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DISCLAIMER 
 
“This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or 
responsibility for the accuracy, completeness, or usefulness of any information, apparatus, 
product or process disclosed, or represents, that its use would not infringe on any privately 
owned rights. Reference herein to any specific commercial product, process, or service by trade 
name, trademark, or otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any agency thereof The views 
and opinions of authors expressed herein do not necessarily state or reflect those of the United 
States Government or any agency thereof.” 
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ABSTRACT 
 
 
A major effort this quarter was to inventory all the planted areas to evaluate the diameter and 
height growth as well as determine survival rates.  Soil bulk density and compaction continue to 
be evaluated on all the areas to determine the effects on tree growth and survival.  The 
hydrologic quantity and quality are continuously monitored and quantified.  Much effort was 
also expended in preparing technical presentations for professional meeting and field trips for a 
variety of audiences. 
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INTRODUCTION 
 
EXECUTIVE SUMMARY 
 
 The third quarter of each year in this and similar research is dedicated to inventory and 
survival assessment.  This project now encompasses a total of 556 acres and the surviving trees 
of a total planting of 383,000 seedlings.  Annual evaluations are also made to determine the 
soil density and compaction changes associated with each research area.  Such data is 
necessary to correlate with tree survival and growth.  This information is also vital information 
in the determination of water infiltration rates.  While the above activities tend to be seasonal, 
hydrologic monitoring for quantity and quality are a continuous activity. 
 
 This is also the period that is very active for field trip requests and for the preparation 
and presentation of research papers for professional societies and associations.  The group 
conducted three major field trips, made five professional presentations and produced four 
published abstracts. 
 
EXPERIMENTAL 
 
 Research as described in previous reports continue and are generating data for analysis 
which has been the major activity involved by each team member during the fourth quarter of 
the calendar year (October, November, and December).  Annual results of these analyses will 
be presented in an annual report that is currently in process. 

 
DETAILS OF QUARTERLY ACTIVITIES 

 
Presentations 
 
Maharaj, S., C.D. Barton and A.D. Karathanasis. 2005. Development of a Rapid 

Assessment Method for Quantifying Carbon Sequestration on Reclaimed Coal 
Mine Sites. American Geophysical Union Fall Meeting; San Francisco, CA. 
Dec. 5-9. 

 
Barton, C.D., B.J. Koo and D.H. Graves. 2005. Carbon sequestration on surface mine 

lands. American Society of Agronomy- Crop Sciences Society of America-Soil 
Science Society of America Annual Meeting; Salt Lake City, UT. Nov. 6-10. 

 
Angel, P.N., C.D. Barton, and P. Rothman. 2005. The Appalachian region reforestation 

initiative. The American Chestnut Foundations 22nd Annual Meting; 
Lexington, KY. Oct. 28-30. 

 
Littlefield, T., C.D. Barton, and M. Arthur. 2005. Carbon and nutrient dynamics in 

regenerating forests within the eastern Kentucky coal field. 90th Annual 
Meeting of the Ecological Society of America; Montreal, Canada. August 7-12. 

 
Cotton, C., C.D. Barton, D. Graves, and P. Angel. 2005. Reforestation of Surface 
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Mined Lands in the Appalachian Coal Fields, USA. The Thin Green Line-
Symposium on Reforestation; Thunder Bay, Canada. July 26-28. 

 
 
Published Abstracts 
 

Development of a Rapid Assessment Method for Quantifying Carbon 
Sequestration on Reclaimed Coal Mine Sites 

 
Sally Maharaj, Christopher Barton and Tasos Karathanasis 

University of Kentucky 
 

Projected climate change resulting from elevated atmospheric carbon dioxide has given 
rise to various strategies designed to sequester carbon in various terrestrial ecosystems. 
Reclaimed coal mine soils present one such potential carbon sink where traditional 
reclamation objectives can complement carbon sequestration. However, quantifying 
new carbon (carbon that has been added to soil through recent biological processes) on 
reclaimed mine soils have proven to be difficult due to carbonates and coal particles 
present in the reclaimed coal mine spoils. Visible coal particles can be removed, but the 
microscopic coal dust particles remain. Additionally, with the advent of carbon trading 
on the stock market, rapid quantification of newly sequestered carbon has proven to be 
elusive. The focus of this project is to assess the potential of thermogravimetric analysis 
as a rapid, simple and direct method for differentiating and quantifying new carbon 
from old carbon (carbon of geologic origin) on reclaimed coal mine sites and provide a 
standard procedure for determining carbon sequestered in soil sinks. Thermogravimetry 
is a physico-chemical technique where the weight change is measured and recorded 
during the incremental heating of the soil sample over a temperature range of 25 to 
1000 ° C. Grass litter and limestone were used as representative organic and inorganic 
carbon fractions, while coal was used to differentiate the old and new carbon within the 
organic fraction. Recoveries of mixtures at the 95 % confidence interval were found to 
be 94.49 ± 4.23 % (coal), 93.67 ± 2.11 % (litter), and 108.88 ± 2.88 % (limestone) 
respectively. Each of the above components appeared as distinct separate peaks on the 
thermograph, with litter appearing between 260 to 390 ° C, coal 425 to 480 ° C, and 
limestone 640 to 740 ° C. Overlapping peaks for the organic carbon represented by the 
grass litter may be indicative of cellulose and lignin fractions. Ongoing work in this 
area is being carried out to separate such peaks which may further enhance 
thermogravimetric analysis as an effective method to determine new carbon and to 
simultaneously monitor organic matter degradation.  
 
 

Carbon Sequestration on Reforested Minelands in Appalachia 

C.D. Barton, B.J. Koo and Don Graves 

 
Research to address mechanisms by which atmospheric concentrations of CO2 may be 
reduced is of global significance. Enhanced sequestration of carbon in terrestrial 
systems is a proposed mechanism to offset CO2 emissions. Reforestation of abandoned 
and previously reclaimed mine lands has been identified as one such method for 
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increasing terrestrial C sequestration. A chronosequence approach was initiated to 
evaluate carbon accumulation (biomass and soil) as a function of time on the mined 
sites. A whole-tree harvesting method was employed for this approach where trees were 
extracted from the sites and separated into the following components: foliage, stem, 
branches, and roots. Four tree species: Sycamore, White Ash, White Oak, and Yellow 
Poplar, representing 3 age classes (2, 3 and 7 years of age) on loose spoil material were 
examined. Soils and subsamples of each tree component were collected from each site 
for physical and chemical analyses. The C contents in trees varied by tree age and tree 
species. The C content varied between 25 to 90 kg ha-1 for 2 yr old trees, between 514 
to 841 kg ha-1 for 3 yr old trees, and between 5,590 to 25,005 kg ha-1 for 7 yr old trees. 
The amount of carbon in the rhizosphere soils ranged from 4,958 to 15,127 kg ha-1, 
16,203 to 21,744 kg ha-1, and 28,259 to 41,921 kg ha-1 for 2, 3 and 7 yr sites, 
respectively. Carbon accumulation rates increased from 750 to 5,028 kg ha-1 yr-1, 4,842 
to 9,685 kg ha-1 yr-1, 4,825 to 17,363 kg ha-1 yr-1, and 2,744 to 9,888 kg ha-1 yr-1 for 
White Ash, White Oak, Yellow Poplar, and Sycamore, respectively. This study showed 
that successful reclamation and reforestation of mined sites will largely restore the 
potential of forests and forest soil systems to sequester carbon at pre-mining levels.  

 
 

Carbon and Nutrient Dynamics in Reforested Mine Sites within the Eastern 
Kentucky Coal Fields1 

 
Tara Littlefield, Christopher Barton, Mary Arthur 

 
Kentucky has been heavily impacted by surface mining resulting in substantial loss of 
carbon from the lithosphere and biosphere, causing significant forest fragmentation. In 
the Eastern Kentucky coal fields alone, several hundred thousand acres of mined sites 
exist with the potential to sequester carbon, reduce erosion, and restore ecosystem 
processes if properly reclaimed.  This study addressed nutrient cycling and the carbon 
sequestration potential of reforested uncompacted (loose dumped) mine sites.  We 
examined six reforested mine sites of different ages (age after reclamation between 1 
and 8 years) and six adjacent post-harvest forest sites of varying ages (between ages 3 
and 20 years) for various ecosystem processes and parameters including soil CO2 
respiration, soil moisture and temperature, decomposition, litterfall, microbial biomass, 
microbial C and N, and microbial activity.  We also examined soil organic matter 
changes occurring within homogeneous soil plugs.  Initial results over the past year 
suggest that as the reforested mine sites age, they become similar to the younger post-
harvest sites with respect to soil CO2 respiration, soil temperature and soil moisture.  
However, microbial analysis has shown that dehydrogenase activity on the older 
reforested mine sites is still not comparable to the younger post-harvest forests.  This 
suggests that soil CO2 flux on the older reforested mine sites has more root respiration 
as opposed to microbial respiration when compared to the younger post-harvest sites.   
With this study, we expect to gain insight as to how nutrients cycle on surface mine 
sites with newly established forests compared to forests regenerating after harvest, and 
we will address the potential for redeveloping forest ecosystems to store carbon in soils 
and biomass.   
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Reforestation of Surface Mined Lands in the Appalachian Coal Fields, USA 

Claudia Cotton, Christopher Barton, Patrick Angel, and Don Graves 
 

Since the implementation of the Federal Surface Mining Control and Reclamation Act of 
1997 (Public Law 95-87), many opportunities have been lost for the reforestation of 
surface mines in the eastern United States. Excessive compaction of spoil material, which 
occurs in the backfilling and grading process, is the biggest impediment to the 
establishment of productive forests as a post-mining land use.  Cultural barriers that 
existed within the mining industry and the Federal and State regulatory authorities have 
also contributed to the failure of reforestation efforts under the federal law over the past 
26 years.  A mine land reforestation research project has been initiated in Kentucky in an 
effort to resolve these remaining cultural, technical and regulatory barriers to successful 
reforestation efforts.  In this study, various methods are being employed to lessen both 
physical and chemical limitations of mined sites so that the establishment of forested 
species (hardwood and conifers) is possible.  Metrics designated for the monitoring 
include:  weather variables and site hydrology; vegetative biomass and growth 
parameters; plant tissue, litter and soil/spoil analysis; decomposition and CO2 efflux; and 
chemical analysis of water from precipitation, runoff and infiltration.  Initial planting of 
tree seedlings began in 1997.  Over 600 ha (>1,000,000 seedlings) have been planted thus 
far with an additional 580 ha remaining for the project.  Historically, the evaluation of 
reforestation efforts on mined lands has come from regional site indices (based on 50-
year old trees) and assessments of tree height and survival.  Unfortunately, these methods 
fail to grasp the overall quality of the trees or site.  With this in mind, a concurrent project 
is underway that will develop reference curves based on tree and soil variables measured 
on a chronosequence of sites for two species of trees:  white oak (Quercus alba) and 
yellow poplar (Liriodendron tulipifera).  The goal of establishing the reference curves is 
to not only evaluate tree survival, but to also determine whether or not the stand is 
comparable to a naturally-regenerated forest on non-mined land.  Through these 
extensive efforts we hope to restore the productivity potential of mined lands throughout 
the Appalachian Coal Fields for the purpose of re-establishing healthy and productive 
forests.   
 
Tours 
 
Science Teachers Tour 
Star Fire 
July 7, 2005 
35 Attendees 
 
Dr. Don Graves, UK 
Dr. Richard Warner 
Carol Haney, UK Science Teacher extension specialist 
Mary Mitchell 
Patti Works 
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Kathy Gray 
Lillian Trent 
Rosemary Dawson 
Nancy Pitt 
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Beverly Hensley 
Henrietta Sheffel 
Gail Bryant 
Terry Kootz 
Laura Zimmerman 
Billy Sanders 
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Mike Eversole, Big Elk Coal Company 
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Patrick Angel, Office of Surface Mining, USDI 
 
Inspector’s Tour 
July 12, 2005 
Star Fire and Bent Mountain 
41 Attendees 
 
Patrick Angel, KY OSM 
Michael D. Cox 
Joe Blackburn 
Gary Hall 
Charles Saylor 
Robert Wittenback 
John Chedester 
Gary D. Francis 
Rod Moore, WV OSM 
Brad Edwards 
Mark Carter 
Scott Eggerud, WV DEP 
Paul Dixon 
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L.B. Wiles 
Mike Kromer 
K. William Haner 
Jackie Taylor 
Mack Skaggs 
Dan Lehmann 
Kelly Eades 
Patrick Lewis 
Clairene Bailey 
Kenneth Maxwell 
Ronald Bryant, KY DSMRE 
Reed A. Omer 
John Bledsoe 
David Schindler 
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Randy Joseph 
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Mike Eversole, Big Elk Mining 
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Nita Graves 
Chris Barton 
 
OSM Tennessee Inspector’s Tour 
Star Fire and Bent Mountain 
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25 Attendees 
 
Patrick Angel, OSM 
Sherwin Osborne 
Bill McReynolds 
George Olveg 
Carl Henn 
Vie Davis 
Fred Klimas 
Gary Tucker 
Earl Dudley Shumate 
Danny Ellis 
Sherry Wilson 
Steve Cassel, Sr. 
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Ken Powers 
Ron McCarty 
Dr. Don Graves, UK 
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Dr. Warner, UK 
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Rick Williams, Tree Planting Contractor 
Trish Boles, Kentucky Division of Forestry 
Bob Gaines, Kentucky Division of Forestry 
Harold Williams, Kentucky Division of Forestry 
Patrick Cleary, Consulting Forester 
Jeff Sands, Hawkeye Contractors 
Kenny Colvin, Appalachian Fuels 
 

 
RESULTS AND DISCUSSION 
 
  The analysis and discussion of the research areas will be presented in the annual report 
presently in preparation. 
 
 
CONCLUSIONS 
 
 No conclusions are presented at this time as data analyses are currently incomplete, yet 
early indications are that the systems being used result in greatly improved water quality with 
little or no surface run off and erosion.  The growth rates and survival are also greatly enhanced. 


