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IWWRO“U“TIOY
With the advent of war. in 1941 mllitary operqtionq in Alaska were en-

larged on such a scale that thé demand for coal in'the-Te¥ritory mere than
doubled, Coal was needed urgently for heating forts and other mllitdrv es—

tablishments, for use on large construction projects, and for handling the

greatly increased- volume of traffic on -the Aldgka Railroad.” The additional
tonnage required, estimated at perhans 250,000 tofis per year, probably could
have been supplied by the United States, but shipning space between Pacific
Coast ports and Alaska was alreddy overburdened w:th military supplics and
construction materialsg, Horeover, alilough of only secondary importance in
wartime, the cost of coal shipped into The Territory is reported to have
been as high as $40 per ton. The altornative %o importing coal was, of
course, to increase the nroduction of the Alasgks mines.

L e e PP

Production of conl in- nlaska reached 380, OOO tons 1n 1944, or morﬂ than
double the prewar output, - The- responsibility. for. increasing coal production
was assumed largely by the army..: & Coal. Commission atteched: to -the alaska
Department arranged finencial: assietence for some mining operations, aided
the operators in procuring ecuipment for mechanization$:Sﬂd;provided most of
the labor necessary to operate the mines., The Burcauw of Mines contributed
to the program in several waye. ' Hirst, exploration by the Bureau in the
Moose Creek district Tevealed = wubstentizl tonnage of .coal of better grade
than any currently mined -im the rnextritor'r,.../ and drilling in the Broad Pass
district, where a mind 'to ‘supply -coal for the wrmy had been started, revealed
that the reserves were far less than had bcen supnosed; this operation was
abandoned. Second, coal-preparation practices were studied, and recommenda-

tions for improvements.made, at two of the operating mineg ot which the qual-. -

1ty of the coal makes ‘Preparation a fuctor of vital ispdrtance, Some of the
information obtained in thesé studies forms the Basis for the prescent roport

..................

The two coals déalt 'with in-this ‘Teport .are ?rom the Evan Jones and Eska

mines, both of which operate in the Helfa Crcek dldgtrict of the Matanuska
field, Iocated about 70 miles north of ianchorzge, Both mines are served by

a branch line of the alaska Railrond, and both have produced about 6,000 tons,
of waghed cozl per month under wartime demand., The coal-is high-volatile B
bituminous in ranic, Production of the Eska mine, which is owned and operated,
by the Government, is uscd entirely as railroad fucl by-the. Alaska Roilroad, .
also o Government operation. - Coal from the Evan Joncs mine-is uscd for steam
raising at Fort Richardson, and for domestic »nd commercial heating in
Anchorage,

Obiect and Scope

The washability date presented in this- report Wereqbbtéinod in the course _

of a general coal-proparction study rather than a detaiied wash bility exami-

nation, Conscquently, the information is somewhat less detalled and complete

than most washability studies published by the Buresu of liines, ' However, the

4/ upell, G. a,, Moose Creek District of Motanuska Coal Fields, alaska:
Bureau of lMincs Rept., of Investigations 3784, 1944, 36 pp,
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R,I. 3840

data are sufficiently complete to show accurately the general character of
these coals and the.quality of products obtainable from them by washing.

In addition to the waghability data, the report containg detailed in-
formation on the washing of Eska coal in a modern Baum-type Jjig and some in-
formation on washing the Evan Jones coal in a manually controlled Forrester-
type Jig.

..............
--------------------
................

................
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COAL FROM THE ESKA MINE

At the time -of this investigation, production of the Eska mine was from
the Egka, Shaw, and Martin beds, The accompanying tabulations show sections
of these beds, measured in the areas now being mined, and proximate analyses
of face samples, The coal is high-volatile B b1tuninous in rank, contains
relatively large amounts of shale, bone, and bony-coal, and very 1ittle clay.
and is low in sulfur content, The coal is more- friablée than the associated
shale’ and bone, and consequently tends to be concentrated in the finer sizes
of the run-of-mine product. The following screen analysisy represeﬂting raw
coal trushed to spproximately 3 inches top size,’ shows that material coarser
than 1'inch contalns about twice as much ash aw' the material finer than 20— .
mesh,’ ‘

Screen analysis of crushed raw coal |

$ize, 1inches, o ‘ )
and mesh, Weight, |  Ash,
" square hole percent- vercontl/
"~ Over 1 o 28,7 54,4
1 to 3/8 29,1 ‘43,4
3/8 to 20 |l 354 | 28,7
Under 20 5,8 - 28,3
Total’ - 00,0 | 40,3

1/ Moisture-free basis, .
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R.I. 3840

Sectiong of beds worked in Fsgka mine

Shaw bed - Bska bed
‘ Feet Inches ’ Feet Inches
Hangingwall bone L - ' Hangingwall, shale B
0oal Liiiiieiideeen.. 2010 Shale seeivvesseness 0 1/2
Bone ..eeeesvenasnses 1 7 "COAL weveseerennene L4
Coal sevsvivarnsesece 4-1/2 ShAle sereeeencenses - 1/2
Shalc seseveseaccanes 1 Coal .iievresssresea R 9
Coal yaressnvonvenene 6 Bone and shale-.y.;, 1 = 4
Shale ..viupuiiannnes 1/2 TFootwall, bone:
0021 tauurivrnnnneens 3-1/2 Total fhickncés"‘ S4B
BONE wivevoennvanaran 1/2 - : "
Coal iiieveeesiencena 3 Martin bed
Bone and coal ..i4... 1 8
Footwall, sandstone Feet Inches
Total thickness 7 8 Hangingwall, shale
: 0oL vuiveevavannans 3 3
Shale veweessenvaves L 1
o8l Levrveesnnnsces 1 4
Footwall, Dbone
Total thickness 5 8
Analvses of face sa mples from Eska mlne, aQwrecelved basis—/
Upper Shaw bed Martin bed .. - Eska bed,
Moisture, Percent ..o...coeeeess 4.3 5.6 4,94
Volatile matter, percent ...... 41.4 35.3 38.03
leed carbon, nerCent weeoslnane ° 41.8 . 40.7 33,85
Agh, POTCEnt ....vveeneeseniaes 12.5 14,4 17,48
Sulfur, PErcent ...veeveesesses A W3 W37

B.t.U, PEr POUNA ..everenrnnnns - 11,945 - . 11, 660 11,146
1/ ‘Tuck, Ralph, The PEska Creek Coal Deposits, hatanuske Vslley, aslaska:
Geol. Survey Bull. 880-D, 1937, 29 pp.

Ags this investigation dealt principally with jig eperation, the wash-
ability study was nade on the jig feed rather than on run-of-mine coal, The
Jjig fecd congtituted the run-of-mine coal crushed to about 3-inch round-hole
top sire in » single-roll crusher. The coal was samnled over a full shift
of washery operation on each of three successive days,. about 500 pounds being
collected each day, Upon receipt of the three samples at the Bureau of lines
Experiment Station in Scattle, Wash,, ecach was cexamined separately. As there
- was no significant difference between the three lots of raw coal, thc data
for only one of the samples ere giyen in this report,

The coal was screened at l—inch and 7/8 inch (both square-hole openings)
to corregpond with screening nractice ot the washery; an additional separa~ -
tion at 20-mesh was necegssary to facilitate float-and-sink testing, The four
individual size fractions thus obtained were then separated at 1,30, 1,40,
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FIGURE 1.- Washability curves for Eska coal -- all sizes
combined.
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R.I, 3840
1,50, and 1,70 specific gravities. Agueous solutibns of zinc¢ chloride were
-ugsed for the sizes coarser than 20-mesh, while mixtures of benzol, carbon
tetrachloride, and bromoform were employed for the finer material.

Specific-Gravity Analysés_

Table 1 gives the specific-gravity analyses of the individual sizes of
raw coal, and figureg 1 and 2 ghow the usual graphical presentation of the
washability data. A detailed explanation of the interpretation of such

waahan}llty curves is given in a Bureau of lMines report devoted to the sub-
ject.B . _

© TABLE 1 - Spec1fic-gravitv analvses of various 51zes of _
raw_coal - Eska mine v

l _ ) Cumulative

, “Speciffe |Weight, | - Ash, Weight, Ash,

_ _Sige gravity ° tpercent Dercenbl/ percent percent—/
) Ovér l-inch iUnder 1,30 | 3.2 4.6 3.2 4.6
s Weight 28,7 percent ;1,30 to 1,40 6.1 14,6 9.3 11.2
1.40 to 1,50 | 12.8 25.9 22.1 19.7
1.50 to 1.70 | 18.7 38,8 40.8 28,5
Over 1.70 . 59.2 72.2 100.,0 | 54,4

- i
A= to 3/8-inch Under 1,30 | 15.3 4,7 15.3 | 4.7
. VWeight, 29.1 pefcent | 1,30 to 1.40 | 13,0 14,1 28.3 | 9,0
' 1.40 to 1,50 | 13,8 26,5 42,1 | T 14,7
1.50 to 1.70 | 15,3 40.1 57.4 | 21.5
Over 1.70 | 42,6 72.9 100,00 | 43.4
T

. 3/8~inch to 20-mesh | Under 1.30 | 35.9 3.6 35,9 3.6
Weight, 35.4 percent |1.30 to 1.40 | 17.7 12,7 53,6 6.6
B 1,40 to 1,50 9,3 25.3 62,9 | 9.4
1.50 to 1,70 | 11.5 39.4 74,4 7 14,0
Over 1.70 | 25.8 71.2 100,0 i 28,7
_Under 20-mesh Under 1,30 | 37.4 2.9 3.4 2.9
Weight, 6.8 percent |1,30 to'1,40 | 17.6 9,9 55,0° 5.1
‘ ‘ 1.40 to 1,50 6.7 24,1 61,7 7.2
1.50 to 1,70 8.4 36.2 70.1 10.7
Over 1,70 | 29,9 - 69.7 | 100.0 | 28,3
Composite, all sizes | Under 1.30 1 20.% - 3.8 “20.7 ‘3.8
1,20 to 1,40 | 13,0 13,1 33,7 7.4
1,40 to 1,50 | 11.% - 259 45,1 12.1
1.50 to 1,70 | 14.5 | -B9.3 © | ' 59.6 18.7
Over 1,70 | 40,4 - - may 100.0. 40,3

J:';/ Moisture-free basis.

Q/'“Coe,'G; D., An Explanation of Washability Curves for thé Interpretation
of Float-and-Sink Data on Coal: Bureau of Mines Inf, Circ. 7045,
1939, 10 pp,
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The most outstanding Teature of the washability data is the unusually
high proportion of heavy impurity associated with this coal, Congidering
all sizes together, <0 percent of the raw coal is impurity hesavier than 1.70
specific gravity, The proportion of material of intermediate density also
is unusually high; about 25 percent of the raw coal occurs between 1,40 and
1,70 specific gravity,

The individual size fractions of the coal differ widely in character.
In passing through the primary crusher, as well as by the breakage incident
to mining, the coal tends to be reduced to finer size than the more resistant
shale and bone, The result is a concentration of the clean coal in the finer
sizes and of shale and bone in the coarser gizes, Inspection of the yield-
ash curves in figure 2 shows that the amount of coal available at, for example,
12 percent ash, varies from only 10 percent in the l-inch material to over 70
percent in the material finer than 3/8 inch.

Actually, the matérial coarser than 1 inch containg little more coal
than the refuse discarded at some washeries, Coal containing so much im-
purity ‘could not be mined in most. localitles in the United States, owing to
the cost of mining and treating so.much unsalable material. Only in an area

llke.Alagka, where competing fuels.are costly, could a coal of this character
be utilized, o -

-Resulte Obtained in Waghing

-With coals of ordinary specific-graviiy composition, the correlation
between washability chatacteristics and waghery performance is sufficiently
well-ostablished to permit fairly accurate. prediction of the results obtain-
able in washing., The literature contains virtually no information, however,
on the results obtainable in washing a material containing such a high pro-
rortion of impurity as that present in the Eska coal, Consequently,: a de-
tailed evaluation of the performance of the Eska washery is included in thie
report. This correlation between washability characteristics and washing
results will be found useful by those corcerned with washing unusuelly dirty
cozls mined in other localities.

i

The Eska coal is washed in a'.single-compartment, 3-cell, Baum-type jig
having a washing compartment 4 feet wide by 9 feet 6 inches long. The plant
is the type commonly sold as a unit washéry; Jjig, settling tank, recircu-
lating pump, -and accesgory piping form an integrated unit., Material treated
in the Jig ranges up to 60 tons per hour, a feed rate unguestionably in ex-
cess of the optimum tonnage for coal' of this character. Figure 3 shows the
flow sheet of the Eska washery. . ! | |

ot Three test runs were made with the Jig, the only variable being the
specific gravity at which the separation between coal and refuse was made,
that is, the proportion of refuse removed, Each test lasted for a full shift
of washery operation, and samples of the feed, washed coal, and refuse were
- collected during the entire pericd. Rramination of these samples in the
laboratory followed the procedure already described for the raw coal,

729 - B -




2-ton, end-dump mine cars

15-ton raw-coal pocket

!

Reciprocating feeder
1 man plcking rock

«-{coarse rock) +
Single-roll primary crusher,
24"T36"
Stationary bar screen, 4'x3!,
openings 2-1/2" net
—{undersize)e——1 I
(oversize)
1 Double-roll secondary crusher,
24"x24"
' ]
3=cell, l-compartment, Baum-
type jig, 4'x9' - 6
v
(refuse) (washed coal)
|
y
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FIGURE 3.- Flow sheet of Eska washery.
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Tables 2 and 3 give sgpecific—gravity analyses of the washed cnal and
refuse produced in test 1; the corresponding data for the feed already have
been presented in table 1, Space dees not permit presenting complete data
for the other twe tests, but the essential information is summarized in
table 4 and figure 4. The yields shown in the table were. calculated from
the ash contents of the feed, washed coal, and refuse'by'méansvof an ash
balance, as it was not possible to welgh the washery products, The effi~
the ratio, expressed in percentage, of the yield of washed coal te the yield
of fleat coal in the feed at the ash content of the washed coal; the yield
of float conl in the feed is determined from the yield-ash curves of figures
1 and 2. : '

TABIE 2. ~ Specific-gravity anslyeses of yaghed coal -— Eska mine

. . Cunulatives/

. Specific | Weight, ash, Weight, Agh,

. Size gravity- percent perpenti/ percent | percen 1
Over l-inch Under 1.30 9,5 4.6 9.5 4,6
Weight, 16,6 percent {1,30 to 1,40 17.9 14,6 27.4 11.1
‘ ‘ 1.40 to 1,80 36,5 26.0 63,9 19,6
1,50 ts 1,70| 36.1. 36,9 100,0 25.9
Over 1.70 0 - 100.0 | 25,9
1- to 3/8-inch Under 1,30 25.9 4,7 25,9 4,7
Weight, 29,1 percent 1,30 to 1,407 22.0 14.1 . 47,9 9.0
Agh, 23.1 poréent:’ |1.40 to 1.501 23.0 26,6 70,9 14,7
‘ : 1,50 to 1,700 22.4 39.5 93.3 20,7
Over 1,70 6,7 56.7 100,0 23.1
3/8-inch to 20-mesh |Under 1,30| 46.3 3.6 46,3 3.6
Weight, 45.1 percent [1,30 to 1,40 | 22.6 C 12,7 68,9 6.6
Ash, 16.4 perceﬁt&7 1,40 to 1,50 11.5 " 25,3 80.4 9.3
) 1.50 to 1,70| 12.7 " 39.1 93,1 | 13.3
Over  1.70 6.9 58,1 100,0 16.4
Under 20-mesh Under .1,30) 44,4 2.9 44 .4 2.9
Weight, 9.2 percent |[1.30 t0.1,40| 19,2 10,0 63.6 5,0
ash, 21.4. percentl/ |1.40 to.1,50| 7.8 24.0 71.4 7.1
. 1.50 to 1,70 8.5 36,2 79,9 10,2
Over 1.70| 20.1 65,8 100,0 21.4
Cemposite, .all sizes |Under 1,30 34.1 3.8 34.1 3.8
1,30 to 1,40| 21,3 13,2 55,4 74
1.40 to 1,50 | 18,7 25,9 74,1 12,1

1,50 to 1.70| 19,0 38,4 93.1 17.5 .

Qver 1,70 6.9 59,8 100.0 20.%

1/ Moisture~free basis. )

2/ Cumlative ash percentage adjusted to erual head ash percentage; aver-
age difference between unadjusted cumulative ash and head ash, 0.5
percent, maXimum difference, 0{8 percent, ' :
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. TABLE 3. - Specifico—gravity analyses of refuse ~ Eska mine

! i Cumulatlveh/
_ Specific Weight, Agh, [WeIZnt, Ash,
Size gravity. ... | percent ﬁercentl[L_pggggqj, perec _nta/
Cver 1-inch ‘ Under 1430 0.0 - 0.0

Height, 46.1 mercent 1.30 %o 1.40 .0 - .0 Lo
| 140 to 1.50 .5 . 19.9 5 19,9
1450 t0 1.70 9.6 bo.6 10.1 41.5
Over 1.70| 89,9 72.2 '100.0 69.1

. Tnder 1.30 .0 - .0 -

1- to 3/8-inch 1.30 to 1.k0 .0 - o0 -
Velght, 29.1 percent |4 Qi 45 1,50 .k 20,7 Q] 2046
Ash, 72.8 percentd 1.50 t0 1.70 | 5.1 DI 5.5 | 42.3
Over  1J700 95 L Th.6 100.0 72.8
.3/8-inch to 20-iesh Under 1.30 L. o 3.5 4.2 345
Yeight, 21.4 perceqt ' 1'38 to 1.40 3.0 13.2 7.2 7.5
Ash, 65 & percentl/ 1.40 to 1.50 2.5 25.5 9.7 12.2
" 11450 to-1.70] . T.9 40,9 17.6 25,1
Over 1.70| 82.L T4.5 100.0 6%.8
Under 20~mesh © | Under 1.30! . 9,5 3.2 9.5 3.2
Veight, 3.1 nercent = | 1.30 to 1.40| 11.3 9.4 20.8 6.6
Ash, 55.7 percentd | 1.0 to 1.50 2.9 25.5 23.7 g.9
. : © {1 1.50 teo 1.70! 8.0 3642 31.7 15.8
Over 1.70 ] 68,3 4.2 100.0 H5eT
Couposite, all sizes Under - 1.30 l1e2 | %Y 1.2 .U
‘ : 1.30 to 1.40 1.0 11.8 2.2 7e2
1.40 to 1.50 1.0 23.6 3.2 12.%
1.50 %6-1.701]. 7.9 Up,3 11.1 33,7
Over 1.701. 88.9 73,4 " 100,0 69.0

"1/ lloisture-free basis.
2/ Cumulative ash nercentage’ ngusted to equal head ash percentage; aver-
T age dlfference between tnad justed cumulative ash and head ash, 0.1
percent; maximum difference, 0.1 wercent.

In test 1 the ash contert was reduced from 40.3 porcent in the feed to

C 20 1 wercent in the washed cdal by rejecting.a refuse product amounting to
"MO.j nercent of the feed and containing 69.0 . percent ashs The efficicncy of
the sovaration was 90.1 wercént; that-is, the jig recovered 96.1 mercent of
"the coal of 20.L percent ash present in the feed. The separation was made at
a point. corresponding to about 1.82 specific gravity. Considerable material
heavier thon 1.70 snccific gravity remained in the washed coal, varticularly
in the Jiner sizcg Very 1ittle low-density coal was los%t in the refusc.

. Tests 2 and 3 were made at successively lower swecific gravities, 1.66
rand 1.55 respectively, by rejecting larger nercentrges of refuse. The washed
coals »nroduced were subotantlallv lower in ash content; and, of course, more
coal was lost in the refuse.

729 -8 -
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TABLE 4, =--Ash content, yield, and efficiency, by
: . : particle size -- Bska mine

[

Size, inches! " Feed,” Ash, percenth/ Yield, percent
and mesh, | weight, | Waghed Float | Washed | Efficiency,
sguare hole | vercent !Feed | corl - | Refuse | coal coal percent _
TCSt 1\:['0.. 1 - ‘..-' P - *
Over 1 28,77 54,4 25 9 69,1 |35.2 | 34,2 97,2
1 to 3/8 29,1 143.4 | 23.1 72.8 |60.4 | 59.1 97,8
3/8 to 20 35,4 28,7 16,4 65.8 | 79.3 75,3 95.0
Under 20 6.8 [ 28.3 ! 21.4 55.7 89,4 80,0 89,5
Weighted , - Sy ‘
average -100.0 40,3 | 20,4 | 69.0 |61.8 59.1 96,1
Test No. 2 S : ‘ '
© QOver 1 " 26,9 |53, 20,4 64.9 |27.6 25.1 90,9
1 to 3/8 29,5 412 ] 18.4 66,7 |55.2 52.8 95.7
3/8 to 20 25,6 | 28,0 | 14,2 62.8 |76.2 71.6 94.0
Under 20 8.0 |27.1 ] 19,9 53.5 |89.0 78.4 88,1
Weighted S , . , ‘
average 100,0 | 38.8°| 16,9 64.6 |58,0 54,1 93.2
Test No. 3 - o ' ' R '
"Over 1 28.6 | 51.5 [ 16,9 59,3 | 21.6 18.4 85.2
1to3/8 |- 29.0 |43.3| 15.6 | 61,1 |42.6 | 39,3 |  92.8
3/8 to 20 35,0 | 30.6 ! 12,0 58.0 [65.8 | 59,7 90,7
Under 20 7.4 26.0 | 16.6 | 48.4 | 84.5 69.8 | ‘82,6
- Weighted ' 1
average 100.0 | 29.9 ] 14.1 | 59.1 47,8 1 42,7 1 89,0

1/ Moisture-free basis.

The efficiencies obtained in this series of tests, namely, from 96 to
89 percent, are lower than those that can be attained in washing ordinary
coals, Although Coeb/ states that an efficiency of 95 percent is average
performance on coalg that are not too difficult to wagh, efficlencies of 98
or 99 percent are not uncommen under favorable c1rcumstances.

The officiency .obtainable in Washlng is- 1nfluencad largely by the
amount of intermediate-density or "bony" material present in the raw coal,
The index frequently used to indicate how difficult a coal is to waSh with
high officiency is the percentagc of material occurrlng between +0, lO unit
of specific gravity of the point at which the separutlon.betwaen,cledn
coal and refuse ig made., The +0.10 index is shown in figure 1 for the
feed of test 1, and -in the following tabulation it is compared with
offloloncy values for the three tests.

&/ "Work cited in foctnote 5.
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Relation of efficiency and T 0.10 values

_Tost
TN s 1 2 3

4ash in washed coal, percént ......, | 20.4 {16,9 {14,1
Yield of waghed coal, percent ...., 5934847y TEL7 7.7
Specific gravity of separation .... 1,82 1.66| 1,55,

C++0.10 valué, unadiusted .......e.... 3.0 j11.8 17,3
.#0.10 value, adjustedl/ ....... ceee 4,7 °117,4 | 25,9
Efficioncy, percent .......e.co..0.. 1 96,1 193.2 [89.0
1/ adjusted to eliminate influenge of material heavier °
: thah 2.00 specifie gravity by dividing by yield

Ox float coﬁl at 2 0/0] spec1fic gravity.

e

On the basis of ~+ 0, lO value, tegt 1 should have given an effmczcncy of
at least 98 percent, because a + 0,10 value of only 4,7 percent generally de-
notes a separaticn that can be made at high effidlency.' Tests 2 and: 3 were
made at lower specific gravities and congequently would not be expected to
give as high efflclcncies however the cfficiency of 89 percent obtained in
test 3 seems unduely low evcn for e = 0, lO value of 25, 9 percent. ‘

One factor hcving a bearlng on' these low efficiencies, althougc the
magnitude of its influence is difficult to assess, is the fact that the Jig
was treating up to.1.58 tons per hour per scuarc foot of bed area. This:
throughput is about 50 percent greater than that. gonerally used in Baum—type
Jes treating coals that are- substantially easier to wash .

A fcctor that.probably-had,a much gr@aterainfluencc on efficiency is the
unusually large amount of refuse removed by the Jig.. In'test 1, 40,9 percent
of the feed was rejected as refuse, and the corresronding amounts. for tosts
2 ond 3 were 45.9 and 57.3 percent, respectively. With such a high proportion
of the feed withdrawn as refuse, the chances for mechanical entrapment of coal
in the refuse product ara increaqed materially ‘ :

The refuse produced in test 1 contcincd about 9 perccnt of coal equal in
ash contont. to the washed coal produced during that test . namely, 20.4 per-
cent; the corresponding percentage of coal contained in the refuse of test 3
was only ahbout 7 percent, Howcvcr, with the larger amount of refuse pro-
duced in test 3, the total logs of cocl was actually greater, ag indicated
by the lower efficiency., Thus, the proportion of refuse rejected in a clean-
ing operation has an important bearing on the efficiency of the operation,
and, other factors being ecual, coals containing a high proportion of impurity
cannot be washed with as high efficiency as that obtainable in treating
cleaner coals.

COAL FROM THE EVAT JONES MINE
Production of the Evan Jones mine at the time of this investigation was
from the Mo, 5 and No, 8 beds., Sections of these beds, measured in the area

being developed at that time, are shown in table 5, Analyses of face samples
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from the two beds, repoerted 1R BulTefin "880-D 0f the Geolezical Survey, are
shown in the following tabulation. o

Analyses of face samples, ag-received bagig

_ No. 5 bed | No. 8 bed
loisture, Percent .....eseceees’ 3.5, |.. . 5.2,
Tolatile matter, percent ,..... 36.8 347
Fized carbon, percent ceeeeeaie 38,4 , 4l.4
ASR, DETCENt ., .evevusrenennoss 21,3 |, 18,7
SULfur, PETCent .iveeeveeeoness .2, oA
B.t.u, per pound s baesvsressess 10, 450 10 860

the qcctions 1nd1cato et ¥o, b bed contains a far gregter proportlon of
bony coal - the intermeliate density material that‘xep@ers a coal difficult

to wash, uorcover the experionce in washing the two ccals has demonstrated

that the Fo 5 coal is. Lhe more tro;blcoomc, ”hls:%iﬁéﬁhstance, coupled with

...........

...................

- The run+of-mine coal from the No. 5 bed was sampled over a. full ghift of
mine operation, To enhance the accurscy of sampling, the coal was sampled in
two sizes, mver and under Z-inch round-hole, thus obviating' the problem of
securing the proper proportion of cosrse and fine material, The sample of
3~inch lump weighed 1,600 pounds, and that of the 3-inch slack weighed 1, 900
pounds, A larger cuantlty of slack coal was needd Yor laboratory tests.

4 screon analysis-of the coal, with ash contents of the individual size
fractions, is shown in the following tabulation:

Screen analysis and agh contents of raw coal

_ Screen size, inches, | eight, percent of Ash, 1/ percent, -
- round-hole and mesh |'minug 3+«inch coal |moisture~free-basis
Cver 3 © b ) L N AR I I 42-.(-‘_)a~~
3 to 1-1/2 - S B R 133 A
1-1/2 to 3/4 . 19,3 crncer e BELB
"3/4 to 3/8 ? 18,2° - 27.8
3/8 to 3/16 o 15.4 - ' 23.4:
3/16 to 10 12.9 _ 20,9
*10 to 20 B 6.7 : 20,4
Under 20 19,0 21,7

1/ loisture~free basis.

This coal, like that from the Eska mine, ig mere friable than the asso-
cizted bone and shale and therefore tends to concentrate in the finer sizcs.
'Conversely, the coarser material contains mere 1mpurity. The material comrse
than 3 inches, for example, contains 42 percent ash as compared w1th about
21 percent ash in material finer then 3/16 inch,
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- TABLE b, - Sectioms of Nog. 5 and 8 bedsl/ ~ Bvan Jones mine

Na, 5 bed ' ’ To, 8 Ped
Seption I Feet " Inches ~ - -Section - , Feet Incheg
Hangingwall, sandstone - Fangingwall, shale
Shale, carbonaceous. 6 - Alternating bends of
COAL vvvrrvvnnronene B bone, shale, and
Shale (immediate o bony coal, bone
TOOT) vivevavasene 2 predominating .... 5 11
Coal, BONY veveoewee 2 0 "1 - Shale, sandy (immedi-
BONE 4euvnnvenennens e ate T00F) weeveves 6
Coal, DONY .veeeeees TN Coal, DONY .vveeesnes 9
Shale, Drown ..eeeee . 1 Shale, sSANSY .eveoss 6
Coal .viaevecvrannace 10 Coal, bright . eeeese 1 5
Shale, sandY ..eecee ' 1 BONE soevevravnnnnce 2
Coal, DONY .vvievees 3 4 Coal, bright .,..... ~2  5-1/2
Shale, $2NAY .eceves 3 BONE toaevsvensvnans © 1
002l vaveeenneososes 1 6 Coal, YONY weveeveis 3
Coal, DONY seesssuae . « . 6. BONE 4uvesenronennns 1-1/2
Shale, Drown ..eeeee 3 Coal, DONY sevevevee 1—1/2
Coaﬁ | 2 BOTIE vennnepocosomns 1
1 bOn,V cnemsavae oo 9 ' ,-Coal brlght severee 5"1/2
Bone (1mmed1ate L s ' Shale, brown gsoft.. 2
 F100T) evesosrooss L Shale, Drown ........ 3
Footwall, sandstons ' ‘ Coal, DONY weveenns . 2
_ ' ‘ - , .Shale, \im*edlate
Total thickness of bed 18 §/5 : floor)
Shale, bone, and
& DONY wevenssseseane 2 6
Tootwall, shale
Total thickness of bed 22 11
Thickness between immediate walls No, 5 bed . ... Yo, 8 bed
0081 4vueeensooesadsonsansnnnenneanaee 3 Ft. 64n, ., 4 ft, 4 in,
Bony co2l .peuvennnnn cerenesesssesesas 7 ft.3.in, T 1 ft. 3-1/2 in.
INPUYILY sevvsvesvncrsovnsrocvacssaes O . 10 in, 1 ft, 4-1/2 in.
Total thickness ...eesssescscesesssse 21 £t. 7 in, 7 £%. O in,

1/ VYo, 5 bed measured in gengway at 19 chute; upper part of o, & bed
measured in gangway 25 ft, inby 3 chute, remainder measured at rock
tunnel.

2/ *Does not include thlckness of bone in the immediate floor,

Examination of 3-Inch. Iump

The 3-inch lump contains such a high proportion of impurity that prepa-
ration of'’this material by hand-picking is unsatisfactory. This size of coal
wasg examined therefore to ‘determine what results might be expected from hand
picking out -the clean shale and crushing and washiﬁg the remcinder of the ma-
terial, The yleld of coal ebtainable by this procedure was determined in the
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laboratory by picking out and discarding the shale, crushing the remaining

coal-bone .portion to pass a 2-inch round-hole screen, and testing the crushed

material by the float-and-sink method, - The follewlng tabulation gives the

results of the laboratory hand picking, and table 6 shows the results of the
& float-znd~sink test on the coal and bone, ‘

Results of hand-picking test

Weight, -Agh,

percent percentl/.
Cnal~bone portion .......| 79.6 24,6
Hand-picked rock ........| 20.4 70.8
Compogite, by calculation 42.0

1/ loisture-free basis.

TABLE 8, - Sbecific{gfavity snalysig of 3-inch hand-picked lump
, : crughed to vass 2-inch — Bvan Jones ming

. : Curmulative

: Specific Woight, Ash, Weight, Agh,

Size gravity percent Qprcentl/ nercent Dercentl/
2-inch round-hole to | Under 1,35 | 21,2 6.7 : 2l.2 6.7
20-mesh . 1,35 to 1,60 | 29.8 2e.4 51.0 15.9
Weight, 95,0 percent| 1.50 to 1.70 | 23.1 39,6 74,1 23.3
: . Over .70 25,9 58,7 100,0 32.4
Under 20-mesh Under 1.35 | 49.2 3.3 49.2 | 3.3
Weight, 5.0 percen 1.25 to 1,50 | 15.5 | 19,8. 64,7 | 7.3
Ash, 24,9 percentt/ | 1,50 to 1,70 | 11.9 - | 36.1° 76.6 { 11.7
. Over 1,70 | 23.4 62.5 ©100,0 23.6
Composite, 2-inch Under 1.35 | 22,8 6.3 22.5 6.3
round~hole %0 0 1.35 to 1,50 ] 29,1 22.3 51,6 |, 15,3
Ash, 34.6 percentd | 1.50 to 1.70- 22.6 39.5 4,2 22,7
Over 1.70 | 25,8 58,9 100,0 32.0

1/ ioisture-free basis.

Hand picking eliminated one-fifth of the original material as clean rock,
leaving four-fifths for gravity treatment. As shown in table 6. 74.2 percent
of the coal-bone portion is lighter than 1,70 specifiic gravity and contains

] 22,7 percent ash, The yield of coal containing 22.7 percent ash, in terms of
the original raw lump, would be 59.1 percent (0,796 x 74.2)., The shape of
the washability curves for this material, shown in figure 5, indicates that
it would be difficu’t material to wash and probably could hot be separated
efficiently at much lower than 1,70 specific gravity. Although this material
would be difficult to wash, in comparison with ordinary coalsg, it would be
less difficult to treat than the 3- to 3/4-inch coal currently handled by
the wasghery.
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Examination of 3-Inch Slack

Table 7 and fisures 6 and 7 show the specific-gravity analyscs of the
3-inch slack and the 3- to 3/H~inch and 3/leinch to O size fractions of this
material. As thesc three sizes of coal were sammled scparatelr and on dif-
ferent days, the weighed averace of the data for the 3- to 3/h—1nch and 3/u-
inch $0 O material docs not equal exoctly the corresvwonding figures for the
3-inch slack, This discrepancy is small, however, con31der1ng the varia-

?ility of the raw coal.

TABLE 7 - Specific~gravity analyses of various sizes
of raw coal - Evan Jonecg mine

I Cumulative

Specific Teight, Ash, Yeight, Ash,

Size gravity . | percent oercent_/ percent percent_/
3-inch round-hole Under 1.3H 17.0 7.8 17.0 7.3
to 3/h-inch square- | 1.35 0 1.50 | 29,5 21.9 16.5 16.7
hole 1.50 t6 1.70 23.2 | 39.4 717 BGLT 2h. 3
o . Over  1.70 |  30.3 .| 62.5 100.0 35.9
3/L~1nch squarevhole Under 1435 by, 5 5.2 RIS Be?
to 0 , 1.35 to 1.50 22.9 21.1 67,4 10.6
o 1.50 to 1.70 { 14,6 38.8 82.0 | 15.6
Over 1,70 { 1840 62.5 100.0 2.1
3~iach round-hole Under 1.35 ! 35.5 Beb 35.5 Beb
to O ‘ 1.35 to 1.50 | 25.8 21.0 61.3 12.1
1.50 to 1.70 17.0 |- 38.5 78.3 |, 1748
Over 1,70 21.7 62.6 100.0 27,5

1/ lioisture-free basis.

This coal contains only about .half as.much heavy imnurity as coal from
the Eska mine, but the amount is greater than that .found in most so-called
"3irty" coals mined in the United States. The amount of intermediate-densitv
material also is high, there being 17 vercent of the 3-inch slack between.
1.50 and 1,70 smwecific gravity. Containing such a hish nronortion of both
u01y material and heavy imourity, thisg c¢oal . is-difficult 1o wash with high
eificiency. The 3~ to. 3/l-inch size is particularly difficult to treat.

L

Considering the 3-inch slack ac a .whole, a separation at 1.70 snecific
gravity to remove only the heavy impurity would sgive a wmroduct of 17.8 ner—
ceiit ash at a float-and sink yield of 78.3 wercent. Separations in the
range between 1.70 and 1.50 specifie gravity eataill a loss in yield of 3
nercent for each decrease of 1 percent in the ash content of the float nrod-
uet. This rapid decrease in yield with decrease in ash content is inherent
in the *neciflc—gravity composition of the coal and is not related to loss
in yield due to inefficient washing; losses due to inefficient washing also
increase with separations at lower specific gravities.
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With somc coals containing a high proportion of intermediate~density
material, the yield of clean coal obtainable is increased by crushing the
raw coal before washing, In the crushing operation, particles of clean coal
_attached to particles of heavy impurity are frced for recovery in the washed
product, To determine whether this was the case with the Evan Jones coal, a
sample of the 3-inch slack was crushed to pass 3/4-inch and then tested at
1.70 specific gravity. The yield of float coal obtained was virtually the
game as that in the uncrushed material, Apparently, the material of inter-
mediate density is almost entirely bony coal rather than intergrown particles
of coal and shale, therefore no advantoge would accrue from crushing,

Regults Obtained in Washing

In contrast to general washery practice, 2 single jig is employed at this
mine to treat separately three different sizes of coal - 3 to 1-1/2-inch,
1-1/2~ to 3/k-inch, and 3/4~inck to O, The three sizes are accumulated in
scparate raw-coal bins as they are prodnced and then alternately washed in
the jig; with this procedure the feed to the jig is changed every few hours,
The jig is a b- by 5-foot Forrester—the unit with a capacity of about 30
tons per hour, Refuse removal is controlle& mamially by the jig eperatar,
who judges how frequently to open the refuse gate and how long to hold it
open by visual inspection of the products, especially the refuse, and by the
condition of the jig bed as determined by its "feel" or its appearance. A
competent operator who has had ample experience with the particular coal
being wasghed can effect a reasonably efficient separation between ceal and
impurity with this type of jig, but an inexperienced man cannot control
properly the guality of the products,

The inadequacy of manuel control over jig operation is illustrated by
the following tabulation, which shows how the ¢uality of the Jig products
varies, Con

-

Ash contentsl/ of raw coal, waghed coal, and refuse

Sample series

Product . 1 2
3- to Bf4-inch size:
Raw €028l ve.eeneccccenns ceseverresne 35,5 | 4.2
Washed €081 ,4iveieeerssssrcvsannans 19.2 | 22.5
Refuse ...... R R R AR RN RN NN NN W 53.6 5506

3/4-inch slack:
ROW CO8L surssesosrancsonnsnsasnoose | 22,4 | 25,0
Washed €08l 4.iivensensnnesasensenas | 14,4 | 19,2
RefUSE oeceesssansssocseccasnss seses | 50,9 | 84.6
1/ Moisture~free basis.

-“#ach of these,; serios of samplcs was collected over a period of several hours
’ Qf washery operation, therefore the results do not merely reflect variations
between individual cars of raw coal., Considering the results obtained in
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washing the B to’ 3/4-1nch size, ‘for example, the cleaner of the two raw
coals yielded the dirtier washed product, With- the 3/4-inch slack, the
washed coal ranged from 14 to 19 percent agh, and the corresponding vari-
atlon in the refuse was from 51 to 65 percent agh,

Thi s inalcation of the varlability in jig performance is augmented by
‘the record of. the gquality of coal shipped over a period of several months,
As, the following tabulwtion showg, thig record also indicates marked fluctu-
atlons in the ash content of the washed coal, even though each analysis
reprcsents a composite of a number of cars of coal,

t; Ash content of washed-coal shipmentsl/

Z/4~inch slack L. 8- o B[é—lnch
A o o September '
T Number of -care, . . . 26
Fam =y D 19,6 25,0
Tt LOWeeseesenveaven 13,5 | 17,1
AVETAZCLee 0 an ey 17,1 S 20,7
S October
- Number of cars.,. 53 , 35
¢ Higheeeerusunond 17.8 1 . 24.0
’ ' Low'buo.co'o'.».o. 14.8 g7 18.3
AVErageesieeesed 16,4 + 20,7
‘ S ‘ November
Number of cars,J 73 |- T35
Highyesneorann. R 20,9 - 24,1
© LOWeaetanrennnnd 16,3 17,1
o Average........ 19,1 : 22,9

1/ Moisture~free ba91s. i,

In washing the 3- to 3/4-inch size, the average performance of the jig
has been to produce a washed coal of 21 percent ash; this corresponds to
o separation at about 1,60 specific grevity, Average performance with the
Sf&wlnch slack has been to yield & washed product of 18 percent ash,
correspondlng to a separatlon at over 1 70 spec1fic gravity, The data
of tho Jig operation, but the agh contents of the refuse products indlcate
that the 1oss of coal may be ‘higher than uSual

.............

.......

-----------------

Thig report describes the washablllty characteristics and washing of

v coals from the Egka and Evan,Jones mines - the principal producers in the
Matanuska field of. Alaska Screen-sizing tosts and specific-gravity analy-
;868 were made on both coals to evaluate thelr washability characteristics,
and detailed washery-performance tests were made with the Eska coal,
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The Eska coal contains 40 percent of impurity heavier than 1,70 specific
gravity, and the Evan Jones ¢oal about half that amount. Both coals contaln,
in addition, unusually large amounts of intermediate-density bony material,
The shale and bone associated with both coals is more resistant to breakage
than the clean coal and consequently tend to concentrate in the coarser
sizes, with a corresponding concentration of the clean coal in the finer
sizes. Considering all sizes together, a product of 18 to 19 percent asgh
ls obtained by a separation at 1.70 specific gravity. Separation et a
specific gravity of less than about 1.70 entails a large loss in yield for
the increascd reduction in ash content obtained, owing to the large propor-
tion of bony material in the coal.

The Eska coal is washed in a modern Baum—-type jig. The Jjig is able to
make an efficient separation betwecen coal and refuse in preparing o washed
product of 20 percent ash, dbut separations at lower speecific gravities to
obtain cleaner washed coal can be made only at impared efficiency. The
washing results indicate that in treating cocals of this type the efficiency
of the separation effected between coal and impurity is influenced by the
amount of refuse material removed, as well ag by the proportion of "ncar-
gravity" material present in the coal,

The Evan Jones coal is washed in & manually controlled, Forrester-type
Jig. With this type of jig the quality of the products obteined is deter-
mined largely by the skill of the operator, and uniformity of operation is
difficult to maintain, Samples of the washed cozl collected on successive
days varied from 14 to 19 percent ash. 4 similar variation in quality is
evident in the record of ghipments from this mine,

An important factor that must be considered in connection with the
utilization of coals from this district is that their specific-gravity
composition imposes & lower limit for the ash content to which they can
be washed with a reascnable yield of washed coal, This factor is inherent
in the character of thc coal and, therefore, applies even when the coal is
treated in modern, well operated, washing ecuipment, Washed coal having a
minimum asgh content of 14 percent can be produced, but only with a sharp
gsacrifice in yicld. If coal of lesgs than 18 percent ash is required, its
enhanced value must Jjustify the increased cost of preparing such a product.
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