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INTRODUCTION

The emphasis on the protection of our environment has never been
greater than today. In every aspect of our lives--governmental, indust-
rial, social--we are bombarded with the call to eliminate degradation of
our land and to utilize our resources more effectively. This is
especially true in the mining industry. The paradox exists where-by we
must degrade the land to further industrial development and to satisfy
our standard of living and at the same time satisfy consumer pressure to
prevent such waste of our countryside. Efficient reclamation procedures
were not considered economically feasible until the OPEC countries
quadrupled oil prices, which warranted searches for previously unminable
coal. Now, in order to supply the need for coal as well as to maintain
environmental quality, practices to restore the land have become mand-
atory.

Methods for achieving these practices have been somewhat haphazard,
resulting in acid-mine drainage problems, reduced quality of surface run-
off, as well as de]etérious effects on water from poorly organized spoil.
Remedy of this situation is beginning to be felt since laws have been
passed which require the proper reclamation of currently mined land.
Studies being conducted on plant 1ife capable of existing on spoil
(unweathered rock with little nutrient content and low pH) are resulting
in successful combinations of flora which can return the area to a
productive and beautiful landscape in a relatively short period of time.

Good reclamation practices call for subsurface placement of damaging

strata in spoil piles to retard oxidation of compounds such as pyrite



(which produces complex sulfates that damage stream life and affect
quality). However, the operator of the removal equipment is not always
familiar with the deleterious strata involved, and appearance and compos-
ition of the strata is variable. Studies analyzing coal-associated rock
layers for elements which can contribute to water quality have only
recently been undertaken,

The U.S. Forest Service, Northeastern Forest Experiment Station
laboratory in Berea, Kentucky, has the capability to chemically analyse
highwall samples. With facilities now available that are capable of
providing this service, more mine operators will be able to pinpoint
troublesome strata quickly and utilize this information to better reclaim
their mined land. Speedy reclamation is to the benefit of the coal
companies as well as to the public, since legislation requires retention
of permit fees if previously stated time periods elapse with insufficient
reclamation results. Information such as this, then, is beneficial to all
parties concerned because it not only can aid the operator to more
completely and effectively reclaim the land, but it can reduce the dam-
age potential to the surrounding landscape and watersheds.

In November and December, 1968, Consolidation Coal Company, while
exploring the Coal River Mountain area of Raleigh County, West Virginia,
(fig. 1) for minable coal, drilled two cores (#14 - 400', #13 - 450').
These cores, along with data from a drill site (#22 - 480') tested in
February, 1969, were subsequently submitted to the U.S. Forest Service's
Forest Products Marketing Laboratory in Princeton, West Virginia.

. William T. Plass, principal plant ecologist, who has set up water quality

studies in the area, has kept them in storage for use in this study.



Since 1969, Consolidation Coal Company has been mining Coal River
Mountain, which affects an area including four watersheds (fig. 1). In
cooperation with Consolidation Coal, the Horest Service has monitored
discharge; precipitation, and several stream quality parameters such as
alkalinity (defined in this study as the buffering capacity of the
water body), pH, temperature, and concentrations of selected elements
(metals and nonmetals) since mining began, analyses of which are completed
at the laboratory in Berea, Kentucky. The purpose of these studies has
been to determine the effects of mining on stream runoff. A computer
model which simuTates the effects of these parameters on the total water
quality of the watershed has been originated and developed by~Conne11;
Shanholtz, and Contractor [3] of VPI&SU.

From these water quality studies, large concentrations of calcium
and magnesium have been observed., Since sandstone and shale, the pre-
‘dominant rock types, are not composed primarily of calcium or magnesium,‘_
it has been suggested [18] that certain sandstone strata contain calcar- -
eous cements, which during weathering, release calcium and magnesium
into the drainage. Verification of the location and concentration of
these elements by use of scanning electron microscope (SEM) is one of
the objectives of this study.

Sulphur concentration in spoil always has been a problem contri-
buting to acid-mine drainage. fortunately, in this section of West
Virginia the strata adjacent to the coal seams as well as the coal
itself contain little sulphur, and acid-mine drainage here is not a
problem. However, development of a method for determining concen-

trations in these rock layers would prove to be useful in predicting



sulfate concentrations in other water quality studies. Another
objective of this study is to apply these determined concentrations
from SEM analysis to the mathematical model of Connell and others

[3] thereby eXpanding the model to include geologic factors contributed
by strata compositions.

To accomplish these objectives, the cores were delivered for
sampling to VPI&SU, courtesy of the Forest Service. Use of the SEM was
provided by the Fbrestry-Wood Technology Department of VPI&SU.

The validity of such a project is reflected in the needs of mining
operators to become familiar with rock layers being extracted in order
to more efficiently stockpile the noneconomic rock for subsequent
reclamation. This more carefully planned reclamation will provide
max{mum envirbnmental protection for long periods of weathering with

minimum recovery time and cost to the mining companies.



LITERATURE REVIEW

Description of the Area

West Virginia can be separated into three provinces [20] depending
on the physiography'of the area and the structure and stratigraphy of the
coal-bearing and associated strata. Province 1 extends from the southern
to the northeastern borders of the state. Province 2 comprises the
northcentral section of the state, including the entire counties of
Preston and Upshur and portions of Barbour, Randolph, Marion, Monongalia,
Mineral, Grant, and Harrison counties. Province 3 extends into the
northwestern section where heaviest mining occurs, with revegetation and
water quality problems being the most severe here., The study conducted
by Smith [20] concentrates on the testing and analysis of spoil and
highwall concentrations of elements in Provinces 2 and 3. Province 1
does not have significant problems with revegetation and so has not been
studied in detail.

Physiographically, Province 1 is the remnant of a plateau which is
dissected by streams and rivers to produce steeply sloping ridges and
narrow valleys, in contrast to Provinces 2 and 3, where the land is more
gently rolling, the result of a slightly eroded plateau. In Raleigh
county, the northwestern section of which includes the Coal River
Mountain area, the rivers contributing to the formation of such topo-
graphy are Sandlick Creek and Clear Fork, tributaries of the Big Coal
River (fig. 1). The two watersheds emphasized in this study lie on the
flanks of the Coal River Mountain ridge--Stover B on the northeast and

Wingrove A facing the southwest. Streams feeding into the Clear Fork



are Workman's Creek and the drainage from the Stover watersheds A and B.
Wingrove Creek flows from Wingrove A to join its other half, which
originates in Wingrove B, and the resulting stream flows southeast to
Sandlick Creek. Drainage from the Dillon watershed also flows into this
fork. The two principal peaks in the area of mining are Pack's Knob,
the location of core #13, and Irish Lick Knob (fig. 1) where core #14
was drilled. Pack's Knob, elevation 3,000', divides Workman and Stover A
watersheds. Irish Lick Knob separates the Stover A and Wingrove A
watersheds.

The headquarters of the Consolidation Coal Company operation are
located in Workman's Creek watershed which was mined during the 1960's
and is presently being reclaimed. Active mining is being conducted on
Stover A and B, and in Wingrove A. Stover A was first disturbed in late
1969 when road construction was begun. Mining on Stover B watershed
originated in 1972 and 1973, while Wingrove A was not disturbed until
the fall of 1973.

Pennsylvanian and Permian age rocks comprise the strata of the
region. The Pennsylvanian strata represent two coal basins, the earlier
of which includes the Charleston, Kanawha, New River and Pocahontas
Formations. The latter includes the Pottsville and Allegheny Formations
(fig. 2). The Permian strata begin above the Waynesburg coal seam with
the Dunkard Formation.

Province 1 includes the oldest coal beds (Pennsylvanian age) which
were formed in an intermittently subsiding basin which was the drainage
area for the Appalachian region to the south. The sediments composing

the rocks in this area, therefore, are derived from this older source.



A shifting alluvial system dissected the swamp environment causing
lateral variations in sedimentation and coal bed thicknesses. The coals
of Province 1 are of low sulphur content, with the average sulphur
content of Raleigh County coals in the Kanawha formation at 0.80% [30].
The coal s semi-bituminous with a high carbon content, and is of metal-
lurgical grade. Significant economical seams of this Formation are

the Peerless coal, the Campbell Creek (#2 Gas) coal seam and the Upper,
Middle, and Lower Eagle seams (fig. 3). If the area were surface-mined,
the Powellton also would be economical. All of the Eagle coals arek
mined and mixed together during transportation to the washing operation
in Workman's Creek, (By West Virginia law, the haulback method of
mining is required, so valley fills occur in Wingrove A and Stover B).
Calcium and magnesium concentrations compensate for sulfate contamination
and aid in neutralization of the spoil and surface runoff. The shales
and siltstones contain nodules and lenses of, and in some places are
cemented by, siderite (FeC03)° Marine and fresh water limestones are

rare and occur almost exclusively in the Kanawha Formation.



Sedimentation and Water 'Quality as Affected by Mining

Sediment control is the most difficult problem to solve in the
reclamation process [22]. Many factors contribute to this problem, some
of which are unavoidable, caused by mining practices or by the lag time
necessary for revegetation to occur on the spoil or by the composition
of the spoil itself.

Mining practices often necessitate crossing of drainage in the entry
to and exit from the mining area. Heavy trucks as well as removal equip-
ment must be moved into position and the transportation of coal to rail-
yards often requires extensive distances to be travelled by these trucks.
Consequently, streams and/or drainage areas will be disturbed and sedi-
ment will be contributed to the hydrologic system. The law requires in
the state of Virginia that bridges must be built over any drainage-way
[2], but sediment removal will still occur as the landscape is disturbed
by access road building and heavy travel on these unpaved roads.

Due to the methods involved with surface mining, reclamation of this
land often requires rearrangement of the drainage pattern of the region.
Vai]ey areas can be filled in during regrading and, although attempts
are generally made to retain the original drainage pattern, it still is
altered. This can produce a higher sediment load, resulting in a
greater problem in this drainageway.

Problems due to the lag time required between planting and stab-
ilization occur especially in contour mining, where the outef slopes are
steep. "The first six months after completion of strip mining on steep
terrain are critical to the quality of both the land and the water

resources nearby." [22] For the time interval after deposition of the



spoil on the slope and before stabilization by revegetation, erosion is
a major problem. Also, due to the lack of vegetation on these slopes,
a greater amount of runoff is discharged into the drainage below.

For residents of the valley below strip-mined sites, sedimentation
can destroy the fertility of the land by depositing acidic, unfertile
soil on the surface as well as destroying the beauty of the stream and
the quality of the water for livestock and human consumption. The
ecological balance of the stream with an overload of sediment can be
severely disrupted by the occurrence of fishkills and biological des-
truction, This is due to the acidity of the sediment and the blanketing
effect caused by sediment deposition on the bottom which interferes with
the photosynthesis of plants there.

One remedy in use to control this situation is to build settling
ponds on the benches and natural drainage areas to allow for settling
out of the larger sediment fragments [22](fig. 14). This is accomplished by
allowing the discharge from the mine area to enter the pond and by permit-
ting only the overflow to continue downstream. Siltation of ponds after
a period of time is a limiting factor to their use. Care must also be
exercised in locating bench ponds since a significant occurrence of clay
minerals in the strata underlying such ponds may contribute to potential
slide areas when saturated. Another remedy is to build weirs or
controlled flow locations [23] along the stream's downward path to |
obstruct the flow and to allow for changes in velocity to cause settling
out of larger particles. Filters may also be used as well as addition

of coagulating compounds to remove iron compounds.
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Despite such practices to remove sediment, prevention of the
problem is impossible and can only be Tessened by more careful mining
and revegetative procedures.

Ground water quality is also a problem in areas disturbed by mining.
In mountainous areas, water tables are often perched above impermeable
rock layers such as shale, a rock always associated with Appalachian coal
seams.  With the removal of the coal and the disturbance by blasting of
the bedrock in the water table area, the perched table is often Towered
to the level of the mined coal seam. At the same time, the acidity and
mineral cdmpounds in the layer above and below this coal seam contribute
to the pollution of the ground water. Often, joints and cracks produced
by blasting contribute to the accessibility of the polluted water to the
aquifers below the mined coal seam, aquifers which may contribute to
water supplies elsewhere in the area. Pollution of this type is often
not arrested with the end of mining in the area, but continues for as
long as 100 years [7] after mining in deep well locations. To remedy
this, wells in the area should be cased through the coal seam to prevent
such pollution of lower aquifers, and blasting should be reduced as much
as possible to prevent more joints and cracks through which water may
permeate,

In the Coal River Mountain area, for example, natural ground water
pollution is evident in the form of ochre and red iron contamination.
The water draining through the shales from perched water tab]és probably
becomes slightly acidic (Tower pH) as it flows through the adjacent coal
strata causing a reaction with siderite concentrated in the shale. The

reaction, which occurs is described as follows:
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FeCOy + CO, + Hy0 —= Fe'™ + 2HC04™ [19]
The result is a highly colored "hard" water which produces precipitates

on pipes and water facilities.
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Acidity of  the Spoil:

The acidity of the spoil is a large contributor to problems of
revegetation and acid mine drainage. It is caused by the occurrence of
pyrite and marcasite (white iron pyrite) [13] in coal deposits and coal
associated strata. ‘Subsequent lowering of the pH by the oxidative break-
down of the pyrite and marcasite is described by the following chemical
reactions [3]:

1. In the presence of dissolved oxygen,
2FeS, + 2H,0 + 70, —=2FeS0, + 2H,50,
2. In the presence of atmospheric oxygen,
- FeS, + 30, —= S04 + SO,
| 2502 + 2H20 + 02——,-2H2504
3. Under acid conditions,
4FeSO4 + 02 + 2H2504——2Fe2(504)3 + 2H20
Fe (504)3 + FeSp ——=3FeS0, + 25
25 + 30, + 2H20-—~-—---2H2$04
Factors which also affect the rate of oxidation of the iron compounds are
pH, temperature, dissolved oxygen, bacteria, and trace elements [23].
The sulfates and sulfites are subsequently discharged into the drainage
system and contribute to changes in the water quality. The occurrence
of pyrite and marcasite can be recognized in black or grey deposits
which should either be analyzed for pH or considered automatically to be
acidic.

Reclamation plans for strata adjacent to coal seams should be

strictly followed due to the potential environmental damage associated

with such deposits. Overburden analysis is also desirable to enable
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prediction of soil types resulting from decomposition of the strata after
repositioning in the spoil pile.

In the coal associated deposits, the non-commercial coal seams
found near the main coal seam are called rider coal. 70% of this
material was found to be extremely acid in an eastern Kentucky coal mine
area [4]. 40% of the carbonaceous shale deposits (called bone coal) were
found to be acidic in the same study, while 7% of the surrounding shale
and 1% of the sandstone was also acidic. On steeply mined slopes, the
contours cut a triangular shape into the hillsides, with the most expanse
as the overburden is removed, occurring at the level of the coal seam
(fig. 4). This disproportionately increases the amount of acid strata
exposed to the atmosphere relative to the nonacidic strata at the top of
the highwall, a principal factor contributing to the acidity of the
spoil.

With this knowledge in mind, the more acidic spoil, as it 1s removed
with the other layers of the overburden should be carefully handled by
the operators and set aside to be buried, particularly for placement on
outer slopes, at least four to five feet [4] under the less acidic
sections of the spoil. The haulback method eliminates this problem,
because all spoil must be transported to a dumping site. Yalley fills
are built so that separation of more damaging material is not required
since the volume of sandstone with its capability to neutralize the
effects of the pyritic material is large compared to the acid-producing
spoil. Generally, the material is combined at the mine site and is
transported to the fill area where it is further mixed when dumped, and

is regraded around a core of large boulders (a drainage mechanism).
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Placement of acid material adjacent to the rock core should be guarded
-against in the event of incomplete mixing. More desirable soil for
reclamation is reserved for positioning at the face of the fill where
immediate revegetation is necessary to prevent erosional decay of the
fill. Figure 12 shows photographs of such a fill with a capacity of

5 x 106 cubic feet under construction in the Stover B watershed in the
Coal Mountain mined area.

Some strata are known to be acidic although no visible pyrite is
evident. These layers should be noted, especially if the weathered sur-
face 1s green (evidence of marcasite). Under no circumstances should
this material be placed on the spoil surface, as it makes revegetation
virtually impossible.

Hardness is also a significant result of the surface mining process.
The eXposure of sedimentary silicates including clay minerals results in
increased concentrations of iron, potassium, calcium and magnesium in
surface runoff. Of primary importance to hardness problems are iron,
calcium and magnesium. Iron occurs as insoluble ferric oxide in soils
and minerals. In the subsurface environment relatively devoid of oxygen,
" this iron is reduced to soluble ferrous compounds and is released into
the groundwater. Contact with atmospheric oxygen, however, institutes a
slow oxidative process which again returns the iron to its insoluble form,
resulting in scale on pipes and taste problems, as well as deye1op1ng an
environment conducive for iron bacteria. Large calcium and magnesium
~concentrations are undesirable due to inso]ub]e precipitates resulting
- from reaction with soap, reducing its effectiveness as a cleaning agent.

The equation describing release of these elements into groundwater is as



15

follows [19]:

CaC0, + CO, + H,0 —eCa** + 2HCO3”

3 2

MgCO, + CO, + Hy0 —Mg™" + 2HCO5”

3
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Description of the Water Quality Model

The purpose of the water quality model was to set up a mechanism
to better understand the functional relationships between water quality
parameters (alkalinity, pH, sulfate concentration) and hydrologic para-
meters (precipitation and discharge) of a watershed disturbed by con-
tour mining. In order to relate the concentrations of parameters re-
corded in the water quality data to the physical and hydrologic char-
acteristics of the watershed, a static model was developed which
emphasizes the relative importance of the parameters to the predicted
water quality. (Water quality data was collected by grab sampling at
two-week intervals and sent for ana]yéis to the U.S. Forest Service
Northeastern Forest Experiment Station laboratory in Berea, Kentucky.
Precipitation and discharge data were recorded continuously. Sampling
points were located at the lower end of the watershed.)

Mathematically, the model functions as follows [3]:

7} = DAy Pyt s DygPy g3 bygPy g b el ¥ Dy o
Yo = bahy * byPp y ¥ ees + bygPp g3 ¥ bygPy qq * ee ¥ bypPy o

-<

2

. ° L] * . .

-

m = Pafm * PP,y * eee + DygPy 93 * bygPr g b oo F boyPh 27
where
Y is the predicted value of the parameter,

b is the estimated coefficient whose value shows the relative
importance of the variables,

A is the area disturbed by mining,
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Py q to P are the hourly precipitation values in inches from
’ 1,13 the time the sample was taken through the twelfth
previous hour,
Pi 14 to P1 g7 are the daily precipitation values in inches from
’ *“" the thirteenth hour before sampling to 13 days and
13 hours before sampling,

m is the number of water quality samples taken in the program.

Thirty-two water quality data points weré used in the mathematical
formulas described above. This produced a matrix of 32 equations, with
b and Y as unknowns.

The technique for the solution of b and Y is described as a multi-
variate linear regression equation of the form [3]:

Y- by + byXy* boXa+ baXg... + b X,
where

Y is the estimated value of the dependent variable,

b is the unknown coefficient,

X is the 1ndependent variable

n is the number of independent variables,
used in this case so that b0 = 0.

The objective function is the sum of the absolute values of the
error between the measured value Y1 and the computed value Y. The error
between Y; and Y can be positive (+U1) or negative (-V;) and the ab-
solute value can be obtained by the sum of the (+U;) value and the (+V;)
value, where V is defined as a negative error. The total error S for
all measurements is given as follows [3]:

S = U]+ V]+ U2+ V2+ oo t Um+ Vm
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where

m is the number of observations,

Ui is the positive slack variable (or error term)

Vi is the negative slack variable (or error term)
The total U + V values for each variable are referred to in the prog-
ram as MINERR, and minimization of this value produces a more accurate
prediction of the parameter.

Linear programming techniques were used to solve for the b values
[21]. The IBM Mathematical Programming System [24] was utilized to

solve for the b coefficients.
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Description of the EDAX Equipment

The method of analysis preferred for this study had several re-
quirements. The ideal technique for analysis is a short-preparation,
non-destructive method. Several methods involve significant preparation
time or a reference sample to be used as a standard. Differential thermal
analysis, for example, requires a known sample of a compound to be tested
at the same time as the desired sample. (Element ana]ysis cannot be
acﬁieved by this method.) Atomic absorption techniques require complete
solution of the sample, a difficult objective to achieve since use of
highly reactive acids is necessary to break down the silicate minerals,
particularly quartz [32]. X-ray diffraction by powder determination
requires pulverization of the sample. X-ray spectrography as well as
electron microscope techniques have advantages in that no destruction of
the samples or time-consuming preparation is required. A SEM was chosen
for analyses in this study.

The SEM (Model AMR-900) used by the Forestry-Wood Technology Depart-
ment at VPI&SU has an adaptive mechanism termed the EDAX (Electron Dis-
persive Analysis of X-rays), manufactured by Phillips Electronics. The
electron probe in the microscope.focuses on an area of a sample (inorganic
or organic, coated or uncoated by a 60-40 ratio of gold-pailadium layer
to enhance conductivity depending on the desired result of the test) and
the beam dislodges the electrons from their inner shells, producing energy
as other electrons fall ouf of their respective shells into tﬁe area
vacated by the displaced electron. Wavelengths of energy emitted are
characteristic of each element and are detected by the EDAX counter. An

analysis of emitted energy is presented on the screen of the EDAX with peaks
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representing existing elements at specific Tocations on the horizontal
scale. These locations uniquely identify the elements according to the
shell(s) affected by the beam emitted from the probe. Elements with Tow
atomic numbers (11 - 14) are represented by one peak, Ky (The first

10 elements in the Periodic Table are not detected by this method).

Above atomic numbers of 14 the number of peaks defining an element depends
on the number of shells disturbed. For example, potassium has two major
peaks Ka and KB (shown on Table 1) located at 3.312 and 3.589 on the
horizontal scale of the EDAX counter. Lesser peaks occur at different
locations, but are difficult to differentiate from the background "noise"
normally present. Table 1 lists the elements commonly occurring in the
sampies tested in this study and the peak locations for the Ka, KB.and M
shells,

The peaks are semi-quantitative, that is, they show the presence
and magnitude of chosen elements, but not specific concentrations. This
is the major drawback of this method when used for chemical analyses.
There is a computer tie-in and programs are available which can quanti-
tatively produce composition values, however, the Forestry and Wildlife
department has not been able to justify utilization of the tie-in device.
Therefore, it was unavailable for this study.

Another problem with the method is overlapping of peaks. The energy
emitted by electrons as they fall to lTower shells after disturbance
produces a series of peaks for each element with atomic numbers greater
than 14. Therefore, more than one peak is produced and can be misinter-
preted as another element if care is not utilized in the analysis of the

photographs.












































































































