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Overview 

Terrestrial systems, such as forests, croplands, and wetlands, remove carbon dioxide (CO2) from 

the atmosphere and store it as carbon in vegetation and soils.  Under the Phase II research 

program for the Midwest Regional Carbon Sequestration Partnership (MRCSP), established by 

the U.S. Department of Energy,1 researchers from West Virginia University (WVU) will 

investigate mineland reclamation practices and measure the effectiveness of reclaimed mineland 

for carbon sequestration (storage).  Adoption of recommended reclamation practices not only 

enhance soil carbon sequestration, but is necessary for successful vegetative cover which helps 

control soil erosion, provides wildlife habitat, and other environmental benefits. 

Background 

Nearly 3.2 million hectares (7.9 million acres) have been permitted for mining across the U.S., 

although all permitted sites are not currently being mined.  The MRCSP region contains 568 

thousand hectares (1.4 million acres) or nearly 20% of all U.S. mined land (see map below for 

the distribution of mined land within the MRCSP region).  West Virginia accounts for nearly 

33% of all surface mine land in the MRCSP region.   

                                                 
1The Midwest Regional Carbon Sequestration Partnership is one of seven regional partnerships established by the 

U.S. Department of Energy. It includes West Virginia, along with Indiana, Kentucky, Maryland, Michigan, New 

Jersey, New York, Ohio and Pennsylvania.  It is made up of over 30 members, including universities, state 

geologists, many of the major regional energy companies and state and federal officials.  It is led by Battelle, a non-

profit research institute headquartered in Ohio, which is a global leader in technology deployment and 

commercialization. 
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Surface mining significantly 

reduces or eliminates the carbon 

content of soils and removes the 

carbon stored in vegetation when 

land is cleared for mining 

operations.  Mine operators are 

required to reclaim mine sites by 

restoring the original contours of 

the landscape and planting a 

vegetative cover in accordance 

with requirements established by 

the Surface Mining Control and 

Reclamation Act of 1977.  The 

legislation also requires that mined 

land be returned to a land use that 

is as good as or better than the use 

prior to mining.  Except for the 

western portion of the MRCSP 

(parts of Ohio and Indiana) the 

land use prior to mining was 

generally forest, which captures carbon in both aboveground (biomass) and below ground (soil) 

systems.  However, most (approximately 95%) mine land in the MRCSP region is reclaimed to 

grass/pasture.  Regardless of the vegetative cover planted on reclaimed mine sites, carbon will 

accumulate in soils and vegetation under proper mine reclamation activities. 

 

During Phase I of the MRCSP research, the potential carbon sequestration from soils, above-

ground biomass and litter layer from reclaimed mine sites in the seven state study area was 

estimated to be 1.6  million metric tons of carbon per year or a total of 29.5 million metric tons 

over twenty years.  These estimates were generated using assumptions about land cover and soil 

carbon accumulation and forest growth models to determine the biophysical potential for carbon 

sequestration on reclaimed mine sites.  Phase II of the MRSCP research continues to evaluate the 

potential carbon sequestration for mine land reclamation activities through measurements of the 

change in soil carbon content over time and economic modeling. 

Purpose of Research 

The primary purpose of this research is to measure the amount of soil carbon that may be stored 

in mine site soils when the land is reclaimed to grass/pasture.  Specific objectives include: 

 

• Estimate the soil carbon content for a mined site at the beginning of a mine land reclamation 

project.   

• Measure and estimate the rate of soil carbon accumulation on reclaimed mine sites over time 

to establish annual rates of soil carbon sequestration.  This information enhances estimates of 

the amount of carbon that can be stored and, thus, the amount of carbon dioxide emissions 

that may be offset by reclaimed mine land.   

 

The secondary purpose of this study is to analyze the economic tradeoffs between existing land 

management activities (mined land reclaimed to grass/pasture) and those that enhance carbon 

sequestration on reclaimed mine land (reclaim to forest).  These analyses help determine the 
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carbon price required to encourage landowners or mine operators to adopt activities that store 

more carbon.  This stored carbon may be traded in a carbon offset program when carbon trading 

markets become more fully developed.      

Research Plan 

The plan calls for WVU to collect, analyze, and measure the soil carbon content of soil samples 

from four mine sites. By sampling mine sites of different ages and over time, researchers can 

calculate the annual rate of change of soil carbon accumulation in reclaimed mine soils.  The 

sample locations will be sampled annually for the duration of the MRCSP project to assess the 

change in the soil carbon stock.  Soil carbon measurements will also be compared to undisturbed 

pastureland nearby to assess how well mine sites sequester carbon relative to the undisturbed 

land. 

 

Economic analyses will be performed using biophysical models to estimate biomass production 

from forests (validated with measurements of forest growth when possible) combined with the 

measured soil carbon data.  Data for the costs of reclamation activities to grass/pasture and to 

forest will be collected or estimated and used to derive the market value of the stored carbon.  

These data will aid in determining whether it is economically feasible to adopt mine land 

reclamation activities that enhance soil carbon sequestration.  

Activities to Date 

WVU researchers designed and implemented a rigorous and statistically viable sampling scheme 

to maximize the information gathered with the minimum number of soil sample collections.  A 

total of 670 sampling points have been identified and soil samples have been collected from 524 

of these locations along a 

diagonal transect for each 

terrain. Soil samples have been 

collected from four mine sites in 

Monongalia County, West 

Virginia to assess soil carbon 

accumulation in mine sites 

reclaimed to grass and legumes. 

 

Preliminary economic analyses 

applied estimates of carbon 

sequestration rates from forestry 

activities using data derived 

from the US DOE 1605(b) 

report and the Carbon On-Line 

Estimator (COLE) to estimate 

the minimum carbon price required to encourage forestry as a mine reclamation activity.  In 

addition, WVU estimated the potential cost savings from reclamation with the Forest 

Reclamation Approach recommended by Appalachian Regional Reforestation Initiative. 

 

Table 1 lists details of the four sites and preliminary findings from 372 soil samples collected 

and analyzed from sites A, B, and D. 

Area D Mine Reclamation Site 
Circles identify sampling points. 
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Table 1.  Reclaimed Mine Site Descriptions 
 

Site Name A B C D 

Pre-Mine 
Land Use 

Forest Forest/pasture Forest 
Agriculture, 
pasture, and 

forest 

Mining Began 1982 1996 1999 2003 

Mining Ended 1990 1998 2000 2005 

Method of Mining 
Contour Mining, 

Front end loaders 
Contour Mining, 

Front end loaders 
Contour Mining, 

Front end loaders 
Contour Mining, 

Front end loaders 

Type of Overburden 
70-80% 

sandstone, 20-
30% shale 

70-80% 
sandstone, 20-

30% shale 

70-80% 
sandstone, 20-

30% shale 

70-80% 
sandstone, 20-

30% shale 

Reclamation Method 
Backfilled, 

3-in. topsoil, grass 
and legumes 

Backfilled, 
8-in. topsoil, grass 

and legumes 

Backfilled, 
3-in. topsoil, grass 

and legumes 

Backfilled, 
3-in. topsoil, grass 

and legumes 

Preliminary Findings 
from Soil Samples 

(metric tons of 
carbon per hectare  

per year) 

- 0.1 +2.4 Not yet available +1.4 

 

Preliminary Findings 

As shown in Table 1, preliminary results of analyzing 372 soil samples from three sites indicate 

that site B demonstrates the highest rate of soil carbon accumulation. Site D demonstrates a 

smaller increase, while site A shows losses.  However, the variability of soil carbon stocks is 

significant and more research is required to more accurately assess the rate of soil carbon 

accumulation in these soils. 

 

Preliminary results indicate that implementation of the Forest Reclamation Approach could save 

mine operators $100 to $500 per hectare in reclamation costs because fewer passes by a 

bulldozer are required for afforestation projects than for grass/pasture projects.  Thus, this 

approach would lower the market value of stored carbon needed to encourage landowners to 

adopt activities that increase carbon sequestration.  Analyses were also conducted to estimate the 

carbon accumulation in above ground biomass when mined land is reclaimed to forest rather than 

grass over twenty years.  Depending on the location and species of tree that maximizes carbon 

storage, preliminary estimates indicate that prices of $25 to $41 per metric ton of carbon would 

be sufficient to cover the additional cost of grass seeding (a less dense initial grass cover to 

control soil erosion), fertilizing, and seedling planting a landowner would incur to plant trees 

rather than grass on reclaimed mineland. Additional research is being conducted to refine these 

analyses. 

For More Information  

If you have questions or want more information, please contact Mark Sperow at West Virginia 

University (mark.sperow@mail.wvu.edu). Additional information about carbon sequestration 

and the work of the MRCSP is available at the MRCSP web site at www.mrcsp.org.  

mailto:mark.sperow@mail.wvu.edu
http://www.mrcsp.org/

