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passive treatment systems.  BEL1 receives its influent from a settling pond for a deep

mine discharge diverted through an open limestone channel.  BEL2 receives its

influent directly from BEL1.  The LLC SAPSs are the last three cells in a passive

treatment system.  LLC2 receives its influent from an aerobic wetland that collects

water from a stream that has developed from a series of AMD seeps.  Each successive

LLC system receives its influent from the preceding SAPS cell.  The PMAC SAPS

receives the discharge from an anoxic limestone drain.  The USC1 SAPS receives its

influent from a settling pond that collects the discharge from the toe of a valley fill.

The USC2 SAPS receives its influent from the settling/oxidation pond located after the

USC1 cell.

System size ranged from 22.3 m2 (240 ft2) to 662.18 m2 (7128 ft2).  All systems

were constructed using a high calcium limestone (>90% CaCO3) aggregate ranging

from 10 to 20 cm (4-8 in) in diameter.  The depths of the limestone layer ranged

from 0.46 to 0.76 m (18-30 in.) as per current convention (Kepler and McCleary,

1994; Skovran and Clouser, 1998).  The organic layer depth and composition

varied greatly due to the individual operatorÕs preference, desire for experimentation,

and local availability.  The average construction cost for these systems was

approximately $29,000.  All SAPS were planted with emergent vegetation (either

cattails Typha sp., or bulrushes Scirpus sp.), but varied in their ability to support a

vigorous population.  In general, the vegetation demonstrated greater vigor and

colonization as the depth of the water decreased and as the distance from the

influent point increased.  For systems that were linked in series (BEL, LLC, and USC

systems), the vegetation demonstrated a clear response in vigor and density to the

improving water quality from the first cell to the final cell.
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Water Quality

Water quality data were collected for the influent and effluent samples of all

SAPS on a monthly basis for a period of 24 months or longer.  Due to periods of

drought during this study, some sampling events recorded no flow.  These samples

were eliminated due to the inability to relate water chemistry to SAPS residence time.

Samples that were collected during the first year of operation were also eliminated

due to the over-performance that young systems exhibit that is not typical of their

long-term performance (Skovran and Clouser, 1998).

The average influent chemistry and quantity characteristics for the eight SAPS

in this study are outlined in table 3.2.  Residence time was calculated using an

estimated volume of bulk void space for the limestone of 0.50, and the influent flow

rate on the day of sampling.  This figure also reflects the assumption that there is a

complete mixing of the waters within the limestone layer, and that no zones of

preferential flow exist to Òshort-circuitÓ the maximum residence time.  Average

residence times for the eight SAPS ranged from 3.6 hours to 26 days.  All sampling

events recorded AMD influents that would not meet NPDES discharge limits for at

least one criterion.  Net-acidic influent water was measured for all but 13 sampling

events.  

Effluent water quality data are shown in table 3.3.  All eight systems were able

to raise the pH of the influent AMD on a regular basis.  Iron removal was variable for

the systems that received low iron loadings. This was most likely due to the difficulty

in removing additional iron when the initial concentration is low. On individual

sampling events when the total iron concentration exceeded 2mg/l, iron was

removed consistently.  Manganese removal occurred more uniformly but was

nominal and is not expected for these types of systems.  For manganese to be

removed effectively, a pH of around 9 is required which is not feasible with


