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Introduction

Much effort has beendevotedto the development of low
cost, low maintenance methods for treating acid mine
drainage (AMD). Two methods and their various
combinations have been successfully applied: constructed
wetlands and anoxic limestone drains (ALD). These
methods, however, do not work in all situations. Unless
large acreages of land are available to ensure adequate
residence time forthe AMD, wetlands are limited to treating
rather mild acidities and modest flows. Given the
mountainous terrain of the Appalachians, opportunities for
large wetlands are few.

Anoxic limestone drains are beds of crushed limestone
from which oxygen is excluded, and AMD is intercepted
underground and introduced into the bed of limestone.
Ideally, ALD’s operate at an internal pH of 6.3, the buffer
pH of bicarbonate ion and carbonic acid. Since reduced
(ferrous) iron will not precipitate at this pH, it will pass
through the drain. The whole point of the ALD is to prevent
oxidized, ferric hydroxides (the familiar orange floc) from
coating (armoring) the limestone, and to add alkalinity
through limestone dissolution. Itis generally believed that
armored limestone ceases to dissolve and no longer treats
acid to any significant extent. Even without ferric iron
armoring, aluminum hydroxides will precipitate at a pH
above 4.5 regardless of whether the water is anoxic or not.

ALD’s are capable of treating high acid loads over
relatively short distances and can be designed into sloping
terrain. However, they are delicate systems, and even
without introduction of oxygen, aluminum hydroxides will
precipitate withinthe drains. If internalwater velocities are
too slow to carry the aluminum hydroxides (white floc) out
of the drain, it will eventually plug, forcing incoming water
toblow out the top of the drain and exit atthe upstream end.
If any ferric iron appears in the drain, it will precipitate as
orange floc, adding to the clogging problem. If sulfate is
present in concentrations much above 2000 ppm, it will
start to precipitate as gypsum.

Sointheory, ALD'sworkfine ifthe AMD has no aluminum,
no ferriciron, a sulfate level below 2000 ppm, or aninternal
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flow rate fast enough to flush the resulting precipitates out
of the drain. In orderto minimize the overall size and cost
of the drain, most ALD designs try to maximize residence
time by slowing down the flow of water. Sometimes ALD’s
consist of a series of basins connected by riser pipes.
These basins, in turn, are very efficient in trapping any
metal precipitates generated by the drain contributing to
the clogging problem.

ALD’s and wetlands will continue to play an important
role in passive treatment, and ongoing researchwill resolve
many of the current problems. This article revisits a simpler
alternative to the ALD, the open limestone channel (OLC),
and gives some reasons and situations where such a
system might be appropriate.

Open Limestone Channels

The idea behind the open limestone channel lies in the
proposition that even armored limestone will continue to
dissolve in acid water at some predictable rate (Figure 1).
Anopen limestone channel is just as its name implies: an
open, free-flowing channel lined with coarse limestone (i.e.
> 4 in. diameter). The key question to be answered is at
what rate does limestone dissolve after armoring. Then,
what is the length of the channel and the tonnage of
limestone needed to treat a particular AMD stream?

A series of studies conducted in the early 1970’s by
Penn State researchers (Pearson and McDonnell, 1974,
1975a, 1975b, 1977, 1978) evaluated the potential of
crushed limestone as a passive treatment. The rate of
limestone dissolutionunder AMD loadings was determined
and the effect of iron hydroxide armoring was identified.
The results, based on two years of field observation,
concluded that fully armored limestone is 1/5 as soluble as
unarmored limestone. This factor, combined with the
identified dissolution rate in an AMD setting, allows us to
estimate the length of a drain and the tons of limestone
necessary to treat a specific acid load. This information is
summarized in Table 1.






