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ABSTRACT

The Mineral Resources Institute and State Mine Experiment Station 
of The University of Alabama surveyed existing waste impoundments in 
Alabama to determine their location, the approximate quantity of coal 
in each waste pond, and the amount of recoverable coal based on 
washability tests of representative samples of the waste.

Humphreys spiral tests were conducted on Alabama fine coal waste 
from nine preparation plants of surface mining operations, and from 
nine preparation plants of underground mining operations. The ash in 
the samples ranged from 9 to 51 percent, and the total sulfur ranged 
from 0.54 to 2.39 percent.

Continuous laboratory tests using a Humphreys spiral gave good 
recovery of the coal with excellent rejection of the ash and pyritic 
sulfur. Ash content of the clean coal products fell within a range 
of 5 to 12 percent, with a total sulfur content of 0.42 to 1.29 percent. 
Coal recoveries (float 1.60 specific gravity) of 84 to 98 percent were 
achieved from the different samples. In quality, the products were 
comparable or superior to those now being shipped from the preparation 
plants.
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INTRODUCTION

Approximately 15 million tons of coal were produced by strip 
mining methods in Alabama during 1976. About 8 million tons were 
produced by underground mining during the same period. Surface 
mined coal is expected to continue at about 14 million tons per 
year through 1980, and underground coal mining will increase to 
about 25 million tons by that time. The washing and cleaning of 
coal at various operations in the State results in a loss of 10 
to 15 percent of the fine-size coal. Thus, at least two million 
tons of fine-size coal are lost each year.

The primary objective of this research is to survey existing 
waste impoundments in Alabama to determine their location, the 
approximate quantity of coal in each waste pond and the amount of 
recoverable coal based on washability tests of representative samples 
of the waste. If the preliminary studies demonstrate that an acceptable 
grade of coal can be recovered from the wastes in Alabama, a complete 
inventory of impounded waste coals will be made.

The fine-size waste coal that is currently impounded creates a 
number of environmental problems, including stream pollution by acid 
water drainage from the ponds. Reclamation of the fine-size waste 
could eliminate the environmental problems, and result in the conservation 
and development of additional natural resources in Alabama. Recovery . 
of the waste coal could potentially increase Alabama's coal production 
by several million tons per year.

The use of Humphreys spirals to concentrate fine coal was practiced 
as early as 1947. At that time the Hudson Coal Company (2) used spirals 
to concentrate anthracite fines'. In 1950, the use of spirals to treat 
fine-size bituminous coal (3), was investigated. In 1976, the use of 
spirals was investigated for removing pyrite from fine-sized coal (5).
These investigations, however, involved tests of freshly mined coal and 
not impounded coal of past operations. As part of the current investigation, 
results have been reported on the use of Humphreys spirals for treating 
the fine-size waste from surface mined coal in Alabama (1).

This investigation is part of a coal research program conducted 
by the Mineral Resources Institute and State Mine Experiment Station 
of The University of Alabama to investigate the feasibility of recover­
ing fine-size coal from impounded coal wastes in Alabama.
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DESCRIPTION OF SAMPLES

Samples of fine waste coal were collected from the preparation 
plants of nine strip mining operations and nine underground mining 
operations. Each impoundment area, which is identified by the coal seam 
being mined, was sampled by drilling a number of 3-inch auger holes to 
depths of 5 to 10 feet. The material was composited into a single sample 
which averaged about 500 pounds. These composite samples were used 
in the preliminary tests. Later in the investigation 2-ton samples 
of several of the waste impoundments were obtained for the larger scale 
tests. A location map of the samples is shown in Figure 1. The strip 
mined wastes ranged from about 9 to over 51 percent ash, and from 0.54 
to 2.39 percent total sulfur as shown in Table 1. The underground mined 
waste ranged from 19 to about 39 percent ash, and from 0.70 to 1.53 
percent total sulfur as shown in Table 2. Screen analyses, as summarized 
in Tables 3 and 4 indicated that, in many cases, the ash was concentrated 
in the finer screen sizes, and that the minus 200-mesh fractions had a 
low coal content and could be discarded with minimal loss of coal.

The amount of fine coal waste in each storage area is estimated to 
be from 350,000 to over 1,000,000 tons.
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LIST OF WASTE FINES COAL SEAMS

Surface Mined

1. America-Pratt-Nickel Plate
2. Black Creek (A)
3. Black Creek (B)
4. Black Creek, Jefferson (C)
5. Blue Creek
6. Carter-Milldale, Johnson
7. Clements
8. Gwin
9. Woodstock

Underground Mines

10. America (A)
11. America (B)
12. America-Mary Lee (C)
13. Blue Creek
14. Mary Lee (D)
15. Mary Lee (E)
16. Mary Lee (F)
17. Mary Lee (G)
18. Pratt

Figure 1. Location Map of Samples from Alabama Surface and 
Underground Mining Preparation Plants—(Con.)
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TABLE 1. Analysis of 
From Alabama

Fine-Size Waste Coal Samples 
Strip Mining Operations

Analysis, Percent

Coal Seam Ash
Total
Sulfur

America, Pratt, 
Nickel Plate 32.3 1.12

Black Creek (A) 29.8 1.15

Black Creek (B) 29.6 1.10

Black Creek, Jefferson (C) 18.0 0.62

Blue Creek 40.6 0.60

Carter, Milldale, 
Johnson, Brookwood 28.2 2.05

Clements 51.4 2.39

Gwin 16.2 1.48

Woodstock 9.3 0.54



TABLE 2. Analysis of Fine-Size Waste Coal Samples From 
Alabama Underground Mining Operations

Analysis, Percent

Coal Seam Ash
Total
Sulfur

America (A) 29.5 1.53

America (B) 21.1 1.34

America, Mary Lee (C) 38.6 1.04

Blue Creek 38.5 0.90

Mary Lee (D) 20.9 0.70

Mary Lee (E) 19.3 0.87

Mary Lee (F) 29.5 0.87

Mary Lee (G) 25.3 0.74

Pratt 30.9 0.76
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TABLE 3. Summarized Results of Screen Analyses of Samples 
of Surface Mine Waste Fines

Coal Seam

Screen

Size,
Mesh

Weight
Percent

Analysis, 
Percent

Distribution,
Percent

Float 1.60 
Specific Gravity 

(Coal)

Float 1.60 
Specific Gravity 

(Coal)

America-Pratt-Nickel Plus 200 81.7 70.5 99.4
Plate Composite Minus 200 18.3 2.0 0.6

Composite 100.0 58.0 looTO
Black Creek (A) Plus 200 91.2 62.3 99.7

Minus 200 8.8 2.0 0.3
Composite 100.0 57.0 100.0

Black Creek (B) Plus 200 85.3 77.8 99.5
Minus 200 14.7 2.1 0.5
Composite 100.0 66.7 100.0

Black Creek Plus 200 83.7 86.5 96.8
Jefferson (C) Minus 200 16.3 14.8 3.2

Composite 100.0 74.8 100.0
Blue Creek Plus 200 48.7 72.0 94.5

Minus 200 51.3 4.0 5.5
Composite 100.0 37.1 100.0

Carter, Milldale Plus 200 83.8 68.1 95.8
and Johnson Composite Minus 200 16.2 15.6 4.2

Composite 100.0 59.6 100.0
Clements Plus 200 95.4 29.0 99.8

Minus 200 4.6 1.5 .2
Composite 100.0 27.7 100.0

Gwin Plus 200 86.3 85.5 96.3
Minus 200 13.7 20.8 3.7
Composite 100.0 76.6 100.0

Woodstock Plus 200 92.6 92.0 97.5
Minus 200 7.4 29.8 2.5
Composite 100.0 87.4 100.0
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TABLE 4. Summarized Results of Screen Analyses of Samples 
of Underground Mine Waste Fines

Coal Seam

Screen

Size,
Mesh

Weight
Percent

Analysis,
Percent

Distribution,
Percent

Float 1.60 
Specific gravity 

(Coal)

Float 1.60 
Specific gravity 

(Coal)

America (A) Plus 200 74.9 62.0 98.0
Minus 200 25.1 3.7 2.0
Composite 100.0 47.4 100.0

America (B) Plus 200 59.7 82.0 89.1
Minus 200 40.3 14.9 10.9
Composite 100.0 55.0 100.0

America Plus 200 26.8 72.5 86.3
Mary Lee (C) Minus 200 73.2 4.2 13.7

Composite 100.0 22.5 100.0
Blue Creek Plus 200 57.4 69.0 95.9

Minus 200 42.6 4.0 4.1
Composite 100.0 41.3 100.0

Mary Lee (D) Plus 200 83.5 80.5 98.1
Minus 200 16.5 7.9 1.9
Composite 100.0 68.5 100.0

Mary Lee (E) Plus 200 87.8 78.8 99.6
Minus 200 12.2 2.0 0.4
Composite 100.0 69.4 100.0

Mary Lee (F) Plus 200 39.5 79.5 76.6
Minus 200 60.5 15.9 23.4
Composite 100.0 41.0 100.0

Mary Lee (G) Plus 200 45.1 74.0 79.0
Minus 200 54.9 16.2 21.0
Composite 100.0 42.3 100.0

Pratt Plus 200 86.5 52.0 99.2
Minus 200 13.5 2.8 .8
Composite 100.0 45.4 100.0
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EXPERIMENTAL RESULTS 

Float-Sink Analysis of Samples

Representative samples of the fine coal waste were screened at 
50 mesh. The plus 50-mesh and minus 50-mesh fractions of the samples 
were float-sink tested at 1.30, 1.40, 1.50, and 1.60 specific gravi­
ties. The results of the tests are shown in Tables 5 through 22.
The results indicate that gravity separation will yield products low 
in ash and sulfur, with excellent recoveries of the coal.

The results of the float-sink analyses indicated the feasi­
bility of gravity separation for processing the fine-size waste 
coal to produce commercially acceptable coal products.
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TABLE 5. Float-Sink Analysis of Sample of Waste Fines From
America, Pratt, and Nickel Plate Seams

Plus 50 Mesh

Analysis, Distribution,
Percent Percent

Specific Gravity 
Fraction

Weight, 
Percent Ash

Total
Sulfur Ash

Total
Sulfur

Float-1.30 6.6 2.9 0.94 0.6 5.5
1.30-1.40 25.8 5.9 1.07 4.7 24.5
1.40-1.50 6.1 14.2 1.21 2.6 6.6
1.50-1.60 3.7 55.4 1.19 6.3 3.9
Sink-1.60 12.3 65.8 1.05 25.0 11.4

Total 54.5 23.3 1.07 39.2 51.9

Minus 50 Mesh

Specific Gravity 
Fraction

Weight, 
Percent

Analysis,
Percent

Distribution,
Percent

Ash
Total
Sulfur Ash

Total
Sulfur

Float-1.30 0.1 2.9 0.93 0.1 _

1.30-1.40 8.6 4.9 1.00 1.3 7.6
1.40-1.50 5.7 9.4 1.08 1.6 5.4
1.50-1.60 3.3 15.6 1.17 1.6 3.4
Sink-1.60 27.8 65.5 1.29 56.2 31.7

Total 45.5 43.2 1.19 60.8 48.1

Composite 100.0 32.3 1.12 100.0 100.0
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TABLE 6. Float-Sink Analysis of Sample of Waste Fines From
Black Creek (A) Seam

Plus 50 Mesh

Specific Gravity 
Fraction

Weight,
Percent

Analysis,
Percent

Distribution,
Percent

Ash
Total
Sulfur Ash

Total
Sulfur

Float-1.30 14.5 3.0 0.76 1.4 9.9
1.30-1.40 13.4 8.0 0.91 3.6 10.9
1.40-1.50 4.4 17.8 0.86 2.6 4.2
1.50-1.60 1.5 21.7 1.23 1.1 1.7
Sink-1.60 15.1 66.4 1.79 33.5 24.3

Total 48.9 25.8 1.1 42.2 51.0

Minus 50 Mesh

Specific Gravity 
Fraction

Weight,
Percent

Analysis,
Percent

Distribution,
Percent

Ash
Total
Sulfur Ash

Total
Sulfur

Float-1.30 3.7 2.7 0.80 0.3 2.3
1.30-1.40 17.8 13.3 0.81 7.9 12.9
1.40-1.50 7.9 15.8 0.86 4.2 6.2
1.50-1.60 2.5 29.4 0.87 2.5 1.9
Sink-1.60 19.2 66.7 1.49 42.9 25.7

•
Total 51.1 33.6 1.1 57.8 49.0

Composite 100.0 29.8 1.1 100.0 100.0
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TABLE 7. Float-Sink Analysis of Sample of Wastes Fines From
Black Creek (B) Seam

Plus 50 Mesh
Analysis, Distribution,
Percent Percent

Specific Gravity 
Fraction

Weight, 
Percent Ash

Total
Sulfur Ash

Total
Sulfur

Float-1.30 20.8 2.2 0.78 1.5 14.8
1.30-1.40 27.5 3.9 0.91 3.6 22.8
1.40-1.50 4.1 12.0 0.85 1.6 3.1
1.50-1.60 1.6 22.1 1.25 1.2 1.8
Sink-1.60 8.1 68.1 1.69 18.5 12.4

Total 62.1 12.7 0.96 26.4 54.9

Minus 50 Mesh

Specific Gravity 
Fraction

Weight, 
Percent

Analysis,
Percent

Distribution,
Percent

Ash
Total
Sulfur Ash

Total
Sulfur

Float-1.30 1.0 2.3 0.90 0.1 0.8
1.30-1.40 7.7 3.8 0.85 1.0 6.0
1.40-1.50 2.6 8.8 0.89 0.8 2.1
1.50-1.60 1.2 15.3 0.90 0.6 0.9
Sink-1.60 25.4 83.1 1.52 71.1 35.3

Total •37.9 57.4 1.30 73.6 45.1

Composite 100.0 29.6 1.10 100.0 100.0
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TABLE 8. Float-Sink Analysis of Sample of Waste Fines From
Black Creek (C) and Jefferson Seams

Plus 50 Mesh

Specific Gravity 
Fraction

Weight,
Percent

Analysis, 
Percent

Distribution,
Percent

Ash
Total
Sulfur Ash

Total
Sulfur

Float-1.30 16.5 3.7 0.77 3.4 20.6
1.30-1.40 21.2 3.2 0.77 3.8 26.5
1.40-1.50 4.5 10.3 0.68 2.5 4.9
1.50-1.60 0.4 12.2 0.62 0.2 0.3
Sink-1.60 7.4 41.9 0.43 17.2 5.0

Total 50.0 9.8 0.71 27.1 57.3

Minus 50 Mesh

Specific Gravity 
Fraction

Weight,
Percent

Analysis,
Percent

Distribution,
Percent

Ash
Total
Sulfur Ash

Total
Sulfur

Float-1.30 0.4 3.7 0.76 0.1 0.5
1.30-1.40 9.2 4.8 0.70 2.4 10.4
1.40-1.50 9.2 7.7 0.67 3.9 9.9
1.50-1.60 4.5 12.2 0.52 3.2 3.7
Sink-1.60 26.7 42.7 0.42 63.3 18.2

Total 50.0 26.2 0.52 72.9 42.7

Composite 100.0 18.0 0.62 100.0 100.0
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TABLE 9. Float-Sink Analysis of Sample of Waste Fines From
Blue Creek Seam

Plus 50 Mesh

Specific Gravity 
Fraction

Weight,
Percent

Analysis,
Percent

Distribution,
Percent

Ash
Total
Sulfur Ash

Total
Sulfur

Float-1.30 6.1 4.0 0.69 0.6 7.0
1.30-1.40 4.6 9.8 0.70 1.1 5.3
1.40-1.50 3.9 22.1 0.67 2.1 4.3
1.50-1.60 1.5 24.2 0.61 0.9 1.5
Sink-1.60 25.6 61.3 0.55 38.7 23.4

Total 41.7 42.2 0.59 43.4 41.5

Minus 50 Mesh

Specific Gravity 
Fraction

Weight,
Percent

Analysis,
Percent

Distribution,
Percent

Ash
Total
Sulfur Ash

Total
Sulfur

Float-1.30 1.1 4.8 0.68 0.1 1.2
1.30-1.40 14.3 13.2 0.71 4.6 16.9
1.40-1.50 8.6 11.8 0.74 2.5 10.5
1.50-1.60 0.4 23.8 0.70 0.2 0.5
Sink-1.60 33.9 58.9 0.52 49.2 29.4

Total 58.3 39.4 0.60 56.6 58.5

Composite 100.0 40.6 0.60 100.0 100.0
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TABLE 10. Float-Sink Analysis of Sample of Waste Fines From
Carter, Milldale, Johnson, and Brookwood Seams

Plus 50 Mesh

Specific Gravity 
Fraction

Weight,
Percent

Analysis, 
Percent

Distribution,
Percent

Ash
Total
Sulfur Ash

Total
Sulfur

Float-1.30 6.3 2.7 0.88 0.6 2.7
1.30-1.40 9.1 9.5 1.21 3.0 5.4
1.40-1.50 4.9 19.6 1.80 3.4 4.3
1.50-1.60 4.2 24.1 1.81 3.6 3.7
Sink-1.60 9.6 51.1 1.42 17.4 6.6

Total 34.1 23.2 1.36 28.0 22.7

Minus 50 Mesh

Specific Gravity 
Fraction

Weight,
Percent

Analysis,
Percent

Distribution,
Percent

Ash
Total
Sulfur Ash

Total
Sulfur

Float-1.30 6.2 4.3 0.91 0.9 2.7
1.30-1.40 18.7 8.6 1.03 5.7 9.4
1.40-1.50 5.9 14.3 1.37 3.0 3.9
1.50-1.60 9.0 17.1 2.52 5.5 11.0
Sink-1.60 26.1 61.5 3.96 56.9 50.3

Total 65.9 30.8 2.40 72.0 77.3

Composite 100.0 28.2 2.05 100.0 100.0
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TABLE 11. Float-Sink Analysis of Sample of Waste Fines From
Clements Seam

Plus 50 Mesh

Specific Gravity 
Fraction

Weight,
Percent

Analysis,
Percent

Distribution,
Percent

Ash
Total

Sulfur Ash
Total
Sulfur

Float-1.30 0.2 14.5 1.62 0.1 0.1
1.30-1.40 9.5 7.8 1.58 1.4 6.3
1.40-1.50 13.0 14.9 2.27 3.8 12.3
1.50-1.60 5.6 22.4 2.86 2.4 6.7
Sink-1.60 39.7 65.6 2.14 50.6 35.5

Total 68.0 44.1 2.14 58.3 60.9

Minus 50 Mesh

Specific Gravity 
Fraction

Weight, 
Percent

Analysis,
Percent

Distribution,
Percent

Ash
Total
Sulfur Ash

Total
Sulfur

Float-1.30 0.05 14.5 1.62 0.05 0.3
1.30-1.40 0.05 7.8 1.63 0.05 0.3
1.40-1.50 0.7 14.7 2.26 0.2 0.6
1.50-1.60 1.1 22.1 2.88 0.5 1.3
Sink-1.60 30.1 69.7 2.90 40.9 36.6

Total 32.0 66.8 2.92 41.7 39.1

Composite 100.0 51.4 2.39 100.0 100.0
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TABLE 12. Float-Sink Analysis of Sample of Waste Fines From
Gwin Seam

Plus 50 Mesh

Specific Gravity 
Fraction

Weight,
Percent

Analysis,
Percent

Distribution,
Percent

Ash
Total
Sulfur Ash

Total
Sulfur

Float-1.30 15.5 3.6 1.18 3.4 12.3
1.30-1.40 22.7 9.0 1.48 12.6 22.6
1.40-1.50 7.0 15.9 1.58 6.9 7.2
1.50-1.60 3.3 19.8 1.47 4.0 3.3
Sink-1.60 2.3 40.0 2.33 5.7 3.7

Total 50.8 10.4 1.43 32.6 49.1

Minus 50 Mesh

Specific Gravity 
Fraction

Weight, 
Percent

Analysis,
Percent

Distribution,
Percent

Ash
Total
Sulfur Ash

Total
Sulfur

Float-1.30 4.8 3.4 1.04 1.0 3.3
1.30-1.40 15.9 7.6 1.43 7.6 15.3
1.40-1.50 9.6 13.9 1.58 8.2 10.2
1.50-1.60 5.3 18.9 1.47 6.2 5.2
Sink-1.60 13.6 52.8 1.84 44.4 16.9

Total 49.2 22.1 1.53 67.4 50.9

Composite 100.0 16.2 1.48 100.0 100.0
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TABLE 13. Float-Sink Analysis of Sample of Waste Fines From
Woodstock Seam

Plus 50 Mesh

Analysis, Distribution,
Percent Percent

Specific Gravity 
Fraction

Weight,
Percent Ash

Total
Sulfur Ash

Total
Sulfur

Float-1.30 48.4 2.2 0.53 11.4 47.0
1.30-1.40 15.3 6.1 0.60 9.9 16.0
1.40-1.50 4.3 15.9 0.76 7.3 5.9
1.50-1.60 1.5 25.7 0.75 4.1 2.0
Sink-1.60 1.6 43.4 0.70 7.4 2.0

Total 71.1 5.3 0.56 40.1 73.6

Minus 50 Mesh

Specific Gravity 
Fraction

Weight,
Percent

Analysis, 
Percent

Distribution,
Percent

Ash
Total
Sulfur Ash

Total
Sulfur

Float-1.30 3.1 2.4 0.51 0.9 2.7
1.30-1.40 12.6 4.7 0.53 6.3 12.1
1.40-1.50 4.8 10.5 0.56 5.3 4.8
1.50-1.60 1.6 17.7 0.58 3.0 1.6
Sink-1.60 6.8 61.1 0.42 44.4 5.2

Total 28.9 19.3 0.49 59.9 26.4

Composite 100.0 9.3 0.54 100.0 100.0
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TABLE 14. Float-Sink Analysis of Sample of Waste Fines From
America (A) Seam

Plus 50 Mesh

Specific Gravity 
Fraction

Weight, 
Percent

Analysis,
Percent

Distribution,
Percent

Ash
Total
Sulfur Ash

Total
Sulfur

Float-1.30 5.6 2.7 0.97 0.6 3.5
1.30-1.40 11.3 6.2 1.46 2.6 10.7
1.40-1.50 1.6 16.2 1.77 1.0 1.8
1.50-1.60 0.9 27.8 1.78 0.9 1.0
Sink-1.60 2.2 45.7 1.80 3.8 2.6

Total 21.6 10.9 1.39 8.9 19.6

Minus 50 Mesh

Specific Gravity 
Fraction

Weight,
Percent

Analysis,
Percent

Distribution,
Percent

Ash
Total
Sulfur Ash

Total
Sulfur

Float-1.30 _ _

1.30-1.40 24.6 5.1 1.19 4.7 19.1
1.40-1.50 11.2 12.0 1.47 5.1 10.8
1.50-1.60 1.9 29.2 1.62 2.1 2.0
Sink-1.60 40.7 51.6 1.82 79.2 48.5

Total 78.4 30.8 1.56 91.1 80.4

Composite 100.0 26.5 1.53 100.0 100.0
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TABLE 15. Float-Sink Analysis of Sample of Waste Fines From
America (B) Seam

Plus 50 Mesh

Analysis, Distribution,
Percent Percent

Specific Gravity 
Fraction

Weight,
Percent Ash

Total
Sulfur Ash

Total
Sulfur

Float-1.30 3.2 2.7 1.01 0.4 2.4
1.30-1.40 2.5 9.3 1.17 1.1 2.2
1.40-1.50 1.6 12.6 1.15 1.0 1.3
1.50-1.60 1.9 18.9 1.22 1.7 1.7
Sink-1.60 2.7 36.4 1.32 4.6 2.6

Total 11.9 15.6 1.15 8.8 10.2

Minus 50 Mesh

Analysis, Distribution,
Percent Percent

Specific Gravity Weight, Total Total
Fraction Percent Ash Sulfur Ash Sulfur

Float-1.30 _ __ _

1.30-1.40 14.8 4.4 1.24 3.1 13.6
1.40-1.50 6.9 8.4 1.28 2.7 6.6
1.50-1.60 4.7 22.4 1.32 5.0 4.6
Sink-1.60 61.6 27.6 1.42 80.4 65.0

Total 88.1 21.9 1.37 91.2 89.8

Composite 100.0 21.1 1.34 100.0 100.0
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TABLE 16. Float-Sink Analysis of Sample of Wastes Fines From
America (C) and Mary Lee Seams

Plus 50 Mesh

Specific Gravity 
Fraction

Weight,
Percent

Analysis,
Percent

Distribution,
Percent

Ash
Total
Sulfur Ash

Total
Sulfur

Float-1.30 0.7 3.0 0.75 0.1 0.5
1.30-1.40 1.5 10.9 0.96 0.4 1.3
1.40-1.50 0.4 17.6 1.33 0.2 0.5
1.50-1.60 0.1 25.0 1.40 0.1 0.1
Sink-1.60 2.8 80.8 1.42 5.8 3.8

Total 5.5 46.2 1.16 6.6 6.2

Minus 50 Mesh

Specific Gravity 
Fraction

Weight,
Percent

Analysis, 
Percent

Distribution,
Percent

Ash
Total
Sulfur Ash

Total
Sulfur

Float-1.30 _ _ _ _

1.30-1.40 - - - - -

1.40-1.50 - - - - -

1.50-1.60 3.8 14.5 0.74 1.4 2.7
Sink-1.60 90.7 39.1 1.04 92.0 91.1

Total 94.5 38.1 1.03 93.4 93.8

Composite 100.0 38.6 1.04 100.0 100.0
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TABLE 17. Float-Sink Analysis of Sample of Waste Fines From
Blue Creek Seam

Plus 50 Mesh

-• \

Specific Gravity 
Fraction

Weight, 
Percent

Analysis,
Percent

Distribution,
Percent

Ash
Total
Sulfur Ash

Total
Sulfur

Float-1.30 6.6 2.5 0.75 0.4 5.4
1.30-1.40 5.1 7.9 0.80 1.0 4.4
1.40-1.50 2.6 15.5 0.90 1.1 2.5
1.50-1.60 1.6 24.3 1.03 1.0 1.7
Sink-1.60 11.1 54.2 1.13 15.6 13.9

Total 27.0 27.3 0.93 19.1 27.9

Minus 50 Mesh

Specific Gravity 
Fraction

Weight,
Percent

Analysis,
Percent

Distribution,
Percent

Ash
Total
Sulfur Ash

Total
Sulfur

Float-1.30 _ . _
1.30-1.40 1.5 8.1 0.70 0.3 1.1
1.40-1.50 13.5 9.9 0.74 3.5 11.0
1.50-1.60 4.4 18.9 0.88 2.2 4.2
Sink-1.60 53.6 53.8 0.94 74.9 55.8

Total 73.0 42.6 0.89 80.9 72.1

Composite 100.0 38.5 0.90 100.0 100.0
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TABLE 18. Float-Sink Analysis of Sample of Waste Fines From
Mary Lee (D) Seam

Plus 50 Mesh

Specific Gravity 
Fraction

Weight,
Percent

Analysis, 
Percent

Distribution,
Percent

Ash
Total
Sulfur Ash

Total
Sulfur

Float-1.30 18.2 3.5 0.76 3.0 19.5
1.30-1.40 17.5 8.1 0.79 6.7 19.5
1.40-1.50 5.1 17.5 0.70 4.2 5.0
1.50-1.60 0.7 21.5 0.62 0.7 0.6
Sink-1.60 4.0 44.4 0.61 8.5 3.4

Total 45.5 10.6 0.74 23.1 48.0

Minus 50 Mesh

Specific Gravity 
Fraction

Weight,
Percent

Analysis, 
Percent

Distribution,
Percent

Ash
Total
Sulfur Ash

Total
Sulfur

Float-1.30 0.7 3.4 0.73 0.1 0.7
1.30-1.40 7.3 4.4 0.75 1.5 7.7
1.40-1.50 8.7 8.9 0.73 3.7 8.9
1.50-1.60 1.8 20.6 0.62 1.8 1.6
Sink-1.60 36.0 40.6 0.65 69.8 33.1

Total 54.5 29.5 0.67 76.9 52.0

Composite 100.0 20.9 0.70 100.0 100.0
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TABLE 19. Float-Sink Analysis of Sample of Waste Fines From
Mary Lee (E) Seam

Plus 50 Mesh

Specific Gravity 
Fraction

Weight, 
Percent

Analysis,
Percent

Distribution,
Percent

Ash
Total
Sulfur Ash

Total
Sulfur

Float-1.30 27.7 2.8 0.70 4.0 22.2
1.30-1.40 16.3 7.6 0.82 6.4 15.3
1.40-1.50 8.3 14.8 0.91 6.3 8.6
1.50-1.60 3.2 22.3 1.04 3.7 3.8
Sink-1.60 9.0 54.8 1.22 25.5 12.6

Total 64.5 13.7 0.84 45.9 62.5

Minus 50 Mesh

Analysis, Distribution,
Percent Percent

Specific Gravity Weight, Total Total
Fraction Percent Ash Sulfur Ash Sulfur

Float-1.30 1.4 2.5 0.70 0.2 1.0
1,30-1.40 9.2 4.4 0.75 2.1 7.9
1.40-1.50 7.2 11.5 0.92 4.3 7.6
1.50-1.60 1.8 19.5 0.98 1.8 2.0
Sink-1.60 15.9 ' 55.6 1.04 45.7 19.0

Total 35.5 29.4 0.91 54.1 37.5

Composite 100.0 19.3 0.87 100.0 100.0



27

TABLE 20. Float-Sink Analysis of Sample of Waste Fines From
Mary Lee (F) Seam

Plus 50 Mesh

Specific Gravity 
Fraction

Weight,
Percent

Analysis,
Percent

Distribution,
Percent

Ash
Total
Sulfur Ash

Total
Sulfur

Float-1.30 2.2 3.2 0.70 0.3 1.7
1.30-1.40 2.2 10.2 0.75 0.7 1.8
1.40-1.50 1.0 19.0 0.96 0.6 1.0
1.50-1.60 0.8 28.0 1.33 0.7 1.3
Sink-1.60 6.8 73.0 1.40 16.8 11.1

Total 13.0 43.6 1.12 19.1 16.9

Minus 50 Mesh

Specific Gravity 
Fraction

Weight,
Percent

Analysis,
Percent

Distribution,
Percent

Ash
Total
Sulfur Ash

Total
Sulfur

Floa.t-1.30 1.4 5.6 0.65 0.3 1.3
1.30-1.40 29.1 13.8 0.76 13.6 25.5
1.40-1.50 18.8 24.2 0.74 15.4 16.1
1.50-1.60 13.6 24.4 0.74 11.2 11.6
Sink-1.60 24.1 49.4 1.04 40.4 28.9

Total 87.0 27.4 0.82 80.9 83.1

Composite 100.0 29.5 0.87 100.0 100.0
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TABLE 21. Float-Sink Analysis of Sample of Waste Fines From
Mary Lee (G) Seam

Plus 50 Mesh

Analysis, Distribution,
Percent Percent

Specific Gravity 
Fraction

Weight, 
Percent Ash

Total
Sulfur Ash

Total
Sulfur

Float-1.30 3.0 3.0 0.68 0.4 2.7
1.30-1.40 1.7 8.5 0.72 0.6 1.6
1.40-1.50 0.8 16.4 0.79 0.5 0.8
1.50-1.60 2.0 24.8 0.81 1.9 2.2
Sink-1.60 3.5 34.6 0.88 4.8 4.2

Total 11.0 18.8 0.77 8.2 11.5

Minus 50 Mesh

Specific Gravity 
Fraction

Weight,
Percent

Analysis,
Percent

Distribution,
Percent

Ash
Total
Sulfur Ash

Total
Sulfur

Float-1,30 _

1.30-1.40 26.9 6.8 0.71 7.2 25.9
1.40-1.50 15.7 15.9 0.75 9.9 15.8
1.50-1.60 2.8 31.2 0.69 3.4 2.6
Sink-1.60 43.6 41.4 0.75 71.3 44.2

Total 89.0 26.1 0.73 91.8 88.5

Composite 100.0 25.3 0.74 100.0 100.0
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TABLE 22. Float-Sink Analysis of Sample of Waste Fines From
Pratt Seam

Plus 50 Mesh

Specific Gravity 
Fraction

Weight,
Percent

Analysis, 
Percent

Distribution,
Percent

Ash
Total
Sulfur Ash

Total
Sulfur

Float-1.30 13.4 2.1 0.52 0.9 9.0
1.30-1.40 3.2 6.8 0.66 0.7 2.7
1.40-1.50 1.4 16.6 0.78 0.7 1.3
1.50-1.60 0.5 16.7 0.80 0.3 0.5
Sink-1.60 4.2 52.4 0.90 7.1 4.9

Total 22.7 13.3 0.62 9.7 18.4

Minus 50 Mesh

Analysis, Distribution,
Percent Percent

Specific Gravity Weight, Total Total
Fraction Percent Ash Sulfur Ash Sulfur

Float-1.30 0.5 4.4 0.42 0.1 0.2
1.30-1.40 3.7 4.5 0.55 0.5 2.6
1.40-1.50 6.9 5.1 0.62 1.1 5.5
1.50-1.60 1.4 8.2 0.71 0.4 1.2
Sink-1.60 64.8 42.1 0.85 88.2 72.1

Total 77.3 36.1 0.80 90.3 81.6

Composite 100.0 30.9 0.76 100.0 100.0
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The Humphreys Spiral

The Humphreys coal spiral consists of six turns of troughing, with 
a cross section roughly following the quadrant of a circle 24 inches in 
diameter (4). Each spiral turn consists of three 120° sections and each 
section has a circular refuse port at the lowest point of the channel 
cross section. The refuse ports, which are 2 inches in diameter, can 
be blanked off or opened to various degrees by means of an adjustable 
disk. The spiral has a vertical height of five feet and an outside 
diameter of two feet. Since this is a commercial-size unit, the test 
data obtained are directly indicative of results that can be achieved 
in plant operation. The spiral test unit is shown in Figure 2. A sampling 
device was installed to permit collection of the clean coal, middlings, 
and refuse products simultaneously.

In action, the spiral combines centrifugal action and sluicing to 
achieve a separation of the different mineral constituents. The heavier 
particles stratify in a band along the inner edge of the spiral and are 
removed through the refuse ports. The lighter specific gravity particles 
stratify along the outer edge of the spiral stream. The stream discharging 
from the lower end of the spiral can be split into two products by an 
adjustable splitter to obtain a clean coal product (outer coal) and a 
middling (inner coal).
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FIGURE 2. Humphreys Spiral Test Unit
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Laboratory Batch Tests

Laboratory screen size analyses and float-sink tests using heavy 
liquid were made on each of the samples to determine the effectiveness 
of gravity concentration for separating clean coal from the pyrite and 
other gangue constituents. The tests indicated that gravity separation 
of the plus 200-mesh screen fractions of the different samples, under 
optimum conditions, could be expected to yield clean coal products 
containing 5 to 10 percent ash and 0.40 to 1.30 percent total sulfur.

Using the float-sink analyses as a guide, tests were made with the 
Humphreys spiral on each sample by a procedure in which a 200 to 300 
pound portion of the refuse was recycled over the spiral until 
equilibrium conditions were reached, after which a concentrate and 
tailing were obtained. The tests were made on feeds from which the 
minus 200-mesh material had been removed. Results of these tests for 
the surface mined and underground mined waste fines are shown in tables 
23 and 24 respectively.

The batch tests of the different samples demonstrated that under 
simulated continuous operating conditions it was possible to recover 
clean coal concentrates containing 4.6 to 12.6 percent ash, with coal 
recoveries ranging from 80.5 to 99.5 percent.



TABLE 23. Results of Laboratory Batch Spiral Tests of Surface Mine Waste Fines

Coal Seam Product

Analysis, Percent Distribution, Percent

Weight
Percent

Float
1.60

Specific
Gravity
(Coal) Ash

Total
Sulfur

Float
1.60

Specific
Gravity
(Coal) Ash

Total
Sulfur

Anerica-Pratt-Nickel Clean Coal 67.2 98.0 8.1 0.97 94.4 24.3 64.4
"'late Composite Tailing 32.8 12.0 51.8 1.10 5.6 75.7 35.6

Composite 100.0 69.8 22.4 1.01 100.0 100.0 100.0
Black Creek (A) Clean CoaJ. 51.7 96.4 10.6 0.94 80.5 19.2 41.8

Tailing 48.3 25.0 47.8 1.40 19.5 80.8 58.2
Composite 100.0 61.9 28.6- 1.16 100.0 100.0 100.0

Black Creek (B) Clean Coal 69.8 97.0 7.0 0.81 87.2 27.4 51.0
Tailing 30.2 33.0 42.9 1.80 12.8 72.6 49.0
Composite 100.0 77.7 17.8 1.10 100.0 100.0 100.0

Black Creek, Jefferson (C) Clean Coal 76.5 97.4 4.6 0.62 88.3 32.3 7076"
Tailing 23.5 42.0 25.4 0.84 11.7 67.7 29.4
Composite 100.0 84.4 9.5 0.67 100.0 100.0 100.0

Blue Creek Clean Coal 70.6 92.7 8.8 • 0.60 89.4 31.7 67.3
Tailing 29.4 26.5 45.5 0.70 10.6 68.3 32.7
Composite 100.0 73.2 19.6 0.63 100.0 100.0 100.0

Carter, Mllldale, and Clean Coal 59.8 90.6 12.6 1.20 81.5 31.6 40.2
Johnson Composite Tailing 40.2 30.5 40.5 2.65 18.5 68.4 59.8

Composite 100.0 66.4 23.8 1.78 100.0 100.0 100.0
Clements Clean Coal 27.8 89.8 12.2 2.00 81.2 7.6 22.3

Tailing 72.2 8.0, 56.9 2.68 18.8 92.4 77.7
Composite 100.0 30.7 44.5 2.49 100.0 100.0 100.0

Gvin Clean Coal 79.3 91.3 10.9 1.20 90.2 56.1 73.2
Tailing 20.7 38.0 32.7 1.68 9.8 43.9 26.8
Composite 100.0 80.3 15.4 1.30 100.0 100.0 100.0

.oodstock Clean Coal 89.2 98.2 5.2 0.42 95.4 51.8 85.9
Tailing 10.8 39.5 39.9 0.57 4.6. 48.2 14.1
Composite 100.0 91.9 8.9 0.44 100.0 100.0 100.0

Test Conditions: Solids in feed - 25 percent Feed rate - 1.5 tons per hour



TABLE 24. Results of Laboratory Batch Spiral Tests of Underground' Mine Waste Fines

Coal Seam Product
Weight
Percent

Analysis, Percent Distribution, Percent
Float 1.60
Specific
Gravity
(Coal) Ash

Total
Sulfur

Float 1.60
Specific
Gravity
(Coal) Ash

Total
Sulfur

America (A) Clean Coal 72.9 97.5 7.3 1.29 98.2 25.4 71.1
Tailing 27.1 4.9 57.7 1.41 1.8 74.6 28.9
Composite TOOT75 llA 21.0 1.32 100.0 100.0 100.0

America (B) Clean Coal 5377 98.5 5.4 1.14 97.2 35.1 82.9
Tailing 16.3 14.6 51.2 1.21 2.8 64.9 17.1Composite T0O 5775 12.9 1.15 100.0 100.0 100.0

America, Mary Lee (C) Clean Coal 73.9 96.7 8.0 1.02 99.5 25.4 75.2
Tailing 26.1 1.5 66.4 0.95 0.5 74.6 24.8
Composite 100.0 71.9 23.2 1.00 100.0 100.0 100.0

Blue Creek Clean Coal 73.7 90 7.8 0.60 96.9 32.9 67.2
Taining 26.3 8.7 44.6 0.82 3.1 67.1 32.8
Composite 100.0 73.2 17.5 0.66 100.0 100.0 100.0

Mdry Lee (D) Clean Coal 5375 95.3 6.2 0.62 99.2 36.5 82.3
Tailing 16.2 3.9 55.8 0.69 0.8 63.5 17.7
Composite 100.0 80.5 14.2 0.63 100.0 100.0 100.0

Mary Lee (E) Clean Coal 5179 94.4 7.1 0.81 99.0 36.0 71.0
Tailing 18.1 4.1 57.2 1.50 1.0 64.0 29.0
Composite 100.0 78.1 16.2 0.93 100.0 100.0 100.0

Mary Lee (E) Clean Coal 79.4 96.2 7.2 0.78 99.1 34.6 70.5
Tailing 20.6 3.2 52.4 1.26 0.9 65.4 29.5
Composite 100.0 77.0 16.5 0.88 100.0 100.0 100.0



TABLE 24. (Con't)

Coal Seam Product
Weight
Percent

Analysis, Percent Distribution, Percent
Float 1.60 
Specific 
Gravity 
(Coal) Ash

Total
Sulfur

Float 1.60 
Specific 
Gravity 
(Coal) Ash

Total
Sulfur

Mary Lee (G) Clean Coal 72.9 95.7 8.7 0.60 96.3 31.2 68.9
Tailing 27.1 9.8 51.6 0.73 3.7 68.8 31.1
Composite 100.0 72.4 20.3 0.63 100.0 100.0 100.0

Pratt Clean Coal 52.6 95.4 6.1 0.62 96.7 11.4 48.9
Tailing 47.4 3.6 52.8 0.72 3.3 88.6 51.1
Composite 100.0 51.9 28.2 0.67 100.0 100.0 100.0

Test Conditions : Solids in feed - 25 percent Feed rate - 1.5 tons per hour
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Continuous Tests

With the preliminary spiral tests as a guide, continuous runs were 
made in the spiral on 2-ton samples from five of the waste impoundments 
to determine the effect of recycling the middlings on the grade and recovery 
of the clean coal. Two different flowsheets were used in treating the 
wastes. These are shown in figures 3 and 4. Only the plus 200-mesh 
screen fraction of each sample was treated in the spiral. The minus 
200-mesh undersize was discarded because of its low coal content.

The America-Pratt-Nickel Plate, Black Creek (B), and Mary Lee (E) 
were processed by a single stage procedure (Figure 3), whereas the 
Blue Creek and America (A) samples, because of somewhat higher ash content, 
required treatment in a two stage circuit (Figure 4). Results of the 
tests are shown in Tables 25 through 29.

The America-Pratt-Nickel Plate sample produced a clean coal concentrate 
containing 8.7 percent ash and 0.90 percent total sulfur, and had a BTU 
value of 13,250 per pound. Coal recovery was 90.7 percent.

The Blue Creek sample produced a clean coal concentrate containing 
8.8 percent ash and 0.62 percent total sulfur, and had a BTU value of 
13,580 per pound. The coal recovery was 83.6 percent.

The Black Creek (B) sample contained an appreciable quantity of 
clean coal coarser than 6 mesh in size. This was not passed over the 
spiral but was subsequently combined with the spiral concentrate from 
treatment of the minus 6- plus 200-mesh fraction. The combined clean 
coal spiral concentrate and 6-mesh screen oversize product contained
5.0 percent ash and 0.83 percent total sulfur, and had a heat value of 
13,140 BTU per pound. Coal recovery was 94.1 percent. A materials 
balance flowsheet for the Black Creek (B) sample is shown in Figure 5.

Treatment of the America (A) sample in the two stage circuit gave 
good results. The clean coal concentrate contained 8.7 percent ash and 
1.20 percent total sulfur, and had a heat value of 13,694 BTU per pound.
Coal recovery was 95.6 percent.

The Mary Lee (E) sample produced a clean coal concentrate containing
8.1 percent ash and 0.81 percent total sulfur, and had a heat value of 
13,976 BTU per pound. Coal recovery was 97.5 percent.

The coal research program has resulted in the development of a 
simple efficient method for recovering fine size coal using Humphreys 
spirals. The process has been tested on a continuous laboratory basis 
on a wide variety of fine-size coal from a number of Alabama coal seams. 
Results of the research indicated that it is possible to achieve a very 
high recovery of the coal in products that are comparable or superior 
to those now being shipped from the preparation plants.
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FEEDT
PLUS 6-MESH ^--------VIBRATING SCREEN— J

MINUS 6-MESH~T~
PUMPT

OVERFLOWS —CYCLONE~r t
VIBRATING SCREEN UNDERFLOW

MINUS 200-MESH PLUS 200-MESH

PUMP

TAILING HUMPHREYS SPIRAL MIDDLING

TO WASTE COAL CONCENTRATE

FIGURE 3 -SINGLE STAGE SPIRAL CONCENTRATION 
FLOWSHEET
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FEEDT
PLUS 6-MESH^---------- VIBRATING SCREEN-- J

MINUS 6-MESH
l

PUMPT
OVERFLOW <----------------CYCLONE~r ~r

VIBRATING SCREEN UNDERFLOW

MINUS 200-MESH PLUS 200-MESH

PUMP

TAILING HUMPHREYS SPIRAL MIDDLING

TO WASTE HUMPHREYS SPIRAL

COAL CONCENTRATED-CONCENTRATE TAILING

PUMP

FIGURE 4 -TWO-STAGE SPIRAL CONCENTRATION 
FLOWSHEET
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FEED
100 WEIGHT PERCENT 

24.0 PERCENT ASH
J

VIBRATING SCREEN--J-- PLUS 6-MESH
12.5 WEIGHT PERCENT 

4.1 PERCENT ASH

5.0 PERCENT ASH

FIGURE 5 -MATERIALS BALANCE FLOWSHEET FOR 
CONTINUOUS SPIRAL CONCENTRATION 
OF BLACK CREEK (B) SEAM SAMPLE
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TABLE 25. Results of Continuous Spiral Test On 
America-Pratt-Nickel Plate Seams 
Composite

Analysis Percent Distribution, Percent

Product
Weight
Percent

Float
1.60

Specific
Gravity
(Coal) Ash

Total
Sulfur BTU/lb.

Float
1.60

Specific
Gravity
(Coal) Ash

Total
Sulfur

Spiral
Concentrate 58.4 92.0 8.7 0.90 13,250 90.7 17.9 57.3

Spiral
Tailing 22.8 22.4 44.2 0.80 8.6 35.6 19.9

Minus 200- 
Mesh Slimes 18.8 2.3 70.1 1.11 0.7 46.5 22.8

Composite Feed 100.0 59.3 28.3 .92 100.0 100.0 100.0
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TABLE 26 Results of Continuous Spiral Test On 
Blue Creek Seam Sample

Analysis , Percent Distribution, Percent

Product
Weight
Percent

Float
1.60

Specific
Gravity
(Coal) Ash

Total
Sulfur BTU/lb.

Float
1.60

Specific
Gravity
(Coal) Ash

Total
Sulfur

Spiral
Concentrate 35.6 91.7 8.8 0.62 13,580 83.6 8.4 33.2

Spiral
Tailing 13.1 33.3 48.9 0.52 11.2 17.1 10.3

Minus 200- 
Mesh Slimes 51.3 4.0 54.5 0.73 5.2 74.5 56.5

Composite Feed 100.0 39.1 37.5 0.66 100.0 100.0 100.0 
—u----
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TABLE 27. Results of Continuous Spiral Test On 
Black Creek (B) Seam Sample

Analysis Percent Distribution, Percent

Product
Weight
Percent

Float
1.60

Specific
Gravity
(Coal) Ash

Total
Sulfur BTU/lb.

Float
1.60

Specific
Gravity
(Coal) Ash

Total
Sulfur

Plus 6-mesh 12.5 98.1 4.1 1.10 12,900 18.9 2.1 12.5
Spiral
Concentrate 50.4 97.5 5.2 0.77 13,200 75.6 10.9 35.3

Composite
Concentrate 62.9 97.6 5.0 0.84 13,140 94.5 13.1 47.8

Spiral Tailing 22.1 15.5 51.8 1.65 5.3 47.6 33.1

Minus 200-
Mesh Slimes 15.0 1.0 63.1 1.41 0.2 39.3 19.1

Composite Feed 100.0 65.0 24.0 1.10 100.0 100.0 100.0



TABLE 28. Results of Continuous Spiral Test on 
America (A) Seam Sample

Product Weight, 
Percent

Analysis , Percent Distribution, Percent
Float
1.60

Specific
gravity
(Coal) Ash

Total
Sulfur BTU/lh

Float
1.60

Specific
gravity
(Coal) Ash

•
Total
Sulfur

Spiral Concentrate 50.2 94.3 8.7 1.20 13,694 95.6 13.5 44.9

Spiral Secondary Tailing 7.1 6.0 52.8 1.45 0.8 11.6 7.7

Spiral Primary Tailing 14.5 5.0 54.8 1.70 - 1.5 24.6 18.4

Minus 200-mesh Slimes 28.2 3.7 57.4 i.'ss 2.1 50.3 29.0

Composite Feed 100.0 49.5 32.2 1.34 100.0 100.0 100.0



TABLE 29. Results of Continuous Spiral Test 
on Mary Lee (E) Seam Sample

Analysis , Percent Distribution, Percent

Product Weight,
Percent

Float
1.60

Specific
gravity
(Coal) Ash

Total
Sulfur BTU/lb

Float
1.60

Specific
gravity
(Coal) Ash

Total
Sulfur

Spiral Concentrate 70.2 95.2 8.1 0.81 13,976 97.5 28.9 55.8

Spiral Tailing 16.8 8.6 44.5 1.75 2.1 38.0 28.9

Minus 200-mesh Slimes 13.0 2.0 50.0 1.20 0.4 33.1 15.3

Composite Feed 100.0 68.5 19.7 1.02 100.0 100.0 100.0



CONCLUSIONS

The batch laboratory and continuous tests in the Humphreys spiral 
demonstrated the technical feasibility of processing high-ash waste 
fines to recover high quality clean coal products that meet or exceed 
common commercial specifications for BTU value, and ash and sulfur 
content. Clean coal products containing as little as 5 percent to as 
much as 13 percent ash were obtained from the nine surface mine washer 
reject samples. Clean coal products containing 5 to 9 percent ash were 
obtained from the nine underground mine washer reject samples. Fine 
coal which has been wasted in the past can be readily recovered as 
clean commercial-grade coal products using simple gravity concentra­
tion circuits.
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