
 

 

 
Jeff Skousen, Carl Zipper, Art Rose,  

Bob Nairn, Paul Ziemkiewicz, Louis McDonald 



Eastern USA Experience 
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Sulfur in all of these areas 



Mountaintop Mining 



60% of WV Coal from Underground Mines 



Pyrite 

 
Fool’s 

Gold 



Pyrite        Oxidation and Hydrolysis 

Sulfuric Acid Yellow Boy 



Oxidized Salts from pyrite  



Some rocks are very reactive! 



Water dissolves salts, leaches 



AMD Staining of Stream 



Anthracite 

While many areas in the USA have mine drainage, 

the most severe areas are in the…  

Anthracite and Northern Appalachian regions. 

Northern Appalachia 



Northern Appalachia Anthracite 

Streams Impacted by 

Acid Mine Drainage 

(EPA, 2005) 



Northern Appalachia Anthracite 

Streams Impacted by 

Acid Mine Drainage 

(EPA, 2005) 

Morgantown 

WVU 



Impacts on Fish 



Many miles of streams with AMD! 



Contaminated streams flow into larger streams/rivers 



Gob or Refuse Piles 



Surface Mines 



Much AMD from  

Abandoned Underground Mines 



AMD in Colorado – Metal Mines 



Anaconda, Montana 



BC, Canada 



South Korea 



Norway 



Wales, UK 



Bolivia 



Gordon



South Africa 



August 9, 2015 – Colorado 

Gold King Mine 

Cement Creek – Silverton 

Animas River downstream 



• Overburden Analysis 

• Mining Techniques 

• Control Water 

• Alkaline Addition 

• Barriers 

 

PREDICTION AND 

CONTROL TECHNIQUES 



Core Sampling and Analysis 
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Mixing of 

Acid and 

Alkaline 

Strata 



Special Handling 



Alkaline Addition 





Typical Abandoned Reclamation 



Break down slopes, grade and topsoil 



Revegetate and Control Water! 

90-95% effective 



Refuse Impoundment 

Break Out 





Fill Mine Voids 





Acid Mine Drainage 

Treatment 





Hydrated Lime Silos 



Mixers: aerate and dissolve  



Large Settling Pond 



Sludge Settling 



Aquaculture 





AMD Treatment Plant at Mettiki 

 

       Trout 

 

 

 

 

 

High Density Sludge 

Thickeners 



Lime 

Doser 

 
EPA - CO 



Caustic Tank 

NaOH 



Ammonia - NH3 



Coagulants and Flocculants 



Sludge 



Expensive to Pump Ponds 



Uses of Sludge? 



John Owsiany 

Director-Water Systems and Operations 



Reverse Osmosis 

Water Treatment Facility 



Passive AMD Treatment 



Passive Treatment Systems 

Aerobic Wetlands 

Anaerobic Wetlands 

Vertical Flow Wetlands 

Anoxic Limestone Drains 

Open Limestone Channels 

Alkaline Leach Beds 

Diversion Wells 

Limestone Sand 
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Wetlands serve as filtering systems 

Slowing water allows precipitation of metals 

Cation exchange on sediments and organic matter 



Generally, longer retention 

gives better removal efficiency 



Anaerobic Wetland Substrate Design 

Lots of different recipes for the substrate 



Cattails are universal! 



Construction Specs 
Limestone in bottom 

Organic Matter 



Plants 

Organic Matter 

Limestone 



My first system - 1985 





Sequential Filtering and Treatment 



Development  !   Eventual Failure? 

 

   Maintenance? 
 

 

 

 

WV AML built 100’s of these! 



Anoxic Limestone Drains 



Air trap outlet 



Plugging of Limestone 



Autopsy of Failed ALD 



Vertical Flow 

Wetlands 

Combine 

Wetland with 

Anoxic LS Drain 



Pipes and Drainage Systems! 



Organic matter over the top 



Water 1 to 3 feet on top to drain down 

through layers 



Flushing 





Bioreactor for Selenium 



Selenium Bioreactor 



Open Limestone Channels 



Limestone Diversion Wells 

water power & churning 



Limestone Sand Dumping 
 

Works Great!  But… 



Limestone Ponds 



Bob Hedin, Flushable Limestone Bed 



Slag Ponds 



Steel slag 

Ponds 

•  Steel slag = calcium 

aluminosilicate oxides 

•  Source is Mingo 

Junction OH, steel mill 



Manganese Polishing Bed 



Low pH Iron Oxidizing Channels 
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Sequence of Passive Systems in Wales 



Tab-Simco AMD Passive Treatment System 



Bob Hedin 



 
   

Aerobic wetland  10 g Fe m-2 d-1 

        1 g Mn m-2 d-1
      

Anaerobic wetland    3 g acidity m-2 d-1 

     10 g Fe m-2 d-1 

   

Vert Flow Wetland  35 g acidity m-2 d-1

   



   

Anoxic LS Drain   15 hr residence time 

     50 g acidity ton-1 d-1 

 

Open LS Channel  Load and Retention    

 

Limestone Pond   2 hr residence time 

 

Steel-Slag Pond   1,000 g acidity ton-1 d-1   

 

Limestone Sand   2x Acid Load  



Conclusions 
Provides Alternatives to Chemical 

Treat Small Flows with Low Acidity 

Require Maintenance 

Longevity 

 



Comments and Questions? 


