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PREFACE

On February 26, 1972, a coal waste embankment failed near Saunders, W. Va.
The resulting flooding of the Buffalo Creek Valley took the lives of 125
persons and destroyed over 500 homes in addition to extensive damage to other
properties in the valley.

Immediately after this disaster, a special U.S. Department of the Inte-
rior Task Force was established to study the coal waste hazards problem, with
Technical Support, Health and Safety, Bureau of Mines, assigned the lead role
to carry out the Task Force responsibilities. As its short-term objectives,
the Task Force was to analyze the Saunders embankment failure and to identify
other potentially hazardous sites. The long-term objectives were to determine
the modes of failure of these embankments and to develop means for the safe
disposal of coal waste materials.

In fiscal year 1973, a special appropriation of $1,000,000 was authorized
by Congress to the Bureau of Mines to deal with the coal waste hazards problem.
In addition to completing the engineering study of the Saunders embankment
failure and the analysis of 139 embankment sites investigated on an emergency
basis during June 1972, a program of in-house and contract studies was devel-
oped as an initial step towards meeting the long-term objectives assigned to
the Task Force. The major aspects of this program, supplementing the Bureau's
ongoing efforts of providing technical support to inspection and training to
inspection personnel, include the development of state-of-the-art studies,
engineering and design manual, classification system, recommendations on
standards and regulations, and inspection manual; engineering consulation for
the imporovement of existing embankments and the design of new structures;
and the development of physical p~operty data on coal waste materials.

The program is aimed at identifying and presenting in a readily available
format pertinent aspects of engineering geology and earth dam design and con-
struction that can be applied to the coal waste embankment area. This special
study on the physical properties of coal waste materials, as part of the
overall program, is basic and important towards a better understanding of the
behavior of coal waste embankments and further improvement of the design, con-
struction, and maintenance of these structures.
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PHYSICAL PROPERTY DATA ON COAL WASTE
EMBANKMENT MATER IALS

by

Richard A. Busch,l Ronal d R. Bcckerj ?

and Lynn A. Atkins3

ABSTRACT

Inadequate engineering design criteria for coal refuse embankments has
allowed hazardous impoundment structures in coal mining areas to be created.
A necessary first step to develop adequate design criteria is the determina-
tion of basic,respresentative physical property data on the materials that
constitute typical refuse embankments. An extensive field and laboratory
program was undertaken by the Federal Bureau of Mines. Much physical property
data was generated. Additonal petrographic analysis and large-scale triaxial
compression testing was performed by others. The data presented here should
aid in establishing design parameters for coal refuse embankments.

INTRODUCTION

A 2-week sampling program was initiated in West Virginia on a limited
number of coal refuse embankments. Approximately 3 1/2 tons of waste material
was gathered at eight sites. In situ density tests were performed at these
sites, and shelby tube samples of undisturbed fines were obtained where
feasible. Maps of the sites were procured, and stationing, embankment measure-
ments, and sampling locations were noted. Flowsheets of preparation plants
were obtained where possible.

The field program was a team effort by personnel of the Federal Bureau
of Mines, Spokane Mining Research Center (SMRC); Federal Bureau of Mines,
Health and Safety; and the cooperation of Island Creek Coal Co. , Westmoreland
Coal Co., Pocahontas Fuel Co., United Pocahontas Coal Co., Bethlehem Mines
Corp., and Eastern Associated Coal Corp. Health and Safety personnel contacted
the mining companies for schedule times when SMRC personnel could conduct the
sampling of select refuse piles and also made four-whee I-drive transportation
available to the more inaccessible areas. In most cases, mining personnel
accompanied Bureau of Mines personnel during testing. At most of the sites,
bull dozers were made available for excavation of the test pits. The interest

lAssociate professor of civil engineering, Gonzaga University, Spokane, Wash.;
civil engineer, Spokane Mining Research Center, Spokane, Wash.

2Mining engineer.
3Engineering technician.
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and enthusiasm shown by the m~n~ng companies provided a good working
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PREPARATION PLANTS

Preparation plants for raw coal vary widely, ranging from simply crushing
and loading to complex heavy and fine media circuits in which much more
sophisticated separation devices are utilized. The preparation plants that
feed the refuse piles of the sites noted in this paper range over the entire
spectrum from being relatively simple to extremely complex. Examples of
various circuitry are shown in figure 1. Table 1 lists the sites and the
equipment used in each preparation plant. A more detailed description of
plant operation is included in appendix B to demonstrate the basic flow scheme.



TA
BL

E
1.

-
Pr

ep
ar

at
io

n
pl

an
t

co
mp

ar
is

on

Si
te

at
Si

te
23

3
He

rn
do

n
Is

la
nd

Si
te

R-
ll

Si
te

23
0

Si
te

15
5

Ea
st

er
n

Cr
ee

k
Is

la
nd

Cr
ee

k
Un

it
ed

Si
te

13
8

Si
te

R-
15

Be
th

le
he

m
As

so
ci

at
io

n
Co

al
Co

al
Po

ca
ho

nt
as

We
st

mo
re

la
nd

We
st

mo
re

la
nd

Co
al

Ga
ul

ey
Gu

ya
n

No
.

5
Al

go
ma

Ha
mp

to
n

No
.

3
Ha

mp
to

n
No

.
4

Ke
ys

to
ne

Ea
gl

e
No

.5
Cr

us
he

r(
s)

..
..

.•
..

X
X

X
X

X
X

X
Sc

re
en

(s
)

..
..

..
..

.
X

X
X

X
X

X
X

Si
ev

e(
s)

..
..

..
..

..
X

X
X

X
X

X
X

Su
mp

(s
)

..
..

..
..

..
.

X
X

X
X

X
X

X
Ma

gn
et

ic
se

pa
ra

to
r(

s)
..

..
.

X
X

X
Cy

cl
on

e(
s)

..
..

..
..

X
X

X
X

X
X

X
Ce

nt
ri

fu
ge

(s
)

..
..

.
X

X
X

X
X

X
Dr

ye
r(

s)
..

..
..

..
..

X
X

X
X

X
X

X
Fi

lt
er

(s
)

..
..

..
..

.
X

X
X

X
X

He
av

y
me

di
a

ve
ss

el
(s

)
..

..
..

..
X

X
X

Fl
ot

at
io

n
ce

ll
(s

)
..

..
..

..
..

X
X

X
Fr

ot
h

ce
ll

(s
)

..
..

.
X

X
Co

ne
(s

).
..

..
..

..
..

X
X

X
X

St
at

ic
th

ic
ke

ne
r(

s)
..

..
.

X
X

X
X

X
Ji

g(
s)

..
..

..
..

..
..

X
X

Se
tt

li
ng

ta
nk

(s
)

..
..

..
..

..
X

De
is

te
r

ta
bl

e(
s)

..
..

..
..

.
X

X
X

X
Wa

st
e

di
sp

os
al

:
Tr

uc
k

..
..

..
..

..
.

X
X

X
X

X
X

Ra
il

ro
ad

..
..

..
..

..
X

Ae
ri

al
tr

am
..

..
..

.
X

lA
l



4 lrl~~]""0 •••• ••j ~.~ ~! u
o
E

';: Q.

~ E

o

'"
~ E _

:. ~
euc

"
o
u

L ~
~

" ~• 0~~i
u

~--~f1]'" ~

c;

III+-co
C-

co
+-o•..
oC-
O>•..
C-

oou
•.•....o
III
Eo•..
0'>o

-0
3:o

ou
C-
>-I-



5

SITES SELECTION

Sites were selected from the Interior report entitled, I~mergency
Investigations of Coal Mine Waste Embankments," which was conducted by the
U.S. Department of Interior Task Force to study coal waste hazards. In
selecting sites, District 4 was chosen because of its concentration of waste
dumps. Sites selected were Nos. 233, 138, 229, 230, R-ll, and 155. Site
155 has been abandoned for a number of years. At the suggestion of Health
and Safety personnel, two additional sites were chosen for sampling. These
were sites R-15 (Hampton No.4, owned by Westmoreland) and a site that we
call site A (Keystone No.2 mine at Herndon, owned by Eastern Associated
Coal). See figure 2 for location of sites.

District 3

(/- ,

"i 1
'" PUTNAM )

CABELLI (/'' KANAWHA

H~""1"" ~'-1 J...- ~.,,~'-f> I I ' 'I ~'\.)
(. ._/)f LINCOlN ~'-'l, , '--, r-, /

WAYNE \ .j OOONE -, ( \ /

) .>: ~~ Distr~tI)i FAYETTE l-~-J
,r'-( ''.'---' .155 (' -"\....1" ! GREENBRIER
." 'I' ,

/
" ,eFiJ5 L.__), ~

R,,,e \./\ " ,_.,...--',
~1t> '\ LOGAN ,_.~.l-..'\ ~,"I~) -,
". ", ,'>--...

\.,.--....""'....... \. RALEIGH /' -) / ''''

I WYOMING \. ._.<. SUMMERS / MONROE
,1." \. r >, .

-,J"""', e'/, ',- /
~ ..--/. -. '

f MERCER

WEST VIRGINIA

505Kl1520
SCALE,miles

FIGURE 2.. Map of West Virginia showing sample sites.
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Maps and Photos

Site maps were provided by the m1n1ng companies except for sites 155 and
229 (figures 3B and 4B, respectively). Maps of sites 155 and 229 were drawn
from field measurements and should only be considered accurate in areas of
test locations. Maps supplied by companies have been modified in an attempt
to depict conditions at the time of sampling and to obtain consistency from
one to another. Aerial photos may not be completely accurate because exten-
sive work has been done on some of the sites to obtain compliance with the
law so they can remain in operation.

Locations of Tests

In selecting the site for field testing and sampling, care was taken
to select the most representative locations. Primary consideration was given
to locations that would not interfere with normal operations. Heavily
traveled areas were avoided and attempts were made to sample both new and
older deposits. Figures 3-10 show both aerial photos (where available) and
plan maps of the areas of interest.' The maps show the baseline and station-
ing that was chosen, the shelby tube location, and the density locations
for each site.

SAMPLING

Weather Aspects

Initially, it was thought that the time of year, January, would hinder
the sampling program, but as work progressed, it was learned that the somewhat
frozen surface enabled the sampling of slime zones that would not have been
possible under normal summer conditions.
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To m~n~m~ze the effects of frost, each density site was bulldozed to a
depth of approximately one bulldozer-blade deep (2 to 3 feet) and from 10 to
15 feet in length. Once this preliminary pit was excavated, preparation for
density tests was completed by digging and leveling by hand about a 4-foot-
diameter circle to a depth of 6 to 12 inches (fig. 11). The frozen slime
area was removed before shelby tube sludge samples were obtained.

FIGURE 11. - Preparing an in-place density location.
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FIGURE 12•• Obtaining grab samples at density location.

FIGURE 13 •• Inserting shelby tube into sludge area.
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Sample Size

Approximately 150-lb samples (fig. 12) were obtained at each density
location in order to run laboratory tests to correlate with each in-place
density test. These grab samples were taken from the unfrozen and umcompacted
material that was excavated in preparing each test pit. An additional 150-lb
sample was obtained from material that was currently being dumped at the site.
Where burning of the waste pile was evident, a sample of the burned material,
"red dog," was also taken.

Where conditions permitted, shelby tube samples of the top 2 feet were
taken in the sludge areas (fig. 13). The pattern of these sample locations
was dicated by the surface condition of sludge deposit and varied from spot
peripheral sampling to straight-line (across-the-pond) locations (figs.
14-15) .

FIGURE 14. - Retrieving shelby tube sample near sludge inlet.
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FIGURE 15. - Shelby tube locations on site 155, Bethlehem mines.

LABORATORY TESTS

Consideration of the goals of the project, the materials, and the
sampling program dictated a rather definite laboratory testing procedure. The
two main problems in establishing design criteria for coal waste disposal are
stability and water control. The primary materials involved are the rela-
tively coarse coal shale and the sludge, which is fine-grained coal, shale,
and native minerals. Field samples that were collected in conjunction ~ith
the field testing program resulted in 21 undisturbed shelby tube samples and
32 disturbed (grab) samples from eight properties.

Having established the field densities and moisture conditions by
densometer tests on the coarse fraction and by calculating these values from
the shelby tubes on the fines, the values for the laboratory tests could be
based on these field conditions. Permeability tests were run on the shelby
tube samples (table 2). Direct shear tests were performed on saturated,
undisturbed samples taken from three of the shelby tubes. Corresponding
grain size, specific gravity, and Proctor compaction tests were also performed
on these samples (table 3).
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TABLE 2. - Shelby tube samples
Sample In-place moisture, percent In-place dry density, pcf Permeability, em/sec

1 ST-l 48.8 44.6 6.81 X 10-3
1 ST-2 25.8 57.5 1.63 X 10-4
1 ST-3 51.6 47.6 1.41 'X 10-5
2ST-4 15.3 77 .9 1.08 X 10-4
2ST-5 30.8 68.9 2.11 X 10-5
3ST-6 32.5 50.6 1.64 X 10-4
3ST-7 28.5 53.3 2.13 X 10-5
3ST-8 29.5 54.5 9.55 X lO-s
4ST-9 38.9 51.8 4.30 X 10-5

4ST-10 37.9 66.6 Impervious
6ST-11 28.9 54.4 1.10 X 10-3
6ST-12 22.8 60.7 1.66 X 10-3
5ST-13 21.7 47.7 1.21 X 10-4
5ST-14 40.7 50.0 3.85 X 10-5
5ST-15 22.3 51.3 5.40 X 10-5
6ST-16 19.3 57.1 1.94 X 10-3

6ST-17 41.8 48.9 5.02 X 10-5
sST-18 36.8 51.4 1.70 X 10-4
sST-19 30.1 52.9 3.55 X 10-5
6 ST-20 48.3 49.7 1.26 X 10-5
sST-21 47.0 49.9 2.05 X 10-5
1 Island Creek Coal Co., Gauley Eagle No.4. See fIgure 8B for test locatIons.
2Westmoreland Hampton No.3 mine. See figure 5B for test locations.
3Pocahontas Fuel Co., Jenkin Jones. See figure 3B for test locations.
4United Pocahontas Coal Co., Algoma. See figure 7B for test locations.
5Island Creek Coal Co., Guyan No.5. See figure 6B for test locations.
6Bethlehem Mines Corp., Bandy town, W. Va. See figure 4B for test locations.

TABLE 3. - Shear strength and moisture-density of sludge
Coefficient Direct shear Moisture-density

Sample Specific Effective of undisturbed Optimum moisture Maximum dry
gravity size, rom uniformity and saturated content, percent density, pcf

0, deg C, psi
ST 3 •.•. 1.50 0.015 15 32 2.0
ST 8 .... 1.64 .0059 42 35 .4 117.3 74.6
ST 11. .. 1.56 .01 45 34 1.1
2ST 12 1.68 .01 39 19.0 76.0

and 17.
lComposite sample of shelby tubes 3, 8, and 11.
2Composite sample of shelby tubes 12 and 17.

Maximum and minimum laboratory densities, grain size gradation, and specific
gravities were determined for the grab samples (table 4). Because it was felt that
the grab samples from one site represented a cross section of the materials in the
dump, all of the coarse samples from a site were composited and tested as a represen-
tative sample. These composites were tested for maximum and minimum densities,
grain size, specific gravity, and permeability (table 5) as well as shear strength
(table 6). Five of these composites were tested in a one-dimensional compression
chamber to determine their at-rest (KQ) value (table 7). In addition, four samples
of composites were sent to the Bureau of Reclamation soils lab in Denver, Colo., for
large-scale triaxial shear tests (table 6). One sample from each site and one shelby
tube was sent, to the University of Idaho, College of Mines, Moscow, Idaho, for
petrographic and chemical analysis (tables 8-10).
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TABLE 9. - X-ray diffraction identification

Sample Quartz Musco- ChI
vite

l-J-13i( X X
l-K-8';'( X X
l-L-lO?'( X
i-n-to- X
t-n-tow X X
1-O-3?'( X
l-p-M( X X
ST 10?\- X

orit1Kaolin-Illit;~· Illite---py~ite
_!.!:.~_I-. I(degraded)

X
X X

;l__~__--L..._X_-!-- __ "=':;:. __ ._...L.-_X.__
capacity.

pH --C.E.C .1
m /lOOg

7.10 5.50
5.10 8.75
7.45 4.76
6.10 7.00
3.60 4.56
7.00 5.88
8.10 4.25
6. 40.;;....J-_...:;;1~7,;,.;;.5;..;:;0_

1Cation exchange

NOTE.--Asterisks indicate composite samples, the compositions of which are
given in table 5.

+ •Sample Mn Cu
l-J-13* 75 25
l-K-8?'( 1,250 50
l-L-lO?'( 125 35
i-u-ro- 85 18
l-N-lO?\- 65 18

I1-O-3?'( i 200 30
l-p-4i( 100 25
ST 10 85 12
Error ±7.5 ±3

TABLE 10. - MS analysis.2.~E.E.~

1

-Ca Mg Zn K Na Pb Cd Fe
50 1,500 50 1,000 375 35 0.65 13,750
50 2,200 85 1,125 325 150 1.00 41,250
175 2,200 65 1,000 250 100 .75 10,000
75 500 30 500 150 20 .65 7,500

125 1,000 30 875 200 30 .75 16,250
200 1,750 40 875 325 35 .50 10,000
,875 1,750 60 875 . 350 60 .75 10,000
50 8,000 35 625 L250 20 .25 8,750

±50 ±140 ±7 I ±125 ±50 ±7.5 ±'07 +1,250
12.0 g of minus 100 mesh, 25 ml con. HN03 to dryness, 25 ml of 20 percent HN03filtered and diluted to 50 ml with deionized ~O (25 = dilution factor).

MS standard operating parameters.

NOTE.--Asterisks indicate composite samples, the compositions of which are
given in table 5.

PROCEDURES

The laboratory tests performed in the SMRC laboratory were done using
the following procedures:

1. Maximum and minimum densities were performed according to ASTM
Standard No. D-2049-69, Part 2 (fig. 16).

2. Permeability of the composite samples were performed according to
the U.S. Bureau of Reclamation Earth Manual, first edition, Designation E-14
(fig. 17).

3. Permeability of the undisturbed shelby tube samples were performed
by an SMRC-developed method using a constant head (fig. 18).
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FIGURE 18. - Shelby tubes set up for determining permeability.

4. Grain size gradation for the coarse fraction was performed according
to ASTM Standard D-422-63, Part 2. The minus 200-mesh portion was tested with
a Sedigraph 500a± particle size analyzer. The Sedigraph operates on the
principal of Stokes law utilizing X-ray absorption (fig. 19).

5. The specific gravity of the plus No.4 material was tested according
to ASTM Standard C-127-68, Part 10. The minus No.4 fraction was tested
according to ASTM Standard D-854-58, Part 2.

4Reference to specific makes or models of equipment is made to facilitate
undefs~anding and does not imply endorsement by the Bureau of Mines.
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6. The one-dimensional compression tests were performed in an SMRC-
developed chamber by a method developed in this laboratory by Nicholson and
Busch .5

7. Compaction tests on the sludge samples were performed according to
ASTM D-698-70.

8. The direct shear test on saturated, undisturbed samples extruded
from the shelby tubes was performed on a Karol-Warner direct shear device by
the method outlined by Lambe.S

9. Direct shear tests were performed on the minus 3/4-inch portion of
the coarse fraction in an SMRC-developed field shear device that was modified
for laboratory use7 (fig. 20). The unit accommodates a 6-inch-diameter by
4-inch-thick specimen. Normal loads of 15, 30, and 60 psi were used.

Two series of shear tests were performed on the 3/4-inch minus material
of each composite sample. One series was run at field moisture and density
and the other at field density but saturated. The field density on the 3/4-
inch minus material was computed by the volume method. A third series of
shear tests was performed on three of the samples the average field density
of which was considerably lower than the maximum. These tests were run at
95 percent of the maximum density.

DISCUSSION OF RESULTS

One of the important factors that must be considered in the stability of
slopes as well as the control of water in a waste dump is the permeability.
Table 2, which shows the permeability of undisturbed samples of sludge,
indicates that in the natural, relatively loose state, the values are quite
uniform and lie in the low to very low permeability range. The composites
of the grab samples that were compacted to average field density also show a
very low permeability (table 5). The reason these composites, which are
much coarser, have about the same permeability as the fines could be attri-
buted to the rather large uniformity coefficients indicating well-graded
materials. They are also compa~ted to a much higher density ratio.

The grain size gradation curves (appendix A) for the various
samples indicate that the materials are mostly well graded, although there
is a considerable difference in the range of sizes. The variety of prepara-
tion plants would account for this discrepancy.

The variance in the specific gravity values obtained from the many
samples indicates that it would be unwise to use a fixed value for a specific
5Nicholson, D. E., and R. A: Busch. Earth Pressure at Rest and One-

Dimensional Compression in Mine Hydraulic Backfills. BuMines RI 7198,
1968, 40 pp.

6Lambe , W. T. Soil Testing for Engineers. John Wiley & Sons, Inc., New
York, 1967,88 pp.

7Klinedinst , G. L. Development and Testing of a Portable In Situ Direct
Shear Device. M.S. Thesis, Univ. Idaho, Dept. of Civil Eng., Moscow,
Idaho, 119 pp.
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gravity (table 4). The actual value would have to be established for each
material and each site. This condition probably exists because of the
variation in coal content at the various dumps.

Table 4 also indicates a rather wide difference in field densities. The
test locations at a particular site were chosen as randomly as possible, and
the only surprising results are the very high densities recorded in some of
the sampling locations. The geology of the deposit as well as the efficienty
of the separation plant would affect these values to some degree. Undoubtedly,
some of the high-density locations were in the proximity of haul roads that
were subjected to some compaction. The in-place densities of the sludge
(table 2) are considerably lower than their laboratory maximums, and their
moisture content is much higher than optimum (table 3). These values reflect
the current methods of deposition in the field and the resulting unsafe
deposits. A sudden, or shock, loading may develop high neutral stresses and
cause shear failure.

Much time and effort was expended to establish reliable shear strength
values because this criteria is of utmost importance in proper design. The
direct shear results, as indicated in table 6 and tabulated in appendix D,
are based upon composites of the samples taken from the sites. The angle of
internal friction, ¢, was determined using peak stress. It should be noted
that the values of ¢ and cohesion do not change appreciably from the samples
tested in the field condition to the saturated condition. Both tests were
run slow enough to prevent neutral stress buildup. Although the value of the
¢ angle shows a decrease with increased placement density, a corresponding
increase in cohesion results in higher shear strengths at most normal loading
conditions.

Four samples were sent to Bureau of Reclamation, Engineering and Research
Center, Denver, Colo., for triaxial shear tests. These were 3-inch minus
materials as compared with the 3/4-inch minus material used for the direct
shear tests (fig. 21-22). The results of the triaxial shear tests are shown
in appendix C. The shear stress-normal stress plots are shown as vector plots.
These vector points represent the point of tangency of the Mohr1s envelope to
a circle representing each reading. Since these vectors are dependent on both
the deviator stress and the effective stress (applied lateral minus pore
pressure), the shape of the curve gives a good indication of the specimen
behavior. Where the vector points rise to the right, as most of these speci-
mens do, it indicates that the pore pressure is not changing significantly
relative to the deviator stress. This indicates that the specimen is not
consolidating in order to carry the load, but rather that the load is being
carried on the soil particles. The only exception to that behavior was
specimen No. 3 of sample No. l-p-4. The pore pressure on this material rose
enough to cause the vector curve to deflect to the left. This indicates that
this material is more compressible than the other materials. This material
was obtained from a waste embankment where the closed system of slurry
disposal is used. This results in a wetter material and one that does not
compact as well on the refuse dump. The placement water content of this
sample was reduced from the field water content because it was very wet
in-place.



FIGURE 21, - Large-scale triaxial shear apparatus.

FIGURE 22. - Large-sea Ie triaxia I shear spec imen at
fa i lure.
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The failure criteria
used in determining the
shear strength parameters
was the first maximum stress
ratio. That is, the first
time that the ratio of
deviator stress to effective
lateral stress decreased,
the previous point was
selected as the failure con-
dition. These points are
indicated on the stress-
strain plots by the arrow
symbol. A review of the
stress-strain curves in
appendix C indicates that
this failure criteria also
picks the point near the
maximum deviator stress in
many cases. On samples Nos.
l-J-13 and l-N-10, the speci-
mens tested at 80 psi lat-
eral pressure indicate that
a shear plane was develop-
ing at the point where the
first maximum stress ratio
occurred. Although the
general trend of the stress-
strain curve is still upward,
the stress level decreases
and then builds up again as
the shear plane partially
heals under the lateral pres-
sure. Inspection of the
specimens at the completion
of the tests showed a very
definite shear plane on all
the specimens.

Sample No. l-P-4, which
contained the mixed coarse
refuse and filtered sludge
showed stress-strain charac-
teristics somewhat different
(fig. 6) from those of the
other samples. These speci-
mens showed a rather rapid
buildup of deviator stress,
and then the stress con-
tinues to increase at a
slower rate. At about this
same point, the pore
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pressure reaches a level or decreases. This point is also sometimes used as a
failure criteria, and it can be seen that this would result in a somewhat
lower angle of friction and possibly some cohesion intercept. The visual
appearance of these specimens after the test was also somewhat different in
that they had barreled more than forming a definite shear plane. This is
in accordance with the results that would be anticipated on materials that
contained finer fractions and had higher water contents.

The ¢ angles on the triaxial tests agreed quite well with the direct
shear values, but the values for cohesion were somewhat higher. Since no
tests were run at low normal or confining loads, it is possible that the
cohesion values, which were obtained by extending the rupture envelope to
the ordinate, are too high.

The shear tests that were performed on the sludge samples show a surpris-
ingly high ¢ and low cohesion (table 3). These results could be due to the
coarseness of the sludge and the shape of the particles. The coefficient of
uniformity is also high, indicating good gradation. These conditions would
increase the strength values even though the density was comparatively low
and the moisture high as long as the neutral stress was not allowed to build
up.

The one-dimensional compression test results yielded earth-pressure-at-
rest values (K

o
) that are fairly consistent (table 7). The two runs on sample

l-J-13 at different placement densities indicate that K~ values are inversely
proportional to density. The Poisson's ratio and Young s modulus, which are
valuable numbers, can be obtained from this test.s The values shown for each
sample were obtained by choosing the mean value of ~ from each test and
matching it with the stress level that produced a similar value. Although
these values may vary somewhat for different materials and densities, the
tabular values listed for sample number l-L-10 would seem to be good
guidelines.

CONCLUSIONS AND RECOMMENDATIONS

The program of sampling and testing coal-mine waste products that was
undertaken in this project has produced significant results. The physical
property values herein reported are important parameters for determining the
stability of existing waste piles and predicting the performance of future
dumps.

The values of shear strength, permeability, and grain size distribution
for the various samples are quite uniform. This would indicate that average
values could be utilized. Specific gravity and densities of the samples
varied considerably, and it is recommended that local information on these
characteristics be obtained.

SNicholson, D. E. Gravity Flow of Powder in a Lunar Environment (in Two
Parts). 1. Property Determination of Simulated Lunar Soil. BuMines RI
7543, 1971, 34 pp.
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Some of the field density tests indicated a high degree of compaction,
but others were extremely low. Based upon the laboratory maximum density, it
would appear that a concerted effort of density control in the field could
produce a waste pile that would have uniform high density, corresponding
improved stability, and low permeability. The rather limited tests obtained
on the sludge areas show very low densities in the field. The present
method used in depositing this material would preclude the use of field
compaction, but consideration should be given to methods that would improve
the field density.

The strength of the soils, as indicated by the angle of internal friction,
is not materially affected by moisture content. However, the stability of the
saturated soils could be seriously affected by moisture if sudden loads were
applied causing a "quick" condition. This is particularly true of the
saturated sludge.

Five different types of piezometers and a biaxial inclinometer system
have been purchased. A testing program is now being conducted to evaluate this
monitoring equipment to determine the most suitable type for installation in
coal waste piles.

It should be emphasized that this was a very limited sampling and testing
program. Much more data should be obtained to achieve conclusive results.
More extensive drilling and deep sampling should be done, especially in the
lower, or decant, areas of the sludge deposits. It is also recommended that
the time and weathering effects on coal shale be investigated.
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APPENDIX B.--PREPARATION PLANT PROCESS SUMMARIES

Bethelhem Mines CorE' Mine 131

The material passes over a grizzly with oversize being crushed and passed
on to a vibrator and the undersize passed over a screen. The finer material
from both the vibrator and screen is passed to a sluice, a distributor, and
Deister tables. The coarser fraction from the vibrator and screen passes to
a Chance cone, where it is split with coal going to a clean coal screen and
the other going to a slate bin. The finer waste material gathered at the
clean coal screen goes through a sand sump (where sand is returned to the
Chance cone), a silt sump (where finer material cycles up to the Deister
tables), a slurry sump, and finally is pumped to the pond. The coal gathered
at the clean coal screen is loaded directly into railroad cars. The material
from the Deister tables is split, with coal going through a clean coal sump,
a sieve, cyclones, a centrifuge dryer, and finally loaded on railroad cars.
The waste portion passes over a refuse screen, with coarse pas sing into a
refuse tank and truck, and fines going through a plant bleed sump, a slurry
sump, and finally, pumped to the pond.

Eastern Associated Coal Corp.--Keystone No.2 Plant

The coal is crushed and separated at a rotary breaker with refuse passing
into a refuse bin for disposal. The coal passes into a bin and is fed over
a screen where the oversize gets to a heavy media vessel and the undersize is
pumped to a distributor and a desliming sieve. At the heavy media vessel,
the reject material goes to a refuse bin with the other fraction going to
classifying cyclones with thickening and separation of the magnetite. The
material then is pumped to the distributor and des liming sieve where the
finer fraction goes to flotation cells and the coarse fraction goes to a
primary heavy media mixing and distributing circuit. From the flotation cells,
the coal is filtered, mixed, binned, dried, and goes to a loading or storage
bin. The refuse is thickened, filtered, and goes to a refuse bin. The
material in the heavy media circuit passes through a cyclone with clean coal
passing through a centrifuge, dryer, and into a loading bin. The waste from
the cyclone goes through a reject sieve and a secondary pulping tank and
pump where the refuse goes through a screen, a centrifuge, and into a bin with
the coal passing through a secondary fuel screen, centrifuge, and into the
furnace of the dryer or into the secondary fuel bin for loading.

Island Creek Coal Co.--Gauley Ea&le No.4

The raw coal passes from the storage silos to a screen system where the
coarse and fine coal circuits begin. The fine fraction from the screen
system passes over a des liming screen system where the very fine part goes to
the froth cells feed sump and the remainder passes to fine coal medium sumps.
From the fine coal medium sumps, the coal is pumped to a heavy media cyclone
system from which the waste goes to a refuse screen and the remainder goes to
fine coal vibrating screens. The refuse screen material goes to the refuse
bin. The refuse screen underflow is recycled to the medium sumps. The coal
from the fine coal vibrating screens goes to a fine coal centrifuge and the
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underflow goes to the medium sumps. Coal from the fine coal centrifuges goes
to a thermal dryer. The material from the dilute medium sump passes to
magnetic separators where magnetite is reclaimed and reused. The very fine
material from the desliming screens is pumped to froth flotation cells. Coal
from these cells is thermally dried with the centrifuge coal noted previously.
Refuse from the froth flotation cells passes to the static thickener. The
dense media vessel outputs material to coarse coal vibrating screens and to
refuse drain screens. Underflow from the coarse coal vibrating screens and
the refuse screen goes to the media sumps. The coarse coal is crushed after
being mechanically dried, and joins the thermally dried fine coal for loading
into railroad cars. After mechanical drying, the coarse and fine refuse are
hauled to the refuse dump by truck.

Island Creek Coal Co.--Guyan No.5

The raw coal is delivered by both truck and conveyor and crushed and fed
to raw coal storage silos. From the silos, the coal is fed to vibrating
screens. Oversize from the vibrating screens goes directly to McNally jigs
from which the refuse goes to a bin and subsequently an aerial tram. The
remainder passes over a screen system where various sizes can be separated and
loaded into railroad cars. Underflow from the screen system passes to a
settling tank. Coal sludge from the settling tank is centrifuged and
recovered. Coal in the effluent is recovered in a cyclone and sludge screen
system. Overflow from the sludge tank is reused in the McNally jig circuit
or pumped to discharge.

United Pocahontas Coal Co.--Algoma

The raw coal is fed from coal storage bins to a screen where the over-
size is passed over a screen, washed, and sent to a heavy media vessel. The
undersize goes (along with the undersize gathered at screening and washing
prior to heavy media vessel) to a raw coal sump, is passed over sieves, and
is separated with one portion going to froth cells and the other portion
passing through a distributor to go to Deister tables. After passing through
the froth cells, the waste is thickened and sent to an impoundment, and the
coal is filtered, dried, and sent to are cars. The refuse from the Deister
tables passes over a screen where the coarser fraction goes to a refuse bin
and the finer fraction passes into a thickener feed sump, a static thickener,
and finally impoundment. The clean coal from the Deister table passes over a
sieve, with one portion being centrifuged, dried, and loaded into are cars.
The refuse from the Deister tables passes over a screen where one portion goes
into a refuse bin and the other portion passes into a thickener feed sump, a
static thickener, and finally, impoundment. The clean coal from the Deister
table passes over a sieve, with one portion being centrifuged, dried, and
loaded into are cars. The water from this operation is recirculated to the
froth cells and Deister tables. The other portion from the Deister tables
passes through a cyclone sump, filter, and finally, to a thermal dryer, and
then to the are cars. The refuse immediately gathered from the heavy media
vessel passes over a refuse drain and rinse screen and then goes to a refuse
bin. The clean coal from the heavy media vessel passes over a sieve and a
drain and rinse screen with the clean coal screened and oversize passed to a
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bin, with the undersize passed to a sump and pumped to a sieve and distributed
to the froth cells and Deister tables. The waste gathered at the clean coal
drain and rinse screen passes into a sump, a magnetic separator, a heavy media
sump, a splitter, a refuse drain and rinse screen, and finally into the refuse
bin. The refuse is trucked to piles, and some effluent water and impoundment
material is returned to the worked-out mine.

Westmoreland Coal Co.--Hampt£~ines

Raw coal is crushed and conveyed to a scalping shaker screen. The
coarser fraction goes directly to a Chance cone with the finer going to surge
bins and vibrating screens where the oversize goes to the Chance cone and the
undersize goes to a raw coal sump and, subsequently, cyclones. The refuse
from the Chance cone goes to a refuse dewatering screen, and the coal goes to
a clean coal dewatering screen. The material from the refuse dewatering screen
goes directly to a refuse bin, and the coal from the clean coal dewatering
screen goes directly to railroad loading. The fines from the refuse dewater-
ing screen goes to a main sand sump where the finer material from the clean
coal dewatering screen is also gathered. Following the main sand sump is a
silt sump where waste material goes back to the Chance cone and the coal
fraction goes to a cyclone, a distributor, and Deister tables. At the Deister
tables, waste goes directly to a refuse sump, and the coal goes to a clean coal
sump and vibrating screen where undersize goes to cyclones and the oversize
goes to a centrifuge. The coal from the centrifuge is dried and loaded on
railroad cars. The material from the cyclones passes through cyclo-cell
rougher units where waste goes to a static thickener and coal goes to cyclo-
cell cleaners and then filters. The material from the filter is then dried
and loaded on railroad cars. From the static thickener the material goes to
a thickener underflow sludge pump and to either a waste sump or refuse vacuum
filter. If the material goes to a waste sump, it then goes to an emergency
bleed pond; if it goes to a vacuum filter, it then goes to a refuse bin to be
hauled away.

Westmoreland Coal Co.--Hampton No.4

The raw coal is fed from bins to a Jeffrey jig where it is split into
four fractions. One of the fractions goes directly to a refuse bin, and
another goes directly to a clean coal bin after being passed over wash screens.
The third fraction passes to a refuse sump and over a refuse screen where
coarse waste goes to a refuse bin and the finer waste goes through cyclones,
is filtered, and then goes to a refuse bin. The fourth fraction from the
Jeffrey jig is the middlings, which first are screened with the coarser waste
going to a refuse bin;' the remainder passes over Deister tables where there is
a clean coal land a refuse separation. The clean coal circuit consists of a
sump, a fine coal screen, cyclones, filters, dryers, and finally, a clean
coal bin. The refuse passes into a refuse sump and over a refuse screen
where part of the refuse is channeled directly into a refuse bin and the
other is cycloned and passed over filters and into the refuse bin. The fil-
tered material also consists of material from the static thickener that has
collected and thickened waste from wash water and water collected at various
cyclones and sieves.
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APPENDIX C. --TRIAXIAL SHEAR TEST DATA AND CURVES

TRIAXIAL SHEAR
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