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by \
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David R. Maneval, Director
Research and Development
Pennsylvania Department of Mines and Mineral Industries

and

Lucien Girard III, Program Manager
Dorr-Oliver, Incorporated

Introduction

The acid mine drainage problem in Pennsylvania is of continuing
and growing interest to the coal mining industry, the state government
and the citizenry at large. Approximately one-third of the total
volume of mine drainage presently polluting the streams of the
Commonwealth originates from active coal operations and two-thirds
come from "abandoned mine discharges." For this reason the Pennsylvania
Department of Mines and Mineral Industries has mounted a significant
‘research and action program seeking solutions to this two-fold problem.

The Coal Research Board of the Department has sponsored a wide
variety of research projects in an effort to study the treatment of
acidic and highly ferruginous mine waters. A review of the published
literature on the treatment of mine waters indicated that many
laboratory and theoretical studies had been undertaken on various
aspects of the coal mine drainage problem, but little applied, developmental,
or engineering study had been undertaken. In January of 1964 the Board
commenced a rigorous program using state and industry funds in an effort to
find a "least cost" solution or solutions to this vexing problem.

Projects have been undertaken along the following lines: the
preparation of an up-to-date annotated bibliography, lime
neutralization, ion exchange treatment, coal products inter-
action with mine drainage, deep well disposal of drainage, flash
distillation, inhibition of bacterial action and removal of iron with
ozone. The Department has also cooperated with other state and federal



agencies in their efforts along similar lines. Legal pressur?s for.
clean up of effluents have increased steadily and 1t was congidered
advisable to seek short term, technically practicable processes as
soon as possible. No basic research was undertaken.

To the best of our knowledge, Pennsylvania is the only state
that has undertaken a research program of large magnitude on this
vexing problem. In several states, coal associations with limited
state governmental financial support are undertaking limited research
activities.

Source . of Contamination

The acidic contamination of surface drainage and mine drainage
water from coal mines is normally caused by the oxidation of iron
pyrites. Acidic drainage waters contain dissolved iron salts and
varying proportions of other dissolved metals. These waters are
slightly cloudy, although suspended iron oxides, coal dust, etc.,
may also be present.

Chemical Treatment

Technically, any acidic effluent from any coal mine could
be purified by chemical processes to any desired standard of purity.
Chemical treatment has been applied successfully to similar effluents
in other industries in order to make them suitable for discharge to
municipal sewers or to natural water courses and investigations have
confirmed that these processes could be applied to the acidic
effluents under review.

The process which would be most generally applicable would be
to correct the state of acidity of the effluent with an alkali which
would normally be lime, but could be a water soluble alkali such as
caustic soda in those cases where very small doses were required. The
effect of the alkali would be to precipitate the polluting metals as
gelatinous hydroxides which could be removed from the bulk of the
water by sedimentation. At this stage the neutralized effluent could be
discharged to a municipal sewer or discharged to a natural water course.
The sludge recovered from the sedimentation vessel could be further
concentrated by sedimentation and then filtered, either by filter press
or on a modified rotary vacuum filter. The Coal Research Board of
the Commonwealth's Department of Mines and Mineral Industries
awvarded Dorr-Oliver, in October 1964, a research grant to design,
fabricate and operate a mobile demonstration plant for the.
treatment of acid mine water. The objectives of this program were to
perform unit operations in a mobile pilot plant at various mine
sites throughout the Commonwealth and obtain design and economic
data that could be used to evaluate the process under examination.



"Operation Yellowboy"

The demonstration plant was designed so that it could be
readily moved over ex1st1ng highways and roads in the Commonwealth
without sp$01al permits. The pilot plant was constructed in a van
type trailer that is 40 feet in length, & feet in width, and rises
to a‘height of 124 feet above the ground.

The flow sheet of the process is presented in Figure 1.
Acid mine drainage is brought into the pilot plant by the means
of a self—prlmlng centrlfugal pump and is pumped through a flow
‘meter into a flash mixer where hydrated lime is added from a screw
feeder to neutralize the mine water. By means of gravity the
neutralized mine water and suspended solids, consisting prlmarlly
of ferrous hydroxide and gypsum, flow into an aerator. Air is
brought into ‘contact with the ferrous hydroxide coverting it to
“férric hydroxide by the means of a turbine mixer and an air blower.
'After aeration the slurry, consisting of neutralized mine water and
‘-suspended solids, flows by gravity into a thickener. Chemical
flocculating agents can be added to this slurry to increase the
settling rate of the suspended solids and improve the effluent
clarity if desired. The suspended solids in the neutralized mine
water slurry settle to the bottom of the thickener while the clear
effluent overflows the thickener and is considered treated mine
- water. The flocculated iron bearlng sludge is then pumped to a
SOlld bowl centrifuge.

_ The centrifuge separates the insoluble solids (Yellowboy)

“from the liquid (neutralized mine water) based on the density
differential within the high speed spinning device. The slurry is
fed - contlnuously to the solid bowl centrifuge where the insoluble
solids having a higher density than the water are forced to the

outer periphery of the centrifuge where they are conveyed to a
discharge point. The clear water flows to the center of the unit

and then flows out a discharge tap. If the acidity of the water coming
from the centrifuge is within the accepted range set forth by the
Sanltary Water Board, it is considered treated water, if not,

it is reprocessed. Batch type filtration tests were conducted during
the testing program on a "filter leaf" in order to acquire data for
d631gn of full scale filters. Many variations of the basic

process were examined. These included the use of floc control
reageénts, centrlfuges and the use of filter aids. Most of these
alternatives were technically inferior to the basic process or else
‘were economlcally impractical.



Case Histories From "QOperation Yellowboy" Pilot Plant

The case histories or examples given in this paper will
provide an idea of the size and costs of a chemical treatment
plant of this type suitable for a typical acidic effluent from .
colliery and several "abandoned" mine discharges. These sites
were chosen to represent a wide variety of mine drainage compositions

and volumes.

The tables presented consist of full scale plant data. These
data were calculated and derived as a result of the pilot plant
operation at the previously mentioned test sites. Table 1 shows
composite chemical analyses of raw mine drainage and treated
drainage as produced by the mobile pilot plant. Aerator design
data is shown in Table 2. Table 3 shows thickener design data.
Filter design data is shown in Table 4. Table 5 shows acid mine
drainage treatment plant capital expenditures. Annual costs are shown
in Table 6. Table 7 shows total annual unit costs. Figure 2 shows
the pilot operating at the Morea site. The flow sheet of a typical
scaled up plant is shown in the form of a schematic diagram in '
Figure 3.

Action Program

An action program has been undertaken recently in Pennsylvania
as a start in abating drainage from abandoned mines. Four small
treatment plants designed to handle water that has low iron and
medium degree of acidity have been authorized. These plants are a
direct result of "Operation Yellowboy" research. One of these plants
is already in operation near the village of Clintonville in '
Western Pennsylvania on Little Scrubgrass Creek. The additional
plants are being designed and will be put out for bid as soon as
possible. :

A treatment plant designed to process one half to one million
gallons of mine drainage per day will be erected for the Pennsylvania
Coal Research Board by the Pennsylvania State University near
Tyler, Pennsylvania. The object of this plant is to obtain plant
operating experience and reduce the scalar factors involved in the
preparation of cost estimates for full scale treatment. Several
points are hoped to be resolved during this large scale tegsting program
viz. the response of sedimentation and compression rates under cold
weather and freezing conditions, the physical problems involved in

routine day to day disposal, of "Yellowboy," and the cost of various
de-watering alternatives. ‘



Conclusion

The general pattern to be followed on active and on
"agbandoned" mine drainage problems should be to minimize acid make
through careful mine layout, surface sealing, and strip mine
restoration. Only after the water has been reduced to a minimum of
volume should this effluent be treated.

It has been shown by test work performed using "Operation
Yellowboy" that mine water can be treated by the lime neutralization,
aeration, sedimentation, and de-watering process to produce a
product containing less than seven parts per million of iron at
a neutral pH and with a small degree of free alkalinity.

Field tests confirm that lime can be used to purify acidic
mine waters from the most polluting to those which were only
sllghtly acidic. The manganese, alumina and silica are also
removed by lime neutralization, resulting in a decrease in total hardness.
It can be concluded from the investigation that lime treatment of
all acidic mine waters would be technically feasible and that the costs
of lime treatment of any acidic mine water can now be estimated.

It is anﬁicipeted that the public and private sector will
continue to search for novel and cheaper processes for treatment.
Until it is clear that such processes can accomplish the results

" now obtalnable with the process described in this paper, it is

expected that lime treatment will remain in the forefront of plans
submitted to the Sanitary Water Board and similar regulatory
agencies in this and other states.
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