SHOULD THERE BE AN AQUATIC LIFE WATER QUALITY
CRITERION FOR CONDUCTIVITY?

S. D. Baker?, S. P. Canton, and R. W. Gensemer

Abstract: There are a number of state and federal agencies calling for
development of aquatic life criteria or thresholds for conductivity, including a
field data-derived benchmark of 300 uS/cm that was recently proposed for central
Appalachian streams chemically dominated by sulfate and bicarbonate salts.
Such directives are based on observed correlations between conductivity and
benthic macroinvertebrate community composition. However, development of a
true aquatic life criterion for a composite variable like conductivity is made
difficult by a number of factors. For example, consistent stressor-response data
are typically required to derive regulatory thresholds using species sensitivity
distributions — i.e., organisms should have a consistent response to a toxicant,
only differing in sensitivity. In addition, other states have evaluated this issue and
determined that a composite variable, like conductivity or TDS, is not appropriate
for criteria development, as toxicity varies strongly as a function of specific ion
composition and is potentially mitigated by elevated hardness. Finally, our
independent statistical analyses of the West Virginia Watershed Assessment
Branch Database (WABDbase) used to create this benchmark indicate there is a real
possibility that observed patterns of invertebrate community composition versus
conductivity may, in fact, be related to a combination of abiotic (ionic
composition, habitat, temperature, flow, channel form, etc) and biotic
(competition, predation, life history patterns) factors — potentially adding an
insurmountable level of confounding. We conclude that the relationships between
conductivity and changes in benthic macroinvertebrate community composition
are not strong, consistent, or reliable enough to warrant derivation of a criterion at
this time.

Additional Key Words: benchmark, West Virginia, Benthic Macroinvertebrates, species-
sensitivity distributions.
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OPPORTUNITY PONDS WETLANDS CONSTRUCTION AND
REVEGETATION!

L.J. Ballek?, and S. Dunlap

Abstract. The Opportunity Ponds Wetlands project is a 2.2 km2 (544 acre) man-
made wetland located 5 km (2.4 miles) east of Anaconda, Montana. A 0.9 km?
(222 acre) area of wetland was planted in 2009, and a 0.65-km? (161 acre) area
was planted in 2010. Careful design, excavation, site shaping, and diligent quality
assurance have resulted in exceptional plant establishment. The area west of the
wetland site was used as a repository for tailings from the smelting of copper ore.
Remediation of the repository includes capping the tailings with soil material
obtained from nearby borrow areas. The Opportunity Ponds Wetlands are being
developed on depleted borrow areas. The goal of the Opportunity Ponds
Wetlands revegetation is to create functional vegetation communities that reflect
natural wetland habitats. Revegetation plans correlate to the topography and
hydrology that have been established. Plants utilized are species observed within
native wetland areas close to the site, and plant communities are arranged in
“planting zones”. Seed for plant production is collected locally and plants are
grown under contract by a native plant nursery. Stringent specifications for plant
production and placement were developed with EPA oversight. Planting and
maintenance activities continue at the site, with final planting to be concluded in
2011. The survival of the 2009 and 2010 plantings has been very good and the
water fowl and wildlife use is increasing. Preliminary monitoring results indicate
that this project will achieve the goals of providing valuable cover material and
creating valuable wetlands for habitat and mitigation.

Additional Key Words: Mitigation, Revegetation Design, Plant Specifications, Mycorrhizal
Inoculation.
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THE INFLUENCE OF INOCULATED AND NATIVE
ECTOMYCORRHIZAL FUNGI ON MORPHOLOGY, PHYSIOLOGY AND
SURVIVAL OF AMERICAN CHESTNUT!

Jenise M. Bauman?, Carolyn H. Keiffer, and Shiv Hiremath

Abstract. The objective of this study was to evaluate the influence of five
different species of ectomycorrhizal (ECM) fungi on root colonization of native
fungi on putatively blight resistant chestnut hybrids (Castanea dentata x C.
mollissima) in a reclaimed mine site in central Ohio. The five species were
Hebeloma crustuliniforme, Laccaria bicolor, Scleroderma polyrhizum, Amanita
rubescens, and Suillus luteus. We used a combination of DNA sequencing of the
ITS region and phylogenetic analyses to indentify fungi found on roots after 12
and 18 months in the field. Non-metric multidimensional scaling (NMDS)
ordinations were used to determine if ECM community composition was
influenced by the fungal inoculum used. The results of this study demonstrated
that the selected ECM species do not persist on chestnut after one year in the
field. In addition, these selected ECM species did not impede natural root
colonization of native fungi or influence ECM community composition after two
growing seasons. Although these species did not persist in the field, the presence
of ECM inoculum (with the exception of Amanita) greatly contributed to the
survival of hybrid chestnut seedlings. Therefore, introduced inoculum that was
present in the very early stages of outplanting had persisting effects with regard to
seedling establishment in the field, even if the original inoculum did not persist.
ECM fungi native to the area colonized chestnuts resulting in increased growth
rates. These native assemblages may contain species better able to form
functional mycorrhizas under these environmental extremes. Therefore, the
conservation of these species may be necessary to facilitate long-term survival of
deciduous tree species historically native to these lands.

Additional Keywords: root colonization of fungi, chestnut restoration.
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RIPARIAN AND WETLAND CREATION ALONG A NEWLY
CONSTRUCTED SEGMENT OF THE EAST FORK OF THE ARKANSAS
RIVER AT THE CLIMAX MINE!

Robin F. Bay?, Kenneth E. Carlson, and Bryce R. Romig

Abstract. During past mining activities the East Fork of the Arkansas River was
diverted through a 2000-foot long concrete pipe where it crosses Climax
Molybdenum Company’s Climax Mine property at approximately 11,150 ft above
mean sea level (3,400 m). In 2006, the mine initiated an ambitious project to
daylight the river into a newly constructed channel. The goals of the project were
to engineer a hydraulically stable and aesthetically pleasing stream channel and
adjoining landform and to establish self-sustaining and diverse riparian and wet
meadow plant communities and viable aquatic habitats.

Revegetation was implemented in 2007 and 2008 after channel and adjacent
topographic feature reconstruction was complete on the 15-acre site. Biosolids,
composted on-site as a part of Climax’s EPA award-winning program, were the
only soil amendment added to the site. Composted biosolids were spread over the
disturbance area at a rate of 400 cubic yards per acre and were incorporated into
the mineral soil fill material to a depth of 12 inches. The upland areas adjacent to
the river were seeded with a mixture of native subalpine species at a rate of 30
pure live seeds per square foot. Additionally, 120 Engelmann spruce and
subalpine fir transplants, harvested on the property, were planted. Along the
banks of the channel, around the lake, and in low-lying swales 108 willow and
birch shrubs, over 500 willow stakes, and over 700 native wetland plug
transplants were planted and a mixture of native subalpine wetland species was
seeded at a rate of 50 pure live seeds per square foot.

After 3 years vegetative cover averages 27.4% over the entire site with 28.2%
cover in upland areas and 11.6% in wetland areas. Survival of transplanted
willows, birches, and cinquefoil was 100%, and spruce survival was 73%.
Willow stake survival was 68% and almost all wetland plugs survived.

Additional Key Words: native revegetation, mine reclamation, biosolids, high
altitude, subalpine
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BOND RELEASE CALCULATIONS AT WYOMING MINES!
Scott Belden?

Abstract: In addition to the technical analysis verifying the partial or final
completion of reclamation, the reduction in reclamation liability must be
calculated as part of the bond release process. While not overly sensational or
scientifically interesting, the calculated reduction in reclamation performance
bond amount dollars is the measure of successful completion of reclamation.
Through collaboration with the regulatory authority in Wyoming, the method for
making these calculations for partial bond release requests has now been
established for Peabody Powder River Operations, LLC mines.
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HOW MUCH BOND MONEY CAN I GET BACK?: DETERMINING THE
APPLICABLE BOND AMOUNT TO RETURN DURING BOND RELEASE'

Janet H. Binns

Abstract: How the Colorado DRMS applies the 60%, 85%, and 100% of
“Applicable” amount to requested bond release areas. As mines in Colorado are
reclaimed and meet their liability time periods, operators request bond release of
portions of the permit area. Over time, mines may have varying percentages of
the permitted area in various stages of bond release, i.e., phase I, Il and I1l. At the
same time the reclamation liability continues to be re-evaluated and increased or
decreased based upon reclamation cost estimates. States also must determine how
much liability needs to remain after partial and phased bond releases.
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OSM’S ROLE IN BOND RELEASE FOR WESTERN COAL MINING'

Alan Boehms?

Abstract: OSM has various roles in bond release. As the regulatory authority for
coal mining under the Washington Federal Program and the Federal Program for
Indian Lands, OSM experiences many challenges with bond release. With
oversight evaluation of SMCRA regulatory programs in the various states, OSM
has responsibilities ensuring effective regulatory programs and responsibilities
pertaining to bond release of federal lands (cooperative agreements). OSM also
provides technical assistance and training to state regulatory programs and funds
research. The presentation will show some of the challenges with bond release
and show an example of OSM technical assistance provided to a state regulatory
authority (Wyoming Land Quality Division GIS/GPS Utilization for Bond
Release Pilot Project with Powder River Coal Company). The potential for OSM
rulemaking to improve the timeliness with which permittees apply for bond
release may be mentioned which should generate “why?” questions and lively
discussion.
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USING SPREADSHEETS TO EVALUATE THE EFFECTS OF MINE
WATER DISPOSAL ON SURFACE AND GROUND WATER!

Lisa M. Boettcher?

Abstract: Spreadsheets can be used to provide an accurate and straightforward
method of modeling the effects resulting from the disposal of treated and
untreated mine wastewaters using percolation and land application disposal on
surface and ground water quality. Spreadsheets are more user-friendly than many
ground water modeling programs. Spreadsheet models are a valuable tool that
can be used to evaluate the potential effects of a new mine, proposed revisions to
a mine’s operating permit throughout mine life, water disposal options in
preparation for closing tailings impoundments, and for disposal of adit water. As
mining progresses, adjustments may be made to the formulas and input values to
reflect changes in water quality and quantity, hydrogeologic data, mine
wastewater treatment efficiency, method or volume requiring disposal (water
balance), and other changes that may occur in the composition of the mine
wastewater streams. The spreadsheet models are constructed using basic data
(e.g., hydrogeologic, wastewater quality and quantity, treatment, storage, and
disposal system capacities, etc.), Darcy’s equation, standard mixing zone
calculations, and weighted-average equations. The calculations used are
consistent with those of the National Pollutant Discharge Elimination System
(NPDES) permitting for discharges to surface water and to ground waters that
discharge to surface water. The use of spreadsheets is an innovative approach to
identify water disposal requirements and the more critical elements of a water
management system so that the most effective capital investment can be made
during operations, and to identify operational mitigations that should be
implemented to avoid costly issues during closure.

Additional Key Words: land application disposal, percolation, modeling, mine
water management, mixing zone.
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PREDICTING TOPSOIL BALANCE FROM DIFFERENT LEVELS OF
SOIL SURVEY!

B.A. Buchanan? and B. D. Musslewhite

Abstract: Developing a topsoil material balance is a required part of most
surface coal mine permits. Mapping scale can greatly affect the accuracy of
predicting soil attributes. One example is the effect of scale on accurately
estimating location and depth of soils suitable for salvage and subsequent use as
topsoil. This study is a comparison of estimating topsoil volumes and locations
using three levels of soil mapping within the same resource area. The study area
is approximately 850 ha consisting of complexes and consociations of highly
contrasting soils ranging in depth and suitability.

One level of mapping represents a general soils map presented at a scale of
1:63,360. The volume of topsoil estimated from the general soils map is
approximately 5.7 million bank cubic meters (bcm). The second level is a
reconnaissance survey presented at a scale of 1:12,000. The volume of topsoil
estimated from the reconnaissance survey is approximately 3.1 million bcm. The
third level is a detailed soil grid, established with sample points on 35 m centers
and presented at a scale of 1:6,000. The estimated volume of topsoil from the
grid sampling is approximately 3.7 million bcm.

The detailed soil grid (1:6,000 scale) is considered the best representation of
topsoil volume, depth and location. The general soils map (1:63,360 scale)
approximates are nearly double the volume estimated from the detailed map and
also poorly represents the estimated depth and location of topsoil. The
reconnaissance level (1:12,000 scale) predicts the topsoil volume to be within
20% of the volume predicted by the detailed soil survey. In this study, the
materials balance was best estimated using the detailed soil grid rather than the
other two soil surveys.

Additional Key Words: soil mapping, cover soil, topdressing, map scale
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SOIL DEPTH RELATIONSHIP WITH SPECIES COVER AND
CONSTANCY IN RECLAMATION*

Bruce A. Buchanan? and Anne Wagner

Abstract: Interim reclamation has been conducted as part of routine operations at
the Chevron Mining Inc., Questa Mine tailing facility since the 1970s. Native soil
borrow material has been placed over areas of inactive tailing deposition at
varying depths over the years. In some areas native plant establishment has been
allowed to occur, in others, seeding of interim vegetation has taken place. The
applications of soil are part of an interim reclamation process and are expected to
be representative of conditions for final closure and reclamation. The depth of
application varies and provides an opportunity to evaluate the effects of soil depth
on vegetation responses. Historically, the relationships of total vegetation cover
and depth of soil have been insignificant and have no biological value. In 2010,
relationships of soil depth to specific plant species were evaluated. Analyses
considered cover values for all plant species and also plant constancy values.
Similar to previous years, there are no relationships of any biological significance.
The conclusion is that soil depth at this site has a small role in affecting variation
in total plant cover, species cover, and species constancy.

Additional Key Words: topsoil, cover soil, reclamation
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REFORESTATION GUIDELINES FOR UNUSED SURFACE MINED
LANDS: DEVELOPMENT, APPLICATION AND ADOPTION*

J. Burger?, C. Zipper, P. Angel, D. Evans, and S. Eggerud

Abstract. More than 600,000 hectares of mostly forested land in the Appalachian
region were surface mined for coal under the Surface Mining Control and
Reclamation Act. Today, these lands are largely unmanaged and covered with
persistent herbaceous species, such as fescue and serecia lespedeza, and a mix of
invasive and native woody species with little commercial or ecological value.
Some landowners and surrounding residents would like to restore native forests
on some of these lands for the valuable products and services they provided prior
to mining. For these lands to become productive forests, intervention is needed to
loosen compacted mine soils, correct chemical or nutrient deficiencies, and
replace the current vegetation. Reforestation guidelines to restore native forests
on mined lands that are unoccupied, unmanaged, and unproductive were
developed. Practices include land clearing, mine soil tillage, fertilization, tree
planting, weed control and monitoring. The recommended practices were tested
on a 35-ha mine site, originally reclaimed to grassland and bond-released in 1997.
After the second growing season mean stocking of 885 ha™ was achieved. Five of
the six primary planted species (black, white, and red oak, tulip poplar, black
cherry) had statistically equivalent stocking, but tulip poplar and black cherry had
the highest mean height and biomass. Volunteer trees occurred on most
measurement plots; most volunteer trees were native but invasive shrubs were
also present. The pre-existing vegetation proved to be persistent and competitive,
demonstrating the importance of vegetation control and strategic nutrient
application to reforestation success. Under leadership provided by the
Appalachian Regional Reforestation Initiative, a group formed by the Office of
Surface Mining and seven state regulatory authorities, these procedures have been
adopted and applied by watershed improvement groups, forestry and fish/wildlife
agencies, coal companies, environmental groups, and an electrical generating
company pursuing carbon credits.

Additional Key Words: Appalachian coal fields, ecosystem restoration, nine
reforestation, ARRI, tree planting
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SUSTAINABLE MINED LAND RECLAMATION IN THE EASTERN U. S.
COALFIELDS: A CASE FOR AN ECOSYSTEM RECLAMATION
APPROACH?

J. A. Burger?

Abstract. The demand for energy throughout the world grows each day, and coal
will be needed to meet a large portion of that demand. Coal mining techniques in
the Appalachian and Midwestern coalfields have evolved to mine larger land
areas and multiple seams at greater depths. New reclamation methods and
approaches also must evolve to minimize cumulative impacts on aquatic,
terrestrial, and human resources. Mined land reforestation practices over the past
80 years illustrate the evolution of reclamation in the eastern coalfields of the U.
S. Prior to the implementation of the Surface Mining Control and Reclamation
Act (SMCRA), tree planting was synonymous with reclamation. Grassland
reclamation became the dominant approach post-SMCRA. As stakeholders of the
mining and reclamation process have begun to appreciate the value of forest
ecosystems, there is greater emphasis on ensuring land and forest restoration and
proper ecosystem functioning on reclaimed mined land. A forestry reclamation
approach is supplanting grassland reclamation where forests are the logical post-
mining land use. Restoring forestland capability, native species, and watershed
protection are positive outcomes. However, greater public demand for stream
protection, water quality, biodiversity, carbon sequestration, native wildlife
habitat, and human protection may require a more comprehensive ecosystem
reclamation approach. In my view, the components of such an approach already
have a good basis in science and could be applied through a process of adaptive
management in the event such an approach is needed to help the coal industry in
the U. S. maintain its social license to operate.

Additional Key Words: mountaintop mining, coal mine reclamation, mine
reforestation, Forestry Reclamation Approach, ecosystem restoration.
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PROMOTING INNOVATIVE RECLAMATION AND BOND RELEASE IN
NEW MEXICO!

Dave Clark?

Abstract: Bond release activity on New Mexico’s coal mines will be
summarized, and our responses to unusual bond release scenarios will be
addressed. Policies used to promote innovative reclamation will be discussed,

and our responses to funding and staffing challenges in consequence of bond
release will be presented.
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ANALYSIS OF REMEDIATION STRATEGIES FOR RADIONUCLIDE-
CONTAMINATED SOILS IN URANIUM MINING!

Lisa Cox? and Peter Stahl

Abstract. Wyoming is the largest producer of uranium in the United States. An
increase in exploration and extraction comes with renewed interest in nuclear
power. Associated is a need to be prepared for handling radionuclide-
contaminated soils from leaks and surface spills during in-situ recovery (ISR) of
uranium.

Uranium mining is controversial in the United States. Consideration of methods
for remediating contaminated soils is warranted for economic, environmental, and
public health reasons. While uranium is removed in the mining process, radium
contamination is of concern when leaks or spills occur. Research exists on
treatment strategies for radium in soils, including physical, biological and
chemical methods. Commonly, contaminated soils are removed and transported
off-site for disposal at Nuclear Regulatory Commission (NRC)-approved
facilities. This can be quite expensive and involves the added risk of transport of
radioactive material along public highways. Having plans in place for otherwise
dealing with soils in the event of contamination would be beneficial to industry
from economic, regulatory and public relations standpoints.

A two-phase study has been designed in which an extensive literature review is
conducted of methods used to mitigate radionuclide contamination of soils,
particularly that of ***radium (**°Ra), and then lab results are used from radium-
contaminated soils specific to a Wyoming mine site to determine a remediation
strategy for implementation. Feasibility of strategies are analyzed in relation to
soil and vegetation characteristics typical of Wyoming uranium mine lands, so
that operators will have access to this information when deciding the best course
of action for handling radionuclide-contaminated soils.

Preliminary results of the first stage of this project show a dearth of studies on
radium in soils, but that some physical, biological and chemical methods have
been used and may warrant further consideration.

Additional Key Words: ISR (in-situ recovery), radium, radiochemistry
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SOIL CARBON TRENDS IN RECONSTRUCTED MINE SOILS TO
HERBACEOUS AND WOODY VEGETATION PRESCRIPTIONS IN
SOUTHWEST VIRGINIA?

N.G. Craig? B.D. Strahm, J.A. Burger, W.L. Nash, and W.L. Daniels

Abstract: Public and economic desires to return reclaimed coalmines to native
hardwood forest instead of traditional herbaceous rangeland have shifted post-
mining land use goals of surface mine reclamation and revegetation in the
Appalachian region. This study focuses on the development of soil carbon in
coalmine topsoil substitutes under herbaceous or forest vegetation after several
decades of weathering in place. In 1982, plots were constructed at the Powell
River Project and Educational Research Center in Wise County, VA from the
overburden of an adjacent coalmine. Sandstone and siltstone were used in
varying ratios as topsoil substitutes. For the duration of the study, subplots have
been kept under herbaceous (i.e. tall fescue) or forest (i.e. pitch x loblolly pine,
northern red oaks) vegetative cover. Soil samples from 0to 5 cm, 5 to 25 cm were
taken from the herbaceous half in 2008 and from the forested half in 2010 and
analyzed for soil carbon contents, including total carbon, soil organic carbon and
soil organic matter. Comparisons of carbon contents show how reclamation
trajectories can differ with contrasting topsoil substitutes and vegetation. Mine
soil chemistry under different vegetation types after several decades of
equilibration may be a better predictor of aboveground productivity than recently
applied topsoil substitutes. A good practice for coal operators during reclamation
and revegetation planning may involve choosing their topsoil substitute mixes
based on end land use requirements and expected chemical properties after some
degree of weathering and equilibration.

Additional Key Words: reclamation, nitrogen, carbon, phosphorus, Festuca arundinaceae
Schreb., Pinus taeda L., Pinus x rigitaeda, Quercus rubra L.
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TO BEIJING AND BACK: A MIDWESTERN’S VIEW OF CHINESE MINE
RECLAMATION!

Robert G. Darmody?

Abstract: Dr. Zhengi Hu of the China University of Mining and Technology,
Beijing, organized the 2010 “International Symposium on Low-Carbon
Development and Land Reclamation Policy.” The meeting was from November
20-21 in Beijing, and | was invited to present a paper at the symposium by
Professor Hu. In addition, he invited me to give lectures on reclamation at his
university. I also gave a lecture at Shandong Agricultural University at Tai’An,
which is south of Beijing about 260 miles. | stayed in China long enough to visit
mine sites near Jining and cultural venues in Beijing and near Jining, including
Confucius’ compound. This presentation recounts my experience visiting China
and includes my observations on the similarities and differences in the American
(lMlinois) and Chinese approach, attitudes, and techniques in regard to mine
reclamation. My presentations in China included a recap of the impact of
longwall mine subsidence in Illinois. This is a still-controversial mining
technique despite a near decade of research into its agricultural impacts. | also
spoke on surface mine reclamation in Illinois, where many of the mines are on
Prime Farmland and reclamation is held to a high crop productivity standard. The
coal industry is very active in China, and their need for good reclamation is acute
given their vast population and high density.

Additional Key Words: Longwall Mine Subsidence, Surface Mine Reclamation, Regulatory
Agencies.
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TREE RESPONSE TO SUBSTRATE AND GRADING TREATMENTS ON
QUARRY OVERBURDEN'

V. De Lima?, J.A. Franklin, and D.S. Buckley

Abstract: Rock quarries are often in close proximity to residential areas.
Consequently the re-establishment of forest vegetation is desirable. However,
reclamation methods for the eastern US have been developed primarily for the
coal mining industry, on overburden which differs in chemical and physical
properties from quarry overburden. The objective of this study was to test the
material placement technique used for reforestation in coal mine reclamation, and
to determine whether lime or nitrogen application will enhance early tree growth
on this overburden material. Twelve rectangular plots were constructed of
overburden materials from a limestone quarry. Six of the plots were lightly
graded with a single pass of a bulldozer, and the other six remained ungraded.
Liquid lime was applied to one half of each plot, and fertilizer (20:20:20) was
applied at a rate that provided 100 Kg/ha or 400 Kg/ha N to randomly selected
plots in a manner that created three replicates of all lime, fertilizer, and
overburden placement treatment combinations. Monocultural blocks of Castanea
dentata (American chestnut), Pinus echinata (shortleaf pine) and Quercus alba
(white oak) nursery seedlings were planted on 1 x 1 m spacing in all treatment
combinations. All three species showed a positive growth response to the higher
fertilizer application rate. This response to fertilizer was pronounced in both
chestnut and white oak, but these species showed no growth response to lime
application. Shortleaf pine showed reduced growth in root collar diameter and
height in response to lime, although the reduction in diameter growth was
overcome by the addition of more fertilizer. The growth of both chestnut and
pine was negatively affected by single-pass grading and interactions between
grading and soil amendment treatments were found. At this stage of the study, it
can be concluded that interactions between pH, nutrients, and material placement
can have an important influence on the post-planting performance of different tree
species.

Additional key words: soil amendments, reforestation, nitrogen, pH
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ASSESSMENTS NEEDED FOR FINAL BOND RELEASE OTHER THAN
REVEGETATION?

Jim Deutsch?

Abstract: Discussion will center on post mining hydrologic and wildlife

assessments and comparisons to pre-mine conditions that need to be conducted by
mining companies before final bond release can be granted.
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TOPSOIL LOSS: EVALUATING AGRONOMIC CHARACTERISTICS
OF SURFACE SOILS ON A PIPELINE RIGHT-OF-WAY"

Matthew M. Duncan and Aaron DeJoia?

Abstract. Lack of adequate topsoil depth and perception of lost soil fertility on
pipeline construction rights-of-way are major concerns for landowners and can
become extensive post-construction costs for pipeline companies. Reduction in
crop productivity can occur in agricultural fields after pipeline construction due to
numerous factors including compaction, drainage, and changes in surface soil
characteristics. Significant changes in soil texture and/or organic matter content
can change cation exchange capacity (CEC) and water holding capacity of the
soil. Reduced CEC, as well as low soil fertility levels, can reduce the crops
ability to withstand environmental stress, therefore reducing crop yield. Topsoil
stockpiled and replaced on the construction right-of-way (ROW) of a 42-inch
(107 cm) natural gas pipeline through Kansas and Missouri was evaluated and
compared to the topsoil adjacent to the ROW. Soils were evaluated on and off the
ROW to compare topsoil depths, soil fertility, texture and other agronomic
factors. Varying amounts of topsoil loss were found at a majority of sample sites.
Differences between the on-ROW and off-ROW values for the other soil
parameters tested were not significant. The lack of significant change in tested
parameters on-ROW, compared to the undisturbed topsoil off-ROW indicate no
loss of crop yield potential would be expected due to the reduction in topsoil
depth.

Additional Key Words: crop productivity, soil fertility, topsoil removal, topsoil
replacement, yield loss.
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REMEDIAL TECHNOLOGIES FOR MINE WASTES - AN ITRC WEB
BASED GUIDANCE!

Paul Eger?, Cherri Baysinger, Steve Hill and Mike Sieczkowski

Abstract. Historic mining practices and the lack of mineland reclamation have
led to sites with significant environmental and human health issues. Typical
remedial solutions are often lengthy and expensive, and are unacceptable to the
mining community, the regulatory community and to the public. Innovative
approaches and technologies need to be developed and implemented that solve
environmental issues and remove existing regulatory barriers. The Interstate
Technology and Regulatory Council (ITRC) is a state-led, national coalition
helping regulatory agencies, site owners, and technology developers and vendors
achieve better environmental protection through the use of innovative
technologies. Through open communication among its partners, ITRC is
streamlining and standardizing the regulatory approval process for better, more
cost-effective, environmental technologies. Funding comes from the Departments
of Defense and Energy, as well as the US Environmental Protection Agency and
is used to support teams to address state environmental priorities. The ITRC mine
waste team was formed to address mining issues and produced a web based
guidance to help select technologies that address a wide variety of mine waste
issues (ITRC MW-1, 2010 at http://www.itrcweb.org/miningwaste-guidance). The
guidance contains decision trees, technology overviews, case studies, and
regulatory challenges. The mine waste team has collected 59 case studies on the
treatment of mining-influenced water and solid mining waste. The decision trees,
through a series of questions, guide users to a set of treatment technologies that
may be applicable to their particular situation. Each technology is described and
includes applicability, advantages, limitations, performance, stakeholder
concerns, regulatory considerations, and lessons learned. The technology
overviews include information to help users decide how well the technology may
fit their particular site and remedial/reclamation goals.
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REMOVING SUSPENDED METALS WITH A FINE GRAINED CERAMIC
FILTER MEDIA!

P. Eger?

Abstract: Low concentrations of suspended metals are difficult to remove using
standard methods. Sand filters can remove particles down to about 10-20 microns
and multimedia filters can remove down to about 5-10 microns. At Soudan State
Park, over 90% of the particles are less than about 3 microns and over 75% of the
total copper is in the suspended form. An ion exchange treatment system is used
to treat the overall discharge of 60 gallons per minute and successfully removes
filtered copper and cobalt to < 4 ug/l. The current treatment system uses 1 micron
nominal bag and cartridge filters, a carbon prefilter and one to two ion exchange
tanks but removal of finely suspended copper has been problematic. Although the
average permit limit for total copper of 17 ug/l has generally been met,
concentrations sometimes exceed this value as finely suspended copper can move
through the system. The suspended copper also physically plugs the ion exchange
resin before the total removal capacity of the resin is used. At best, only about
20% of the resin capacity was utilized. To provide better filtration a fine grained
ceramic media was tested for its ability to remove the finely suspended material.
Pilot testing indicated that removal initially was very high with about 90%
removal after about 200 bed volumes of flow. Removal decreased to around 40%
after about 1000 bed volumes. Pressure also increased with bed volumes treated
and backwash is needed between 1000 and 2000 bed volumes. Additional pilot
testing is underway with a full scale trial planned for summer 2011.
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REMEDIATION OF HIGH-STRENGTH MINE INFLUENCED WATER
WITH CRAB SHELL SUBSTRATE MIXTURES: LABORATORY
COLUMN AND FIELD PILOT TESTS?

J. A. Grembi, B. A. Sick, S. S. Goots, S. Lin, and R. A. Brennan?

Abstract: Anaerobic passive treatment systems remediating high-strength mine
influenced water (MIW) have failed to consistently treat sources with high metals
loads and flow rates. For example, the high iron (140 mg/L) and acidity (390
mg/L as CaCOj3) of the Klondike-1 discharge near Ashville, PA, caused
premature clogging of a vertical flow pond which was filled with a limestone
buffered organic substrate (90% spent mushroom compost (SMC) and 10%
limestone chips). In this study, continuous-flow columns and pilot-scale field
reactors were used to evaluate if treatment of high-strength MIW can be improved
using crab shell as a substrate amendment.

For the lab study, eight columns were wet-packed with substrate mixtures ranging
from 0 — 100% crab shell (with the balance SMC), and fed Klondike-1 water to
produce a 16 hr hydraulic residence time (HRT). After determining the best
performing substrate mixture in the column test, a pilot-scale field study was
initiated in August 2010, in which 1,000 gallon (3,785 L) tanks were filled with a
limestone underdrain and an upper substrate layer of: 1) 100% crab shell; 2) 70%
crab shell + 30% SMC; or 3) 90% SMC + 10% limestone. A fourth tank
containing a sandstone underdrain with a 70% crab shell + 30% SMC substrate
layer was installed to determine if similar performance could be achieved without
the limestone underdrain. All columns and field reactors also contained sand as a
proppant to ensure hydraulic conductivity. Aqueous samples were collected from
the columns/reactors over time and analyzed for pH, ammonium, acidity,
alkalinity, DOC, anions, and metals. In the column study, an optimum ratio of
70% crab shell + 30% SMC sustained complete iron removal, pH above 5.0, and
excess alkalinity generation for twice as long as the traditional SMC and
limestone substrate. To date, the field study is still achieving complete iron
removal, and other results generally mirror the laboratory findings.

Additional Key Words: anaerobic passive treatment, metals removal, alkalinity generation
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BIOCHEMICAL REACTOR CONSTRUCTION AND MINE POOL
CHEMISTRY CHANGES, GOLINSKY MINE, CALIFORNIA®

James Gusek?, Joel Kelsey, Ryan Schipper, and Brad Shipley

Abstract. In early 2010, American Recovery and Reinvestment Act funds were
available to implement the “shovel-ready” design package for a biochemical
reactor (BCR) module that was planned at the abandoned Golinsky Mine site in
northern California. The design was based on bench and pilot studies that were
documented in previous ASMR papers. The construction site, located near Lake
Shasta, is only accessible by boat followed by a 1.6 km (1-mile) trip on a narrow
dirt road. During construction, the typically restricted site access was further
complicated by the highest lake levels in years which required the relocation of
the construction contractor’s mobilization site.

The construction of the BCR within the footprint of an abandoned limestone
quarry required a few minor design modifications. However, the logistics of
moving about 1,000-plus tons of organic substrate, drainage gravel, HDPE liner,
rip rap, pipes, plus construction equipment safely across Lake Shasta in a
coordinated barge and ground transportation program was probably the greatest
project accomplishment.

The commissioning of the pilot treatment bioreactor in mid-2004 resulted in the
drain-down of an acidic mine pool. This action appears to have caused significant
improvements in the drainage chemistry of a mine adit adjacent to, but not
directly connected to the acidic mine pool. This unintentional outcome allowed
the use of the improved mine water source for fire suppression, dust control, and
moisture control in earthwork compaction efforts.

Additional Key Words: BCR, mining influenced water, passive treatment, abandoned
underground copper mine, mine pool drain-down effects

! Paper was presented at the 2011 National Meeting of the American Society of Mining and
Reclamation, Bismarck, ND Reclamation: Sciences Leading to Success June 11 - 16, 2011.
R.1. Barnhisel (Ed.) Published by ASMR, 3134 Montavesta Rd., Lexington, KY 40502.

2 James Gusek and Ryan Schipper are with Golder Associates Inc., 44 Union Blvd #300,
Lakewood, CO 80228, Joel Kelsey is with Golder Associates Inc., Roseville, CA and Joel
Kelsey is with USDA Forest Service, Nevada City, CA



PROCESS SELECTION & DESIGN OF A PASSIVE TREATMENT
SYSTEM FOR THE EMPIRE MINE STATE HISTORIC PARK,
CALIFORNIA!

James Gusek ?, Lee Josselyn, William Agster, Steve Lofholm, and Daniel Millsap

Abstract. The Empire Mine State Historic Park near Grass Valley, California
offers the ever-curious public a unique step back in time by preserving the
underground mining heritage of the western slope of the Sierra Nevada. Perennial
flow of a neutral pH, mining influenced water containing iron, arsenic,
manganese, and other trace metals through the Magenta Drain adit is an
unfortunate legacy of that heritage. Peak Magenta Drain flows requiring
treatment are expected to be 4,740 L/min (1,200 gallons per minute). Several
active treatment options were evaluated, including traditional lime dosing and
green sand; alternative passive treatment technologies, including biochemical
reactors, were also considered. However, bench scale test results suggested that
simple settling of suspended iron oxy-hydroxide (with co-precipitated arsenic)
and passive aerobic precipitation of manganese oxide could satisfy discharge
targets.

Land area in the vicinity of the Magenta Drain portal was inadequate to site the
passive treatment system in a manner that would allow gravity flow. Land was
available, however, near the crest of a nearby ridge. Consequently, the design
included an influent pumping system, overland pipelines, settling pond, and two
styles of aerobic wetlands. Once the decision to embrace a passive treatment
system concept based on life-cycle cost and appropriateness for a public historic
park was made, design plans and specifications were developed on a fast-track
basis. The paper summarizes the rationale for the selection of passive treatment
and provides design details that include trace metal removal in an aerobic
environment.

Additional Key Words: mining influenced water, arsenic, manganese, trace metals
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ESTIMATING VEGETATION COVER USING VARIOUS GIS
TECHNIQUES!

Mark Heil?, Anne Wagner and Bruce A. Buchanan

Abstract: Vegetation cover data were collected between 2004 and 2009 from a
total of 260 transects randomly located at a molybdenum tailing facility operated
by Chevron Mining Inc., near Questa, New Mexico. Various GIS procedures
employed the use of aerial imagery (NAIP, 2009) and interpolation methods to
predict the percent of vegetation cover at unsampled locations based on
vegetation cover transect data for a given area. The predicted vegetation cover
values are dependent on the actual vegetation transect values and relative
locations of the transect data. Aerial imagery reflectivity values, which
represented vegetation cover, were used in conjunction with transect data to
generate a surface of predicted vegetation cover values. This process, known as
universal kriging, incorporates more information about the vegetation cover data
by overlaying a dataset that acts as a trend model (in this case aerial photograph
reflectivity values) with the values generated by the kriging of the transect data
points. Mean vegetation cover was generated and compared from the GIS
techniques employed. A mean value of 21.8% vegetation cover was derived from
the transect data. Of all the GIS techniques employed, there was a maximum of
2.3% difference from the mean of the transect points. All of the datasets
generated had very similar means. The application of the aerial photography into
the kriging process resulted in a non-significant difference between data sets
when examined as a whole. These data suggest that aerial photography is a
potentially useful tool for determining vegetation cover within the study area.
However, when examining the geospatial properties of the datasets, they were
found to be only moderately accurate at best. Ground truth points, where
vegetation cover percentages were recorded in 2010, were used to examine the
geospatial accuracy of the generated vegetation cover datasets. A linear
regression of the ground truth points and the generated vegetation cover
prediction datasets produced r-squared values that ranged from .01 to .61.

Additional Key Words: GIS, vegetation cover, aerial photography, universal Kkriging,
interpolation, simple filter, SAGA
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PLANT-SOIL RELATIONS ON MARINE DREDGE MATERIAL!
M.A. Howren?, A.F. Wick, P. Donovan, W.L. Daniels and C.H. Carter 11|

Abstract: The eastern US generates hundreds of millions of cubic meters of
dredge material annually which are disposed of in landfills, placed in “spoil”
islands or sited for beneficial use. One beneficial use includes upland placement
of dredge material in large containment basins for conversion into agricultural
production.  Currently, upland placement requires extensive monitoring and
management, especially when the dredge material has adverse properties (i.e. high
in soluble salts). Use of naturally invading plant communities as indices for soil
quality/development is a feasible way to reduce the costs of intensive sampling
and to improve crop selection for the material at various stages of development.
In 2010, a large basin (~25 ha) containing de-watered marine dredge material was
selected at the Shirley Plantation, Charles City, VA. A test crop, winter wheat
(Triticum aestivum), was seeded across the basin in the fall of 2009. The
objectives of this study were two-fold: (1) to use vegetation community
characteristics and crop yields as indices of soil quality; and (2) to incorporate the
information into a simple GIS database for future management of the containment
basin by the landowner. Plant communities were mapped using a Trimble® GPS
unit and above-ground biomass plots were clipped for wheat yield estimates.
Soils were sampled in a grid across the basin and analyzed for soluble salt
parameters (EC and CI). Vegetation/crop and soil properties were then
incorporated into the GIS database using ArcMap®. Salt tolerant species,
including Barnyard grass (Echinochloa crus-gali), common knotweed
(Polygonum arenastrum), German millet (Setaria italica), and lambsquarters
(Chenopodium album L.), were observed along the perimeter of the basin where
surface EC and CI™ values were high (10-17 dS m™; 2000-5000 mg L™), while
winter wheat was the dominant species on the interior of the basin
(EC: 4-6 dSm™ and CI: 200-500 mg L™). Although the database is still being
developed, preliminary results indicate that GIS is a helpful tool to integrate soil
plant data via spatial analysis to optimize land management practices.

Additional Key Words: Soil salinity, electrical conductivity, halophytes,
geographic information systems.
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CO-TREATMENT OF ACID MINE DRAINAGE WITH MUNICIPAL
WASTEWATER USING THE ACTIVATED SLUDGE PROCESS:
PRELIMINARY TREATABILITY STUDIES'

T.A. Hughes? and N.F. Gray

Abstract: Co-treatment of acid mine drainage (AMD) and municipal wastewater
(MWW) using the activated sludge (AS) process is an innovative approach to
AMD remediation that utilizes the alkalinity of MWW and the adsorptive
properties of AS biomass to remove acidity and metals from AMD- impacted
waters. Preliminary treatability studies have been conducted to simulate the
effects of introducing AMD to different stages of the AS process. Mixing high-
strength synthetic AMD (pH 2.8, 540 mg L™ Fe, 200 mg L™ Al, 30 mg L™ Cu, 60
mg L™ Zn, 30 mg L™ Mn) with settled MWW over a range of dilutions,
simulating conditions in the primary sedimentation stage of the AS process, led to
rapid and significant removal of metals from solution (average removal: 38 mg L
LAl 5mg L* Cu, 56 mg L™ Fe, 4 mg L Mn, and 7 mg L™ Zn). Mixing
synthetic AMD with AS biomass at different solids concentrations, simulating
AMD loading to the secondary (biological) treatment stage and/or to a subsidiary
mixing tank, also removed significant fractions of metals from solution (average
removal: 26 mg L™ Al, 5mg L™ Cu, 25 mg L™ Fe, 3mg L™ Mn, and 4 mg L™ Zn
at a mixed liquor suspended solids concentration of 6 g L™). Activated sludge
respiration inhibition tests indicated high tolerance to spiked additions of
synthetic AMD, demonstrating that acute toxicity is mediated by the
neutralization and metal removal reactions that occur during mixing.
Acclimatization studies indicated that AS sensitivity to spiked additions of AMD
decreased after a 25-day period of continuous AMD loading. Laboratory-scale
process evaluation studies are underway to demonstrate the feasibility of co-
treatment for full-scale application in the treatment of AMD.
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ESTIMATING CANOPY COVER USING AERIAL PHOTOGRAPHY FOR
A MIXED CONIFER ZONE, NORTHERN, NEW MEXICO'!

Darrell Inskeep?, Anne Wagner and Bruce A. Buchanan

Abstract: In 2010 an evaluation was conducted to determine if aerial
photography could be used to accurately estimate canopy cover. Canopy cover
data were estimated from 12 randomly selected sites. The sites were located in
the Goat Hill subsidence area, at the Chevron Mining Inc. molybdenum mine in
northern New Mexico. With aerial photography (NAIP, 2009), the 12 selected
sites were separated into three canopy groups (A, B, C) based on the homogeneity
of the associated canopy cover density. Each group had at least three study sites
with three 20m parallel transects located 5m up slope from center, on center, and
5m down slope from center. A densiometer was used to read canopy cover every
two meters along each transect (10 readings per transect, 30 per study site). A
total of 360 canopy cover readings were created for the 12 sites. Data for each
group were collected in 2007 and 2010. A mean canopy cover was calculated for
each canopy group by combining the study site data for the two years. Polygons
were digitized for each group using the aerial photo as the land area base. The
data within the polygons were combined into two separate classes using the
Natural Breaks (Jenks) method of classification. Both values were tallied and the
sums were compared. The percentage canopy cover data were derived by
dividing the sum of each value by the total value for each class. This resulted in
an estimated canopy cover percentage for each class. The field data canopy cover
percentage and the aerial photography estimated percentage were compared. The
percentages derived from group A, B and C were 50%, 13%, 60% respectively.
Estimated aerial photography canopy cover percentages for class A, B, and C
were 51%, 13% and 56% respectively. A regression analysis was conducted
between both data sets, yielding a correlation (R®) of .99. The correlation
suggests that aerial photography can be used to estimate canopy cover within the
subsidence area and potentially elsewhere on the mine. This technique has
potential application for areas that may be difficult to access on foot, but are
accessible with aerial photography.
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! Paper was presented at the 2011 National Meeting of the American Society of Mining and
Reclamation, Bismarck, ND Reclamation: Sciences Leading to Success June 12-16, 2011.
R. I. Barnhisel (Ed.) Published by ASMR, 3134 Montavesta Rd., Lexington, KY 40502

2 Darrell Inskeep, GIS assistant, Buchanan Consultants, Ltd., Farmington, NM 87499, Anne
Wagner, Manager of Environmental and Public Policy, Chevron Mining Inc., Questa, NM
87556, Bruce A. Buchanan, President, Buchanan Consultants, Ltd., Farmington, NM 87499.



AN INTEGRATED FOREST SOILS APPROACH FOR MINE
RECLAMATION USING AMERICAN CHESTNUT AND OAKS IN THE
MID-CONTINENT REGION*

J.H. Johnston?, P.E. Pope, D.F. Jacobs, E.J. Kladivko, A.P. Schwab and J. Schmal

Abstract: Soil replacement strategies on reclaimed mine sites using the loose
grading approach have been successful in the eastern U.S. However, loose
grading has not been studied in Indiana or other states in the Midwestern Coal
Region where different soil and environmental conditions predominate. This
study focuses on plantation establishment using a split plot design to compare
traditional smooth grading soil replacement to loose grading on a reclaimed mine
site in southern Indiana. The influence of these two soil replacement strategies on
seedling survival, growth, and rooting strategies of a total of 3200 seedlings of
blight-resistant American chestnut (BC3F1) and high quality oak on an 8 acre site
was investigated. Tree seedlings were planted in May, 2010. Seedling
morphology and nutrition were correlated with chemical and physical properties
of the soil. Overall, the chemical properties of the two reconstituted soils were
similar and showed little variation with depth. Overall, the fertility of the soils
was low. The bulk densities of the two soils were significantly different. In the
first growing season, plant moisture stress was higher in the smooth graded plots
averaging 20 bars compared to the loose graded plots averaging 17 bars. Soil
physical properties showed significant differences among the two soil treatments.
The average bulk density value of the smooth graded soil (1.7 g/cm®) was
significantly greater than that of the loose graded soil (1.45 g/cm®). All seedlings
and soil samples were geo-referenced for slope and aspect in addition to being
measured for height and root collar diameter. At the time of planting, 25
seedlings of each species representative of those sorted for planting were
measured for shoot length, root collar diameter, tap root length, tap root volume,
lateral root volume, and component dry weights. These measurements were
conducted for the second time when 200 seedlings were destructively sampled 3
months after planting during the first growing season. After 5 months, the soil
and seedling data indicate less stress on the seedlings in the loose grading
approach relative to the seedlings in the smooth graded soil.
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THE GARD GUIDE AND ITS GENERAL APPLICABILITY TO MINE
WATER ISSUES!

Robert L. Kleinmann? and Terry Chatwin

Abstract. The Global Acid Rock Drainage Guide (GARD Guide)
[http://www.gardguide.com/index] is a free, easy-to-access, easy-to-use
assemblage of information and guidance that the International Network for Acid
Prevention (INAP) has generated. Although most members of ASMR who are
concerned about mine water issues are probably already aware that it exists, it is
not being used as heavily in the U.S. as it is elsewhere. Why is that? We suspect
that many of you are not aware of all that it contains, or are under the
misperception that it is only applicable to companies dealing with acidic metal
mine drainage. In reality, it also deals with neutral and saline drainage, and with
coal mine water issues. However, a superficial visit of the site will miss much of
the coal mine drainage guidance, since you must follow links within some of the
chapters to find it all. This paper will guide you through the GARD Guide, with
an emphasis on the material that is most relevant to ASMR members. We ask you
to look at the GARD Guide, and to consider adding case examples that will make
it more relevant to other users.

Additional Key Words: coal mine drainage, neutral drainage, saline drainage
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INITIAL TRANSPIRATION AND GROWTH OF NATIVE HARDWOOD
SEEDLINGS PLANTED ON STEEP RECLAIMED MINE SITES*

Adam D. Klobucar?, Elizabeth A. Aubuchon, Jennifer A. Franklin, and David S. Buckley

Abstract. Interactions between herbaceous groundcover and tree species planted
on steep slopes of coal mine sites can be complex. Planted groundcovers can
compete strongly for resources, hindering the growth of tree seedlings. Northern
red oak, shagbark hickory, black cherry, and American chestnut were planted
within four different groundcover treatments (alfalfa, switchgrass, goldenrod, and
bare ground) on three different reclaimed sites in eastern Tennessee.
Transpiration and growth of tree seedlings and soil moisture measurements were
taken to document and explain tree performance, and to investigate the degree of
competition between the different groundcover and tree species. Tree seedling
growth performance did not differ between groundcover treatments during the
first growing season. Additional first-year results suggest that slope position had
a significant effect on transpiration of shagbark hickory in July (p=0.0036) and on
transpiration in American chestnut seedlings in September (p<0.0001). Soil
moisture at 15 cm below the surface had a weak linear relationship with July
transpiration in black cherry (p=0.0385). It was also found that shagbark hickory
height growth (p=0.0207), northern red oak height growth (p=0.0081), and
northern red oak root collar diameter growth (p=0.0105) had linear relationships
with September transpiration measurements.

Additional Key Words: soil moisture, tree performance, slope positions, northern red
oak, shagbark hickory, black cherry, American chestnut,
alfalfa, switchgrass, goldenrod.
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ADAPTIVE NATIVE GRASSLAND ESTABLISHMENT, MANAGEMENT
& FIELD SAMPLING!

Kelly Krabbenhoft®

Abstract: Following SMCRA, the science of reclamation began to evolve with
trial and error research. Confidence soon began to grow in seed mixtures to
establish and meet ever changing bond release standards. Management following
establishment moved from being primarily idling of the land and hoping for the
best to one utilizing haying and grazing to maintain/create diverse and seasonally
balanced native grasslands. Prior to bond release, a detailed sampling plan can
facilitate the evaluation of native grasslands in that snapshot in time. This plan
could be the difference between meeting the current bond-release standards in
place or not meeting them and incurring even more costs. Even with the amount
of knowledge gleaned over the years, a large number of unknown variables are
still inherent in today’s reclamation. To keep moving the science forward and
avoid complacency, further research and/or reclamation adaptations will need to
continue. This needs to occur with incentives and without disincentives to those
companies who take chances. In some cases, previous research has been
conducted and proven to be sound but not implemented by regulatory authorities.
In North Dakota, the uniform soil depth requirement may be hampering the
development of native grasslands. The current lack of potential ecological site
diversity on reclaimed lands may be allowing for an accelerated rate of invasive
species encroachment. Future potential rule changes, increased plant species
made available by seed companies at economical prices, and mining companies
willing to push the envelope by utilizing knowledge of environmental specialists
and others in the state will assist in alleviating today’s bond release challenges.

! Workshop Presentation Challenges of Bond Release for Western U.S. Coal Mining Bond
Release Panel Presentation given at the 2011 National Meeting of the American Society of
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A NOVEL APPROACH TO RECLAMATION OF STEEPLY DIPPING
MINED OUT COAL SEAMS OF THE NORTH EASTERN COALFIELDS,
INDIA: A CASE STUDY!

Pradeep Kumar?, Agota Horel and A.N. Sahay

Abstract: Researchers have been striving to develop novel and innovative techniques for
the reclamation of land, especially when the Coal seams are steeply dipping, in an Open
Pit Coal mine. In this work, we study the development of a novel reclamation technique
with reference to a Coal mine, nestling in the foothills of the Himalayas, in the
strategically important North Eastern Coalfields of India where the ROM coal from this
mine is of very good quality and its GCV ranges up to 7980 kCal/kg. The formation
exhibits the tertiary stratigraphy sequence. The UVM% ranges from 42.50 — 46.90.
However, the coal seam gradient is very steep- ranging up to 60 deg. The flip side of this
steep coal seam gradient makes it imperative to meticulously take into account, the
consideration for slope stabilization-prior to mapping out a comprehensive road map for
land reclamation- an issue of paramount importance. In this work, we study the geo-
mechanical features of the rock strata of this Coalfield, which are inherently soft &
friable, and, consequently, lead to the nagging problem of slope stability. This, at times,
becomes an avoidable hindrance while drawing up a comprehensive road map for the
reclamation of the mined land, consequent to coal winning.

To combat this nagging problem, we make use of geo-textiles, and prudently select this
such that it is able, depending on the peculiar strata conditions of the North Eastern
Coalfields of India, to bear a load or undergo deformation. An applied load causes
deformation. On the other hand, a deformation mobilizes a tension in the geotextile. It is
not able to bear the compression forces in its plane and both the constituting elements-
fibers and yarn (and the geotextile itself)- are very flexible and tend to buckle due to
compression. The loading can be in the plane or perpendicular to the plane of the
geotextile, for example, water and soil pressures. We make use of the fact that forces
perpendicular to the plane of the geotextile can only be counteracted by a bulge
deformation resulting in tensile forces in the plane of the geotextiles. We ensure that the
soil mass loading, in this case, is exerted such that the stress distribution is uniform and
that no concentration of stresses develops and a failure is negated. Once this problem of
steep slope stabilization is taken care of, we chalk out a holistic plan and develop a
comprehensive strategy of physical and biological reclamation of the mined out land. On
a hindsight, we examine the feasibility of the applicability of geotextiles, particularly, in
such cases, where the coal seam gradients are steep for steep slope stabilization and
where strata are soft and friable.

Additional Key Words: Steeply dipping Coal, Geotextiles, holistic Reclamation Plan, Slope
Stabilization
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TRACKING BOND RELEASE AT A LARGE WYOMING COAL MINING
OPERATION!

Anna Krzyszowska-Waitkus“and Chris Blake

Abstract: All coal mines must provide a reclamation performance bond sufficient
to cover the cost of reclaiming the mine as per the Surface Mining Control and
Reclamation Act (SMCRA) of 1977. The Wyoming Coal Program has two types
of bonds: an Area Bond (backfilling and grading) and an Incremental Bond. The
Incremental Bond includes Phase 1 Partial Release (final grading and soil
replacement), Phase 2 Partial Release (vegetation establishment commensurate
with the seed mix), and Phase 3 Full Release (all requirements have been met).
As of October 2010, approximately 29 690 ha have been released from bond
(various phases of Area and Incremental Bond) from 35 coal mines in Wyoming
that accounted for 17% of total permitted acreage and 46% of total disturbed
acreage. Approximately $238 318 400 has been paid (10.7% of total) through the
bond release process compared to $2 223 000 000 of the total bond currently held
by the State for all coal mines. The average cost per ha held for Area Bond,
Phase 1, Phase 2, and Phase 3 Incremental Bond was $8 069 ($3 267 per acre).
Various phases of bond release require verification of performance standards in
the field (e.g., backfilling, topsoil replacement, drainage construction,
revegetation, etc.). Keeping track of all of these verifications on hundreds of
parcels or reclaimed land represents a challenge for the regulatory agency,
especially for large mines. As a result of these challenges, a Bond Release
geodatabase was developed for the North Antelope Rochelle Mine (NARM) in
Wyoming. This geodatabase was the first spatially supported database developed
in Wyoming for reclamation bond release processing purposes for mined lands.
The geodatabase was designed to support the tracking of areas which have
achieved backfill verification and have satisfied performance standards in support
of incremental bond release. Selected compliance features used to support the
approval of incremental bond release during the verification process include:
topsoil depth, surface stability, and wildlife habitat features. These features were
monitored and entered into the geodatabase by LQD personnel during inspections
using a Global Position System (GPS) enabled data collector.

Additional Key Words: GIS, Geodatabase, Reclamation
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DETERMINATION OF DOMINANT METAL SEQUESTRATION
PROCESSES IN A VERTICAL FLOW CELL SUBSTRATE!

J.A. LaBar? and R.W. Nairn

Abstract: Vertical flow cells may be employed to remove trace metals from
mine drainage through a variety of partitioning mechanisms.  Sequential
extractions can then be used to obtain an estimate of metal partitioning in vertical
flow cell substrates. Substrate samples were collected from two vertical flow
cells that had been inundated for approximately 1.5 years. Preserved samples that
had been collected prior to construction of the cells was also included in the
study. Inflow, outflow, and porewater samples were also collected from the cells
at or near the same time as the substrate samples. Mean inflow and outflow data
indicate that cadmium, cobalt, lead, manganese, nickel, and zinc decrease
significantly in the vertical flow cells. Modified Tessier extractions were used to
determine the water soluble, exchangeable, organic, carbonate-bound, oxide or
oxide-bound, and residual fractions of metals in the substrates. Preliminary
results demonstrate that the vertical flow cells are removing metals through
several sequestration processes including: sorption, complexing, concretion, and
sedimentation. Spatial comparison of the porewater and sequential extraction
analyses indicate possible preferential flow paths within the cells and that metals
removal is occurring more efficiently in some areas of the cells than in others.

Additional Key Words: acid mine drainage, passive treatment, sequential
extraction
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CHARACTERIZATION OF ALLUVIAL SUBSOIL STRATA AS
SUITABLE PLANT GROWTH MATERIAL: GREENHOUSE STUDIES*

David Lang? Brandon Shankle, Jeremy Duckworth and Vitalis Temu

Abstract: Mining of lignite from the Eocene Wilcox formation began in 1998 in
Mississippi.  Narrow floodplains of the upper coastal plain ecoregion of
Mississippi occur within this formation contain colluvial, erosional and alluvial
deposits of Holocene and Pleistocene era origin. These materials may provide
materials for suitable topsoil replacement during mine reclamation. Subsoil and
regolith layers were sampled in increments of 1.2 to 2.4 meters to a depth of up to
12 m through the first lignite seam. Samples were analyzed for pH, exchangeable
cations, extractable phosphorus, sulfur forms, and acid base accounting (ABA).
Ryegrass (Lolium multiflorum) and pearl millet (Pennisetum glaucum) were
grown in a greenhouse in material collected from each depth interval and in
various mixtures. The pH increased with depth below 2-3 m from 5 to 7.5. ABA
was positive and increased from 0 to +8 to 7.2 m and to +26 at 9.6 to 12 m.
Phosphorus, potassium, calcium and magnesium increased with depth. Pyritic S
was associated with layers below 2.4 m containing lignite and ranged from 0.01 to
0.05%. Texture varied from silt loam near the surface 1-2 m to sandy loams
throughout the strata. Growth of ryegrass growing in subsoil strata to a depth of
9.6 m was similar to or exceeded growth in topsoil collected to a depth of 0.3 m.
Pearl millet growth was similar to or exceeded growth in topsoil to a depth of 4.8
m and declined at deeper depths as pH increased. Mixtures of subsoil strata to a
depth of 9.6 m had similar or increased growth of ryegrass and pearl millet
compared with topsoil. Mixtures of topsoil and subsoil strata from floodplains of
this formation provide a superior reclamation option compared with regulatory
requirements of salvaging and re-spreading topsoil.
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INVASION OF NON-NATIVE TREES ON RECLAIMED SURFACE
MINES OF THE SOUTHERN CUMBERLAND PLATEAU*

Dawn Lemke?, Callie Schweitzer, Yong Wang, Dana Virone

Abstract: Throughout the world, the invasion of non-native plants is an increasing threat
to native biodiversity. Invasion is especially prevalent in areas affected by land
transformation and anthropogenic disturbance. The numerous surface mines along the
Southern Cumberland Plateau are a source of disturbance and may intensify the rate of
invasive plant introduction. In this study, forest communities were studied on reclaimed
surface mines of the Southern Cumberland Plateau. Our goal was to examine the
variation of tree species richness and composition in relation to environmental variables
and the presence of non-native invasive species.

Sampling plots were established and sampled during the summer and fall of 2010 on
reclaimed mines throughout west central Alabama. Plots were located on both public and
private lands in Walker, Tuscaloosa, Shelby, and Bibb counties on mines permitted since
1978. Plot selection was based on a Generalized Random Tessellation Stratified design.
A total of 352 plots were sampled and over 19,000 trees were tallied. Each circular plot
had a radius of 37.2 feet. Within the plot all trees were identified to the species level and
categorized by diameter. Non-native invasive species were identified and measured for
abundance. Soil and tree core samples were collected along with various environmental
data variables such as leaf litter depth and canopy cover. If invasive species were present
in the plot, additional plots were established 110 feet north, south, east, and west from the
plot center to determine the extent of invasion. Canonical correlation analysis was used to
examine the relationships between the invasive plant community and the forest
community.

We found invasive tree species were present on 113 plots and included mimosa (Albizia
julibrissin), Paulownia (Paulownia tomentosa), Chinese privet (Ligustrum sinense), and
tree-of-heaven (Alianthus altissima). The most common native tree species included
loblolly pine (Pinus taeda), Virginia pine (Pinus virginiana) and sweetgum (Liquidambar
styraciflua).The most common invasive tree species was Chinese privet, which occurred
on 68 of the sampled plots. The canonical correspondence analysis using the 30 most
common tree species indicated invasive trees tended to be associated with plots
characterized by low overall species diversity. Invasive trees also tended to occur in areas
where overall invasive richness was high, and these areas often supported invasive vine
(Lonicera japonica) and forb (Lespedeza spp.) growth and thus a more dense understory.
Further analysis will assist in identifying other factors impacting species distribution
patterns.
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COALBED NATURAL GAS CO-PRODUCED WATER AND ITS EFFECTS
ON SOIL!

K.J. Lilly?

Abstract. Wastewater coproduced from coal seams during natural gas extraction
can be an environmental concern in the Powder River Basin (PRB). | propose to
gain a better understanding of the chemical and physical processes associated
with the hydraulic properties of this waste water on PRB soils as a component of
my Ph.D. research project. The applications of this study range from tracing the
water using stable isotopes to determining the thresholds for chemical and
physical parameters of soils treated with these waters.

The study will consist of a field and a lab component. Saturated and unsaturated
hydraulic conductivities will be measured in the field with large field tension
infiltrometers. When the saturated and unsaturated hydraulic conductivities have
been measured at the site, soil core samples will be taken with a 15 cm diameter
by 10 cm tall soil corer. Water samples will be collected from CBNG wellheads,
rivers mixing with wellheads, irrigation ditches and ponds, and undisturbed
waters. The waters will be initially analyzed for §13C-DIC in the UW Stable
Isotope Facility by the Thermo Finnigan DeltaPLUS XP Continuous Flow IRMS.

Following the field study, saturated and unsaturated hydraulic conductivities will
be measured in the laboratory with several water solutions. Each water sample
will be applied to the soil several times to determine saturated and unsaturated
hydraulic conductivities. The laboratory component will also incorporate an
isotope batch adsorption study. CBNG water would be added to disturbed soils in
a centrifuge tube. The 813C-DIC of the water samples would be measured before
mixing with the soil and then after mixing. This batch study would then lead to a
laboratory isotope leaching study. This information will help trace CBNG water
from the source into fields, streams, and groundwater as well as understand the
fractionation occurring in different soil types with different types of waters.
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EFFECTIVE USE OF PARTNERSHIPS TO ASSESS A MINING-
IMPACTED WATERSHED'

Ben Mack? and J. Brady Gutta

Abstract: The Roaring Creek watershed in central West Virginia was known to
be impacted by historic coal mining. However, the current degree of the
environmental degradation within the watershed was not known. A partnership
between the National Mine Land Reclamation Center (NMLRC), the West
Virginia Department of Environmental Protection-Division of Water and Waste
Management (WVDEP-DWWM), and Trout Unlimited (TU) was formed to
assess the impacts of nonpoint-source pollution in the Roaring Creek watershed.
Water chemistry, water quantity, and benthic data were gathered four times
between 2009 and 2010. The results of this data show that almost all of the
mining impacts within the watershed were found in one tributary called Kittle
Hollow. Due to these findings, Kittle Hollow was targeted for further sampling.
Multiple mine drainage sources were sampled in order to prioritize them for
passive treatment. This collected data will be used to develop a watershed-based
plan, which will represent the end of the assessment process. Currently, the plan
is being written and the remediation projects are in the design phase. Once these
projects are completed, they are expected to remove 80% of the metal and acid
loads from each mine discharge. The ultimate goal of the watershed assessment
process is to improve the quality of the existing trout fishery in Roaring Creek as
well as extend the territory in which trout can thrive. It is anticipated that the
reclamation of Kittle Hollow will allow the entire Roaring Creek watershed to
function as a successful fishery.

Additional Key Words: acid mine drainage, watershed-based plan
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A CASE HISTORY: RECONSTRUCTION OF THE EAST FORK OF THE
ARKANSAS RIVER AT THE CLIMAX MINE*

Kathryn Malers, P.E.? R. Spotts, P.E., K.E Carlson, and B.R. Romig

Abstract. The East Fork of the Arkansas River was diverted into a 2,000-ft long
7-ft diameter concrete pipe at Climax Molybdenum Company’s Climax Mine near
Leadville, CO, at an elevation of 11,150 ft above sea level asl (3.400 m). The
pipeline was then buried under a waste rock valley fill during the course of
mining operations. The mine initiated an ambitious project in 2006 to relocate the
river channel on top of the development rock fill. The channel design
incorporated hydrologic and hydraulic engineering design principles coupled with
level 1l Rosgen methodology. Geomorphic parameters observed in adjacent
undisturbed stream reaches became design criteria. Geomorphic design criteria
were also applied to the reclaimed landforms adjacent to the channel to promote
equilibrium between sediment production and riverine sediment transport
mechanics. The primary channel and adjacent floodplain were designed to pass
the full range of flows predicted for the river while maintaining fish passage.

Excavated materials were screened, stockpiled and incorporated during
construction as required by the design specifications. Large boulders were used
to anchor riffle-pool sequences and channel meanders. Smaller rocks and a soil-
rock mixture modeled on the diverse substrate in adjacent undisturbed stream
reaches were strategically placed as source material for redistribution during high
flow periods. Cobbled armoring at cut banks and sandy deposits at point bars
have formed as expected without significant loss of material. Floodplains and
wetlands were constructed adjacent to the channel, providing habitat for riparian
and wet meadow species. The completed project maintains floodplain
connectivity, mimics natural topography, passes storm water runoff through a
dynamically stable and aesthetically pleasing restored stream reach and includes
habitat for aquatic and wetland biota creating a viable, self-sustaining ecosystem.
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SWITCHGRASS POTENTIAL ON RECLAIMED SURFACE MINES FOR
BIOFUEL PRODUCTION IN WEST VIRGINIA'

Michael Marra?, Jeff Skousen, and Travis Keene

Abstract: The high cost and environmental risks associated with non-renewable
energy sources has caused increased interest in renewable biofuels. Switchgrass
(Panicum virgatum L.), a warm season perennial grass, has been investigated
extensively as a source of biofuel feedstock due to its high biomass production on
marginal soils. Additionally, the plant’s high tolerance to adverse growing
conditions and its ability to provide habitat for wildlife makes it a widely used
species for conservation cover. West Virginia contains vast expanses of
reclaimed surface mine lands and could potentially benefit from the production of
switchgrass as a biofuel feedstock. Furthermore, switchgrass production could
satisfy Surface Mining Reclamation and Control Act of 1977 (SMCRA)
requirements for reclamation bond release to mine operators. This paper reports
the results of ongoing research to identify the best varieties of switchgrass for
mined lands in West Virginia, their yields, and their potential for a biofuel
feedstock. In 2008 two reclaimed mines were selected for this experiment: one in
northern WV with topsoil and biosolids amendment and another in southern West
Virginia with no topsoil applied. Three varieties of switchgrass (Carthage, Cave-
in-Rock and Shawnee) were planted into randomly-assigned, one-acre plots,
which were replicated three times for a total of nine plots at each site. At the
northern WV site, soil pH was around 7.2 with high levels of nutrients (4.6 mg/kg
P, 0.3 cmol/kg K, 1.8 cmol/kg Mg and 31.0 cmol/kg Ca). Switchgrass
establishment and growth has been superb with complete ground coverage after
the first year and average yield was 4501 kg/ha (combining all plots) during the
second year. At the southern WV site with no topsoil added, yields were much
lower with averages across varieties of 217 kg/ha after the second year. Soil pH
was 7.9 and only low levels of nutrients were available even after fertilizing with
200 kg/ha of 19-19-19 during the first and second years. A new study is being
established with treatments of municipal biosolids and topsoil to determine the
rate of nutrient amendment at the time of seeding for switchgrass establishment
and growth.
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ACID MINE DRAINAGE TREATMENT RESIDUALS TO REDUCE
PHOSPHORUS IN POULTRY LITTER!

Louis M. McDonald?

Abstract: Confined poultry production results in large quantities of phosphorus
(P)-containing manure. The repeated application of manure to soils based on the
nitrogen content of this material results in soil P buildup; a process that has been
linked to eutrophication of surface waters. Active treatment of acid mine
drainage produces an iron-based waste product, acid mine drainage treatment
residuals (AMD-TR) that are known to bind inorganic and organic P. Our overall
goal was to evaluate the feasibility of using AMD-TRs to reduce plant available P
in poultry litter. The objective was to quantify the reduction and the variability of
reduction in plant available P in poultry litter when AMD-TRs were incorporated.
Inorganic P isotherms were constructed using six Ca(OH),-based AMD-TRs
collected from northern West Virginia. Two of these were used in a wetting and
drying incubation experiment with five poultry litters. Litter extractable P
decreased by 190 to 680 mg P for every % (w/w) increase in AMD-TR, but was
dependent on AMD-TR source and litter type. In a separate experiment,
application of 20% AMD-TR to litter reduced extractable P by a factor of three,
with a first order decay constant of 0.056 (% AMD-TR)™. The potential for
AMD-TRs to adsorb P from animal manures could convert what is now a liability
(AMD-TR disposal) into an opportunity (P-management technology).

Additional Key Words: sorption, P removal, beneficial use
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EFFECTS OF SOIL AMENDMENT TREATMENTS ON AMERICAN
CHESTNUT PERFORMANCE AND PHYSIOLOGY ON AN EAST
TENNESSEE SURFACE MINE'

Christopher R. Miller?, Jennifer A. Franklin, and David S. Buckley

Abstract: Successful reforestation on mine sites requires the use of species
adapted to harsh soil and site conditions. Research has shown that American
chestnut (Castanea dentata) may be a suitable species due to its historical
presence on xeric, nutrient limited sites, which are characteristic of many surface
mines. Here we compare seedling survival and performance, through various
physiological parameters, of American chestnut planted on two sites in eastern
Tennessee. A seedling with high performance is identified as having greater
height, greater apical elongation, greater root collar diameter, greater
photosynthetic rate, and lower water stress than poorly performing seedlings.
Understanding how this species responds to surface mine planting treatments will
aid reforestation experts in achieving reforestation and simultaneously restoring
American chestnut. This study was carried out on a mine site reclaimed using the
Forestry Reclamation Approach. Two sites, containing two plots each, had
similar substrates, but differed in topography and material placement. Nine
treatments were applied contemporaneously during planting in a factorial
arrangement: forest topsoil (sterilized and un-sterilized), Terra-Sorb (applied and
not applied), and fertilizer pellets (applied and not applied). Chestnuts were
direct- seeded in rows with randomly assigned treatments. The first and second
year survival rates of 29 and 28% were unacceptably low for successful
reforestation. Fertilizer application reduced survival, but increased both natural
height and root collar diameter over the first year in surviving seedlings. Further,
fertilizer increased the rate of transpiration, and resulted in a more negative water
potential. Terra-Sorb reduced survival, but increased natural height and root
collar diameter, most likely as a result of a lesser degree of water stress. Lastly,
the inclusion of sterile soil reduced survival, but increased photosynthetic rate.

Additional key words: photosynthesis, water potential, fertilization, soil amendments, surface
mine reforestation, forestry reclamation approach, ARRI
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PASSIVE TREATMENT OPPORTUNITIES IN A DRASTICALLY
DISTURBED WATERSHED: REVERSING THE IRREVERSIBLE?*

R.W. Nairn, J.A. LaBar and K. A. Strevett?

Abstract: Like many large abandoned mining areas, the Tri-State Mining
District of the central US is plagued by numerous environmental problems,
including contaminated soils, tailings, waste rock, and water, with subsequent
detrimental impacts to human and ecological health. In one of the major basins of
the district, the Tar Creek watershed, impacts to surface waters were once deemed
to be due to "irreversible man-made damages"”, resulting in minimal effort to
address environmental risk from these legacy mine waters over the past 30 years.
However, recent watershed-scale environmental monitoring studies, along with
completion and evaluation of a full-scale passive treatment demonstration project,
indicate that this may no longer be the case. Evaluation of artesian discharges
indicates significant evolution of mine pool water quality (e.g., decreased metal
concentrations, increased pH and alkalinity) since first flush. In-stream water
quality, although still not meeting designated beneficial uses, has also changed.
Substantial surface water degradation due to waste rock and tailings runoff and
leachate is still problematic, but large-scale land reclamation (including wholesale
removal and underground injection) is ongoing. Conceptual designs for
watershed-scale passive treatment implementation have been developed and
indicate that both artesian mine discharges and remaining runoff/leachate waters
may be treatable in a cost-effective and sustainable manner. Recent voluntary
relocation efforts, resulting in the dissolution of historic mining communities,
provide opportunities for watershed-scale remediation and restoration. However,
long-term operation and maintenance obligations for the proposed passive
systems, incorporating the cultural and social needs of Native American tribes,
requires sustained commitment of technical and financial resources. Promising
initial results, coupled with results from other ongoing remediation efforts,
warrant further exploration and reevaluation of previous administrative decisions.

Additional Key Words: acid mine drainage, constructed wetlands, basin
remediation and restoration
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IRON AND TRACE METAL RETENTION IN NET ALKALINE CO,-RICH
MINE WATERS VIA AEROBIC PROCESSES"

R.W. Nairn and J.A. LaBar?

Abstract: Aerobic iron removal is a well-documented treatment process for net-
alkaline mine waters. In this study, on-site field mesocosm experiments were
conducted to evaluate effective oxidative removal of iron and trace metals from a
lead-zinc mine discharge in the former Picher Mining Field in northeastern
Oklahoma. Six in situ treatments (closed, closed with iron precipitate, open, open
with iron precipitate, open and aerated, open and aerated with iron precipitate)
were conducted in 40-L containers and water quality was analyzed over 24 hours
to evaluate the effects of aeration and degassing on homogeneous and
heterogeneous iron removal mechanisms. All treatments were established in
triplicate. Iron concentrations decreased rapidly and significantly in the aerated
treatments (180 mg/L to < 10 mg/L), with the addition of iron precipitate to the
initial treatment having no significant impact on rates or final concentration. Iron
concentrations also decreased significantly in the open buckets, but not as greatly
(to ~170 mg/L), and decreased slightly (but not significantly) in the closed
treatments (to ~190 mg/L).  Zinc, nickel, arsenic, cadmium and lead
concentrations also decreased significantly in the aerated treatments. Despite the
production of proton acidity from iron hydrolysis, pH increased significantly in
the aerated treatments (from ~6 to ~8) and slightly in the open treatments (~6 to
~6.1). The pH did not change in the closed treatments. Increased pH with
increased iron removal indicates the major importance of CO, degassing by
aeration, thus impacting both iron and trace metal concentration changes.

Additional Key Words: acid mine drainage, passive treatment, iron oxidation
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POTENTIAL ANIONIC SORBENT USE OF IRON OXIDES FROM
ABANDONED MINE DRAINAGE DISCHARGES!

C.A. Neely?and R.W. Nairn

Abstract. This study examines the potential to reuse mine-drainage derived iron
oxides as anionic sorbents for sustainable water treatment purposes. Pure iron
oxides have been established as effective sorptive media or coatings for water
treatment processes; yet, iron oxides from mine drainages remain to be an
abundant but unproven source of this raw material. Iron oxides from both passive
mine drainage treatment systems as well as environmental discharges of mine
water and their associated iron deposits were examined. Based on prior physical
characterization, three samples were selected (according to their specific surface
area) to evaluate their anionic sorptive capacities pertaining to naturally occurring
concentrations of orthophosphate (1.13 £ 0.03 mg/L) in surface waters, and
arsenate (117.79 + 4.08 pg As/L ) in drinking waters. The mine drainage derived
iron oxides’ performances were compared against a commercial grade iron oxide
product, Bayoxide E33 P at static pH values of 6.00, 7.00, 8.00, and 9.00 £+ 0.10
standard pH units via laboratory scale sorption batch experiments. As a result of
these experiments it was observed that the mine drainage derived iron oxides were
more effective at contaminant removal than the commercial product. Promising
contaminant removal efficiencies of up to 95% (arsenate) and 99%
(orthophosphate) were documented at specific pH values for the mine drainage
derived iron oxides, while adhering to virtually all US EPA primary and
secondary drinking water standards; thus suggesting that it may be feasible to
beneficially reuse mine drainage derived iron oxide in water treatment
technologies.

Additional Key Words: Passive Treatment, Sorption Experiments
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BOND RELEASE ISSUES ON THE CROW RESERVATION*

Alvin Not Afraid?

Abstract: The current program on the Crow Reservation in Montana will be
discussed with the emphasis on reclamation and inspection. The Crow Tribe is

currently working toward obtaining primacy from OSM on permitting and
bonding.
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CAN TRANSPIRATION RATES TELL THE POTENTIALITY OF MINE
RECLAMATION GROUND COVER?!

E. Nurtjahya® and J.A. Franklin

Abstract: Competitive interactions between woody and ground cover species was
an important issue in ex-coal mining areas in Appalachia region. Plant selection
is required to guarantee the reforestation success and transpiration rate may be
used to predict the adaptability of the selected plant species. The study aimed to
determine whether transpiration rates can be used to predict ground cover success
on mine reclamation sites. The experiment consisted of a randomized complete
block design with three replicates. Fifteen grass and herb species were planted in
PVC pots (305 mm height and 100 mm diameter) in three soil types i.e. quarry
soil, coal spoil, and vermiculite and pure beach sand mixture at 1:1 (v:v) ratio.
The plants were grown in a green house with 23.9-27.7°C/18.3-21.1°C
(day/night) temperature and 48.0/48.5% (day/night) average humidity, and were
watered daily during the study. Plant height and cover and transpiration rates
were measured throughout the investigation period. It was suggested that more
species can adapt to coal spoil soil than the other two soil types. Correlation
between plant growth parameters and transpiration rate is being analyzed.

Additional Key Words: quarry soil, coal spoil, plant selection criteria

! Poster paper was presented at the 2011 National Meeting of the American Society of Mining
and Reclamation, Bismarck, ND Reclamation: Sciences Leading to Success June 11 - 16,
2011. R.1. Barnhisel (Ed.) Published by ASMR, 3134 Montavesta Rd., Lexington, KY 40502.

2 Eddy Nurtjahya, Assistant Professor, Program Studi Universitas Bangka Belitung, Jalan Merdeka
No. 4, Pangkalpinang 33125, Bangka Belitung, Indonesia, Jennifer A Franklin, Associate
Professor, Department of Forestry, Wildlife and Fisheries, University of Tennessee, 274 Ellington
Plant Science, Knoxville, TN 37996



EFFECTS OF PRIME FARMLAND SOIL RECONSTRUCTION
METHODS ON POST-MINING PRODUCTIVITY OF MINERAL SANDS
MINE SOILS IN VIRGINIA'

Z.W. Orndorff?, W. Lee Daniels, Kelly R. Meredith, Marcus M. Alley, and Abbey F. Wick

Abstract. Significant areas of prime farmland in the upper Coastal Plain of
Virginia have been disturbed by heavy mineral sands (Ti/Zr-bearing ilmenite,
rutile, zircon) mining over the past 15 years. Mine soils created by the deposition
of tailings and slimes in dewatering pits exhibit physical and chemical properties
that limit agricultural use due to abrupt textural changes, heavy compaction from
grading and the inherently low pH and available P of the processed subsoils. In
2004, the Carraway-Winn Reclamation Research Farm (CWRRF) was developed
with lluka Resources Inc. in Dinwiddie County to evaluate reconstruction
strategies for returning mined land to agricultural production. In 2004, row crop
plots were established in a randomized complete block design with 4 replications
of 4 treatments: 1) LBS-CT — lime-stabilized biosolids (78 dry Mg ha™) with
conventional tillage, 2) LBS-NT — lime-stabilized biosolids (78 dry Mg ha™*) with
no tillage, 3) TS — 15 cm of topsoil replacement with lime+NPK, and 4) C —
control (tailings+lime+NPK).  All treatments were deep ripped to 90 cm
following grading and limed and fertilized annually to optimal levels. Two
additional study sites, managed similarly to the treatment plots, included a
compacted (no ripping) area (COMP) and a nearby unmined prime farmland
(Orangeburg series) field (UM). Between 2005 and 2008, the plots were managed
with a corn-wheat/double crop soybean rotation. In 2009, the plots were managed
with cotton and in 2010 with wheat/double crop soybeans. During the initial four
year corn-wheat/double crop soybean rotation, the two LBS treatments produced
significantly higher yields than the TS or C treatments. No significant differences
were observed among treatments for the 2009 cotton yield; however, erratically
distributed settlement depressions adversely affected crop growth and harvest and
led to high variability within each treatment. Similarly, no significant differences
were observed for the 2010 wheat and soybean yields in a low rainfall year.
Overall, yields from all four treatments typically exceeded 5-year local county
averages, but were 25 to 40% lower than yields from the local prime farmland soil
under identical management. Relatively low COMP vyields illustrated the need for
initial deep ripping and periodic tillage to improve physical conditions of these
mine soils.

Additional Key Words: biosolids, compaction, titanium mining, topsoil replacement

! Paper was presented at the 2011 National Meeting of the American Society of Mining and
Reclamation, Bismarck, ND, Reclamation: Sciences Leading to Success. June 11 - 16, 2011.
R.1. Barnhisel (Ed.) Published by ASMR, 3134 Montavesta Rd., Lexington, KY 40502.

2 Zenah W. Orndorff, Senior Research Associate, W. Lee Daniels, Professor, Kelly R. Meredith,
former Graduate Research Assistant, Marcus M. Alley, Professor Emeritus, and Abbey F.
Wick, Postdoctoral Associate; all with Dept. of Crop and Soil Environmental Sciences, 0404,
VPI & SU, Blacksburg, VA 24061.



RESULTS FROM THE INITIAL “ELF” INTER-MINE POOL TRANSFER

TESTS'
B. J. Page?, B. R. Leavitt, T. P. Danehy, G. Leavitt, C. F. Denholm, S. L. Busler, L. B. Popeck,
M. H. Dunn

Abstract: Abandoned underground mines in the Pittsburgh coalbed continue to
be a source of pollution to over 48 km of streams in the Raccoon Creek
watershed. Raccoon Creek watershed is located in Western Pennsylvania and
drains 176,890 ha into the Ohio River. In 2006, an evaluation of selected
discharges with conceptual treatment approaches was developed that included the
“ELF” project, which had the potential to substantially eliminate AMD impacts to
Burgetts Fork for 5.3 km to the confluence with Raccoon Creek. For simplicity,
the acronym, “ELF”, is used to identify the discharge that would be created by
consolidation of discharges from Erie Mine, Langeloth Mine, and Francis-
Patterson Mine. This project addresses the initial physical feasibility of the
“ELF” System” by identifying if the opportunity exists to combine and relocate
AMD from various locations in the Burgetts Fork sub-watershed by “inter-mine
pool transfer” to a single discharge point for future reuse or treatment. To
evaluate the degree of hydrologic interconnectedness of the mine workings, two
tests were conducted. The tests indicate that there is no apparent impediment to
flow within the Erie Mine and that the Erie Mine discharge can be successfully
relocated by implementation of the “ELF” system. The tests also indicate that
withdrawal from the Langeloth Mine Shaft with injection into the Erie Mine may
substantially decrease the discharge from the Francis mine that flows through and
out of the Patterson Mine. The physical feasibility of the “ELF” system to
decrease or eliminate the flow from the Patterson Mine requires additional
confirmation prior to implementation.
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ARSENIC SPECIATION IN SEDIMENT AND PORE WATERS OF THE
HISTORICAL MINING-IMPACTED BELLE FOURCH AND
CHEYENNE RIVER FLOODPLAINS'

Bryce D. Pfiefle? and James J. Stone

Abstract: Mineral extraction and waste disposal in the Lead area of South
Dakota directly discharged spent mine tailings into Whitewood Creek from 1876
until 1977. Sulfide-bearing minerals including arsenopyrite composed 7 to 8
percent of the primary ore body. Physical and chemical processes have resulted
in substantial transport and deposition of arsenic-enriched materials within
Whitewood Creek, the Belle Fourche and Cheyenne Rivers, and Lake Oahe (post
1958). Previous research has shown that historical sediment arsenic
concentrations within the impacted floodplains range from greater than 10,000
micrograms per gram (ug/g) near the mouth of Whitewood Creek to greater than
400 pg/g in the Cheyenne River arm of Lake Oahe. Geochemical arsenic (As)
interactions within sediment and pore waters were investigated to determine
physical, chemical, and biological processes that may influence As transport from
active floodplain sediments. Sediment pore-water dialysis chambers (peepers)
were deployed over a 2-week sampling period and their contents analyzed for
select trace element concentration via Inductively Coupled Plasma Mass
Spectrometry (ICP-MS) to determine temporal and seasonal influences associated
with sediment redox geochemistry. The sediments cores were analyzed to assess
the microbial activities under anaerobic and aerobic conditions. Correlating the
microbial analyses with metals concentrations as well as other physical and
chemical parameters within the pore water, supports conclusions made about the
geochemical stability and fate of As within this system. The release of metals
into the pore water appears to be controlled by seasonal variations in oxidation
reduction potential with reducing conditions promoting the release of the metals.
Biochemical interactions within the subsurface are also believed to affect the
mobilization of these metals. This report will summarize the key research
findings from on-going field work and laboratory analyses along the mining-
impacted Belle Fourche and Cheyenne alluvial systems.
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DETERMINING RECLAMATION POTENTIAL FOR STEEP OIL AND
GAS SITES IN THE POWDER RIVER BASIN, WYOMING*

Brenda K. Schladweiler? and Dawn M. Gardner

Abstract. The collection of qualitative and quantitative data prior to any
disturbance is an invaluable tool in the reclamation process, including the
determination of future reclamation success of a given site. In conjunction with
any federal or state rules and regulations associated with pre-disturbance data
collection and due diligence of companies, determining overall reclamation
potential prior to disturbance can outline construction limitations and ultimately
increase final reclamation success. Primary resources that should be evaluated
prior to disturbance include vegetation and soil characteristics. Since both pre-
disturbance and revegetation communities are related to baseline and replaced soil
characteristics, reclamation potential can be determined prior to disturbance at a
specific location. This is especially critical on steep slope areas where thin and
erosive soils may be present and where soil quality may be an issue.

Various 2010 vegetation and soil data were collected to determine reclamation
potential on proposed oil and gas sites within steep terrain and limited soils in the
Powder River Basin of northeastern Wyoming. Many of these sites were on areas
of concern for eventual reclamation success by federal land managers. A resource
matrix was developed to assist in the determination of overall reclamation
potential for each site. In addition, vegetation surveys were conducted within
previously reclaimed steep sloped areas to determine whether success could be
achieved in such highly challenged landscapes.

Additional Key Words: coalbed methane, pre-disturbance assessment,
vegetation, soils.

! Paper was presented at the 2011 National Meeting of the American Society of Mining and
Reclamation, Bismarck, ND Reclamation: Sciences Leading to Success June 11 — 16, 2011.
R.1. Barnhisel (Ed.) Published by ASMR, 3134 Montavesta Rd., Lexington, KY 40502.

2 Brenda K. Schladweiler is President and owner of BKS Environmental Associates, Inc.,
Gillette, WY 82717 and Rock Springs, WY 82902. Dawn M. Gardner BKS Environmental
Associates, Inc., Gillette, WY.



USING SATELLITE IMAGERY TO CHARACTERIZE LOCATIONS,
AGES AND WOODY CANOPY COVER OF RECLAIMED SURFACE
MINES IN APPALACHIA, USA*

S. Sen?, C. E. Zipper, R. H. Wynne, P.F. Donovan, J.W. Coulston

Abstract: The Appalachian region of USA hosts diverse forests and abundant
high-quality coal reserves. Surface mining methods are often used for coal
extraction. Because common reclamation methods in past years have not restored
forest vegetation, surface mining has created a diverse land base. Although some
mined lands have been placed into managed uses, most have not. Little is known
about the extent and nature of the land resource base created by surface coal
mining in Appalachia. Here, we report on development of methods for
interpreting imagery acquired by the Landsat satellites since the early 1980s to
identify surface-mine land disturbances by date of mining, and to estimate current
woody canopy on those mined areas. We have conducted these analyses working
within a study area in southwestern Virginia’s coalfield. The mined-area
identification algorithm, when applied to an independent dataset, was found to
identify mined/non-mined areas correctly with an overall accuracy of 89.1%, with
87.4% of mined areas within the independent dataset were classified correctly as
mines. Incorrectly classified mines were often areas with low levels of vegetative
cover nested within correctly classified mine areas. Preliminary results show that
woody canopy cover on mined and reclaimed areas can be estimated successfully
using Landsat (0.80 R?). Future work will further develop these procedures and
apply them over a test area.

Additional Key Words: Landsat, Coal Mine Reclamation, Mine Reforestation,
Ecosystem Restoration.
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SELECTING TOPSOIL SUBSTITUTES FOR FORESTRY MINE SOILS*
Jeff Skousen?, Carl Zipper, Jim Burger, Patrick Angel, and Christopher Barton

Abstract The Forestry Reclamation Approach is a five-step system for reclaiming
mined lands to forests. Step 1 of the FRA involves creating a suitable rooting
medium for good tree growth using topsoil, weathered sandstone and/or the best
available material. Several types of overburden types can be selected to place on
the surface as growth media. These spoil types include weathered brown
sandstone and unweathered rock materials including sandstones, siltstones, shales,
and mixtures of these materials. When sufficient topsoil is not salvageable,
reclamation scientists often recommend that, when available, weathered sandstone
should be considered as the ‘best available’ topsoil substitute material. Here, we
review the scientific evidence that supports such recommendations.

Several studies have shown that tree survival was not significantly different
among spoil types. Weathered brown sandstone, unweathered gray sandstone,
siltstone and shale materials all produced good tree survival (>70%) when
compaction and competitive ground covers were reduced. However, growth for
most trees (as measured by height, diameter, and volume) was usually
significantly greater in weathered brown materials than in unweathered
sandstones, siltstones, shales, and mixed spoils. At one site in West Virginia five
years after planting, a 10-fold difference in tree volume was found between these
two spoil types. Similar results have been found with other studies across
Appalachian surface mines.

Based on the results of studies summarized herein, the use of weathered brown
sandstone is generally recommended, along with topsoil materials when available,
to be placed on the surface on sites where hardwood tree species are being planted
for forestry post-mining land uses. Weathered brown sandstone spoil materials
have a pH, soluble salt content, fine earth content well suited for trees, and
sufficient nutrient supplying and water holding capacity that results in superior
tree growth compared to other spoil types. The brown sandstone material more
closely resembles the native forest soil than the unweathered gray materials.
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HOT RESEARCH TOPICS ADDRESSING BOND RELEASE AT
SURFACE COAL MINES IN THE WESTERN UNITED STATES"

Pete Stahl?

Abstract: Bond release for successful mine reclamation is critical objective at
almost all surface coal mines in the United States. Hundreds of millions of
dollars, environmental quality, and corporate, as well as personal reputations are
at stake. Many different technical issues have contributed to difficulties in
achieving of Bond Release at surface coal mines in the western U.S. since
enactment of SMCRA in 1977 from revegetation problems to soils issues to
topographic reconstruction. Research on problematic mineland reclamation issues
over the past 30 years has lead to many solutions and resulted in much more
timely bond release than occurred in the past. This presentation will discuss
current and recent past research conducted to address issues that create problems
in Bond Release in the western United States.
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NATIVE PLANT ESTABLISHMENT STUDY PHASE I1*
Debbra Stokes?

Abstract: The purpose of Phase Il of this study was to determine if a single
application of a time-released water gel (TRWG) with the added nutrients zinc
and acetic acid could provide enough moisture to successfully establish the root
system of a native plant during the warmest time of the year. Phase 11 follows the
plants from Phase | throughout a complete growing season. A TRWG was applied
to one group of plants providing 90-days of continuous moisture during late
summer/fall plantings. Plants that were hand watered (controls) were given 2.5
gallons of potable water, without nutrients, each week for 12 weeks.

The study takes place in Santa Rosa, CA and presents initial results from June
2010 of dry root mass weights from plantings in August, September and October
of 2009. Final results for Phase 11 were gathered in November 2010 showing first
season root mass growth and upper plant height measurements.

Planting trees in August appears to provide a sufficient timeline allowing roots to
push growth for a few months prior to plants becoming dormant. The challenge is
providing cost effective irrigation from August until the dormant season around
November. Results for Phase Il of this study show root mass had the greatest
overall increase when plants went into the ground during August with a TRWG.

Phase Il data indicates a 139% average increase in root mass growth and a 68%
increase in upper plant growth for plants established in August with a TRWG
over controls which were given water on a weekly basis.
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SEDIMENT PORE-WATER INTERACTIONS ASSOCIATED WITH
ARSENIC AND URANIUM TRANSPORT WITHIN A URANIUM MINING-
IMPACTED WATERSHED IN SOUTH DAKOTA"

J.J. Stone?, L.N. Larson, G.G. Kipp

Abstract: The extent of historical uranium mining impacts is well documented
for the North Cave Hills region of Harding County, South Dakota. While
previous studies indicate watershed sediment and surface water exhibit up to 90x
established background concentrations for arsenic (As) and uranium (U), it was
unclear whether or how localized changes in sediment redox behavior influence
contaminant remobilization. Five pore-water equilibration samplers (peepers)
were spatially and temporally deployed within the study area to evaluate seasonal
solid-liquid equilibria as a function of sediment depth. At a sampling site 2 km
downstream of the mine site within a wetlands-dominated deposition zone,
seasonal variations of pore-water geochemistry were observed.  Summer
conditions promoted strongly reducing conditions, resulting in the remobilization
of sediment-bound As(l11). Fall conditions promoted oxidizing conditions within
the sediments, resulting in decreased As (5x) and increased U (10x)
concentrations within the sediment pore-waters. Peak pore-water U
concentrations (781 pg/L) were 3.5x greater than observed within the surface
water (226 pg/L) immediately above the sediments.  Pore-water As(V)
concentrations peaked directly below the sediment-water interface, suggesting
As(V) was scavenged and accumulated by strong interactions with surficial iron
(hydr)oxides. The study results suggest that localized redox conditions, especially
those dominated by (bio)geochemically-influenced iron and sulfur reducing
processes, may influence seasonal As and U behavior within these mining
impacted alluvium sediments.
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WATER QUALITY IMPACTS FROM IN-STREAM MINE TAILINGS IN
RIO TARAPAYA, POTOSI, BOLIVIA'

W.H. Strosnider?, R.W. Nairn, H. Rios Montero, F. Llanos Pinto

Abstract: Although recent construction of tailings dams has dramatically
decreased solids discharge rates, pyrite-dominated polymetallic sulfide mine
tailings persist as the primary in-stream substrate of the upper Rio Pilcomayo, a
crucial water resource in the arid Southeastern Bolivian highlands. Rio Tarapaya
is a primary tributary of the upper Rio Pilcomayo that drains Potosi, Bolivia,
where intensive hard rock mining and ore processing has occurred for five
centuries. In conjunction with standard water quality testing, field leach tests
were performed on saturated sediment within the active channel as well as
unsaturated sediment deposited on the banks of the Rio Tarapaya during high-
flow events. Results indicate that weathering of in-stream tailings is contributing
to deleterious concentrations of various ecotoxic metals. Of special concern is the
mobilization of metals and acidity with increases in water level, such as occurs at
the onset of the rainy season. The highly seasonal, arid climate provides for long
periods of mineral oxidation followed by large precipitation events which
mobilize weathered oxidation products. The reactivity of the millions of tonnes
of in-stream tailings in Rio Tarapaya suggests that the upper Rio Pilcomayo will
remain severely degraded for the foreseeable future and remediation will continue
to be a daunting task.

Additional Key Words: acid rock drainage, sewage, aqueous geochemistry, water quality, and
mineral processing
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HARDWOOD TREE PERFORMANCE ON AMENDED BROWN AND
GRAY MINE SPOILS AFTER FOUR YEARS'

C. Thomas and J. Skousen?

Abstract: For over a century coal mining has been an important industry in West
Virginia, creating jobs and generating revenue for the state and surrounding region, but
advancements in technology and mining methods has accelerated the disturbance of
valuable contiguous deciduous forests in the Appalachian region. Mountaintop mining
has converted large expanses of forested mountaintops to rolling pasture and hay land.
Once thought to be of economic value, these pasture/hay lands were unmanaged and have
been left abandoned to revert to shrub land dominated by invasive non-native species.
Due to excessive soil compaction and heavy herbaceous cover, natural plant community
succession from planted grasslands to hardwood forests is slow. Recently, efforts are
being made to re-establish hardwood forests on mined land through careful spoil and
amendments selection and placement and planting of appropriate herbaceous and tree
species. In order to evaluate tree growth on selected spoils with various amendments, a
3-ha demonstration plot was created at ICG-Eastern’s Birch River mine in West Virginia.
The plot is comprised of two exclusive areas of oxidized (brown) and un-oxidized (gray)
sandstone substrates. Portions of each area were amended with bark mulch and/or
hydroseeded with fertilizer and herbaceous species, creating a total of eight treatments.
The study area was planted with a variety of hardwood tree species on 2.4-m centers. Soil
chemical properties and tree survival and growth were evaluated for four years beginning
in 2007. After four years, hydroseeding had no effect on soil chemical properties. Soil
chemistry strongly depended on sandstone type and mulch amendment. The pH of brown
sandstone without bark mulch application was 4.9. Soil pH for brown sandstone with
mulch and all gray sandstone treatments ranged from 7.2 to 7.8. The largest average tree
volume, 1098 cm?®, was recorded on treatments with brown sandstone and bark mulch.
Tree growth on gray sandstone was the lowest. Interaction between sandstone type and
mulch was most influential on tree growth. Four years after reclamation, hydroseeding at
a rate of 28 Ibs ac™ had no effect on tree growth. Interaction between sandstone type and
mulch was most influential on soils chemical properties. No treatment was found to have
an effect on tree survival. Survival of all treatments ranged from 77 to 100%. In
conclusion, tree growth on brown sandstone outperformed gray. After four years,
hydroseeding had no effect on tree growth or soil chemical properties. Mulch application
had the ability to improve tree growth in both sandstone types and had a strong influence
on soil chemical properties.

Additional Key Words: gray sandstone, brown sandstone, tree survival, tree volume, bark
mulch, hydroseeding
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ND INDUSTRY’S PERSPECTIVE ON BOND RELEASE!
Jessica K. Unruh?

Abstract: The bond release process outlined by the North Dakota Public Service
Commission has worked well for The Coteau Properties Freedom Mine. This
presentation contains information from areas released from bond in recent years,
which includes data demonstrating reclamation success on land uses such as
cropland, native grassland and redisturbed orphan spoil areas. This presentation
will also cover some of the issues we face as an industry as we approach bond
release. While the bond release process is set up very well as a whole, some
issues arise when small areas need to be repaired during the liability period and
waivers or variances need to be obtained. Another concern is handling small
tracts of land that may be ready for bond release, but are too small to sell or
manage properly. Our most prevalent problem, however, is relying on the public
to satisfy the North Dakota Public Service Commission requirements to prove
reclamation success. As a consequence of North Dakota’s corporate farming
laws, mining companies are unable to raise crops or cattle on our reclaimed land.
This requires us to rely solely on tenants of the land to produce a previously
approved crop and provide adequate documentation to prove production and
quality of everything they produce.
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BOND RELEASE IN MONTANA; PAST, PRESENT AND FUTUREI1

Eric Urban 2

Abstract: In the 38 year history of the Montana Coal program, the emphasis on
Bond Release has never been greater than it is now. This presentation focuses on:
1) the chronology of bonding costs; 2) bond release application rates; and, 3)
programmatic influences on the bond release process in Montana. We have all
heard the statements about the increased costs of obtaining and maintaining a
bond, but how much does it really cost? With the increased cost of bonding, what
tools are available to industry to minimize the bonding expense while still
adhering to regulatory requirements? What options are available to the regulatory
agency to minimize the impacts of bonding? Montana’s thoughts and ideas for
answering these questions will be presented. Also, photos of some very creative
reclamation will be shown.
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EFFECTS OF WYOMING BIG SAGEBRUSH SEEDING RATE AND
GRASS COMPETITION ON LONG-TERM DENSITY AND CANOPY
VOLUME OF BIG SAGEBRUSH AND WILDLIFE HABITAT"

L.E. Vicklund?, G.E. Schuman and M.C. Mortenson

Abstract: This research was initiated in 1997 to evaluate the effects of seeding
rates of grass and Wyoming big sagebrush on the establishment of big sagebrush.
The research was accomplished at the Belle Ayr West mine, south of Gillette,
WY using a randomized complete block with three big sagebrush seeding rates (1,
2, and 4 kg PLS /ha) and seven grass seeding rates (0, 2, 4, 6, 8, 10, and 14 kg
PLS /ha ) experimental design. Field data were collected from 1997-2004 and
resampled in 2010 to evaluate the long-term effects of these seeding rate
treatments on big sagebrush density and plant canopy volume. Wyoming big
sagebrush average density decreased by 25-33% from 2004 to 2010 but the
density remained above the 1 plant/m? level required by the Wyoming
Department of Environmental Quality shrub density standard. Wyoming big
sagebrush canopy volume in 2010 (per plant) is as much as 50 times greater than
observed in 2004. When expressed on an area basis (cm® m?), canopy volume is
about 15 times greater than measured in 2004. Grass competition did not have a
significant effect, on an area basis, on canopy volume in 2010 even though it
continues to influence big sagebrush density. However, we believe it remains
important to consider the effects of grass competition and shrub seeding rates to
ensure desired shrub densities on reclaimed mined lands in the Western U.S.
Therefore, we recommend grass seeding rates of 6-8 kg pls/ha and Wyoming big
sagebrush seeding rates of 2-4 kg pls/ha to ensure desired reclamation that meets
regulatory requirements and provides good revegetation, forage productivity and
wildlife habitat. Shrub density and cover in this study meet the guidelines for the
dominant wildlife species in the region after 13 years.

Additional Key Words: shrub establishment, mined land reclamation, semi-arid region,
shrub cover.
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NORTH DAKOTA’S BOND RELEASE VERIFICATION
REQUIREMENTS'

Guy A. Welch

Abstract: North Dakota’s Surface Coal Mining regulatory program has four
phases or stages of bond release. Under Phase I, forty percent of the bond for an
area may be released for the completion of backfilling, grading and drainage
control. For Phase Il an additional twenty percent of the bond may be released for
completion of topsoil and subsoil respread. Under Phase 11l additional bond may
be released for vegetation establishment but the Public Service Commission must
retain sufficient funds to cover third-party revegetation and associated costs for
managing the property for the 10-year revegetation responsibility period. Phase
IV is final bond release where all reclamation responsibilities are relinquished and
the bond is reduced accordingly. This presentation outlines the requirements for
each of these four phases of bond release.
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TREATMENT OF ANTIMONY AND ARSENIC WITHIN MINE WATER
FROM THE DRUMLUMMON MINE, MONTANA USING TITANIUM
DIOXIDE ADSORPTION MEDIA*

K.S. Whiting,? D.T. Klempel, and R.J. Kimball

Abstract: In recent years, Sb has received increased attention from regulatory
agencies and the need for a reliable treatment technology for antimony-containing
waters is necessary. Unfortunately, antimony is difficult to remove to the very
low levels required. Adsorbents which have proven successful for the removal of
arsenic have been disappointing when applied to Sb treatment. In the current
investigation, a number of conventional media were tested at the bench-scale and
in the full-scale system, including: Severn Trent E33 Bayoxide®, Severn Trent
Omni-SORB™ greensands, activated carbon, and Dow ADSORBSIA™, a
proprietary TiO, media. Each media was tested using pretreatment oxidation with
sodium permanganate and sodium hypochlorite, and the TiO, was tested under
varying pH conditions. Pre-oxidation with sodium hypochlorite followed by
greensands and TiO, media was found to be the most effective and long lasting of
the combinations tested. The results of the column and full-scale tests along with
an evaluation of the removal mechanisms using electron microprobe analyses will
be presented.

Additional Key Words: greensands, ADSORBSIA™, Bayoxide®, Omni-
SORB™, PHREEQC modeling, electron microprobe.
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SOIL DEVELOPMENT AND VEGETATION ESTABLISHMENT ON
AMENDED SALINE DREDGED MATERIALS?

A.F. Wick? W.L. Daniels and C.H. Carter Il

Abstract: Crop establishment on saline-source fine textured dredged materials is
challenging due to the adverse physical properties of the material (e.g. fine texture
and lack of structure) and short-term salinity. Two approaches to improve crop
establishment and soil properties on such dredged materials on an upland
deposition site in Virginia were tested: (1) a topsoil cap plus fertilizer
(approximately 20 cm; TS) and (2) incorporation of 30% sand by volume into the
surface plus fertilizer (30%S). Each treatment was compared to a Control where
only fertilizer was added based on soil fertility testing. A greenhouse study was
initiated prior to the installation of field experimental plots. In the greenhouse
study, German millet (Setaria Italica L.) yields and average plant height from
highest to lowest were Control > TS > 30%S after three months. Large
aggregation (250-8000 pm) was highest on the Control (68-70% total soil)
followed by the TS (56%) and 30%S (48%) treatments; however, salinity was
also higher on the Control treatment vs. the other two. The field experiment was
installed in the spring of 2009 with an additional compost treatment added to the
plots in splits. Plots were seeded to German millet in May 2009 and no-till drilled
to Triticum aestivum (winter wheat) in October 2009. Weed control and a second
application of N fertilizer in the spring of 2010 were impossible due to extremely
wet soil conditions; therefore, only total biomass (wheat+weeds) data are
presented for 2010. Millet yields (4382 kg ha™) and total biomass (4319 kg ha™)
were higher on the 30%S treatments followed by the Control and TS treatments.
Large aggregation was higher in the Control (70-80% total soil) than the 30%S
(40-60%) and TS (20-30%) treatments in 2009 and 2010. Salinity declined with
time across all treatments with suitable levels for crop production attained in the
amended plots (30%S and TS). Compost additions stimulated microbial biomass
and soil C concentrations, but did not significantly increase crop yields or
aggregate formation relative to the non-compost treatment. Overall, yields and
soil salinity were significantly improved when 30% sand by volume was
incorporated into the dredge sediment, making this a feasible remediation strategy
in the short-term, provided it is cost-effective.

Additional Key Words: macroaggregate, microaggregate, organic matter, soil
quality
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UPLAND PLACEMENT AND MANAGEMENT OF ACID-FORMING
DREDGE MATERIALS'

A.F. Wick? W.L. Daniels, Z.W. Orndorff, and C.H. Carter Il

Abstract: Harbor and ship channel maintenance dredging by the Maryland Port
Administration has historically presented a dredge disposal and utilization challenge due to
metals and the potential acidity of their sediments. Post-placement low pH (<4.0) has been
problematic for vegetation establishment and also reduces the pH of water moving through
or over the sediment disposal or utilization facility. To determine best management
practices for one material (Cox Creek; H,O, potential acidity - PPA = - 10 Mg CCE per
1000 Mg material; Total S = 1.31%; calcium carbonate equivalent - CCE = 7.13%)
proposed for upland placement, we conducted lab and field experiments. In the lab, a series
of liming rates (0.00, 0.50, 0.75, 1.00, and 1.25x of required lime additions as CCE) were
evaluated through 32 wet-dry cycles. The pH of the 0.00x liming rate treatment remained
between 4.10 and 4.20 throughout the experiment, while the effects of the lime rates on bulk
sediment pH were not evident until after four wet-dry cycles were completed. The lack of
development of pH lower than 4.10 was unexpected. Based on the PPA results, we predicted
the pH of the unlimed treatment to drop below 4.0 over more extended periods of time. By
the end of the experiment, the 1.25x liming rate sediment pH was 6.22 and the 0.50x pH
was 5.11. Salinity of the material is clearly an additional issue. The EC of the 0.00x liming
rate increased from 5.9 dS m™ at the start of the experiment to 7.9 dS m™, while the 1.25x
rate EC increased from 7.0 to 8.9 dS m™, presumably due to sulfate release. In the field, two
lime application methods were tested (bulk blending and layering) against an unlimed
control treatment. Three zero-tension lysimeters were installed under each plot to monitor
pH and EC of leachates. First-year results indicate that the pH of both the bulk-blended lime
and layered treatments remained between 4.4 and 5.5 after four sampling events. The
unlimed control pH was slightly lower, between 4.2 and 4.5. The EC of the leachate
samples (6 to 17 dS m™) again indicated an issue with soluble salts across all treatments.
The salts initially originate from entrained chlorides, but are enhanced by sulfates over time
as sulfides react and are neutralized. Thus, managing these materials for plant growth and
water quality in an upland environment will be limited by pH and the need to develop
strategies for leaching soluble salts and predicting their ground- and surface water impacts.
The PPA technique for estimating potential acidity was superior to a more conventional
acid-base-accounting technique based on Total-S and CCE determinations.

Additional Key Words: acidity, dredging, potential peroxide acidity, salinity
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COOPERATIONAL ASSESSMENT OF MINE WASTE ROCK FOR
REMEDIATION AND REUSE'

Joseph F. Wiley?, Jonathan O. Sharp, Thomas R. Wildeman, Ed Rapp, Dianne
Kielty, Brent A. Scarbrough

Abstract. A legacy of waste rock associated with abandoned mining operations
continues to degrade water quality in the Colorado Front Range. The success of
remediation at these sites may be impeded by financial constraints, uncertain
liability, and the legal status of lands in question. However, the development of
safe, cost-effective reuses for orphan mine wastes may offset remediation costs
and encourage stakeholder participation. Service-based, experiential education
adds value to the effort, allowing undergraduate students to provide preliminary
assessments of mine waste while interacting with nonprofit and consulting
organizations. To investigate the feasibility of this approach, collaboration among
the nonprofit Clear Creek Watershed Foundation, Colorado School of Mines, and
Frontier Environmental Services, Inc., examined waste piles along Trail Creek,
near ldaho Springs, CO. Piles were assessed for impact on the surrounding
watershed and for potential reuse as foundational concrete aggregate for a
proposed local wind farm. Grab samples and 30-subsample composites were
evaluated according to established physical and chemical criteria. Physical data
gathered included volumetric assessments of the piles, sieving to compare particle
size distributions to ASTM aggregate standards, and ranking of each site
according to distance to drainage, erosion, and vegetation present. Concentrations
of metals regulated by EPA maximum contaminant levels (MCLs) were analyzed
in leachates by ICP-AES and compared to regulatory limits. Slag material had
sufficient coarse aggregate content for concrete applications (ASTM standards),
while unprocessed waste rock, which comprised most of the material available,
contained an excess of fines. Regarding chemical leachability, both waste rock
and slag were found to be acceptable for landfill disposal with the exception of
isolated lead measurements exceeding hazardous waste regulations. Over the
investigated reach of Trail Creek, total metal loading increased by 4.8 kg/day
proximal to the piles, suggesting that removal could alleviate the metal burden
(particularly Zn and Cu) on receiving waters.

Additional Key Words: Brownfields to Brightfields Initiative, byproduct reuse,
sustainable reclamation, educational outreach
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REVEGETATION OF A BOREAL GOLD MINE TAILINGS POND*
lan Young?, John Markham, and Sylvie Renault

Abstract: The Gunnar gold mine in Nopiming Provincial Park,
Manitoba dumped non-acid generating tailings over an area of
approximately 11 hectares more than seventy years ago. Small-scale
studies at the site have shown that the incorporation of an organic
amendment (paper mill sludge) can increase plant survival and growth.
A large scale study was therefore established in June, 2009 to examine
the effectiveness of different amendment treatments on plant growth
and stress, as well as changes to tailings fertility. Two waste products
from the paper mill industry, paper mill sludge and wood chips, were
incorporated into the tailings (at 3.7 and 3.5 kg/m? respectively),
along with an application of a 25-5-10 NPK fertilizer at 100 kg N/ha,
by rotor-tilling to a depth of 15cm. Additional plots were established
and rotor-tilled similarly with one of two fertilizer rates (100 or 250
kg N/ha), but without an organic amendment. Treatments were applied
to 15m x 15m plots and replicated five times. Black spruce (Picea
mariana), willow (Salix spp.), alfalfa (Medicago sativa), slender
wheatgrass (Agropyron trachycaulum) and red fescue (Festuca rubra)
were planted across all plots. Paper mill sludge and fertilizer
application resulted in the greatest ground cover and plant growth.
Soil organic carbon was also significantly increased in this treatment
after the first growing season. The wood chip and high fertilizer rate
treatments did not provide any significant benefit for plant growth
relative to the low fertilizer treatment. Black spruce survival was
similar for all plots receiving the 100 kg N/ha fertilizer rate; however,
those receiving 250 kg N/ha fertilization showed lower survival. After
two growing seasons, it appears as though incorporating paper mill
sludge into the tailings surface (along with fertilization) significantly
improves the medium for plant growth. Ongoing work includes further
characterization of the tailings with other soil fertility measures as
well as investigating relative stress levels between plants grown in
different treatments using photosynthetic pigment and proline levels.

Additional Key Words: organic amendment, soil fertility, paper mill sludge, wood chips, plant
growth
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WOODY BIOMASS PRODUCTION ON POST-SMCRA MINED LANDS
OVER THREE YEARS AND COMPARISONS WITH OTHER STUDIES'

Carl E. Zipper,? Daniel M. Evans, James A. Burger, Christopher W. Fields-Johnson,
Amy Brunner, Brian Stanton

Abstract. Lands mined for coal and reclaimed under the Surface Mining Control and
Reclamation Act (SMCRA) can be used to produce woody biomass. This study
evaluates woody biomass production on SMCRA-reclaimed lands after ripping to
reduce soil compaction. Four species treatments were established at two planting
densities on three Wise County, Virginia, mine sites. Here, we review experimental
treatment effects on biomass production after three years, and we compare results to
those of two other current studies that are also evaluating biomass production on
post-SMCRA mined lands. After three growing seasons, black locust produced more
volume and biomass than other planted species. High-density plantings produced
greater per-hectare biomass than low-density plantings. For black locust, sycamore,
and a hybrid poplar clone (Populus trichocarpa x P. deltoides, clone 52-225), per-tree
volume growth increments were nominally greater in year three than in year two, and
fertilizers applied after year two nominally increased growth. A low-density red oak
planting and a mix of red oak and eastern cottonwood planted at high density
produced low amounts of biomass compared to other species. The Wise County
study’s hybrid poplars are growing less rapidly than hybrid poplars of the same clonal
variety growing on VA, WV, and OH mine sites in a multi-state study, and its black
locust biomass production is comparable to the best performing of the multi-state
study’s hybrid poplars. In a third study, ninety-eight hybrid poplar genotypes of three
taxons (P. deltoides x P. trichocarpa (DT and reciprocal), P. deltoides x P. nigra
(DN), and P. deltoides x P. maximowiczii (DM)) completed two years of growth on a
VA mine site. Average biomass production by the DM clones exceeded production
on the multi-state trial’s best performing site and is comparable to the Wise County
study’s black locust production over comparable time periods. Within each taxon
including DM, growth by the fastest growing genotypes is exceeding taxon means by
factors of >2x. In both the Wise County and the multi-state study, significant effects
by site and other non-species factors on biomass production are apparent, but which
factors are driving performance differences is not clear. In order for biomass
production on post-SMCRA mine sites to achieve commercial potential, factors
causing the major growth differences observed in these studies must be understood
and managed.
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