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PASSIVE TREATMENT OF COAL MINE DRAINAGE 

By Robert S. ~edin,' Robert W. ~airn: and Robert L. P. ~leinmann~ 

ABSTRACT 

Passive methods of treating mine water use chemical and biological processes that decrease metal 
concentrations and neutralize acidity. Compared with conventional chemical treatment, passive methods 
generally require more land area, but use less costly reagents and require less operational attention and 
maintenance. Currently, three types of passive technologies exist: aerobic wetlands, organic substrate 
wetlands, and anoxic limestone drains. Aerobic wetlands promote mixed oxidation and hydrolysis 
reactions, and are most effective when the raw mine water is net alkaline. Organic substrate wetlands 
promote anaerobic bacterial activity that results in the precipitation of metal sulfides and the generation 
of bicarbonate alkalinity. Anoxic limestone drains generate bicarbonate alkalinity and can be useful for 
the pretreatment of mine water before it flows into a wetland. 

Rates of metal and acidity removal for passive systems have been developed empirically by the U.S. 
Bureau of Mines. Aerobic wetlands remove Fe and Mn from alkaline water at rates of 10-20 and 0.5- 
1.0 d-l, respectively. Wetlands with a composted organic substrate remove acidity from mine 
water at rates of 3-9 gmm-2.d-1. A model for the design and sizing of passive treatmeslt systems is 
presented in this report. 

- - - -- pp -pp - - 

'Research biologist. 
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TREATMENT OF MINE WATER 

The mining of coal in the Eastern and Midwestern 
United States can result in drainage that is contaminated 
with high concentrations of dissolved iron, manganese, 
aluminum, and sulfate. At sites mined since May 4, 1984, 
drainage chemistry must meet strict effluent quality criteria 
(table 1). To meet these criteria, mining companies com- 
monly treat contaminated drainage using chemical meth- 
ods. In most treatment systems, metal contaminants are 
removed through the addition of alkaline chemicals (e.g., 
sodium hydroxide, calcium hydroxide, calcium oxide, sodi- 
um carbonate or ammonia). The chemicals used in these 
treatment systems can be expensive, especially when re- 
quired in large quantities. In addition, there are operation 
and maintenance costs associated with aeration and mixing 
devices, and additional costs associated with the disposal 
of metal-laden sludges that accumulate in settling ponds. 
It is not unusual for the water treatment costs to exceed 
$10,000 per year at sites that are otherwise successfully 
reclaimed. Total water treatment costs for the coal mining 
industry are estimated to exceed $1,000,000 per day ( I ) !  
The high costs of water treatment place a serious financial 
burden on active mining companies and have contributed 
to the bankruptcies of many others. 

Table 1 .--Federal effluent limitations for coal mine drainage 

Pollutant or Maximum for any Average of daily values 
pollutant 1 day, for 30 consecutive 
Property mg-~- '  days mg-L" 

Fe total . . . . . .  6.0 3.0 
Mn total . . . . . .  4.0 2.0 

pH between 6.0 and 9.0. 

The high costs of chemical systems also limit the water 
treatment efforts at abandoned sites. Thousands of miles 
of streams and rivers in Appalachia are currently polluted 
by the input of mine drainage from sites that were mined 
and abandoned before enactment of strict effluent regula- 
tions (2-3). State and Federal reclamation agencies, local 
conservation organizations, and watershed associations all 
consider the treatment of contaminated coal mine dis- 
charges to be a high priority. Unfortunately, insufficient 
funds are available for chemical water treatment, except in 
a few watersheds of special value. 

Natural processes commonly ameliorate mine drainage 
pollution. As contaminated coal mine drainage flows into 
and through receiving systems (streams, rivers, and lakes), 

4~talic numbers in parentheses refer to items in the list of references 
at the end of this report. 

its toxic characteristics decrease naturally as a result of 
chemical and biological reactions and by dilution with 
uncontaminated water. The low pH that is common to 
many mine drainages is raised when the water mixes with 
less acidic or alkaline water or through direct contact with 
carbonate rocks. Metal contaminants of coal mine 
drainage then precipitate as oxides and hydroxides under 
the aerobic conditions found in most surface waters. Dis- 
solved Fe precipitates as an oxyhydroxide, staining the 
bottoms of many streams orange and often accumulating 
to sufficient depths to suffocate benthic organisms. Less 
commonly, dissolved Mn precipitates as an oxide that 
stains rocks and detrital material black. Dissolved A1 
precipitates as a white hydroxide. 

During the last decade, the possibility that mine water 
might be treated passively has developed from an experi- 
mental concept to full-scale field implementation at hun- 
dreds of sites. Passive technologies take advantage of 
natural chemical and biological processes that ameliorate 
contaminated water conditions. Ideally, passive treatment 
systems require no input of chemicals and little or no 
operation and maintenance requirements. The costs of 
passive treatment systems are generally measured in their 
land use requirements. Passive treatment systems use con- 
taminant removal processes that are slower than that of 
conventional treatment and thus require longer retention 
times and larger areas to achieve similar results. 

The goal of passive mine drainage treatment systems 
is to enhance the natural amelioration processes so that 
they occur within the treatment system, not in the re- 
ceiving water body. Two factors that determine whether 
this goal can be accomplished are the kinetics of the 
contaminant removal processes and the retention time of 
the mine water in the treatment system. The retention 
time for a particular minesite is often limited by available 
land area. However, the kinetics of contaminant removal 
processes can often be affected by manipulating the 
environmental conditions that exist within the passive 
treatment system. Efficient manipulation of contaminant 
removal processes requires that the nature of the rate- 
limiting aspects of each removal process be understood. 

This U.S. Bureau of Mines (USBM) report describes 
the chemical and biological processes that underlie the 
passive technologies currently used in the eastern United 
States for the treatment of contaminated coal mine 
drainage. After reviewing the background of passive treat- 
ment and the methods used in these studies (Chapter I), 
the chemical behavior of mine drainage contaminants is 
reviewed (Chapter 2). This discussion highlights the dif- 
ference between alkaline and acidic mine water, and de- 
tails the processes in passive treatment systems that 
generate alkalinity. In Chapter 3, contaminant removal is 



evaluated for 13 passive treatment systems through the 
calculation of contaminant removal rates. These rates, 
which incorporate the size of the treatment system, the 
flow rate of the water, and mine drainage chemistry, are 
the only measures of treatment system performance that 
can be reliably compared between systems. In Chapter 4, 
the chemical background provided in Chapter 2 and the 
observed contaminant removal rates presented in Chap- 
ter 3 are combined in a model that gives design and sizing 
recommendations for future passive treatment systems. 
Chapter 5 summarizes the results of this study and iden- 
tifies future research needs. 

BACKGROUND OF PASSIVE TREATMENT 

The current interest in passive treatment technologies 
can be traced to two independent research projects that 
indicated that natural Sphagrzum wetlands caused an 
amelioration of mine drainage pollution without incurring 
any obvious ecological damage (4-5). These observations 
prompted the idea that wetlands might be constructed for 
the intentional treatment of coal mine drainage. Research 
efforts were initiated by West Virginia University, Wright 
State University, Pennsylvania State University, and the 
USBM to evaluate the feasibility of the idea. As a result 
of promising preliminary reports (6-a), experimental wet- 
lands were built by mining companies and reclamation 
groups. Initially, most of these wetlands were constructed 
to mimic Sphagnum moss wetlands. However, Sphagnum 
moss was not readily available, proved difficult to trans- 
plant, and tended to accumulate metals to levels that were 
toxic to the Sphagnum after several months of exposure to 
mine drainage (9-10). Instead of abandoning the concept, 
researchers experimented with different kinds of con- 
structed wetlands. Eventually, a wetland design evolved 
that proved tolerant to years of exposure to contaminated 
mine drainage and was effective at lowering concentrations 
of dissolved metals. Most of these treatment systems con- 
sist of a series of small wetlands (< 1 ha) that arc vege- 
tated with cattails (Typha latifolia) (11-12). In northern 
Appalachia, many wetlands contain a compost and lime- 
stone substrate in which the cattails root. In southern 
Appalachia, most wetlands have been constructed without 
an exogenous organic substrate; emergent plants have been 
rooted in whatever soil or spoil substrate was available on 
the site when the treatment system was constructed (13). 

Recently, treatment technologies have been developed 
that do not rely at all on the wetland model that the early 
systems were designed to mimic. Ponds, ditches, and rock- 
filled basins have been constructed that are not planted 
with emergent plants, and in some cases, contain no soil or 
organic substrate (14). Pretreatment systems have been 
developed where acidic water contacts limestone in an 
anoxic environment before flowing into a settling pond or 
wetland system (15). In these cases, the water is treated 
with limestone followed by passive aeration; however, the 
low cost and chemical behavior of limestone make possible 
the construction of wetland systems that should, theo- 
retically, require no maintenance and last for decades. 

A wide diversity of opinions exist on the merits of pas- 
sive treatment systems for mine drainage. Wieder's anal- 
ysis of a survey of constructed wetlands conducted by the 
Office of Surface Mining (OSM) indicated no strong re- 
lationships between concentration efficiency and wetland 
design features, leading him to question the feasibility of 
the constructed wetland concept (12). In a separate study 
by Wieder and his colleagues, measurements of the Fe 
content of Sphagnum peat exposed to synthetic acid mine 
drainage were used to calculate that an average wetland 
system should cease to remove metals after 11 weeks of 
operation (16). These negative reports contrast with many 
other studies of successful wetlands. Examples include an 
Ohio wetland that is treating Fe-contaminated mine 
drainage effectively in its 8th year of operation (17) and six 
Tennessee Valley Authority (TVA) wetlands that have 
produced compliance water for at least 4 years (18). A 
vast majority of the passive treatment. systems constructed 
in the United States during the last decade achieve per- 
formance that is better than Wieder and his colleagues 
would predict, though not necessarily enough to consist- 
ently meet effluent limits. Hundreds of constructed wet- 
lands discharge water that contains lower concentrations 
of metal contaminants than was contained in the inflow 
drainage. These improvements in water quality decrease 
the costs of subsequent water treatment at active sites and 
decrease deleterious impacts that discharges from aban- 
doned sites have on receiving streams and lakes. In gen- 
eral, the systems that are not 100% effective were im- 
properly designed, were undersized, or both. This report 
has been prepared so that designers of future systems can 
avoid these errors. 
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