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U.S, BUREAU OF MINES RESEARCHES AND DEVELOPS
CONTROL METHODS FOR BOTH COAL AND METAL MINES

Robert L.P. Kleinman, research supervisor, environmental technology, U.S. Bureau of Mines

The U.S. mining industry spends over
S1 million every day to treat acidic
mine water. This water- treatment lia-
bility typically continues long after
mining has ceased: acidic dram.me
continues to be a problem at many
mines that have been inactive for over a
century. Based on information recently
provided by the states. the Bureau of
Mines estimates that abandoned coal
and metal mines and the associated
piles of mine waste adversely affect
over 12.000 mi of rivers and streams
and over 180.000 acres of lakes and
reservoirs in the United States. At least
a third of these totals is directly attrib-
utable to acid mine drainage. The con-
tamination associated with these aban-
doned mines is more than just a warn-

ing of potential future costs. As an
environmental problem. the abandoned
mines arc a blemish on the industry’s
image and an impediment to future
mining ventures.

The Burcau of Mines has therefore
targeted the problem of acid mine
drainage (AMD), aiming to both re-
duce the costs and future liability of
water treatment for active operators
and to develop ways to mitigate the
AMD associated with abandoned
mines. Low-cost alternatives to conven-
tional water treatment. techniques to
control the acid drainage at its source,
and the problem of pre-mining predic-
tion of AMD have been. and are con-
tinuing to be. addressed. During the
past 10 years we have made several

accomplishments. and we intend to
continue our current work.

TREATMENT OF AMD

At most active mines where AMD is
a problem, the water is pumped to a
central location to be mixed with an
alkaline chemical, such as lime or sodi-
um hydroxide. and mechanically aer-
ated in large basins (Fig. 1). Sufficient
alkalinity is added to raise the pH to
between 9 and 11, which causes most
metals to hydrolyze and precipitate as
a sludge. Some metals. such as iron.
must be oxidized to be precipitated as a
stable compound. which is why aera-
tion is required. The resultant siudge-
water mixture then flows to a clarifier




or a series of settling ponds. The pro-

cess, though simple, is inefficient and

expensive.

Research has produced two low-cost
alternatives to conventional neutraliza-
tion. The first, the In-Line Aeration
and Neutralization System (ILS) is a
pipeline version of a conventional
water-treatment system (Fig. 2). It uti-
lizes a jet pump or eductor, to entrain
the air and alkaline chemica] by Ven-
turi action, and a static mixer. The [LS
has no moving parts and operates by
water pressure generated by the exist-
ing mine-water pumps. It is, at the
same time, more efficient than conven.-
tional treatment systems and less ex-
pensive to install, operate, and main-
tain (Fig. 3).

Tests with acidic coal-mine drainage
indicate that the increased efficiency is
due to better aeration. In a convention-
al system, high pH is often used to
compensate for inadequate replenish-
ment of dissolved oxygen. The ILS
homogeneously mixes and aerates all
the AMD; as a result, the pH does not
have to be raised as much. Also, as
much as one-third of the lime used in a
conventional treatment plant is wasted
due to inefficient mixing, which does
not occur with the ILS. For this reason,
the ILS should also be applicable to
metal-mine drainage; field tests to veri-
fy metal-mine applications are sched-

uled for this year.

The other inexpensive alternative to
conventional water treatment is biolog-
ical treatment. During the last few
years, over 300 small wetlands have
been constructed on mined land for the
primary purpose of water treatment. In
general, they consist of a series of shal-
low ponds planted with cattails (Ty-

pha) (Fig. 4). If the pH of the influent
water is in the range of 3 to S5, some 6
in. of coarse limestone is recommended
for the base of the system. Above that
layer, 12 to 18 in. of composted organic
material is emplaced as a substrate for
the plants. To insure good contact
between the contaminated water and
the biologically active zone, a water
depth of less than 6 in. is desirable;
shallow water also discourages mus-
krats from moving in and decimating
the new cattail growth.

The principal treatment process in
most of the wetland system is bacterial
oxidation of iron and, to a lesser extent,
manganese. For this reason, most wet-
lands have been constructed at coal
mines rather than metal mines. Meta]
uptake by plants. algae, and even the
substrate contributes somewhat to, but
is limited by, the amount of biomass.
Some neutralization also occurs due to
sulphate reduction and the graduaj dis-
solution of limestene. It shouid be
noted that at =ost sites. the con-
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Fig. 2 A schematic of the In-Line System (ILS)
used to qerate and neutralize Acid Mine
Drainage.
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Fig. 4 Arfist’s rendition of a wetiand constructed to treat AMD.

complete inundation, usually caused by the dip of the mined
seam or vein, or gradient fluctuations, simply moves the
active pxxdatlon zone to a higher elevation in the mine or
spoil without rpducing acid formation.

An alternative approach developed by Bureau researchers
severai years ago involves the inhibition of the iron-oxidizing
bacteria responsible for the rapidity of pyrite oxidation.
Anionic surfactants (common cleansing detergents) can be
used to decrease the activity of these bacteria and thereby
retard pyritc.oxidation. This approach is most applicable to
coal refuse pi_les and isolated zones of fresh pyritic material
at surface mines, where acid production has been reduced
60% to 95%. Laboratory tests with metal-mine waste indi-
cate great vangbility in the significance of the iron-oxidizing
bacteria in acid generation; small-scale tests should there-
fore be conducted before field trials are considered.

Tt.ic sixrfactant can be sprayed on (three times 2 year) or
apphcri in controlled-release formulations that inhibit pyrite
oxxda.tion for 5 to 10 years. Both approaches are now com-
mercially available. Research is continuing on possible ways
to extend this technology for use underground.

O_tiier approaches to at-source control utilize chemical
additions to provide neutralization in place and to retard
pyrite oxidation by armoring or precipitating reactants.
Typically, an alkaline compound is used; one problem is that
the volume of acidic water represents a large acid-load that
must ail be neutralized. Alkaline injection has generally
proven inapplicable for surface mines, due to the relatively
short-lived residence time and heterogeneous flow, but
Bureau researchers are now considering its applicability for
uncierg_round mines, where large pools of acid water could be
periodically .neutralizcd. Alternatively, at surface mines,
surface application of alkalinity can be effective at sites
where acid-formation rates are modest. Also, university
rcpearchers at West Virginia and Montana State are evalu-
ating the economics of using phosphate rock to form iron
phosphatps, thereby curtailing pyrite oxidation.

Reducing pyrite-water contact can also reduce the volume
of AMD that forms. One recent development reduces the
volume of water that leaks into underground mines from
streams by 90% or more. Leaking zones are pinpointed using
terrain conductivity (a simple and rapid gcophysical tech-
nique) and verified by conventional gauging methods. The
fractured stream bed is then mended using 2 polyurethane
grout injected beneath the sediment-water interface. The
“ost -er linear foot is as low as half that of conventional
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ontrolling dust from dirt roads is no easy task. You have
to be prepared for any type of weather. Sun. Rain. Snow.

And DUS-TOP® is. ‘
DUS-TOP is a highly concentrated magnesium

chloride sotution that suppresses dust by pulling moisture

from the air and trapping it into the road surface. Drawing siX
molecules of moisture, compared to calcium chloride’sfour
molecules, DUS-TOP works harder to suppress dust in the driest
climates. And uniike lignin, it penefrates deep into the road surfac
so it won't wash away. '

Of course, there’s no better way to discover how DUST!
can improve your roads than totry it yourself. If you're inthe
Midwest, West, or in Virginia, and you're currently using calcurt
chloride or lignin, call or write us t0 discuss a trial application.
We have quantities on hand for the largest application, ready
for immediate shipment through our network of sales offices

and distributors.
Reilly Wendove

675 East 2100 South, Ste. 220
Salt Lake City, Utah 84106
1.800233-0341: In Utaln: 1-80

1-486-5
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NET NEUTRALIZATION POTENTIAL
(tons/1,000 tons as CaCo,)

Fig. 5 Relationship of water qQuaiity at reclaimed coal mines to the net
neutralization potential of overburden. Non-acid drainage could only
be confdently predicted if the net neutralization potential ex-
ceeded 30 mt/4,000 mt.

are also superior, since the grout-sealed stream bed is not
subject to damage by storms or tree growth. Tests in streams
above active longwall operations and an old, abandoned,
room-and-pillar mine have been extremely successful. ‘

Considering the large potential liability associated with
AMD, accurate pre-mining prediction of water quality dur-
ing and after mining is desirable, even when it is not legally
mandated. Unfortunately, recent research by the Bureau of
Mines, West Virginia University, and Environment Canada
indicates that techniques currently used for predictive pur-
poses at surface mines are not as accurate as one would wish.
Generally, for metal mines, predictions are qualitatively
accurate most of the time. In other words, if lab tests pre-
dicted alkaline drainage, acid water was only occasionally
an unpleasant surprise (and vice versa). The degree of water
contamination cannot be predicted accurately.

At coal mines, the predictions are even less useful. Con-
ventionally, a potential acidity (pyrite) and alkalinity (car-
bonates) in core samples are compared; up to 5 mt/1,000 mt
of net neutralization potential (as CaCO0,) has been adopted
from revegetation studies for use as a predictive boundary
between acidic and alkaline mine-water generation. Recent
research indicates that any negative net neutralization
potential probably implies acid mine drainage. )

Of even greater concern is the finding that overburden in
the range of 5 to 30 mt/1,000 mt net neutralization potential
frequently yielded acidic water after reclamation (Fig. 5). A
recent analysis of permit applications in one northeastern
U.S. regulatory office indicates that most of the permit
applications submitted in that region had acid/base ac-
counts in that range. In addition, conventional leaching tests
did not appear to improve predictive capability.

Bureau researchers are now attempting to improve pre-
mining predictive capability, looking both at new methods of
overburden analysis and how site- and mining-related
aspects can be factored into the predictive process. Labora-
tory tests are also underway to determine how best to evalu-
ate the potential risk of contaminant release from metal-
mine wastes. In addition, basic research is being conducted
on mine hydrology and on the electrochemistry and surface
chemistry aspects of pyrite oxidation reactions. Subsequent
work shouid address the prediction problems of underground
mines. ‘

The last decade has seen a great increase in our knowi-
edge. and the deveiopment of new techniques are alreadyv
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t. T «] High Sample Recovery:
. i} Up to 98% of sample recovery.

No Contamination:

B Chippings are picked up directly
through the face of the drill bit as
they are formed and isolated from
contamination of stratas behind
the bit.

Dry Sample:

Because chippings are collected
through the drill bit, a dry sample
is delivered — even when drilling
in water bearing stratas.

4] High Production Rates:

Bulroc RC Hammer drilling is
much faster than Tricone Drilling

1l and gives penetration rates similar
1l to conventional Double Hole

(4} Hammers.

i Bulroc RC Hammers are
1| available in three sizes:
s 4" (105mm) for use with 32"

T
1

Lo iia o mpdstam

{1 O/D dual wall pipe
i1l 5" (125mm) for use with 4%,"

11 O/D dual wall pipe .

41 6" (152mm) for use with 4%2” & 5%:"
h O/D dual wall pipe

Rned Sample

SWEAVER
& BURT LED,

MANUFACTURERS OF ROCK DRILLING EQUIPMENT

Station Lane. Old Whittington, Chestertieid. Derbyshire S41 9QX. England.
Tel: (0246) 450608 (3 lines) Telex: 547020 WEAVATG Fax: (0246) 454621




NORIT® RO3515
An Activated Carbon

TS WEIGH
IN GOLDT

NORIT RO3515 is a revolutionary
peat-based extruded carbon used
in the gold recovery industry.
Created by Norit N.V. of the Neth-
erlands and recently introduced
into North America, RO3515 is su-
periorto the frequently used gran-
ular coconut-based activated car-
bons because of its incredible
durability. The more durable the
carbon, the less rapidly it attrites
during processing and the less fre-
quently it has to be replaced sav-
ing the user time and money. Lit-
erally, it is worth its weight in gold.

See why NORIT RO3515 has
captured over 50% of the Austral-
ian gold market. For complete
details and cost saving estimates
contact:

American Norit Company, Inc.

420 Agmac Ave., Jacksonville, FL 32205
P.O. Box 61628, Jacksonviile, FL. 32236-1628
Telepnone: (904) 783-6406/800-641-9245
Teiex: 56-540/FAX: {304) 783-9490
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doned mines. Mitigation technology that has proven to be
effective on coal mines is now being adapted and tested for
applicability to metal-mine drainage. AMD is not a problem
that can be answered with a single solution but one tha:
requires a multitude of options. It is hoped that the achieve
ments of the last 10 years are only a prelude to futurc
developments.ms

The following reports can be obtained from the BuMines
Publication office, P.O. Box 18070, Pittsburgh, PA 15236,
US A. Copies of other papers addressing specific topics can
be requested from the author at the same address.
1. Mine Drainage and Surface Mine Reclamation Vol.]:
Mine Water and Mine Waste. BuMines IC 9083, 1958.
2. Control of Acid Drainage from Coal Refuse Using
Anionic Surfactants. BuMines RI 8847, 1983.
3. Control of Acid Mine Drainage. BuMines IC 902
1985.

Reserve Mining to reopen,
says Cyprus Minerals

Cyprus Minerals Co., in its first venture into iron ore min-
ing, has acquired Reserve Mining of Minnesota for $52
million in a sale approved June 12 by a U.S. bankruptcy
court judge in New York City.

Judge Barton Lifland accepted the Cyprus offer e':n
though it actually was slightly less that the $53 millior d
of Cleveland-Cliffs. Cyprus won out mainly becausc it
agreed to pay real-estate taxes and closing costs, explaincd
Bruce Scherling, the court-appointed trustee. Those costs
are expected to be considerable, though court officials would
not provide E&MJ an estimate of their amount. Scherling
said the sale would produce a return acceptable to both the
court and Reserve’s creditors.

Although the closing was not expected until mid-August,
Cyprus was granted permission by the court to enter
Reserve’s northern Minnesota property and refit immec: :tc-
ly.
Cyprus already has sent letters to more than 1,100 former
Reserve employees, notifying them of the impending owner-
ship change. Cyprus, which also is handing out job applica-
tions in Minnesota, plans to hire 50 to 75 people as soon as
the sale is closed. By early next year, it should have about
200 people on the payroll. Because Cyprus lacks expertise n
iron ore mining, it expects to hire a number of former
Reserve employees to take advantage of their experience and
knowledge. .

Cyprus’ production next year is projected to reach - mil-
lion It of iron ore pellets. The company has set a targ. 0 4
million It in 1993, when a work force of 400 employecs Wil
be needed. ' )

A Cyprus spokesman termed the sale a “strategic divers”
fication into an area we think we can do well at.” Anothef
company official added, “We've bought it, now we're tryinf
to figure out how to run it.” )

Cyprus already has made a sizeable investment In
property. Hoping to reopen the pit by early spring, the ©0™
pany spent about $24,000/d over a 4-mo period on a winter*
izing effort. Cyprus heated the mine’s primary ¢ ‘}’Sh“
throughout the winter to prevent ice from forming ins ¢ the
unit and seriously damaging critical components. Q)’P“ﬁ
began pumping water from the Peter Mitchell pit l"'f_,
November under a cost-sharing agreement with Reserve’
bond holders and the state of Minnesota. o

Iron ore production in 1988 increased from 1.01 billio®
to 1.28 billion It in Minnesota, which long has been the ot
iron ore leader. Kathy Lewis, mineral leasing superviso' |
the Minnesota Department of Natural Resources. said ~mhd
of the state’s iron ore producers are pianning even g
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