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ABSTRACT

This report is a result ar the thirg cart orf 5 continuing study
0 obtain wasnability data for Alaskan coals, tc supplement tha ef-
forts of the U.S. Department of Energy in their cngoing studies an
rasnapility of U.S. coals. ‘'lashability characteristics were deter-
‘ined for rifieen coal samples from the Horthern Alaska, Nulato,
Zagte. .ienana, 2road Pass, Kenai, Baluga and Chignik coal fields. The
~2w ccals were crushed to 1-1/2 inches, 2/8 inch anc 14 mesh topsizes,
and float—-sink separations were maoe at 1.30, 1.40 and 1.60 specific
gravities.

The results showed that Hn. 3 bed coal from the Northern Alaska
iield can be washed to give an ultraclean product with Less than 2
gercent ash and 0.25 percent total sulfur ror the sample crushed to 1-
1/2 inches top size at 9B8.72 percent yield, whereas the uncorreleted
cad coal from Xckolik River gave a procuct with 2.85 percent ash, 0.24
percent sulfur at 81.26 percent yield.

The sampled high velatile "A" bituminous coal seam from the
Nulato coal field was anlv 12 inches thick ano contained more than B80%
ash. However, the 1.80 specific gravity float procouct gave a free
swelling index ef 2.8 snd a3 yield of only 18 percent, containing 10
parcent ash and 0.87 percent sulfur.

The sample from the Eagle field had only 0.05 percent pyritic
sulfur. -The sample from Coal Creek g5ave 13.7 percent ash at 32.7
percent yiela, and the sample from Chicken gave 1E.8 percent ash at
76.1 pesrcent yiald.

Three subbituminous "C" coal seams were sampled from the Nenana
coal field, two af which were from Usibelli Coal Mine. Samples from
numbers 1 and 3 seams can ba washed at 1.60 specific gravity to give
products with 10.8 percent and 9.2 percent ash respectively. Washing
coal from Marguerite Creek gave a product with 10.1 percent ash.

High volatile "B" bituminous coal from Yanert Mine, Nenana coal
field, gave very low recovery, however, ths ash could be reduced from
53.2 to 13.6 percent by crushing to 3/8 inch top size and separating
at 1.50 specific gravity.

Coal from Dunkle bed coal, Brozsd Pass field, gave a product with
8.0 percent ash at 87.B7 parcent yield.

Two subbituminous coals sesmpled from Kenai field gave products
with acceptable ash. 1.40 specific gravity float product from Ninil-
chik analyzed 8.16 pasrcent ash whereas the product from Happy Creek
analyzed 9.03 percent ash. The total sulfur averaged Less than 0.40
percent for both coals.

The Capps bed coal sample from the Beluga field could be upgraded
to 7.5 percent and upon crushing to 3/8 inch top size and cleaning at
1.40 specific gravity.



The top 6 feet of Waterfsll seam from the Beluga field caontained
considerable soft clay that accounted for much of the ash in the raw
coal, which averaged 37.0 parcent. \lashing at 1.40 specific gravity
gave a product analysing 8.0 percent ash.

Coal from Chignik Bay Coal Mine from the Chignik field contained
36.18 percent ash and could be washed at 1.680 specific gravity to give
a product analysing 11.0 percent ash.

ACKNOWLEDGMENTS

The study was caonducted under the spensocrship of the U.S.
Department of Energy. The authars are especially grateful to Messrs.
Joseph A, Cavallaro and Albert Y. Deurbrouck, Pittsburgh Mining
Technology Center, U.S. Department of Energy, for their helpful
suggestions during the course of the investigation, and for their
careful review of the final draft report.

Saveral organizations helped in making sampling in remote loca-
tions possible. A field party of the U.S.- Geological Survey, Anchor-
age, under the direction of James E. Callahan, provided laodging,
helicopter support, sampling and transportation of samples. Coal
Creek Mines, Inc. pravided transportation for the Coal Creek sample.
Usibelli Coal Co., Mr. Steve Dentan in particular, helped in sampling
of Nos. 1 and 3 seams. The Alaska Department of Fish and Game pra-
vided lLodging and helped in the sampling ot the Chignik coal. Cook
Inlet Region, Inc. kindly gave permission to sample the Yaterfaltl and
Capps seams. Cooperstion of Placer Amex, particularly Benno Patsch,
in sampling and transportation is eppreciated.

Numeraus individuals helped in the sampling and transportation of
coal samples. The following are the individusls that were actually
invalved in sampling the beds.

VA-125 Northern Alasks field — P.D. Rao, James E. Callahan,
Gary Mertin

UA-1286 Northern Alesks field — P.D. Rao, Jemes E. Callahan,
Gary Martin

UA-128 Nulato field — P.D. Rao, Paul Metz
UA-121 Eegle fietd — Paul Metz, Ernest N. Walff
UA-122 Eagle fietd — Paul Metz, Deborah Delong
UA-129 Nenana field — Paul Metz, Deborah Delong

UA-130 Nenena fistd — Paul Metz, Deborah Delong




UA—120 vienana tviele - <.0. fao, Fzul .atz, Csboran Calong

UA-122 Menana field - Paul iietz, Lshorah Celeng

UA-123 Broad Pass rield — Faul Hetz

HA-122 L{enai

-

fizld - 2.0, 20, ~zul Metz, Ceberzh TDzlong,

Sreenivas Rao

UA-131 Kenai

field — 2aul i'etz, Deboran Delong

UA-127 Beluga rield - P.D, "ao, Benno Patsch

UA-148 Beluga field - 2.D. Pao, cdward Ellwanger,
Ravishankar Rao o

[y

{JA-136 Chignik 7iela - ¥.0. Rac, Alaska Uepartment or Fish and
Game personnel

Lcboratory irnvestigations wwere assistad oy Edward Eilwanger, Jane

Emith, Juliet Cruz,

~u~+ing Chang, John Sennet.

Thanks are due to Cr. Zacl 4. Seistline, Dean, School of Mineratl
Industry, University ur -~iaska, r~=2irbanks. for his interest .:na
gncouragement in coal investigations.




INTROCUCTIGN

This is a continuing investigation of the washability of Alaskan
coals. Parts I and II of the study included twenty samples from the
Nenana, Jarvis Creek, Mstanuska, Northern Al?ska, LittLe Tonzona,
Tramway Bar, Beluga and ¥Xenai fields (1),(2)'. The current study
includes 15 samples fram widely separated areas from the Nenana,
Eagle, Broad Pass, Northern Aleska, Belugs, Nulato, Kenai snd Chignik
coal fields.

Alaska has extensive coal ceposits [(Figure 1). Barnes (3) (4)
estimates identified coat respurces at 130 billion tons. Recent
estimates based on oil well drill Logs in Cook Inlet {5] and the Narth
Slope (8)(7Z) could pltace the coal resources:of Alaska at several
trillion tons, exceeding the resources of the rest of the nation.
Alaska, therefore, could possibly supply the energy needs of not only
this State but the nation as well.

Alaska can supply coal to lessen the netion's reliance on import—
ed 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 came from the Nenana and Matanuska
fields, accessible to the Alaska Railroad, or from the Beluga field,
accessible to a deep water port. A beginning has been made by the
signing of an agreement by Usibelli Coal Co. with Suneel Alaska Cor—
poration to supply B8 million tons of coal for export to Korea between
1982 and 1982. This alone will double current cutput.

There are three major undesirable substances in coal: sulfur,
moisture and ash, Alaskan coals are found in nonmarine formations and
this accounts for the low or 2zero pyritic sulfur content and
consequently very low total sulfur. Moisture is the most undesirable
of the constituents in Alaska's subbituminaus coals and it has been
addressed in a separate study (8). The extent to which ash and sulfur
can bhe reduced depends to a large extent on the form af cccurrence 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

Fifteen raw coal channel samples were collected for this phase of
the study. In operating mines, samples were obtained from freshly
exposed beds; elseawhere, fresh surfaces were exposed on outcrops of
weathered coal. Six-hundred-pound samples were transported to the

TUnderlined numbers in parentheses refer to items in the List of
references at the end of this report.
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laboratory in heavy duty plastic bags inside gunny sacks. The
samples were obtained from the Northern Alaska, Hulato, Zagle, Menana,
Broad Pass, Kenai, Beluga and Chignik coal fields.

Northern a C

The great bulk of Atasks's coal resources Lie in the Morthern
Alaska coal field, north of the Brooks Range. Coal bearing Cretaceous
rocks are known or inferred to underlie about 58,000 square miles
{3)(4). Figure 2 is a generalized facies diagram by Chapman and Sable
[(8). They found that the coal beds in the Utukok—-Corwin region,
particularly those of potential economic significance, are canfinred
almost entirely to the Corwin formation. The Cretaceous rocks include
sandstone, conglomerate, siltstone, shale and coal. The Corwin for-
mation consists predominantly of marine coal bearing rocks that inter-
tongue with the Kukpowruk formetion consisting of merine rocks. Based
on outcrops along river banks, Barnes (3) subdivided the field into
six districts.

1. Corwin BlLuff — Cape Beaufort district
2. Kukpowruk River district

3. Kokolik — Utukok River district

4, Kuk—Kugrua Rivers district

5. Meads — Ikpikpuk Rivers district

6. Colvillte River district

Two coal seams were sampled from the Kokolik—Utukok River district,
outcropping along the banks of Elusive Creek and Kakolik River,

A sample of coal bed 3 was obtained from the west bank of Elusive
Creek (UA-125). The bed i8 11.5 feet thick and has 6 feet of
overburden. The bed dips away from the creek and is § feet above
river Level at the sampling point (Figures 3, 4, 5, 6).

This is bed 3 of Callahan and Martin (11). Auger samples aof this
bed collected by them at a depth of 30 feet or greater showed 8
moisture and ash free heating value of 14,381 to 14,777 Btu/lb (-P7).
Assuming equilibrium maisture of say 10%, the ASTM rank of this coal
would be between high volatile B and C.

A sample of uncorrelated coal bed (UA-126] was obtained from an
outcrop on the west bank of the Kokolik River (Figure's 7, 8, 8, 10).
The bed is 11.6 feet thick and the bottom of the bed is approximately
ten feet above the river Level. The seam has five feet of overburden
at the outecrop.
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Figure 4. Aerial view of coal outcrop on Elusive Creek.

Figqure 5. A closeup view of
coal outcrep on
Elusive Creek.
James E. Callahan
(left) and Gary
Martin, both of
U.5.G.S.
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Figure 8. Auger sampling of coal seams by U.S. Geological Surveys
crews in the Natiocnal Petroleum Reserve in Alaska. Coal
dug by ground squirrels may be seen in the foreground,
and is used to locate outcrops hidden under tundra from
air.

Figure 9. A closeup
view of coal
outcrop on
Kokolik
River.
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The Llocation of this sample is approximately the same as the one
used by the U.S. Bureau of Mines in their 1984 sampling and is equiva—
lent to their sample No. 14 (10) and sample tlo. SS—-7E-55 of Callahan
and Sloan (12 P. 21). Martin and Callahan {13) estimate hypothetical
coal resources of the Nanushuk group in the coastal plain and
northernmost part of the foothills of the National Petroteum Reserve
in Alaska (NPRA) toc be 848 billion tons. The estimate does not
include resources west of NPRA, and is based on meagre available
surface exposures, tracing autcrops with auger holes and seismic
record sections.

Nulato Coal Fielg

Collier was the first to make a systematic study of the coal
occurrences along the Yukon River (14), which.were subsequently re-
viewed by Martin {15), Smith and Eakin [16) and Chapman (17). Coal
has been mined or identified at several localities along the Yukan
River between Ruby and Anvik. Coal is found in the upper unit of the
interior facies, which is nonmarine and is equivalent to the Kaltag
formation of Martin.

The Pickart mine, one of the earliest mines on the Yukon River,
was started by the Pickart Brothers in 1898, it was abandaned in 1802
after the gangway had been extended about 600 feet on accaunt af
"rolls" in the floor which cut off the cocal. In 1944 Chapman could
find neither the coal bed nar evidence of the mine. The senior author
of this paper toa was unsuccessful in finding any remains of the
Pickart mine. However, in the general vicinity, a 12 inch thick coal
seam was located on the cliff. Thig seam was variable in thickness
and pinched out laterslly. This seam was sasmpled to provide an
indication of quality and rank of the coal (UA-128, Figure 11). Addi-
tional geological investigations are needed beyond the river bluffs,
although the thick vegetation cover and lLack of outcrops makes geolog—
ical exploration expensive.

Eagle Coal Field

Coal bearing rocks of probable early Tertiary age underlie a two
ta ten mile wide belt along the Yukon River from the Canadian border
northwestward for about 80 miles (Brabb and Churkin, 1964). Coal
outcrops at numerous localities in the region. One seam was sampled
at coal creek (UA-121, Figure 12). Another seam was sampled at Chic—
ken (UA-124), which is about 50 miles south of Eagle-Circle district
proper (Figure 13). The seam is described by Mertie (18) as being 22
feet thick and was opened by a 35 ft. shaft., The mine was caved in
and abandoned when Barnes (3) visited in 1856. For the washability
program, 5.5 feet of the seam was uncovered and sampled. The rest of
the seam was sloughed in and was ‘inaccessible for sampling. The coal
bearing rocks at Chicken probably underlie only a few square miles.
~They have been assigned a Tertiary age on the basis of Lithology
(Barnes, 3).
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Nenana Coal Field

The Nenana coal field ig Located about 110 miles south of Fair-
banks on the Parks Highway at Healy. The field extends BO miles in an
east—west direction and is one to thirty miles wide (20) (21) (22).
The coal bearing formation caonsists of sandstones, siltstones, clay-
stone, shale and numerous thick coal beds, and is divided into five
formations by Wahrhaftig et al. (23). Figure 14 is a generalized
geological section showing coal beds exposed at lower Lignite Creek
(Figure 15).

Barnes (3) estimates the original resources of the Nenapa field
at seven billion tans, of which three billion tons are on Lignite
Creek. Accurate estimstes of recoverable reserves for individual
geams are nat available. Total proven reserves in the lLower Lignite
Creek area are B0 million tons with & resource potential of 250 mil-
Lion tons (24].

The Lower Lignite Creek Basin, which extends three miles in an
east—west direction and is three miles wide, is the site of the cur-
rent mining of Usibelli Cost Mine. Mineable coal beds are restricted
to Suntrana formation. The bulk of the coal resources are contained
in seams 5ix (21 feet) four (21 feet} and three (17 feet]l. No. 2 seam
is of poor quality and No. 1 seam has clay and bone parting (Denton,
24). Washability studies for seams 6 and 4 have been published (Rao
1,2). Samples of No. 1 seam (UA-129) and No. 3 seam (UA-130) were
callected for this study. Sample UA-120 is from a 30.5 feet thick
seam outcropping on a bluff (Figure 16) along Marguerite Creek west of
Jumbo Dome. Although this seam occurs in the Suntrana formation,
corralation to other seams along Lignite Creek has not been
established. Sample No. UA-132 was collectad from the Yanert mine
(Figure 17). This seam has not been correlated with other seams in
the Nenana field.

Br Pass C

The Broad Pass coel field is Located near Broad Pass station, 166
miles south of Fairbanks on the Alaska Railroad and Parks Highway.
The field may be divided into two basins. Cosl Creek basin is located
on the east side of the Alaske Railraoad and Lies in an area threse
miles long and one mile wida. Abgut 1-1/2 square miles are known to
be underlain by coal bearing rocks. Washability of coal from a seam
from this basin has been reported (2). The Costello Creek Basin (28)
is on the west side of the railroad end covers about seven sguare
miles. Coal accurs in Tertiary sequences of sandstone and claystones.
There are three mineable coal beds in this basin, i.e. the Dunkle bed
(5 feet thick) Lower Billie bed (3.4 feet thick) and Upper Billie bed
(3.9 feet thick). Coal was miped from this basin until the early
1950's at the Dunkle Mine (Figure 18). Analyses of shipped coal
samples reported by Wahrhaftig indicated the coal toa be of
subbituminous rank. The Dunkle bed was sampied for this study (UA-
123].
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Figure 16. OQutcrop of coal on Marguerite Creek. The outcrop faces
Jumbo Dome.

CODK INLET SEDIMENTARY BASIN

Nonmarine sedimantary rocks of the Cook Inlet basin exceed 18,000
feet in thickness, and in same parts of the basin they may extend to
27,000 feet. The rocks outcrap as far north as the Peters Hills and
continue south to Homer, forming a belt 200 miles Long and 70 miles
wide. Although these formetions were known to be cosl bearing since
the early 1900's, recent discoveries of patroleum and gas sparked
intensive drilling that resulted in a greater understanding of the
geology of these Tertisry rocks.

Figure 19 shows stratigraphic nomenclature as proposed by Catder—
~wood and Fackler (26), and modified and updated by Magoon et al. (27).
It will be noted that coal seams of possible commercial value are
restricted to the Tyonek and Beluga Formations. Figure 19 also shows
approximete updated stages of Seldovian, Homerian and Clamgulchian

~ 21




‘BUTY 3IdURX 9Y3 3B 23TS burTdwes Jo uoI3ed0T

PTI®Td [RPOD BURUSN

L1 @InbT4

wniwn

v.,.u..\_w\ & \
R ETTEYS I .m ...ﬁ.__\
87

I

)

/

|

Hodiy ._5._,,, S

1euonel AUy I I

o

)5 ‘eysery
srburapygnd (p-f
4 __ ¥ \

T 3I9ues |
LTS hu_._mm.lﬂ—m . ,h
!

.,.,. El N orser

) we

T .i05¢8

¥

\

22




PT2Td TeOD Ssed peold

'SUT STUNg 9Y3z 3¢ 931g burTdueg JO UOTIIROOT : g Lanbrg

& 7 o
d _ e e g
: eyseTy ol ok _. s
o1bueapeny (9-4) ATesH i g PR LRk T
. _ : - < -« B e
Bt P
el TR £21-¥N : — i e ; .
._._.,___\.“.. ; m.Q..nEoﬂv«wmsa _ Ty | ¥ VN
l.\p.u I M M L y & ; \\
o . fuu.gncb i e \\{
$ - ; ! \
n_ \\\ -
L] |
T f 3
2 - : p.
% ] .Lw.,_ﬁ\ _ %0.
o _ 5 [
/ ,_._W.,M,%@i»
so%%.%,
\\
\\
ek RS
‘S 61 "i& _ - =
"5 BT % S
' ] \.\ !
\\
~ 2
il "
\\\ o,
RET
=% o
\\ . . 3
2 _ jyIed TRUOTIBN
o E i
Z ASTUTIOW 3N
102089
1 Ovom.v‘_” o, L

ao30ouoTTy | !
STTW 1 :
aTeds )

23



AGE (in
millions J COOK INLET
of years(SYS FLORAL ey ChiuT
befor TE) : : st acler itna Kl-—
He VYAamer 2Y £ Glacier
3 U
PlioJ
4 i Clamgul- Sterling
chian Formation
5 L
----- - = Beluga Beluga
10 o U |Homerian Formation | Formation
a1
15 M
Seldo- Tyonek Tyonek
20 vian Formation Tormation
L
22 5 ] - - el immaa
25
U Angooniauy Hemlock
30 Cligof Conglonerate
cene T
S Kummerian
35 < L
P
S Ravenian
40 & U
45 Eo~- M [Fultoniah
cene st e e
50 y iii;;; West Fore- West
land Fm. Foreland
55 o Formation
Paled
60 cene Unnamed
L
b5
Figure 19:
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stages identified by Wolf et al. (28) from paleobotanical and palyno-
logical evidence along with age determinations.

From purely gesographical considerations, the sedimentary basin is
divided into three coal fields: Kenai, Beluga and Yentna.

The coal is of Tertiary age and is limited to the Kenai group
{formerly Kenai Formation). Coal is interbedded with coarse to fine
grained sandstone, siltstones and occasicnal conglomerates. The Kenai
Group is subdivided into four formations which include the Hemlock
Conglomerate, Tyonek, Beluga and Sterling Formations.

Kenai Coal Field

Much of the Kenai lowland is underlain by coal bearing rocks.
Coal exposures are found extensively on steep bluffs along the east
shore of Cook Inlet, rising at places to 200 feet above the beach
(28). Barnes and Cobb (30) msde a detailed study of those outcrops
and made extensive sections of these exposures. The beds are not
massive, however, Barnes identified at leest 30 beds ranging in thick-
nass from three to seven feat.

Coal has been mined in the Homer district since 1888. Thare has
been no mining since 1951 when the Homer Coal Corporetion ceased
operations. Some residents of the Homer area still collect coal from
the beach for domestic use, particularly after a severe storm. Two
seams were sampled, one at Ninilchik {(UA-122, Figure 20) and one at
Happy Creek (UA-131), located on Figures 21 and 22.

Beluaa Coal Field

Barnes (31) defined the Beluga-Yentna region as the broad Low~
Land west of the Lower Susitna River, bounded on the north and wast by
the Alaska Range and on the south by Upper Cook Inlet and the
Chakachatna River. The Beluga coal field is part of the Cook Inlet
sedimentary basin and is located approximately 60 miles west of
Anchorage on the northwest shore of Cook Inlet. The field can be
subdivided into three coal bearing regions. Region 1, the Three Mile
Creek Basin, Llocated about six miles from Cook Inlet, contains
approximately 22 steeply dipping seams averaging 10 feet in thickness.
Region 2, the Chuitne Basin, is Located about 17 miles from Cook
Inlet. There are five mineable coal beds, one of which exceeds 40
feet in thickness, outcreopping along the Chuitna River. Region 3, the
Capps Basin, lies 26 miles from Cook Inlet. This area has two beds in
the Tyonek formation (Figures 23, 24), the Upper Cepps bed (UA-127)
with an average thickness of 17 feet, and the Waterfall bed (Capps bed
of Barnes) with an aggregate thickness from 20-49 feet (Figure 23).
The latter is 36 feet thick at the sampling location (Figure 25). 1In
the bottom 30 feet a relatively Lower ash coal has been studied for
washability and reported (2). The top 6 feet is dirtier, with a one
foot band of clay in the middle, and was therefore sampled separately
(UA-148]. Figure 26 shows the two portions of the seam, excavated in
two benches.




Figure 20. Coal outcrop near Ninilchik, with underclays washed out
by wave action, forming a natural cave with coal as
resistant roof.
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Figure 26. A subcrop of tha Waterfall seam opened up in benches by
Placer Amex for bulk sampling. The Lower 30 foot bench
and the upper 6§ foot bench are distinguishable.

The Beluga Coal Campany, a subsidiary of Placer Amex, holds Stats
of Alaska coal Leases in all three basins, for a total area of 400
square miles. Barnes estimates the indicated reserves in the 400
square mile area south of Beluga Laske at 200 million tons.

According to the Belugas Coal Company, mineable reserves in their
leased area (32) of the Cepps and Watarfall beds are estimated at 200
million tons, at a stripping ratio of 5 to 1.

Alaska Penipnsula
hignik C Fi

Coal has been reported at several lLocalities in the Alaska Penin-—
sula, and actually mined at Herendeen Bay, Chignik and Unga Island.
The sample for this study was collected from the mine tunnel of the
Chignik River mine (UA-136, Figure 27) that operated from 1883 to
1911, providing fuel for the nearby Alaska Packers Association Can-
nary. Coal is found in the Chignik formation of Upper Cretaceous age
(Figure 28).
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LABORATORY PROCEDURES

This investigation closely followed the Llaboratary procedures
described by Cavallarc et al. (23) and described by the authors in
Phase I (1). Figure 29 is a flowsheet of procedures used in the
Llaboratory for processing the samples. Raw coal samples were crushed
te 1-1/2 inches, 3/8 inch, and 14 mesh sizes. Minus 100 mesh material
was removed from tha 1-1/2 inches and 3/8 inch crushed samples, Lleav—
ing the coarse fraction for float—-sink testing in 60 liter containers.
14 mesh x 0 samples were separated in gless separatory flasks joined
by ground taper jaints. Float-sink seperations were mede at 1.30,
1.40 and 1.60 specific gravities, using perchlorethylene-naptha mix-
tures as heavy Liquid. The air dried products were first crushed in a
hammer mill to 14 mesh and pulverized to 60 mesh for analysis. Proxi-
mate and ultimate analyses of raw coals are presented in Table I. The
concentration of maejor elements and the fusibility of ash are
presented in Table II.

ALl float-sink products were analyzed for ash, moisture, heating
valua, total sulfur and pyritic sulfur. All data were calculated on a
moisture free basis. The American Society for Testing and Materials
(ASTM) standard proceduras were used for all analyses.

The Hardgrove Grindability Indexes of the samples were determined
with air dried sampies as per ASTM designation D408-71, using stand-
ards HGI 28, HGI 41, HGI 54, HGI B0 and HGI 92, supplied by ASTM.
Table III shows the Hardgrove Grindability and Free Swelling Indexes
and the HGI's ranged from 25 to 74. It is felt that samples UA-125,
126 and 138 should have shown some swelling properties; however, since
these samples are from the weathered outcrop which reduces their
caking characteristics, they did not.

INTERPRETATICN OF WASHABILITY DATA

Tables IV through XVIII show washability data for the fifteen
samples processed. The tables show weight—percent distribution, ash,
heating valua, 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 densi-
ties 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.

Nort n Al

Two coal beds were sampled, representative of coals in the Koko-
Lik-Utukok River district in the National Petroleum Reserve, Alaska.
The coal beds in the region have been extensively investigated by the
U.S. Geological Survey, under the direction of J.E. Callahan (11).
The study was aided by shallow subsurface data from shot holes, deep
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TABLE 1
Proximate and Ultjmate Analyseg of Baw Coals :
Heating
Coal ASTM Thickness Sample Moisture Volatile Fixed Ash Value Sulfur
Field Rank [feet) Numbers Basis* % Matter,% Carbon,% % BTU/lb. C,% H,% N,% 0,% Pyritic Total
f
Nenana Subbit.C 30.5 UA 120 1 29.05 92.03 30.44 8.48 7,445 44,24 ©6.23 0.50 40.44 0.0D 0.1
Uncorreleted bed 2 P . 45.14 42 .9 11.85 410,493 62.36 4.20 0.717 20.63 0.00 0.15
Marguerite Creek 3 = 51.27 48.73 - 11,917 70.82 4.77 0.81 23.43 D.0D 0.17
Eagle Subbit.B 30 UA 121 1 24.94 45,983 11.84 17.29 6,717 B88.54 4.82 0.77 38.02 D.02 0.46
Uncorrelated bed 2 — 61.19 15.78 23.03 7,618 B51.35 2.84 1.02 21.15 0.02 0.61
Coal Creek 3 s 78.50 20.60 — 9,888 B66.71 3.69 1,32 27.48 0.03 D.78
Kenai Subbit.C 8 UA 122 1 23.72 36.01 27.02 19.25 7,437 42.58 6.23 D.66 37.03 0.04 .25
Uncorretated bed 2 — 47 .21 35.42 17.37 48,750 ©&5.82 4.9 0.8B7 20.92 0.05 0.33
Ninilehik 3 -— 57.13 42.87 e 11,800 67.58 ©5.68B 1.05 2b.33 0.06 0.39
Broad Pass Subbit.B 6.3 UA 123 1 33.07 27 .63 28.688 10.42 7,306 41.37 6.79 0.5 40.57 g.11 0.29
Dunkle Bed 2 5 4 .28 43.15 15.57 10,915 61.B1 4.61 0.B3 16.74 0.16 0.44
2 3 L 48 .88 51.11 — 12,928 73.21 5.46 0.5 19.82 0.19 0.52
Eagle Subbit.C b6.5 UA 124 1 23.59 44.22 11.20 20.99 5,474 35.01 5.01 0.58 37.33 0.07 1.08
Uncorrelated bed 2 —_ 57 .87 14.66 27.47 7,984 45.82 8.10 0.76 21.44 0.08 1.4
Chicken 3 — 79.79 20.71 — 9,878 63.17 4.27 1.05 28,87 0.12 1.94
. — {
Northern Alaska  hv8b 1.5 UA 125 1 11.95 30.386 55.37 2.37 11,242 65,90 &.20 1.31 25.00 0.08 0.27
No. 3 Bed 2 B 34.48 52.88 2.64 12,768 74.84 4.3% 1.48 16.33 0.07 0.31
Elusive Creak 3 — 35.42 64.58 - 13,114 76,87 4.517 1.53 16.77 0.07 D.32
,l
Northern Alasks  hvAb 11.6 UA 128 1 15.58 26.43 52.57 5.42 10,504 63.44 5.68 1.03 24.24 0.04 0.24
Uncorrelated Bed 2 = a1.31 62.27 6.42 12,816 75.15 4.81 1.22 12.82 0.05 0.28
Kokaolik River 3 = 33.46 66.54 e 13,803 B80.31 4.93 1.30 13.17 0.06 .29 J
Beluga Subbit.C 15 UA 127 1 20.87 39.80 27.56 11.87 7,242 47.34 B.77 0.80 34.55 0.08 17
Capps Bed 2 e 50.42 34.83 14.75 8,810 £9.83 4.34 0.63 20,23 0.10 g.22
3 - — 58.15 40.85 — 11,625 70.08 5,08 0.73 23.74 g.12 .26

¥ 1 is Equilibrium bed moisture basis

2 is Moistura—free basis
PR I h—Ffrae hasis




TABLE I [continued)
Proximate and Ultimate Analyses of Raw Coals

Heating
Coal ASTM™ Thickness Sample Moisture Volatile Fixed Ash Value Sulfur
Field Rank [feet) Numbars Basis® % Matter,¥ Carbon,% ;3 BTU/lb. C,% H,% N,% 0,% Pyritic Total
f T
Nulato HvAh 1 UA 128 1 3.11 11.21 22.36 63.33 4,762 26.29 2.31 0.48 7.22 0.18 0.36
Uncorrelated Bed 2 1857 23.06 B65.37 4,815 27.13 2.02 0.9 4.59 0.16 D.38
3 —_— 33.4 66.59 — 14,190 78.33 5.83 1.46 13.30 0.47 1.08
Nulato HvAb UA 128 1 3.60 29.06 58.14 .20 11,438 74.99 5.24 D0.49 9.04 0.08 1.04
Uncorrelated Bed 1.60 Specific 2 - 30.15 60.31 9.55 11,866 77.78 5.02 0., 6.06 0.08 1.07
Gravity Float 3 —_ 33.33 66.67 —_— 13,118 86.00 5.55 0.5B6 6.70 0.09 1.19
Nenana Subbit.C 18 UA 129 1 24.33 35.09 27 .52 13.06 7,464 44.58 5.91 0.52 35.77 0.01 0.16
No. 1 Bed 2 - 46.37 36.37 17.26 8,884 HB.B2 4.21 D.BS 18.71 0.01 0.21
Usibelli Mine 3 — 66.04 43 .86 — 11,822 71.21 5.08 0.83 22.62 0.02 0.256
Nenana Subbit.C 17 UA 130 1 24.54 38.42 29.59 9.44 8,047 46 .53 .06 D.52 37.30 0.01 0.18
w No. 3 Bed 2 —_ 48,27 39.22 12.51 10,683 61.66 4.38 D0.69 20.54 0.01 0.22
@ Usibaelli Mine 3 — 55.17 44 .83 12,188 70.47 5.01 0.79 23.48 0.01 0.25
Kenai Subbit.C B LA 131 1 23.25 35.32 31.74 9.69 B,292 47 .86 5.989 0.84 35.33 0.03 0.29
Uncorrelated Bed i 2 — 46.01 41.35 12.63 10,8083 62.36 4,42 1,08 19.12 0.04 0.38
Happy Creek 3 — 52.67 47 .33 - 12,365 71.38 5.06 1.25 21.88 0.04 0.43
Nenana hvBb 5 UA 132 1 5.51 17 .67 25.22 51.60 5,412 31.73 3.34 0.83 12.52 0.07 0.18
Uncorrelated Bed : 2 —_— 18.70 26.69 54.61 5,728 33.568 2.B8 0.68 8.08 0.07 0.18
Yanert Mine 3 _— 41 .20 58 .80 = 12,860 73.98 6.35 1.46 17.80 0.18 0.4
Chignik hvCb 9 UA 136 1 6.66 30.28 29.28 33.77 8,108 45.70 4.48 0.52 13.889 1.06 - 1.64
Uncorrelated Bed 2 — 32.45 31.37 36.18 8,685 48 .96 4,00 0.55 B.55 1.12 1.76
Chignik Bay Mine a — 50.85 49 .15 —_ 13,808 76.71 6§.19 2.B8 11.48 1.78 2.78
Bel Subbit.C B UA 148 1 22.17 27.60 20.29 29.84 5,860 37.00 5.28 0.44 27.14 0.02 E
W:t:§$all Bed 2 == 35.46 26.07 38.47 I '658 47,64 3.60 D0.56 8.57 g.02 0.26
Top 6 | — 57.63 4 .37 = 12, 446 77.27 4,76 3.21 14,40 n.03 p*

* 1 is Equitibrium bed moisture basis
2 ig Moisture—free basis
3 is Moisture—ash—free basis
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TABLE II

Concentration of Major Elemente and Fusibility of Ash of the Raw Coal Bamples
Concentration of Msjor Elements in Coal Ash, percent

Sample
No. 510, Alo0g Fes04 MgO CaD Na,0 K50 Til, S0, MnD
UA-120 44.8 15.8 3.5 4.1 21.3 0.29 1.0 0.8 3.3 0.10
UA-121 47.5 20.3 5.5 2.9 1.7 0.62 0.7 1.2 5.3 0.12
UA-122 48.4 18.6 7.7 5.2 7.8 3.06 2.0 0.9 2.8 0.15
UA-123 44.0 23.4 16.4 1.8 7.8 0.36 0.7 1.1 4.0 0.18
UA-124 51.0 22.4 6.5 1.6 6.0 0.77 1.4 0.7 8.5 0.08
UA-126 e2.3 26.5 12.3 6.6 16.0 2.14 0.7 0.8 3.0 0.03
UA-126 42.4 27 .1 5.8 3.0 6.1 1.63 1.9 2.2 4.8 0.03
UA-127 63.8 25.9 2.4 1.4 8.5 0.34 1.7 1.1 2.3 0.04
UA-128 62.7 21.8 3.8 1.6 0.3 1.88 4.4 1.1 0.8 0.0
UA-128 47 .1 20.8 4.1 2.6 16.4 0.40 1.2 7.1 2,0 0.07
UA-130 44.4 14.6 5.8 2.6 17.3 0.33 1.1 0.9 e.n 6.17
UA-131 40.7 18.7 9.2 4.4 18.5 0.93 1.4 0.7 4.7 0.48
UA-132 64.0 22.7 4.0 1.2 1.1 0.49 2.8 1.0 0.6 a.o02
UA-136 04.2 28.3 4.9 1.2 4.1 0.33 1.1 1.2 3.3 0.04
Ua-148 57.3 29.1 4.2 1.2 2.5 0.27 2.6 c.5 1.2 0.08
Fusibility of Ash, °F
Sample Initial
No, Deformation Softaning Fiuid
UA-120 2250 2259 2877,
UA-121 2371 2376 2430
UA-122 2218 2246 2286
UA-123 24789 25056 2548
UA-124 2480 2503 25640
UA-125 2454 2514 2572
UA-126 2347 2356 2561
Ua-127 2457 2464 2639
UA-128 2468 2593 2723
UA-129 2383 2420 2501
UA-130 2217 2228 2324
UA-131 2240 2243 2272
UA-132 2742 2800+ 2600+
UA-136 2794 2800+ 2800+

UA-148 2800+ 2800+ 2800+



TABLE III

Hardgrove Grindability and Free
Swelling Indexes of Raw Coals

SAMPLE Air-Dried Samples
NUMBER HGI FS1
UA-120 38 0
UA-121 70 0
ua-122 25 0
UA-123 38 0
UA-124 B2 ot 0
UA-125 74 0
UA-126 56 D
UA-127 42 0
UA-128 56 0
UA-128 (1.60 Sp. G. Float) — 9.6
UA-128 as 0
UA-130 ap 0
UA-131 a2 0
UA-132 48 0
UA-136 48 1
32 0

UA=148



axploration wells, and by tracing outcrops buried under the tundra by
auger holes, A sure sign of a buried outcrop is the sighting from
helicopter of black coal debris dug by ground squirrels (the squirrels
find it easier to gig into coal). The auger holes positioned about 50'
down dip fram the coal debris. Several hundred samples of coals were
collected from the region as drill cuttings from seismic shotholes.
Auger cuttings, drill cuttings and several deep exploratory wells were
sampled, and cutcrops and beds were sampled by trenching (Cal lahan and
Martin, 11). The petroleogy of three hundred of these samples is
currently under investigation (Rao 34).

No. 3 coal bed was sempled from an ocutcrop on Elusive Creek (UA-
125). Callahan (11) traced the bed by seismic shatholes to extend for
S miles in an east—-west direction with slight thinning, whereas it
maintaing a constant thickness in the north—=south direction for a
distance of over 2.3 miles (11, P. 43). Mean maximum reflectance of
vitrinite in oil ( R. ) was 0.71, clearly placing the rank of the coal
at high volatile B bytuminous. The raw coal is quite Low in ash, 2.6
percent and sulfur, 0.31 parcent. Washing of 1-1/2 inch x 100 mesh
coal at 1.60 specific gravity can raduce ash to 2.1 percent at a yield
of 88.7 percent. Washing 14 mesh x O coal at 1.60 specific gravity
witl further reduce ash to 2.0 percent at 88.7 percent yield, whereas
washing at 1.40 would provide a product analyzing 1.6 percent ash at
90.5 percent yield (Table IV].

The second bed sampled was from an outcrop on the Kokolik River.
In 1864 the U.S. Bureau of Mines excavated the outcrop by hand digging
and blasting. For the current investigation, the surface weathered
part of the exposure was removed prior to sampting. However, the
depth of the cut is not adequate to reach the unoxidized portion of
the seam. Vitrinite reflectance was 0.90 percent, placing the rank at
high volatile A bituminous.

The Kokolik River sample (UA-126) contained 6.42 parcent ash and
0.28 percent sulfur on a moisture free basis., Washing 1-1/2 inch x
100 mesh coal can give a product with 3.6 percent ash and 0.26 percent
total sulfur. Washing at 1.40 specific gravity can give 81.3 percent
yield with 2.6 percent ash (Table V).

Nulato Coal Fjeld

An uncorrelated thin bed of coal was sampled from a location ten
miles upstream from Nulato, along the north bank of the Yukon River.
The seam varied in thickness from six to eighteen inches and pinched
out within ten feet of the sampled exposure. The seam was still
included in the program since a better seam could not be located, and
the sample would give an indication of the quality and rank of the
coal in this field. The raw coal sample contains 5.4 percent ash and
0.38 percent sulfur. The cosl is high volatile A bituminous rank with
vitrinite reflectance of 0.88% ( R ). Washing 1-1/2 inches x 100
mesh coal can give 19.1 percent yield with 10.1 percent ash, 0.97
percent sulfur and 13,672 Btu/lb heating value (Table VI). Finer
crushing would be of no banefit. More extensive geological
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TABLE IV

Weshability Analyses of the MNo. 3 Ced Coal Sample [UA-125)
Morthern Alaska Field, Etusive Creek, Alaska

Raw Coal Bed Moisture = 11.95

DIBECT DATA

CUMULATIVE DATA

Lfur ce Sulfur Percent Pounds of
Product We ¥ Ash % Btu/lb Pyritic Total VWt % Ash & Btu/lb Pyritic Total S05/tM Btu
Float—Sink Size 1-1/2 inches x 100 liesh
Float— 1.30 2.77 1.93 12548 0.03 0.25 2.77 1.93 12549  D.03 D.25 0.4
1.30 - 1.40 8%.35 1.77 125356 0.03 0.31 g2.12 1.77 18535 0.03 6.3 D.5
1.40 - 1.60 6.98 6.66 11460 0.05 0.27 88.70 2.10 12464 0.03 0.31 0.5
Sink - 1.60 1.30 28B.B6 6351 0.10 0.21 100.00 2.45 12384 0.03 0.30 0.5
Minus 100 Mesh 0,79 20.42 8489 0.03 0.29 1100.00 2.59 12361 0.03 0.30 0.5
Float—-Sink Size 3/8 inch x 100 liesh
Float- 1.30 3.01 1.57 12bso 0.03 0.26 3.01 1.57 125%0 0.03 0.26 0.4
1.30 - 1.40 g2.46 1.60 12545 (0.03 D.27 85.47 1.60 12547 0.03 0.27 0.4
1.40 - 1,60 12.96 4.78 11460 0.05 0.20 98.43 2.02 12404 0.03 0.27 0.4
Sink - 1.60 1.57 30.32 6540 0.10 0.27 100.00 2.46 12311 0-03 0.27 0.4
Hinus 100 Hesh 8.97 10.43 10889 0.D3 0.20 '100.00 2.94 12232 0.03 0.27 0.4
Float-Sink Size 14 Hesh x @

Float- 1.30 5.83 1.33 12574 0.03 0.30 5.89 1.83 12574 0.03 0.30 0.5
1.30 - 1.40 84.68 1.58 12565 0.03 0.24 80.51 1.66 12566 0.03 0.24 0.4
1.40 - 1.60 B.21 6.67 11697 0.05 0.28 9p.72 1.9 12493 0.03 0.25 0.4
Sink — 1.60 1.28 36.55 8431 0.10 0.25 100.00 2.43 12441 0.03 0.25 0.4
All resu 8 Mpis .

TCumulative float-sink plus mipus 100 mesh material.
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Vleshability Analyses of an Uncorrelated Bed Coal Sample (UA-128)

TABLE VI

Hulato Coal Field, Alaska

Raw Coal Bed Moisture = 3.1

DIRECT DATA CUMULATIVE DATA
Sulfur Percent Sulfur Percent Pounds of
Product We ¥ Ash % Btu/lb Pyritic Total Ut % Ash % Btu/lb Pyritic Total SOE/HH Btu
Float—Sink Size 1-1/2 inches x 100 lesh
Float— 1.230 5.54 5,73 14368 0.05 0.94 5.84 5.75 14360 0.05 0.94 1.3
1.30 - 1,40 10.42 7.588 14118 0.05 0.94 16.36 G.91 14209 G.0G 0.94 1.3
1.40 - 1.60 2.76 28,02 10493 0.08 1.47 19.12 10.09 13672 D.05 0.97 1.4
Sink — 1.80 g80.88 72.79 4143 0.05 0.51 _100.00 60.60 5965 0.0%5 0.60 2.0
ttinus 100 Mesh 0.68 37.32 8799 0.05 1.26 1100.00 60.64 S020 0.G5 .60 2.1
Float-Sink Size 3/8 inch x 100 liesh
Flecat— 1.30 3.57 4,40 14606 0.05 1.01 3.57 4.40 14606 0.05 1.01 1.4
1.30 — 1.40 7.99 7.23 13588 0.05 D.54 11.56 6.36 14186 0.05 0.98 1.4
1.40 - 1.60 4.90 25,48 11020 0.08 0.94 16.406 12.05 13243 0.06 0.96 1.4
Sink - 1.580 83.54 77.40 4258 0,10 0.43 100.00 G6.64 5738 03D9 0.52 1.8
Minus 100 Mesh 2.8 41.01 8378 0.05 1.25 1100.00 65.90 5814 0.058 0.52 1.6
Float—Sink Size 14 lesh x 0

Float— 1.30 g.70 4,38 14734 D.05 0.91 0.70 4.38 14734 0.056 0.91 1.2
1.30 - 1.40 2.43 4.48 14402 0.0% 0.91 3.13 4,46 144786 0.05 0.91 1.3
1.40 - 1.60 5,61 14,13 12083 0.08 0.81 B.74 10.67 12940 0.07 0.85 1.3
Sink - 1.60 81.26 65.79 4540 0.10 0.58 100.00 64,62 5274 0.10 D0.60 2.3
All results sre on & Vpisture Free Basis.,

Tcumutative float-sink plus minus 100 mesh material.




exploration is needed to uncover seams of economic value, which would
be of particular significance to the village of Nulate and other
communities along the Yukon River now burdened with the high cost of
liquid fuels.

E oal Field

Two coal seams were samplted from this field, both from an area
with a history of established placer gold mining activity.

A coal bed sampled from Caal Creek (UA-121) had vitrinite reflec—-
tance of 0.44 ( R ml- This places the rank of coal at subbituminous B
and the low heating value (7,616 Btu/Llb) of the coal is attributable
toc the severely oxidized condition of the outcrop sample. The raw
coal sample cantained 23.0 percent ash and 0.61. percent sulfur. Wash-
ing 1-1/2 inches x 100 mesh cosl at 1.40 specific gravity can give
22.0 percent yield with 9.6 percent ash. Washing at 1,60 specific
gravity can improve yield to B2.7 percent with 13.7 percent ash (Table
VII). Washing at finer sizes did not indicate any adaitional improve—
ment in yield or ash content of the praoducts.

The uncorrelated coal bed sampte (UA-124} from Chicken was from a
weathered outcrop. The vitrinite reflsctance ( an) was 0.36 percent
equivalent to subbituminous C rank. The sample cantained 27.5 percent
ash and 1.41 parcent sulfur on a moisture free basis. Washing 1-1/2
inches x 100 mesh at 1.30 specific gravity gave 40.6 percent yield
with. 10.0 percent ash and 1.35 percent sulfur. This is one of the few
high sulfur coals in Alaska. Very little of the sulfur is in pyritic
form and thus no reduction in sulfur is possible by washing (Table
VIII).

Nenaspa Coal Field

Samples of No. 1 bed coal (UA-129) and No. 3 bed coal (UA~130)
were col lected from the Lower Lignite Creek, Poker Flat Pit, Usibelli
Coal Mine. The coals are subbituminous C renk. No. 1 bed is not
being mined at this time and is the lLoweat bed in the Suntrana Forma—
ticn. The raw coal analyzed 17.3 percent ash and 0.21 percent sulfur
on a moisture free basis. Washing 1-1/2 inches x 100 mesh coal at
1.40 specific gravity gave 83.4 percent yield with 10.0 percent ash,
and 10,858 Btu/lb. Washing at 1.60 specific gravity gave 93.7 percent
yield with 12.3 percent ash and 10,531 Btu/lb (Table IX).

No. 3 bed is the lowest of the three beds being mined by Usibelli
Coal Mine, and is the Lowest of the seams extractable at this time.
The raw coal contained 12.5 percent ash gnd 0.22 percent sulfur on &
moisture free basis. Washing the coal at 1.6 specific gravity gave a
91.8 percent yield with 6.9 percent ash, 0.13 percent sulfur and
10,774 Btu/lb on a moisture free basis (Table X). No significant

_improvement in recovery or ash content can be achieved by crushing to
a finer size.
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Washability Analyses of an Uncorrelated Ded Coal Sample (UA-121)

TABLE VII

Coal Creek, Eagle Field,

Alaska

Raw Coal Bed Moisture = 24.94

__DIRECT DATA

CUMULATIVE DATA

Sulfur Percgent Sulfur Percent Pounds of
Praduct Wt % Ash % Btu/lb Pyritic Total Wi % Ash % Btu/lb Pyritic Totat SUE/HM Btu
Float-Sink Size 1-1/2 inches x 100 lesh
Float—- 1.30 0.04 7.81 11141 0.03 0.27 0,04 7.81 11141 0.03 0.27 0.5
1.30 - 1.40 21.82 8.58 B843 0.03 0.55 21.96 9.58 £953 0.03 0.55 1.2
1.40 - 1.60 50,72 1b.20 B3s2 0.06 0.58 B2.68 13.71 8541 0.0% 0.57 1.3
Sink -~ 1.60 17.32 71.58 1989 D.04 a.17 1100.00 £23.73 7406 0.0% 0.50 1.4
Minus 100 Mesh 0.91 30.03 6445 0.03 0.34 '100.00 23.79 7397 0.05 0.50 1.4
Elaat—Sink Size 3/8 inch x 1060 |desh
Float—- 1.30 0.03 3.82 11025 0.03 D.24 0.03 3.82 110258 0.03 0.24 0.4
1.30 - 1.40 22.99 10.34 9454 0.04 0.64 23.02 10.33 9456 D.04 0.64 1.4
1.40 - 1.60 60.05 15.99 8483 0.06 0.2 B3.07 14.42 B753 0.05 0.63 1.4
Sink - 1.60 16.93 69.53 2321 .04 0.20 100.0D 23.75 7664 0:05 D.55 1.4
Minus 100 Mesh 2.00 32.47 6415 0.03 0.39 1100.00 23.92 7639 D0.06 0.55 1.4
Elogt-Sink Size 14 llesh x 0
Float- 1.30 0.16 2.94 11002 0.03 0.29 0.16 2.94 11002 0.03 0.29 0.5
1.30 - 1.40 9.98 10.56 8642 0.03 0.61 10.14 10.44 9663 D.03 0.60 1.2
1.40 - 1.60 73.BB 13.85 8675 0.06 0.60 84.02 13.44 87494 0.06 0.80 1.4
Sink - 1.60 15.98 71.55 2086 0.08 0.17 100.00 22.72 7722 0.06 0.53 1.4

Atl results arg on a Moisture Free Basis,

ICumutative float-sink plus minus 100 mesh material.
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TABLE IX

Washability Analyses of the No. 1 Bed Coal Semple (UA-128)
Usiballi Coal Mine, Nenana Coal Field, Healy, Alaska
3 Raw Coal Bed Moisture = 24,33

DIRECT DATA CUMULATIVE DATA

Sulfur Percent Sulfur Percent Pounds of
Product Wt % Ash % Btu/lb Pyritic Total Vit % Ash % Btu/lb Pyritic Total S0,/1M Btu

Flgat—8ink Size 1~1/2 inches x 1060 {esh

Float— 1.30 7.06 6.89 11408 0.0 0.17 7.0G 6.88 11406 0.01 0.17 0.3
1.30 - 1.40 76.34 1D.27 10807 0.01 0.16 EB3.40 9,48 10888 0.0 0.16 0.3
1.40 - 1.80 10.26 31.21 78725 0.03 0D.27 83.66 12.91 10531 G.01 0.17 0.3
Sink - 1.60 6.34 73.19 3956 D0.D3 0.15 100,00 16.17 10114 0.M1 0.17 0.3
Minus 100 Mesh 1.20 49.21 6203 0.03 0.42 100.00 16.57 10067 0.0% 0.17 0.3
Elost-Sink Size 3/8 inch x 100 Mesh
Float— 1.30 89.28 8.94 11186 0.0D1 0.19 59.24 9.94 11186 0.01 0.19 0.3
1.80 - 1.40 26.84 14.85 ag646 0.0 0.29 86.22 11.%1 10705 0.1 0.20 6.4
1.40 - 1.60 6.B3 26.27 8442 0.03 0.26 B83.05 12.53 16539 0.01 0.20 0.4
Sink - 1.80 6.95 66.43 4387 0.03 0.19 100.00 16.33 10111 0-.01 0.20 0.4
Minus 100 Mesh 2.55 17.24 8544 0.04 0.24 100,00 16.35 10056 0.01 0.20 0.4

Flaoat—-Sink Size 14 tlesh x 0

Float- 1.30 10.83 6.91 11662 0.0 6.17 10.83 6.91 11562 0.01 0.17 0.3
1.30 ~ 1.40 64.36 9.43 10458 0.0 0.18 75.19 9.07 10614 0.0 0.19 0.4
1.40 - 1.60 15.87 18.77 8116 0.03 0.23 S§1.06 10.93 10353 0.01 0.19 0.4
Sink - 1.60 8.94 70.09 4349 0.03 0.12 100.00 16.22 9817 0.01 0.19 0.4

ALl results are po a Moisture Freg Basis,

TCumulative float-sink plus minus 100 mesh materisl.
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TADLE X

Vashability Analyses of the Ho. 3 Bed Coal Sample (UA-130)

Usibelli Coal Mine, Henana Coal Field,

llealy, Alaoska

flaw Coal Boud MHoisture = 24,54

DINECT DATA

CUHUIATIVE DATA

Sulfur Percent Sulfur Percent Pounds of
Product Wit % Ash % Btu/lb Pyritic Teotal VWi % Ash & Btu/lb Pyritic Total 80,/ Btu
Flogat—-Sink Size 1-1/2 inches x 200 Hesh
Fipat- 1.30 16.09 4.83 11466 0.01 0.08 16.08 4.63 11466 0.01 0.09 0.2
1.30 - 1.40 89.12 6.B1 10881 0.04 0.13 85.21 £.40 106991 0.03 0.12 a.z
1.40 - 1.60 6.62 13.44 7973 0.m 0.28 981.83 6.91 10774 0.03 0.13 0.2
Sink — 1.60 8.17 68.75 6194 0.0 G.29 100.00 11.96 10400 0.03 0.15 0.3
Minus 108 Mesh 1.37 3B.80 7049  0.01 0.22 *100.00 12.30 10354  0.01 0.15 0.3
Float-Sink Size 3/8 inch x 100 Hesh
Float— 1.30 12.65 4.40 11586 0.01 0.16  12.858 4.40 11556  G.D4 0.16 0.3
1.30 - 1.40 73.11 6.786 10852 0.03 0.21 B5.76 6.43 10956 D0.03 D.20 0.4
1.40 - 1.60 4,77 23.54 8258 D.0% 0.26 90.53 7.33 10814 0.03 0.21 0.4
Sink - 1.60 9.47 66.33 4634 0.01 0.12 100.00 12.86 10225 D.02 0.21 0.4
Minus 100 Mesh 3.16 R24.45 8557 0.D01 D.17 1100.00 12.94 10176 0:02 0.21 0.4
Eloai—Sink Size 14 lesh 2 0
Float— 1.30 15.31 4,60 11659 0.01 0167 15.31 4,60 11659 0.01 0.15 0.3
1.30 - %1.40 68.45 8.12 10924 0.03 6.16 &3.70 8.2 11068 0.03 0.16 0.3
1.40 - 1,60 9.06 17.87 8023 0.01 0.23 Ye.82 9.25 10860 0.02 0.17 0.3
Sink — 1.60 7.18 70.92 3asgg  0.01 0.10 100.00 13.66 10366 0.02 0.16 0.3
LL resuy u ARG, T et R S W

lgumulative float-sink plus minus 100 mesh waterial.



The uncarrelated bed coal outerop on Marguerite Creek west of
Jumbo Dome was sampled (UA-120). This area of the Nenana coal field
is undeveloped. Amax Coal Company has done preliminary coal explora-—
tion. The coal is subbituminous C rank and has 12.0 percent ash and
0.15 percent sulfur on a moisture free basis. Washing of 1-1/2 inches
x 100 mesh material at 1.40 specific gravity gave a product with 8.3
percent ash, 0.12 percent sulfur and 10,535 Btu/lb on a moisture free
basis at a yield of 82.9 percent. Washing at 1.60 specific gravity
gave S6.9 percent yield with 10.8 percent ash and 10,171 Btu/lb (Table
X1).

Coal was mined at the Yanert mine untit 1924, The mins is lo-
cated in Denali National Park (Formerly Mt. McKinly National Park].
The coal has a vitrinite reflectance of 0.78 ( R ) indicating that
unweathered coal shows a high volatiie 'B' bituminous rank. The raw
coal analyzed 54.6 percent ash and 0.19 percent sulfur on a moisture
free basis. Washing 1-1/2 inches x 100 mesh coal at 1.60 specific
gravity gave a product with 18.6 parcent ash at 35.3 parcent yield.
Washing 3/8 inch x 100 mesh coal at 1.60 specific gravity gave an
improved product with 14.2 percent ash at 37.6 percent yield on a
moisture free basis (Table XII).

Broad Pass Cpal Field

Coal production from this field to meet lLacal needs dates back to
1929. Production has increased with the transfer af a coal prospect—
ing permit to W.E. Dunkle in 1941, 1In the period 1940-54 about 64,000
tons of coal were produced. Mr. Dunkle installed a prototype reactor
for steam drying of coal fram Dunkle Mine snd shipped twenty tons of
processed coal to the Fsirbanks Exploration Company power plant in
1958 for testing, and that appears to be the last reported activity of
the mine. The Dunkle bed semple (UA-123) had 15.6 percent ash and
0.44 percent sulfur. Washing the 1-1/2 inches x 100 mesh coal at 1.60
specific gravity gave 87.9 percent yield analyzing 9.0 percent ash,
12,018 Btu/lb and 0.46 percent suifur. Crushing to 14 mesh and wesh—
ing at 1.60 specific gravity will give a product analyzing 7.8 percent
ash, 12,218 Btu/lb, with B87.1 percent yield (Table XIII).

COOK INLET SEDIMENTARY BASIN
Kenaj Coal Field

Numerous coal beds are exposed on the beach cliffs along the
western shore of Kenai Peninsula. Coal was and is8 mined near Homer on
a small scale for domestic use. There is no coal mining in the Kenai
field at this time. A coal bed was sampled about a mile northeast of
Ninilchick (UA-122). A nstural cave is formed an the beach due to
~differential erosion of sediments underlying the coal seam by the
action of the waves. Approsch to the sampling site is through Ninil-
chik and along the beach by truck. The coal is subbituminous 'C' rank
and has 17.4 percent ash and 0.33 percent sulfur. Washing 1-1/2-

~ 80
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Washability Analyses of an Uncorrelated Bed Coal Sample (UA-132)

TABLE XII

Yanert Hine, Nenana Coal Field, Alaska

Aaw Cosl Baod Moisture = 5.51

RIRECT DATA

CUMULATIVE DATA

Sulfur Percent Sulfur Percent Pounds of
Product Wt % Ash % Btu/lb Pyritic Total Wt % Ash % Btu/lb Pyritic Total SUE/MH Btu
Float-Sipk Size 1-1/2 inches x 100 Hesh
Float- 1.30 0.07 6.39 13004 0.03 0.38 0.07 6.35 13004 0.03 0.38 0.6
1.30 - 1.40 10.75 6.81 12895 0.03 0.35 10.82 6.81 12896 0.03 G.35 0.5
1.40 - 1.60 24.48 23.87 10298 D.03 0,33 35.30 18.64 11094 0.03 0.34 D.B
Sink - 1,80 64.70 71.29 4234 0.09 0.14 100,00 £2.70 6656 0.07 0.21 0.6
Minug 100 Mesh 1.44 44.36 6940 0.03 0.26 00,00 52.58 6660 0.07 0.21 D.6
Eloat-Sink Size 3/8 inch x 100 Hesh
Float- 1.30 6.44 3.97 13609 0.03 0.4 6.44 3.97 15609 0.03 o.M G.6
1.30 - 1.40 13.88 7.36 12763 0.03 0.45 20.33 6.28 13031 0.03 0.44 0.7
1.40 - 1,60 17.23 23.80 10373 D0.03 0.35 37.56 14.22 11812 0.03 0.40 0.7
Sink = 1.60 62.44 77.00 3837 0.07 0.12 100.00 53.42 g832 0.05 0.22 0.6
Minus 100 Mesh 3.07 53.80 4540 0.03 0.48 11UU.DU 53.43 6762 0.05 0.23 0.7
Float-Sjnk Size 14 Hesh x 0

Float- 1.30 0.00 0.00 00000 0.00 0.00 0.00 D.00 coooo 0.00 0.00 . 0.0
1.30 - 1.40 3.03 4,02 13529 0.03 0.41 3.03 4.02 13529 0.03 0.41 0.6
1.40 - 1.60 23.22 17.54 11089 0.03 0.37 26.25 15.98 11379 0.03 0.37 0.7
Sink - 1.60 73.75 67.74 4445 0.06 0.12 100.00 54.15 G265 0.05 0.19 0.6
ALl results are op 2 Moisture Free Basig.

Igumulative float-sink plus minus 100 mesh material.
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inches x 100 mesh coal at 1.40 specific gravity will give a product
with 8.2 parcent ash, 10,684 Btu/lb, and 0.28 percent sulfur with a
yield of 63.3 percent. Crushing to 14 mesh and washing at 1.60 speci—
fic gravity gave an acceptable product with 10.6 percent ash at a
yield of B85.0 percent on a moisture free basis (Table XIV).

A coal sample was obtained from an outcrop on Happy Creek along
the beach bLuff (UA-131). The raw coal had 12.6 percent ash and 0.38
percent suifur. Washing at 1.40 specific gravity gave a product with
8.0 percent ash, 11,074 Btu/lLb and 0.39 percent sulfur with 86.8
percent yield on a moisture free basis. Washing coal crushed to 14
mesh at 1.60 specific gravity gave a product with 10.0 percent ash
while improving the yield to 95.0 percent (Table XV]). The advantages
of crushing to a finer size for ash reduction are obvious.

l/

Beluga Coal Field

There are two mineable coal beds in the Capps basin, the Lower
Waterfall bed and Upper Capps bed. The Upper Capps bed sample (UA~-
127) contained 14.8 percent ash and 0.22 percent sulfur. Washing 1-
1/2 inches x 100 mesh coal at 1.40 specific gravity gave a product
analyzing 8.0 percent ash, 10,658 Btu/lLb and 0.18 percent sulfur with
72.7 percent yield. Washing at 1.60 specific gravity gave a product
with 12.3 percent ash and 94.0 percent yield on a moisture free basis
(Teble XVI). The Lower 30 feet of the Weterfall bed is Low in ash
(10.23 percent on a moisture free basis) and was tharefore sampled
separately. The results have been reparted in Phase II (2). The top
six feet of the seam {UA-148B) is high in ash principally due to a
twelve inech thick clay parting. The raw coal contained 3B.5 percent
ash and 0.26 percent sulfur. Washing 1-1/2 inches x 100 mesh coal at
1.40 specific gravity gave a product analyzing S.4 percent ash, 10,598
Btu/Llb and 0.28 percent sulfur with 39.3 parcent yield (Table XVII).
Crushing to 3/8 inch top size and separating at 1.60 specific gravity
would provide a 59.2 percent yield of coal analyzing 13.2 percent ash,
9,902 Btu/lb and 0.29 percent sulfur,

Alsska Peninsula
Chignik Eisld

The coal seam from the Chignik Bay coel mine was sampled at the
entrance to the tunnel. The mine was abandoned nearly 70 years ago.
The sample contained 36.2 percent ash and 1.12 percent sulfur. Wash-
ing 1-1/2 inches x 100 mesh coal at 1.60 specific gravity gave a
product that contained 11.0 percent ash, 12,340 Btu/lb and 1.9 percent
sulfur with 50.2 parcent yield (Table XVIII). AlLthough half of the
total sulfur is in pyritic form, reduction in sulfur by weshing at a
finer size was only moderate.




es

TABLE XIV

VWashability Analyses of an Uncorrelated Bed Coal Semple (UA-122)
Ninilchik, Kenai Field, Alaska
Raw Coal Bed Moisture = 23.72

DIBECT DATA CUMULATIVE DATA
Sulfur Percent Sulfur Percent Pounds of
Product Wt % Ash % Btu/lb Pyritic Total WVt % Ash & Btu/lb Pyritic Totel §0,/MM Btu
Float-8ink Size 1-1/2 ipches x 100 Mesh

Float— 1.30 13.62 5.21 11182 0.04 0.23 13.62 .21 11182 0.04 0.23 0.4
1.30 - 1.40 49,72 8.97 10545 0.086 0.30 63.34 8.16 10684 0.06 0,28 0.5
1.40 - 1.60 28.10 32.80 7627 0.0DB6 0.34 91.44 15.78 9745 0.06 0.30 0.6
Sink - 1.60 8.56 61.18 Jg4a3 0.08 0.14 100,00 18.82 9239 0.06 0.29 0.6
Minus 100 Mesh 1.03 &§9.05 4575 0.06 0.23 00.00 21.30 B948 0.06 D.28 0.6

Floet-Sink Size 3/8 ipch x 100 Hes |

Float— 1.30 17.97 6.18 11332 0.03 0.24 17.97 5.18 11332 0.03 0.24 0.4
1.30 - 1.40 49.62 7.74 10681 0.086 0.29 67.59 7.06 10838 0.05 p.28 0.5
1.40 - 1,60 21.73 34.32 7384 0.06 0.36 89.32 13.869 9999 0.05. 0.30 D.6
Sink - 1.60 10.68 61.28 38B1 0.08 0.19 _100.00 18.77 9345 0.06 0.29 0.6
Minus 100 Mesh 3.60 38.98 7019 0.06 0.22 1100.00 19.50 8261 0.06 0.29 0.6
Float-Sink Size 14 Mesh x O
Float- 1.30 4.93 5.72 11647 0.03 0.24 4.93 5.72 11647 D.03 0.24 0.4
1.30 - 1.40 63.186 6.47 10786 0.05 0.26 68.09 6.42 10858 0.05 0.26 0.5
1.40 - 1.60 16.83 27.45 ge22s 0.05 0.35 85.02 10.61 10334 0.05 0.28 0.5
Sink - 1.60 14.98 66.09 4044 0.07 0.20 100.00 18.82 9392 0.05 0.27 0.6
AlL res n i is, —

lcumulative float-sink plus minus 100 mesh material.
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TABLE XVI

Viashability Analyses of Capps Bed Cocul Sample (UA-127)
Beluga Coal Field, Alaska
; Raw Cecal Bed Moisture = 20.87

DIRECT DATA CUNULATIVE DATA
Sulfur Percent Sulfur Percent Pounds of
Product Wt ¥ Ash % Btu/lb Pyritic Total VWt % Ash 4 DBtu/lb Pyritic Total SOE/HH Btu

Float-Sink Size 1-1/2 jnches x 100 Mesh

Float- 1,30 0.6 5.83 10447 0.03 0.24 D.Eu 5.93 10447 0.03 0.24 0.5
1.30 - 1.40 71.81 7.98 106861 0.03 0.19 72.67 7.96 10658 0.03 0.19 0.4
1.40 - 1.60 21.35 27.28 8069 0.03 0.16 94.02 12.35 10070 0.03 0.18 C.4
Sink - 1.60 5.98 56.48 5047 0.03 G.13 100.0C 14.99 9770 0.03 0.18 0.4
Minus 100 Mesh 1.83 42.27 6194 0.04 0.15 1100.00 15.48 704 0.03 0.18 0.4

Float-Sink Size 3/8 inch x 100 lesh

Float- 1.30 26.61 3.78 11115 0.03 0.19 26.61 3.78 11115 0.03 0.19 0.4
1.30 - 1.40 47.03 9.6t 10125 0.03 0.15 73.64 7.50 10483 0.03 D.16 0.3
1.40 - 1.60 19.65 25.43 8242 0.03 0.10 93.29 11.28 10011 0.03 0.15 0.3
Sink - 1.60 6.71 54.07 4699 0.03 G.11 100.00 14.15 ac54 q,OS D.15 0.3
Minus 100 Mesh 1.88 36.41 6956 0.04 0.15 '100.00 14.57 9603 0.03 D.15 0.3
Eloat-Sink Size 14 llesh x 0
Float- 1.30 19.54 3.84 11782 0.03 0.17 19.54 3.804 11762 0.03 0.17 0.3
1.30 - 1.40 24.81 7.60 10860 0.01 (.17 44.35 5.94 11286 0.D2 0.17 0.3
1.40 - 1.60 51.86 21.54 B937 0.03 0.18 95.27 14.35 10011 0 .02 0.18 D.4
Sink - 1.60 3.79 45.62 5072 0.03 0.17 100.00 15.57 9824  0.03 G.18 0.4
ALl results arg on a Moisture Free Basis. W s 2 ' 4

1Cumulative float-sink plus minus 100 mesh naterial.
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Washability Analyses of the Top Six Feet of Vlaterfall Bed Coal Sample (UA—-148)
Capps Basin, Beluga Field, Alaska

TABLE XVII

Raw Coal Bed Moisture = 22.17

DIBECT DATA

CUMULATIVE DATA

Sulfur Percent ulfu rcent Pounds of
Product Wt ¥ Ash ¥ Btu/lb Pyritic Total VWVt % Ash % Btu/lb Pyritic Total SDE/MM Btu
Float-Sink Size 1-1/2 inches x 100 Mesh
Float— 1.30 13.93 4.09 11436 0.01 D.23 13.93 4.09 11436 0.01 0.23 0.4
1.30 - 1.40 25.36 12.26 10138 0.04 0.30 38.29 9.36 10598 0.03 0.28 D.5
1.40 - 1.60 19.75 31.31 7502 0.07 0.33 53.04 16.70 g562 0.04 0.29 0.6
Sink - 1.60 40.86 72.33 2708 0.05 0.13 100.00 39.49 6755 0.05 0.23 0.7
Minus 100 Mesh 1.10 57.96 4154 0.04 0.20 1100.00 29.59 6726 0.085 0.23 0.7
Float-Sink Size 3/8 inch x 100 lHesh
Float- 1.30 14.64 3.59 114868 O0.M 0.24 11.64 3.58 11486 0.0 0.24 0.4
1.30 - 1.40 29.31 11.29 10526 0.02 0.28 40,85 9.10 10789 0.2 0.28 0.5
1.40 - 1.60 18.25 B22.26 7891 0.08 0.31 59.20 13.16 g9g2 0.04 0.29 0.6
Sink - 1.60 40.80 668.22 3088 0.02 0.14 100.00 35.62 71ee UED3 0.23 0.8
Minus 100 Mesh 2.50 50.80 3848 0.05 6.18 1100.00 36.00 7040 0.03 0.23 c.7
Float—Sink Size 14 tlesh x 0

Float- 1.30 0.00 O0.00 ODOOOO O.DO 0.00 0.00 0.00 11098 0.02 0.25 0.5
1.30 - 1.40 10.45 5.1 11099 @.02 0.25 10.48 5.11 11099 0.02 0.25 0.5
1.40 - 1.60 81.39 25.09 B045 0.05 D.36 61.84 21.71 8561 0.04 0.34 0.8
Sink - 1.60 38.16 57.29 4189 0.04 0.22 100.00 35.29 6883 0.04 0.30 .9
ALl results are on & Mojsture Free Bagsis.

1Cumulative flost-sink plus minus 100 mesh material,
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TABLE XVIII

Vashability Analyses of an Uncorrelated Eed Coal Sumple [UA-13B6)
Chignik Mine, Chignik Field, Alaska
: Raw Coal Bed Moisture = 6.66

DIRECT DATA CUMULATIVE DATA
Sulfur Percent Sulfur Percent Pounds of
Praoduct We 8 Ash ¥ Btu/lb Pyritic Total Ut % Ash % Btu/lb Pyritic Total SUE/HM Btu

Eloat-Sipnk Size 1-1/2 inches x 100 {lesh

Float- 1.30 5.76 4,06 13783 0.29 1.54 5.76 4,06 13893 0.29 1.54 2.2
1.30 - 1.40 29.80 7,65 12738 0.54 1.92 35.56 7.07 12809 0.50 1.86 2.9
1.40 - 1,60 14.68 20,48 10962 1.01 2.02 50,25 10.98 12340 0.65 1.91 3.1
Sink - 1.60 49,75 579,53 4635 1.22 1.51 100,00 G55.14 8507 0.93 1.71 4.0
Minus 100 Mesh 1.58 41.21 7408 0.93 1.97 1100.00 35.24 £4sp 0,93 1.71 4.0
Float=S8ink Size 3/8B inch x 100 Mesh
Float— 1.30 4.63 3.3 13847 0.22 1.48 4,63 3.31 13847 D.g2Z 1.48 2.1
1.30 - 1.40 28,256 ©.56 13243 0.46 1.82 32.88 6.10 13328 0.43 1.77 2.7
1.40 - 1.60 16,80 22.86 10405 0.81 2,02 49.68 11.80 12340 0.56 1.86 3.0
Sink - 1.60 50.32 60.16 4425 1.22 1.68 100.00 35.14 8357 0.89 1.77 4.2
Minus 100 Mesh 3.20 35.24 8564 0.82 1.92 Y100.00 36.11 8364 0:B9 1.77 4.2

Float-Sink Size 14 liesh x 0

Float— 1.30 4.19 2.75 13711 0.16 1.34 4.19 2.75 13711  0.16 1.34 2.0
1.30 - 1.40 31.34 B8.00 12856 0.36 1.67 35.53 7.38 12857 0.34 1.63 2.5
1.40 - 1.60 16.00 20.89 10871 0.81 1.82 51.53 11.%81 12340 0.48 1.68 2.7
Sink - 1.60 48.47 589.34 4704 1.32 1.68 100.00 G4.69 8639 0,89 1.69 3.9
ALl results n_a Mgis ee i5. = s

TCumulative float-sink plus minus 100 mesh material.



CONCLUISIONS

Washabitity studies showed that coals from Elusive creek and
Kokolik river can be clesned to produce premium quality tow ash, Llow
sulfur products.

High volatile A bituminous coal fram Nulato has high ash content
and could be cleaned to give 8 product with 10.1 percent ash and
F.85.I. of 8.6 and ranks as one of the best coking guality coals in

Alaska. However, economically recoverable seams have not yet been
identified.

Subbituminous 'B' coal from Coal creek can be washed to give &
product Lless than 10.0 percent ash at low yieldsd.

Coal from Chicken gave acceptable ash in washed coal at low
yields. The sulfur content in the sample is high. Much of the sulfur
was organic and no significant reduction in sulfur is possible by
cleaning.

No. 1 bed coal from Nemana field can be washed to give a product
with 10.0 percent ash. No. 3 hed is Low in ash and can be washed to
give a premium quatity low ash, low sulfur product.

The coal bed on Marguerite creek is lLow in ash and can be washed
to give lower ash product.

The coal bed from the Yanart mine i8 high in ash. Cleaning will
give poor yield at higher than acceptable ash Llevels in the product.

Coal from the Dunkle Mine in the Broad Pass field can be washed
to obtain an accepteble product. Finer crushing improved Liberation
of ash forming in purities.

Coal beds from Ninilchik and Happy creek in the Kenai field can
be weshed to give Low sulfur products with acceptable ash,

The Capps bed and the top 6 feet of tha Waterfall bed which is
high in ash, can be washed to give a Low sulfur product with
acceptablte ash content.

The coal bed from tha Chignik Bey coal mines can be washed to
give an acceptable product at Llow yields.
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