Semi-Passive Bioreactors and RCTS Lime Treatment at Remote Sites
Timothy K. Tsukamoto1 and Vance Weems2
1.  TKT Consulting

2050 Driscoll Dr

Reno, NV 89509

tsukamoto.tim@gmail.com

2. Ionic Water Technologies

405 Western Road, Unit 55, 
Reno, NV 89505
vweems@iwtechnologies.com
There are many strategies for treating acid mine drainage.   Passive systems are often utilized for sites that have low to moderate metals concentrations and are often not effective at treating for constituents like cadmium and manganese that require high pH for removal.  At sites with more complex chemistry, higher acidity, and higher concentrations of metals, active treatment systems are preferred.    
This paper presents two technologies that are used on remote sites with moderate to high concentrations of metals and diverse chemistry.  The goal of these projects is to treat the acid mine drainage to discharge objectives, while keeping costs at a minimum.   
Introduction

Acid mine drainage (AMD) varies in composition from site to site.  In the coal regions in the Eastern United States the AMD metals composition is often dominated by iron and aluminum with low to moderate acidity.  Passive systems are common in this region. When designed appropriately these systems are often effective at treating the AMD.  The metal mines in the Western United States often have iron and aluminum, but also have trace metals such as nickel, copper, zinc and cadmium.  In addition, the pH is often below 3 and the acidity is frequently greater than 2,000 mg/L.  On these sites, complex active systems are common.  These systems are effective at treating the water but typically have much higher operations and maintenance costs. 

Presented below are systems that treat AMD on remote sites with varying chemistry.  The Leviathan Mine and the Nacimiento Mine utilize semi-passive sulfate-reducing bioreactors to precipitate iron and trace metals as metal sulfide complexes.  These semi-passive systems are novel because the metals are precipitated outside of the bioreactor where it can be removed for disposal.  Unlike passive systems, these systems do require some power, however they can be operated with less frequent maintenance when compared to active lime treatment systems and can still treat AMD with diverse chemistry and high metals concentrations.
The Leviathan Mine, Elizabeth Mine, Landusky Mine and a confidential mine in Alaska all use the Rotating Cylinder Treatment System (RCTS) to treat AMD on remote sites with moderate to high metals concentrations.  The RCTS system was chosen on these sites because the system could be mobilized and installed very quickly.  At the Leviathan Mine the RCTS was compared with conventional lime precipitation to determine lime efficiency, residence time and power requirements.

Semi-passive Bioreactors

Leviathan Mine (Aspen Seep)

A semi-passive bioreactor was constructed and completed in the spring of 2003 to treat AMD at the Aspen Seep at the Leviathan Mine.  The Leviathan Mine is a remote site located at approximately 7,000 feet in the Sierra Nevada Foothills near Lake Tahoe.  The site often has over 4 feet of snow at the treatment system during the winter and cannot be accessed by automobiles from November until April.  The system is composed of a pretreatment pond, two rock substrate bioreactors and two settling ponds.  The system functions by diverting untreated AMD around the bioreactor and mixing the untreated water with sulfide laden water from the bioreactors.  When the two waters mix the sulfide reacts with the divalent metals to form metals sulfides.  Sodium hydroxide is also added to promote sulfide precipitation.  The insoluble metal complexes then settle out in the settling ponds and water free of metals is then pumped to the bioreactors along with ethanol.  The sulfate-reducing bioreactors contain sulfate-reducing bacteria which utilize the ethanol as a carbon and food source to convert sulfate to sulfide.
The system was designed to treat 20 to 30 gpm and receives an average flow of 12 gpm.  From 2003 to 2006 when the University of Nevada operated the system, site visits occurred one to two times per month during the winter months to adjust ethanol and sodium hydroxide delivery and to maintain pumps and the diesel generator.  More frequent weekly visits occurred during the summer when sludge management was required.
Nacimiento Mine

A semi-passive bioreactor was constructed in 2009 to treat AMD at the Nacimiento Mine in New Mexico.  The Nacimiento mine is a remote site located at approximately 7500 feet near Cuba, New Mexico.  The site receives considerable snow and temperatures below 0 degrees F are often observed in the winter.  The system is composed of a settling pond, a bioreactor and an aeration cascade.  The system functions by pumping sulfide laden water from the bioreactor to the settling pond where the untreated AMD is mixed with the sulfide laden water and sodium hydroxide (when required).  The insoluble metal complexes then settle out in the settling pond.  Water free of metals drains to the bioreactor and ethanol is added.  The sulfate-reducing bioreactor contains sulfate-reducing bacteria which utilize the ethanol as a carbon and food source to convert sulfate to sulfide.

The system was designed to treat up to 120 gpm.  In 2010 the system operated at 30 to 120 gpm.  The system is designed to operate remotely with infrequent site visits.  However, the site was vandalized 2 times in 2010 and site visits have occurred more frequently than designed to discourage vandalism.

An aeration system is currently being added to the system to remove residual sulfide and calcium carbonate which forms in the discharge.

RCTS™ Technology

The Rotating Cylinder Treatment System (RCTS™) replaces the reaction vessels, compressors, diffusers and agitators found in conventional systems. The oxidation and mixing is accomplished by passing the untreated acid mine drainage and lime slurry through a containment cell, in which a perforated cylinder rotates. As the cylinder rotates, a film of water adheres to the inner and outer surfaces where gas exchange occurs. In addition, water bridges across the perforations for additional gas exchange.
The agitation is provided primarily by the impact of the perforations with the water flowing through the containment cell. Air is forced into the water where additional gas transfer can occur. The turbulence that is produced provides efficient lime mixing and dissolution. In addition, excess carbonic acid is degassed from solution. As a result less lime is consumed and less sludge is produced. 
This paper provides a brief summary of several projects that use RCTS on remote sites. Direct comparisons of the RCTS™ with conventional lime treatment are provided for two projects (Leviathan Mine 2004 and Leviathan Mine 2006). The ability to respond quickly for emergency treatment is highlighted at two sites (Leviathan Mine 2006 and Landusky).  The use of RCTS in conjunction with silo fed calcium oxide is highlighted at the Elizabeth Mine.
Leviathan Mine 2006
An RCTS was mobilized in an emergency effort to treat approximately 7.5 million gallons of water containing iron as high as 610 mg/L aluminum as high as 490 mg/L along with nickel, copper, zinc, lead, arsenic and cadmium.  Following approval to begin the job, the road was plowed through drifts as deep as five feet and the entire system was mobilized and set up in approximately one week.  The system operated 24 hours per day with a two man crew on site an average of 4.6 hours per day.  All of the US EPA directives were met and approximately 1800 yd3 of sludge were removed at the end of the project.
The RCTS system was compared with a conventional treatment system on site.  The RCTS used 49% less lime and required less power.
Leviathan Mine 2004
An RCTS was mobilized to treat AMD at Pond 4 at the Leviathan Mine during seasonal treatment of the Underdrain and Delta Seep.  The RCTS treatment was compared with a conventional treatment system on site.  The RCTS utilized 41% less lime and required 70% less power than the conventional system.
Elizabeth Mine 

An RCTS treatment system is currently being utilized at the Elizabeth Mine in Vermont to treat AMD at 18 to 100 gpm containing ferrous iron at near 1000 mg/L.  The system operates seasonally and utilizes silo fed calcium oxide in conjunction with an IWT grinder/slaker to produce lime slurry.  
Landusky Mine (Swift Gulch)

An RCTS treatment system is currently being utilized at the Landusky Mine in Montana to treat AMD at 75 to 500 gpm.  The initial RCTS system was chosen due to its compact size and the ability of the system to be mobilized quickly in an emergency effort.  The AMD at Swift Gulch contains iron as high as 100 mg/l and also contains Al, As, Cd, Cu, Mn, Ni and Zn.  The system operates seasonally and utilizes silo fed calcium hydroxide to produce slurry.  The slurry is fed to a dosing tank where the AMD pH is adjusted.  The AMD then flows to the RCTS where residual lime dissolves and the iron is oxidized.  The metal sludge is settled in a settling pond and the water discharges by gravity overflow.
Confidential Alaska Mine 

An RCTS treatment system is currently being utilized at a confidential site in Alaska to treat AMD at 5-60 gpm.  The system was chosen due to its compact size and the ability of the system to be mobilized quickly.  The fully automated system was mobilized to the remote site in Alaska and was treating water 5 weeks after approval was received to execute the project.  The site AMD has complex chemistry because it contains aluminum which precipitates at a pH of approximately 7 and cadmium and manganese which require a much higher pH for removal.  The entire system is housed in three connex-style sea containers to provide protection from the elements.
