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Motivation for Research

» The estimated worldwide liability
costs associated with the current
and future remediation of acid
drainage are approximately $100
billion (Hudson-Edwards et al.
2012).

 Estimated between 95 — 99.999%
of total mined material for metal

mining becomes waste
(Nordstrom 2012).

e Coal mine drainage (CMD) is
responsible for 10,000 km of
streams in the Appalachian
region, Northeastern USA
(Herlihy et al. 1990).
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Description
Abstract Represents the Primary Facility type Coal Mining Operation (CMO) point features. A Coal Mining Operation is a DEP primary facility type related to the Mining Program. The ch coal is cleaned and processed. 
NPDES Discharge Point is an effluent disub-facility types related to Coal Mining Operations that are included are:_____Deep Mine Underground mining of coal. Includes, but is not limited to, portal, tunnel, slope, and drift mines. 
Discharge Point Discharge of water from an area as a result of coal mining activities. 
Mineral Preparation Plant Facility at whischarge at a coal mine operation permitted under the National Pollutant Discharge Elimination System.
Post Mining Treatment Post-mining discharges are groundwater seeps and flows that occur after a mine has been completed and reclaimed. Many of these discharges have become contaminated by contacting acid producing rock in the mine environment. Untreated discharges that enter clean streams cause acidification, which immediately kills much of the aquatic life. Coal mines that are predicted to have discharges are not permitted; however, coal mining operators are required to treat post-mining discharges in cases where the predictions do not come true. Through advances in predictive science, less than 2 percent of the permits issued today result in a post-mining discharge. New technologies, including alkaline addition and special handling of acid producing material, are being studied in order to help address the remaining 2 percent. 
Refuse Disposal Facility An area used for disposal or storage of waste coal, rock, shale, slate, clay, and other coal mining related materials. 
Refuse Reprocessing Facility at which coal is extracted from waste coal, rock, shale, slate, clay, and other coal mining related material, i.e., coal refuse. 
Surface Mine Surface mining of coal by removing material which lies above the coal seam. Includes, but is not limited to, strip, auger, quarry, dredging, and leaching mines.
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Fe(ll) Oxidation Kinetics — Brief Overview
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Research Approach

e Establish Fe(ll) oxidation rates in the field

e Measure laboratory Fe(ll) oxidation rates via constant
flow reactors

e Establish specific properties of Fe sediments — ie:
active microbial biomass and community structure

Goal:

Develop a Fe(ll) oxidation design process to optimize
land use for passive treatment, prior to alkaline
generating processes



Emergence Source Chemistry
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Downstream Source Chemistry
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Measurement of Field Fe(ll) Oxidation Rates

. Geochemical Parameters measured as a
function of distance — pH, ORP, Fe(ll), Fe(T),
DO

e  Concurrent measurements of velocity
where made to establish a hydraulic
residence time.
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Laboratory Fe(ll) Oxidation Reactors

e Sediments reactors
run in triplicate (3)
e Simultaneous ‘no

sediment’ control
reactors (2)

e 8 hour residence
time
e Constant flow rate

confirmed
gravimetrically

e Experiment duration
~60 hours




Laboratory Fe(ll) Oxidation Rates : Experimental Set-up

AMD Feed
Tank

Through
Sediment
Reactors

Real Time pH/ ORP
measurements
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Laboratory Fe(ll) Oxidation Rates
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Laboratory Fe(ll) Oxidation Rates - Real Time pH/ORP
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Phospholipid Fatty Acids (PLFA)

Cell Health

Inside cell
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www. microbe.com Conditions

‘Active’ biomass
concentration, cell
membranes decay
rapidly upon death
Microbial communities
have specific PLFA
profiles (ie;
Proteobacteria,
Anaerobic metal
reducers, eukaryotes)




Phospholipid Fatty Acids (PLFA)
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Comparison of field and laboratory Fe(ll) oxidation rates
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Bioremediation Project — Summerlee, WV

*Courtesy of Levi Rose, Plateau Action
Network



Bioremediation Project — Summerlee, WV

Baffles increase hydraulic residence time

Y o " .\ : .
*Courtesy of Levi Rose, Plateau Action
Network




Bioremediation Project — Summerlee, WV

Pre-Construction PO
Pollutant Construction Reduction

Loading (Ibs/yr) Loading (lbs/yr)

Acid 323,701 214,254 34%
lron 75,385 48,145 36%

*Data Courtesy of Levi Rose, Plateau
Action Network



Conclusions

 We can exploit natural biological
low-pH oxidation processes as a
pre-treatment strategy

 Feremoval enhances the ability
of alkalinity generating
processes

e Design parameters, such as
hydraulic residence time and
surface area, can be optimized

e Variations in biotic diversity and
seasonal variations are poorly
understood

 Bioremediation projects are
currently being explored as
long-term passive treatment
options
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