 6.4 0 28 19.7 29
UA-104 4.8 0 31 19.5 26
UA-105 5.1 0 28 21.8 20
UA-106 5.7 0 28 16.9 24
UA-107 1.1 8 65 - -
UA-108 2.7 3 37 - -
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"As received" samples UA-100, UA-104, UA-105, and UA-106 had lower HGI than the
same samples when air dried. Air dried samples UA-101, UA-102, and UA-103 had
lower HGI than ''as received'" samples. No explanation can be offered for this.

INTERPRETATION OF WASHABILITY DATA

Tables IV through XIII show washability data for the nine samples processed.
The tables show weight-percent distribution, ash, heating value, pyritic sulfur, and
total sulfur on a moisture free basis for the various gravimetric fractions as well
as values for cumulated floats. The quality of the float at any of the three den-
sities can be directly read from the tables. The tables also show cumulative sink
weight-percent and ash content that may be expected at any of the three densities.

Nenana Coal Field

Poker Flat Pit. Poker Flat Pit, now being developed for mining using a new
dragline, will supply all coal requirements for Fairbanks and Interior Alaska for
the near future. This pit is on Lower Lignite Creek (Figure 2). The sampled seam
is No. 6 Seam and is 24.8 feet thick. The top and bottom portions of the seam are
high in ash, with a possible need for washing; the middle portion is low in ash and
can be shipped directly. For this reason, the seam was sampled in three portions
and the coal was processed in the laboratory as three independent samples. As with
all coals from the Nenana coal field, these samples showed low total sulfur (<0.2
percent) and barely detectable pyritic sulfur (0.0l percent); thus, physical bene-
ficiation did not reduce the sulfur content in the coal, since all sulfur is or-
ganically bound to the coal substance.

Sample UA-100 was obtained from the top 3.3 feet of the seam and contained an
average of 20.9 percent ash. Washing this coal at 1.40 specific gravity and 14 mesh
top size, yielded 51.7 percent as clean coal with 11.4 percent ash, 0.18 percent
sulfur and 10,413 Btu/lb on a moisture free basis (Table IV).

Sample UA-101 was obtained from the middle 18.3 feet of the seam and had an ash
content of 9.4 percent. Cleaning the 14 mesh by 0O coal at 1.40 specific gravity
gave a product with 8.1 percent ash and 0.15 percent sulfur with a heating value of
10,767 Btu/lb on a moisture free basis (Table V).

Sample UA-102 was obtained from the bottom 3.3 feet of the seam and averaged
13.5 percent ash. Washing minus l4-mesh coal at 1.40 specific gravity reduced the
ash content to 12.5 percent with 93.4 percent yield (Table VI).

Table VII shows the composite washability for the whole No. 6 seam. The raw
coal contained an average of 1l1.4 percent ash on a moisture free basis. Washing 14
mesh by 0 coal at 1.40 specific gravity reduced the ash content to 9.4 percent with
11,647 Btu/lb on a moisture free basis. However, from a practical standpoint, it
would be preferable to ship the middle portion of the seam (UA-101) direct and wash
the top and bottom portions (UA-100 and UA-102).

Moose Seam and Caribou Seam. Moose Seam (UA-103) and Caribou Seam (UA-104) are
on Upper Lignite Creek (Figure 2). These seams are currently being mined and will
continue to be mined for some time. These coals are low in ash and like all other
Nenana coals, are low in total sulfur (0.21 percent for sample UA-103 and 0.23
percent for sample UA-104).
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Moose Seam (UA-103) is 21.6 feet thick. The sample was quite low in ash,
averaging 8.9 percent. Washing of minus l4-mesh coal at 1.40 specific gravity gave
a product with 8.0 percent ash at 96.9 percent yield (Table VIII).

Caribou Seam (UA-104) is 16.6 feet thick and had an ash content of 11.2 percent.
Washing minus l4-mesh coal at 1.40 specific gravity yielded 95.6 percent clean coal
with 9.7 percent ash and 0.23 percent sulfur (Table IX).

No. 2 Seam. No. 2 Seam (UA-105) is on Healy Creek (Figure 2). This seam is
27.8 feet thick and was mined before the mining of Moose and Caribou Seams. The
sampled area of the seam was exposed for 2 years prior to sampling. Although the ash
content of the raw coal was quite low, 9.5 percent, improvements were made by washing.
Minus l4-mesh raw coal washed at 1.40 specific gravity yielded 87.5 percent clean
coal with 6.6 percent ash and 0.17 percent sulfur (Table X).

Jarvis Creek Coal Field

The Jarvis Creek coal field has been mined sporadically for a number of years
on a very small scale.

No. 1 Seam. The No. 1 Seam (UA-106) is of primary interest. It is exposed on
Ober Creek and is 10 feet thick. It was sampled in an open pit off Ober Creek
(Figure 6). The ash content of 14 mesh by O raw coal was 11.1 percent on a moisture
free basis and could be upgraded by washing at 1.40 specific gravity to give a
product containing 9.4 percent ash, 0.28 percent sulfur and 84.9 percent yield on a
moisture free basis. The sulfur content of this seam is unusually high for an
Alaskan coal, i.e., 1.20 percent. About a third of this sulfur is pyritic sulfur.
Only the lowest specific gravity fraction, i.e., 1.30, showed low pyritic sulfur
(Table XI).

Matanuska Coal Field

Coal was mined extensively in this area until 1968 when the Evans Jones coal
mine ceased operations. '

Lower Seam. This seam (UA-107) was mined in this area in the early 1960's, but
mining has been discontinued due to lack of knowledge of the continuity of the beds.
The sample was collected from an open pit with two exposed seams (Figure 8). It
was obtained from the lower bed, which is 7 feet thick, and is probably the best
known coking coal in Alaska with a free-swelling index of 8. The raw coal had 19.0
percent ash and 0.45 percent sulfur. Pyritic sulfur in this coal was low (0.05
percent) and washing would not reduce it. However, washing minus l4-mesh coal at
1.40 specific gravity reduced the ash to 7.6 percent with 65.7 percent yield
(Table XII).

Big Seam. This seam (UA-108) was collected from the Premier Mine which is the
only mine in this coal field that has produced coal during the past decade (Figure
9). Paul Ohmlin has been mining on a small scale to supply a domestic market. One
sample was collected from an area where mining has been done within a year prior to
sample collection. Since the area was highly deformed, the seam thickness could not
be determined, and the sample is not necessarily a true channel sample. The raw
coal averaged 15.1 percent ash and could be upgraded to 5.1 percent ash by washing
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minus l4-mesh coal at 1.40 specific gravity, giving a 75.3 percent yield. The coal
was low in total sulfur (0.37 percent). Pyritic sulfur was very low (0.02 percent)
and physical beneficiation did not significantly reduce the total sulfur content
(Table XIII).

CONCLUSIONS

Subbituminous C coal from the Nenana coal field could be upgraded at high yield
to produce low sulfur products ranging from slightly over 10,000 to nearly 12,000
Btu/1lb on a moisture free basis. The No. 6 seam of the Usibelli coal mine, 24.8
feet thick, was sampled as three sections and the washability data showed that
selective mining would be of benefit since the middle section could be mined and
marketed without washing, while the other two sections could be cleaned to reduce the
ash content.

The No. 1 seam subbituminous C coal sample obtained from the Jarvis Creek coal
field had an unusually high total sulfur content, 1.28 percent; however, appropriate
crushing and gravimetric separation could yield a 1 percent sulfur product.

The two samples, a high volatile A and a high volatile B bituminous coal,
collected from the Matanuska coal field were low in total sulfur and nearly free of
pyritic sulfur; however, appropriate crushing and specific gravity separation would
provide significant ash reductions.

The results from this type of study are valuable in understanding and planning
the use of Alaskan coals in meeting the energy needs of the nation. It is recom-
mended that similar studies be undertaken on coal seams throughout the state that
are considered of potential economic significance.
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