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SULFATE REMOVAL IN BIOCHEMICAL REACTORS AND
SCRUBBERS TREATING NEUTRAL LOW-METAL CONCENTRATION
MIW!

Guadalupe Fattore, James Gusek,® Thomas Clark,* and Lee Josselyn®

Abstract. Sulfate and metals are commonly found in mining influenced water (MIW). A
biochemical reactor (BCR) is an established technology that can remove sulfate and metals.
Three organic mixtures were bench-tested for approximately six months to decrease sulfate
concentration in a circum-neutral pH MIW containing low metal concentrations. Organic
materials included wood pellets, oat straw, biochar, and manure as an inoculum. These
were blended with limestone-dolomite sand. Additionally, sulfide polishing units (SPUSs),
which were charged with native soil from the site, zero valent iron (ZVI), or magnetite,
were evaluated for removal of dissolved sulfide discharged from each of the BCRs.
Median MIW influent contained about 3000 mg/L of sulfate and very low concentrations
of metals. The flow rates varied from 144 to 1,231 mL/day. Among all the BCRs tested,
the hydraulic retention times varied from 5 to 75 days. All BCRs demonstrated similar
removal rates of about 1.3 (BCR 1), 1.4 (BCR 2), and 1.6 (BCR 3) mol SO4?/m3-day during
the last week of testing. While the SPUs removed dissolved sulfide from the BCR effluents
as expected, they removed sulfate as well. Dissolved organic carbon in the BCR effluents
promoted sulfate-reducing microbial activity in the SPUs where the inorganic materials
functioned as a solid support for the microbial community. The magnetite was not an
effective medium for post-BCR sulfate removal. Sulfate removal efficiencies in the BCRs
were 55% (BCR 1), 57% (BCR 2), and 67% (BCR 3) during the final week of the bench-
scale testing. Sulfate removal in the SPUs (from the BCRs effluents) was 35% and 37%,
for SPU 1 and SPU 2, respectively. Novel reactor charging configurations in single units
may therefore be much more effective and efficient than approaches exclusively using
lignocellulosic or inert supports. Sulfate reducing microbial populations were still
increasing when the test was concluded.

Additional Key Words: BCR; Sulfate; Organic Mixture.

! Paper presented at the 2017 National Meeting of the American Society of Mining and Reclamation,
Morgantown, WV What’s Next for Reclamation April 9-13, 2017. R.1. Barnhisel (Ed.) Published by
ASMR, 1305 Weathervane, Champaign, IL 61821

2 Project Engineer, Sovereign Consulting Inc. 12687 W. Cedar Dr., #305, Lakewood, CO 80228;

3 Sovereign Consulting, Lakewood, CO;

* Solfatara Laboratories, Golden, CO
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GEOMORPHIC LANDFORM DESIGN PRINCIPLES APPLIED TO AN
ABANDONED COAL REFUSE PILE IN CENTRAL APPALACHIA!

Leslie C. Hopkinson?, Jeffrey T. Lorimer, Jeffrey R. Stevens, Harold Russell, Jennifer Hause, John D.
Quaranta, Paul F. Ziemkiewicz

Abstract. Geomorphic landform design is a reclamation technique that may offer
opportunities to improve aspects of mine reclamation in Central Appalachia. The design
approach is based on constructing a steady-state, mature landform condition and takes into
account the long-term climatic conditions, soil types, terrain grade, and vegetation.
Geomorphic reclamation has been applied successfully in semi-arid regions but has not yet
been applied in Central Appalachia. This work describes a demonstration study where
geomorphic landforming techniques are being applied to a coarse coal refuse pile in
southern West Virginia, USA. The reclamation design includes four geomorphic
watersheds that radially drain runoff from the pile. Each watershed has one central draining
channel and incorporates compound slope profiles similarly to naturally eroded slopes.
Planar slopes were also included to maintain the impacted area. The intent is to reduce
infiltration rates which will decrease water quality treatment costs at the site. The
excavation cut and fill volumes balanced to approximately 250,000 yd®. This volume is
comparable to those of more conventional refuse pile reclamation designs. If proven
successful then this technique can be part of a cost-effective solution to improve water
guality at active and future refuse facilities, abandoned mine lands, bond forfeiture sites,
landfills, and major earthmoving activities within the region.

Additional Key Words: demonstration site, channel design, short paper fiber
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CLUSTER PLANTING: EARLY ENHANCEMENT OF STRUCTRUAL
DIVERSITY IN A RECLAIMED BOREAL FOREST !

Bradley D. Pinno, > Amanda Schoonmaker, Cagdas Kera Yiicel, and Robert Albricht

Abstract: Planting trees is an important step in re-establishing functioning
forest ecosystems after industrial land disturbances. Conventional planting
practices create forests with evenly spaced trees, at low density, which
maximizes individual tree growing space but delays the time until crown
closure, potentially for decades. In this study, the first operational cluster
planting trial for reclaimed boreal forest, we examined first year tree growth
and vegetation competition results of a cluster planting trial in which
trembling aspen (Populus tremuloides) trees were planted in clusters of 4,
10, or 20 trees with an internal spacing of 0.25 m along with non-clustered
controls. Clustering of aspen seedlings had a measurable impact on the
relative proportions of tree and competing vegetation cover with increased
tree cover and decreased forb cover in the 10 and 20 seedling clusters
compared to the controls. Average seedling height and first year height
growth were similar across all cluster treatments but tended to be higher in
the clusters, likely due to the suppression of competing vegetation.
Operationally, there are still many questions to be answered before this
practice can be implemented in a large scale across the landscape. However,
based on our initial results, we believe that cluster planting has the potential
to become a valuable tool for reclamation practitioners.

Keywords: trembling aspen, oil sands reclamation, Alberta, spatial patterns, plant competition

1 Poster presentation at the 2017 Paper presented at the 2017 National Meeting of the American
Society of Mining and Reclamation, Morgantown, WV What’s Next for Reclamation April 9-
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Canada.
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ADVANCEMENTS IN GEOMORPHIC MINE RECLAMATION DESIGN
APPROACH, WYOMING ABANDONED MINE LAND, LIONKOL COAL
MINING DISTRICT, SWEETWATER COUNTY, WYOMING!

Harold J. Hutson,?and Robert W. Thoman

Abstract: Following the successful pioneering of Natural Regrade™ technology
for geomorphic surface mine reclamation efforts in WY in 2007, the Wyoming
AML Division and their Project Engineer, BRS, Inc. of Riverton, WY, applied this
surface reclamation approach to the Lionkol Project located near Rock Springs,
WY, in Sweetwater County.

The Lionkol Project is located within a historic coal mining district that was
extensively mined underground from the early 1900’s through the 1940’s, then
followed by open pit mining that continued into the early 1970°s. The project was
completed in four phases over a 6-year period, with the final phase completed in
the fall of 2013. The project reclaimed 320 acres of intensely disturbed mine lands
including 5 miles of degraded mainstream drainages.

The Lionkol Project fully implemented methods in geomorphic mine land
reclamation to achieve a sustainable reclaimed landscape that blends with native
topography and provides for long-term erosional stability. The project addressed
hazards and environmental degradation related to historic surface and underground
coal mining while preserving historic features. Design challenges, modifications
in design approach, and innovations are discussed as well as performance
evaluations of the channels and a summary of lessons learned for future efforts.

Additional Key Words: Natural Regrade, erosion, channel stability

! Presented at the 2013 National Meeting of the American Society of Mining and Reclamation,
Laramie, WY. Reclamation Across Industries June 1 - 6, 2013. R.I. Barnhisel (Ed.) Published
by ASMR, 1305 Weathervane Dr., Champaign, IL 61821.

2 Harold J. Hutson, P.E., P.G., Senior Geological Engineer, BRS, Inc., 1130 Major Ave., Riverton,
WY 82501; and Robert W. Thoman, P.E., Project Engineer, BRS, Inc. 1130 Major Ave.,
Riverton, WY 82501.
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GEOCODING LOCATIONS OF HISTORIC RECLAMATION RESEARCH
SITES USING GOOGLE EARTH!

Ruopu Li? and Kaitlyn Holtsclaw

Abstract: The American Society of Mining and Reclamation (ASMR) has been publishing
conference proceedings and journal articles on land reclamation and the protection of soil
and water resources for more than three decades. Much of the technical work presented in
the ASMR conferences and journals contain specific mining sites that are associated with
geographic locations. However, the geographic contexts of these articles were often not
made directly available to the readers. This deficiency affects the abilities of related
professionals to explore the technical reclamation knowledge in terms of its geographic
background. Therefore, it is critical to develop quality-assured geographic references to
the papers published by ASMR. This study used Google Earth and ArcGIS software to
create a series of placemarks that link past ASMR technical articles to the actual locations.
These placemarks can be freely distributed and integrated into the website for web map
display.

Key Words: ASMR, geocoding, ArcGIS, placemark, and Google Earth

1 Paper submitted to JASMR for work done for the ASMR in geocoding locations of historic
reclamation research sites that had been presented separately to the ASMR between 1988 and
1997.

2 Ruopu Li, Ph.D., Assistant Professor, Department of Geography & Environmental Resources

Southern Illinois University-Carbondale, IL 62901; and Kaitlyn Holtsclaw, Department of Plant
Biology, Southern Illinois University- Carbondale, IL 62901.

Click below for full paper or the DOI.
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