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INTRODUCTION 

 

Coal is the primary source of fuel for electricity production in the United States, 

contributing more than 50% of the electricity generated nationwide. Due to the land disturbance 

activity and environmental damage that can occur during surface mining, the coal industry has 

been at the forefront of controversy surrounding human and environmental health and safety. 

Deforestation, leveling mountains, acid mine drainage, erosion, subsidence, acid rain, and air 

pollution are just a few environmental impacts caused by the extraction and burning of coal.  

Proper reclamation can eliminate the effect of many of these impacts through proper 

planning and identification of materials being disturbed. Overburden material, which covers the 

coal seam, is blasted apart and moved in order to reach the coal. It is during this mining process 

that allows exposure of the rock materials to physical and chemical weathering, which can 

release soluble constituents into surrounding water sources. All of the blasted overburden cannot 

be put exactly back into place because the volume of rock increases due to blasting (Merricks et 

al., 2007). This excess material is commonly placed in valley fills or other constructed fills 

(Robins, 1979; White and Barata, 1995; Peng, 2000; Messinger and Paybins, 2003; Pond et al., 

2008). Depending on the chemical composition of the rocks, weathering can promote acid mine 

drainage, alkaline mine drainage (Berhhardt et al., 2012), as well as release of total dissolved 

solids and heavy metals in runoff. 

The application of innovative procedures during mining and reclamation has helped 

alleviate negative impacts of coal mining activities. The Acid-Base Accounting (ABA) 

procedure is an analytical method that determines the total amount of acidity and alkalinity that 

may be potentially produced from the weathering of overburden materials (Skousen et al., 1997). 

ABA is the most common method for predicting post-mining water quality (Perry, 1985). 



Unfortunately, no such method currently exists for the prediction of total dissolved solid release 

from overburden material. Total dissolved solids (TDS) are defined as the total sum of cations 

and anions in solution. Common ions are SO4
2-

, HCO3
-
, Cl

-
, Ca

2+
, K

+
, Na

+
, and Mg

2+
, but any 

dissolved ion that is present in solution will contribute to TDS. Since ion concentrations control 

electrical conductivity (EC) in water, EC can be used to estimate TDS with a conversion factor 

of 0.64 when EC is less than 1 mmho cm
-1

 (Evangelou, 1998). 

OBJECTIVE 

Our objective was to create a simple laboratory weathering technique to accurately 

predict the amount of TDS released from overburden materials, but first we determined the effect 

of particle size on constituent release. 

HYPOTHESIS 

My hypothesis is that there will be a significant difference in the amount of TDS released from 

overburden materials separated between the two size fractions.  

 Ho: There will be no difference in mean TDS release among the two particle sizes. 

 Ha: There will be differences in mean TDS release among the two particle sizes.  

I also hypothesize that overburden comprised of shales or sandstones with high sulfur 

contents or high carbonate (neutralization potential, NP) contents or a combination of the two 

will produce the most TDS. Rock units with medium potential may be shales or other rocks with 

low to moderate sulfur and/or carbonate content. Rock units with low potential may be hard 

sandstones or oxidized/weathered sandstones or soil-like materials.  

 Ho: There will be no difference in mean TDS among varying rock types. 

 Ha: There will be differences in mean TDS among overburden rock types. 

MATERIALS AND METHODS 

Field Overburden Collection 



Five overburden samples from each of three West Virginia surface coal mines were 

collected. These 15 samples represented a specific type of rock with an expected high, medium, 

or low TDS potential based on our experience with ABA or other methods of inference (e.g. 

local water quality data). From these 15 samples, three were chosen for this weathering study. In 

selecting our three overburdens, a preference was placed upon sampling rock units with variation 

in sulfur and alkalinity contents, and that would most likely be disposed of in valley fills or 

backfills instead of those strata that will be isolated as toxic strata and presumably hydrologically 

isolated. 

Table 1. Acid-Base Account parameters for three overburden samples from West Virginia 

surface coal mining sites 

Sample Color Rock Type pH S MPA NP 

NET 

NP 

Predicted TDS 

Release 

    % ----- g kg
-1

 ------  

WV 2 2.5Y 6/1 Black Shale 6.0 0.15 30.0 30.0 0 High 

WV 3 5Y 7/1 Gray Shale 8.1 0.001 0.25 60.0 59.75 Medium 

WV 4 2.5Y 3/1 Sandstone 5.0 0.10 4.0 3.0 -1.0 Low 

 

Sample Processing 

 

For each sample, all material was crushed and passed through a 1.25 cm (0.5-in) sieve. 

All samples were further ground using a BICO pulverizing mill. Overburden that was collected 

on top of a 250 μm (0.0098-in) sieve and overburden that was collected on top of a 106 μm mesh 

(0.0041–in) sieve were compared in this study. 

Laboratory Analysis of Mine Spoils 

 

Three grams (3.00 g) of each of the three overburden samples were mixed with 2000 mL 

of a dilute nitric acid (HNO3) (0.00159 M) solution (prepared as a 1/1000 dilution of 15.9 M 

trace metal grade HNO3). The overburden samples were collected from the top of a 250 μm 

(0.0098-in) sieve to control for particle size. Containers with samples in HNO3 solution were 

replicated three times and placed on a reciprocating shaker for 14 days. After 24 hours, a 15-mL 



aliquot of solution was extracted and analyzed. Additional aliquots were taken and analyzed 

approximately every other day for two weeks. Electrical conductivity and pH were determined 

using standard methods. Ca, Mg, Na, K, P, Fe, Al, Mn, B, Sr, Pb, Cu, and Ni were determined by 

ICP-OES (Optima DV-2100, Perkin-Elmer, Norwalk, CT), but only data for Fe, Al, Mn, and Ca 

are displayed here.  

STATISTICAL ANALYSIS 

Analysis of variance (ANOVA) will be utilized to determine if there is a significant 

interaction between the overburden collected from the 3 sites versus the two particle sizes used 

during the weathering experiment. I expect to reject the null hypotheses that there will be no 

difference in mean TDS release between the two particle sizes, and that there will be no 

difference in mean TDS among varying rock types; therefore, to test for specific interactions 

between the means I will use Tukey’s multiple comparison procedure.  

Linear regression models will be utilized to determine if correlations exist between total 

and certain constituents released versus rock type and/or mineralogy.  

Principle Components Analysis (PCA) will be used for identifying patterns in data of 

high dimension. This analysis is great for highlighting similarities and differences in the data, 

while also allowing for data compression to focus on important dimensions without losing much 

information. PCA will be used to identify patterns among rock type, and patterns in constituent 

release. 

All analyses will be performed at (p < 0.05) using the free online statistical software 

package; R. 
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