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Acid Rock Drainage (ARD) can occur during or following surface or underground coal mining 
operations. The conditions needed to create ARD are typically present in coal mining opera-
tions. Combining water, pyrite, oxygen, and bacteria under the right conditions can form ARD. 
The most cost- effective solution to ARD problems is prevention. The coal industry has been 
very successful in preventing ARD through pre-mine evaluation and planning, selective handling 
and encapsulation of toxic materials, hydrologic management of source water, remining and 
reprocessing, daylighting of deep mines, and regrading and revegetation. 
 
Despite the advances in preven-
tion techniques, companies 
operating in the coal regions of 
the United States are often 
faced with the prospect of long-
term treatment of ARD. Many of 
these operations were closed in 
the 1970's or 1980's after pas-
sage of The Surface Mining 
Control and Reclamation Act of 
1977, but ARD continues to be 
a problem. In the past decade 
or so, passive treatment of ARD 
has become an acceptable op-
tion for both mining companies 
and regulatory agencies. How-
ever, passive treatment is not 
applicable to all water treat-
ment situations. 
 
Treatment of ARD typically consists of neutralizing the acidity (as needed), oxidizing the water, 
collecting and managing the metal precipitates, and discharging the treated water. The first 
step in the process is to collect water flow and quality information. Because these discharges 
are typically regulated through National Pollutant Discharge Elimination System (NPDES) dis-
charge points, it is important to include good high flow and low flow data to ensure that the 
treatment systems can function during all anticipated conditions. Typical coal mining NPDES 
permits contain effluent limits for iron, manganese, pH, and settleable solids. In addition to 
these parameters, alkalinity, acidity, aluminum, and any other NPDES parameters should be 
measured for the influent to the treatment system to determine potential treatment alterna-
tives. 
 
The first important factor to consider for the water treatment system is whether a neutralizing 
agent is required (highly alkaline discharges may not require addition of a neutralizing agent.) 
For cost comparisons of active, semi-active, and passive treatment systems, the neutralizing 
agents sodium hydroxide (caustic), calcium oxide (pebble lime), and calcium carbonate 
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(limestone) are con-
sidered. Using ballpark 
costs of $20/ton for 
limestone, $100/ton 
for pebble lime, and 
$0.50/gallon for 20% 
caustic, the relative 
cost per ton of alkalin-
ity purchased is ap-
proximately $20 for 
limestone, $56 for 
pebble lime, and $392 
for caustic. At first 
glance, limestone ap-
pears to be the clear 
choice. However, lime-
stone-based systems 
require a large initial base tonnage and the actual cost per ton of alkalinity used can easily dou-
ble for a 25-year design life.  Additionally, capital costs for limestone systems will likely be higher 
than the alternative pebble lime or caustic systems, while the latter systems will generally incur 
higher annual operating costs. Limestone can be the primary neutralizing agent in passive treat-
ment systems such as anoxic limestone drains, vertical flow wetlands, limestone leach beds, 
limestone channels, and limestone ponds. 
 
The second major consideration is oxidation and aeration. Iron is the most common contaminant 
in coal mine drainage. About 1 mg/L of oxygen is required to oxidize 7 mg/L of iron and addi-
tional oxygen is consumed during the precipitation of iron. In addition, dissolved oxygen becomes 
saturated in water at about 10 mg/L. Therefore, additional aeration steps may be needed for 
each 50 mg/L of iron that exist in the source water. Iron precipitation is also pH dependent. The 
rate of iron oxidation may increase by an order of magnitude by a pH increase of 1 standard unit. 
Vigorous aeration also increases pH through release of carbon dioxide to the atmosphere. Pas-
sive methods may be appropriate to increase dissolved oxygen levels using waterfalls, channels, 
ponds, wetlands, aeration fountains, and windmill aerators. Active aeration methods include 
floating aerators, bubble diffusers, aspiration strippers, sparging rings, or other electrically con-
trolled devices. 
 
The third major component is metal capture and handling. Adequately sized basins are needed 
to ensure that the detention time requirements are met. Sludge handling can be a major opera-
tion and maintenance cost.  The sludge handling system must be carefully considered prior to 
system construction. 
 
What does this mean for an operator considering active and passive treatment options? The an-
swer can vary widely and must be considered on a site-by-site basis. The primary factors which 
drive the final decision from a technical standpoint are availability of space, availability of hydrau-
lic head, availability of power, variability of water flow, variability of water chemistry, and the wa-
ter quality effluent limits which must be achieved. Each technique has an associated require-
ment for space and hydraulic head, among other factors. Land value and additional permitting 
requirements must also be considered. If the site passes the initial test and passive treatment 
may be applicable, a detailed cost evaluation and risk assessment should be performed, paying 
particular attention to operation and maintenance costs. 

Construction of an anoxic limestone drain 
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During the cost evaluation process, impact to long-term bonding requirements cannot be ig-
nored and may be the most important cost consideration in the long-term treatment system 
evaluation. Active treatment systems typically have a lower capital cost and higher operating cost 
when compared with passive treatment.  Therefore, for short evaluation periods, they often ap-
pear to be cost-effective. However, for extended periods, passive treatment systems may become 
the best choice. 
 
The concept of securing a “Long-Term Treatment Trust” has been embraced by the Office of Sur-
face Mining. In Pennsylvania, the Department of Environmental Protection has been actively ap-
proaching operators and has completed agreements with some operators and is negotiating 
treatment trust agreements with other operators. The purpose of the agreement is to secure an 
amount of cash which is invested in interest bearing accounts by the operator. The interest from 
this cash is used to pay for annual operation and maintenance. Mechanisms exist to adjust the 
amount of cash based on changes to the treatment system or changes in the water quality 
treated. As a rule of thumb, the treatment trusts may fall in the range of 20 to 26 times the an-
nual operating cost to achieve “perpetual” treatment. Therefore, it is imperative for the operator 
to minimize annual operation and maintenance costs. This may be accomplished using passive 
treatment if appropriate site conditions exist. 
 
If you would like more information regarding active or passive treatment systems for coal mine 
drainage and the potential impacts to bonding, please contact Terry Schmidt at Skelly and Loy’s 
Harrisburg, Pennsylvania, office. 

An example of a passive iron removal system that meets NPDES permit limits 
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CORPORATE OVERVIEW 
 
An award-winning multidisciplinary consulting firm, Skelly and Loy develops cost-effective, 
practical, and innovative solutions to successfully address the issues facing our clients  
today. 
 
Since 1969, our goal has been to provide clients with quality work performed on time and 
within budget. Our success in achieving this goal is best demonstrated through the            
continued growth of the firm and our portfolio of repeat clients. 
 
With 6 offices and more than 200 employees, Skelly and Loy continues to build our 
strong foundation and enhance our offering of professional services. As a result, our                     
comprehensive engineering and environmental services are extremely diversified.  
 
MISSION STATEMENT 
 
Skelly and Loy is determined to exceed total client expectations in the performance of 
quality engineering and environmental services. 
 
CORE VALUES 
 
• To exceed client expectations through the production of quality work, on time, and 

within budget 
• To keep staff members gainfully employed through challenging work 
• To earn a reasonable profit 
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