
THE OCCURRENCE OF SELENIUM IN THE UPPER KANAWHA 
FORMATION OF THE PENNSYLVANIAN SYSTEM IN THE SOUTHERN 

WEST VIRGINIA COAL FIELDS 
 

George Jenkins and Nick Schaer 
WVDEP 

 
ABSTRACT A search of the literature on selenium reveals that there are little or no 
studies available on the concentrations of selenium in rock overburden anywhere in the 
United States. The Environmental Protection Agency’s (EPA) concern with the in-stream 
concentrations of selenium in the Draft Programmatic Environmental Impact Statement 
conducted in 6 watersheds in West Virginia for mountaintop mining, brought the lack of 
data on selenium to the attention of West Virginia’s Department of Environmental 
Protection (DEP). To acquire data for a mining National Pollution Discharge Elimination 
System Permit (NPDES), the DEP’s Water Resource section required the drilling of holes 
to secure data on selenium in the overburden of selected surface mine permits. The 
results, procedures and conclusions drawn from the initial drilling under this requirement 
are presented in this paper. 
 

DISCUSSION 
 

 The EPA conducted extensive water testing in 6 watersheds in West Virginia in 
conjunction with the mountaintop mining EIS (28). This study was started in 1999 and a 
draft report on findings is available. In addition to the typical metals that are analyzed for 
in a surface mine (SMCRA) permit, selenium was noted as a trace metal of concern by 
the EPA. This concern arose from selenium concentrations in excess of the 5 ppb in-
stream chronic water quality limit that exists in West Virginia (39). Because the EIS 
study purposely picked areas that were/are being surface mined in the state, the 
conclusion has been drawn that surface mining areas, particularly valley fills, are 
contributing to the selenium concentrations noted. A literature search on selenium 
revealed that extensive research on selenium in fly ash (Lemly) and soils (Vance) were 
available, but no papers or research was noted on the concentrations of selenium in rock 
overburden. This was important to the WVDEP, because we needed to know where the 
selenium was concentrated on a surface mine job to suggest ways to handle overburden 
or use other techniques to mine the coal without harming the aquatic environment with 
toxic selenium, which can cause harm to fish tissue, animals etc. through bio-
concentration 30,31,40). A study by the West Virginia Geologic Survey (WVGS) was 
posted on the internet that indicated that coal seams of the Upper Kanawha Formation of 
the Pennsylvanian System (34,35) was much higher in selenium than other strata in the 
coal areas of the Appalachians. The principal mineable seams in this geological section 
are the Winifrede, Coalburg, Stockton and #5 Block seams. 
 
 
 
 



 

Figure1. Highwall covering the Winifrede to 6-Block coal seams. Picture taken near 
Sharples, West Virginia at the now inactive Dal-Tex strip mine complex. 
 
 
 
 This WVGS study was done by measuring the trace metals in the fly ash of the coal 
seams that were burned in the state, and back calculating the amount of selenium in the 
total coal seam. The WVGS study, and other research reviewed, plus conversations with 
analytical laboratory personnel (41,42), indicated that the selenium was associated with 
organic/carbon based material, like coal seams, carbonaceous shale, etc. Previous work 
on coal ash and associated materials by one of the authors of this paper for various coal 
companies also indicated that the coal seams and associated “pit cleanings” 
(carbonaceous roof, floor and parting material) held the highest concentrations of 
selenium in the overburden. If the vertical location of the selenium in the “pit cleanings” 
was correct, then it was possible to design a materials handling plan to isolate this 
material that would be not cost prohibitive in the mining sequence. 
 

PROTOCOL USED TO ACQUIRE AND ANALYZE THE OVERBURDEN 
SAMPLES FOR SELENIUM 

 
1. Since 1999, the WVDEP has required  that all of the baseline water sites that 

are submitted for a surface mine permit  be tested for trace metals and other 
compounds, such as phenols, on a one time basis. This data, plus data from 
several other sources (1.) NPDES renewal Table IV-C analyses. (2.) Data 
from the Department of Environmental Protection (DEP) trend sites. (3) Data 
from the EIS in certain watersheds. (4) Data from Water Resources  for 
TMDL’s (Total Maximum Daily Loads) etc. (5) and the latest 303(d) 



impaired streams list from the Division of Water Resources are checked to see 
if Selenium or any other metal is above the Title 46-1 State Water Quality 
Limits (39) or of concern.. Any area that has had previous mining and reflects 
over 5 ppb selenium (current instream chronic water quality standard for 
selenium) will be selected for drilling to sample the overburden. 

2. The drilling will be on approximately 2000’ spacing, or other spacing required 
by the geologist reviewing the surface mining (SMCRA) permit. The holes 
will be located on the tops of the ridges and drilled down to 10’ below the 
lowest seam to be mined. This will insure that all the overburden to be 
removed is covered in it’s entirety.  

3. The core from the drilling will be broken down into vertical sections of 5’ or 
less if the strata type changes. The object is to break the core down into small 
recognizable sections that can be separated by high selenium content in the 
mining sequence. This breakdown will also mirror the acid/base testing 
breakdown, which has been used for decades in surface mining in WV. 

4. Each 5’ or less section is then analyzed for total selenium by the 3050B (for 
Acid digestion of Solids) method. Any strata that has a total selenium 
concentration of 1mg/kg (25,33,36) or greater is considered potentially toxic 
and will have to undergo further testing or an encapsulation/isolation plan 
provided to deal with the selenium laden overburden. 

5. There are several leachate tests available for the next level, if the applicant 
does not want to do the materials handling plan based on the total selenium 
analyses. They are (1) Column Leaching (2) Soxhlet (3) Phosphate(25) etc. 
Any leachate test that results in a reading of greater that 5 ug/kg will be 
considered toxic for selenium and will be included in a specific materials 
handling plan. 

 
RESULTS FROM DRILLING IN LOGAN AND MINGO COUNTIES IN 

SOUTHERN WEST VIRGINIA 
 

The protocol was applied to 3 mining areas in the spring of 2004. The results of 1 
hole from northern Logan County, 5 holes from southern Logan County and 1 hole from 
Mingo County (locations shown in figure 2) are included in this report. All of these 
drilling areas were or are going to be mountaintop mined for the Coalburg and 
above/Upper Kanawha strata The cross section of the Phoenix #4 area in southern Logan 
County, and the drill logs with selenium content in the other two areas indicate that the 
selenium is concentrated in the “pit cleanings” as theorized at the beginning of the study. 
These “pit cleanings” are the immediate dark shale roof of the Coalburg, Stockton and 
Five Block coal seams, partings in the coal seams and sometimes the immediate floor of 
the coal seams. These strata exhibit selenium concentrations of almost one order of 
magnitude above the background concentrations of selenium in the sandstones, 
limestones and other strata encountered in the mining sequence. That is .05 to .25 mg/kg 
in the sandstones and .5 to 1+ mg/kg in the carbonaceous shales, coal partings, floor of 
the coal seam and the seam itself (see Table 1). The potentially toxic selenium 
concentrations of 1mg/kg and above are almost solely concentrated in the coal seams, 
partings and roof and floor of the seams to be mined.  Leachate tests on these holes are in 



progress and could be the subject of a follow-up paper. The current results definitively 
indicate that the selenium has an affinity for organic material in the overburden column.   

 
Figure 2. Location of selenium overburden sampling in southern West Virginia. 



RECOMMENDED MATERIALS HANDLING PLAN 
 

1. Because the toxic selenium material that needs to be isolated is concentrated in 
small vertical zones that have to be set aside to recover the coal seam, and the 
material is a black/dark gray material that is visibly differentiated in the field, 
the mining company can split this material out in the coal pits. (see figure 3). 

 

 
 
Figure 3. #5 Block coal and other black “Pit Cleanings” gathered in piles for 
removal to special handling areas. Pen Coal strip mine in Wayne County, West 
Virginia. 
 
2. It is important to rip up 6” to 1’ of the floor of the bottom coal seam so that no 

selenium laden material is left to contaminate the water/rock interface. 
3. The toxic material should be removed to an area on the job that is high and dry 

away from water courses, and under no circumstance should any of this 
material be put in a valley fill.  

4. The material should then be put on a free draining pad of @10’ of coarse non-
selenium laden material and covered with at least 4’ of the most impervious 
material on the surface mine job. This method will keep water from leaching 
through the selenium laden overburden. 

 
CONCLUSIONS 

 
 It is apparent from the analytical results and research to date that the selenium 
is concentrated in the “pit cleanings” and particularly in the Upper Kanawha strata in 
West Virginia. The cut-off of 1 mg/kg limit for identifying the material that has to 



undergo further leachate testing looks valid in differentiating the high selenium material 
to be isolated from the lower concentration material. The visual difference of the black 
/darker selenium laden material from the other overburden in the Upper Kanawha series 
is very useful in separating the toxic material from the non-toxic in the field. Further 
work needs to be done on the different methods of leachate tests to calculate what 
percentage of selenium in the overburden will be mobilized into the hydrologic 
environment. Also, it is imperative that a study of how selenium is dispersed in flowing 
streams versus standing bodies of water is critical to the understanding of what impact 
selenium may have to the aquatic environment. The moral to the story is to isolate the 
black/darker selenium laden material and to keep any of this material from the valley 
fills. This material, besides having high concentrations of selenium, is also typically high 
in iron and manganese and other trace metals, as well as more acidic, so that the materials 
handling plan suggested will pay extra dividends. 
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Table 1. Sample Selenium Data from Phoenix Coal site shown in figure 2. Data from core PX-04-10. 
REIC Job#: 0405081 
 



SAMPLE 
NUMBER 

SAMPLE 
INTERVAL 

THICKNESS 
(feet) 

ROCK 
TYPE 

SELENIUM 
(mg/kg) 

1 23.00-27.50 4.50 Sandstone ND 

2 43.00-45.00 2.00 Sandstone ND 

3 45.00-45.90 0.90 Shale 0.82 

4 45.90-46.15 0.25 Coal 0.94 

5 46.40-46.65 0.25 Shale 2.74 

6 46.65-51.25 4.60 Coal 1.14 
7 51.25-52.20 0.95 Shale/Sandstone 1.80 

8 52.20-57.00 4.80 Sandstone ND 

9 57.00-62.00 5.00 Sandstone ND 

10 62.00-67.00 5.00 Sandstone ND 

11 67.00-72.00 5.00 Sandstone ND 

12 72.00-77.00 5.00 Sandstone ND 

13 77.00-82.00 5.00 Sandstone ND 

14 82.00-87.00 5.00 Sandstone ND 

15 87.00-92.00 5.00 Sandstone ND 

16 92.00-95.70 3.70 Sandstone ND 

17 95.70-96.60 0.90 Sandstone/ Mudstone/ Coal 0.40 

18 96.60-99.75 3.15 Sandstone 0.20 

19 99.75-100.30 0.55 Shale 0.34 

20 100.30-101.80 1.59 Coal 0.48 

21 101.80-102.30 0.50 Mudstone 2.28* 

22 102.30-105.00 2.70 Shale 0.42 

23 105.00-108.00 3.00 Shale 0.20 

24 108.00-111.00 3.00 Shale 0.24 

25 111.00-114.00 3.00 Shale 0.36 

26 114.00-117.00 3.00 Shale 0.36 

27 117.00-120.00 3.00 Shale 0.46 

28 120.00-123.00 3.00 Shale 0.40 

29 123.00-125.00 2.00 Shale 0.44 

30 125.00-126.95 1.95 Shale 0.38 

31 126.95-129.30 2.35 Shale 1.32 

32 129.30-129.50 0.20 Shale 2.12 

33 129.50-131.03 1.53 Coal 1.82 

SAMPLE 

NUMBER 

SAMPLE 

INTERVAL 

THICKNESS 

(feet)

ROCK 

TYPE

SELENIUM 
(mgflcg) 

34 131.03-131.37 0.34 Shale/Coal 3.00 



35 131.37-131.70 0.33 Coal 1.90 

36 131.70-132.90 1.20 Shale 0.82 
37 132.90-135.00 2.10 Mudstone/ Shale ND 

38 135.00-137.00 2.00 Sandstone/ Mudstone 0.20 
39 137.00-139.85 2.85 Shale 0.54 
40 139.85-140.60 0.75 Shale/Coal 2.60 
41 140.60-141.60 1.00 Coal 5.08 
42 141.60-143.00 1.40 Mudstone 1.48 

43 143.00-146.00 3.00 Mudstone ND 

44 146.00-149.35 3.35 Sandstone ND 

45 149.35-150.40 1.05 Shale ND 

46 150.40-155.00 4.60 Sandstone ND 

47 155.00-160.00 5.00 Sandstone ND 

48 160.00-165.00 5.00 Sandstone ND 

49 165.00-170.00 5.00 Sandstone ND 

50 170.00-175.00 5.00 Sandstone ND 

51 175.00-180.00 5.00 Sandstone ND 

52 180.00-183.65 3.65 Sandstone ND 

53 183.65-184.50 0.85 Shale/Sandstone ND 

54 184.50-189.00 4.50 Sandstone ND 

55 189.00-194.00 5.00 Sandstone ND 

56 194.00-199.00 5.00 Sandstone ND 

57 199.00-204.00 5.00 Sandstone ND 

58 204.00-209.00 5.00 Sandstone ND 

59 209.00-213.00 4.00 Sandstone 0.30 
60 213.00-217.00 4.00 Sandstone ND 

61 217.00-220.20 3.20 Mudstone/Sandstone 0.32 
62 220.20-225.00 4.80 Sandstone ND 

63 225.00-230.00 5.00 Sandstone ND 

64 230.00-235.00 5.00 Sandstone ND 
65 235.00-240.00 5.00 Sandstone ND 

66 240.00-244.90 4.90 Sandstone ND 

67 244.90-248.60 3.70 Sandstone ND 

68 248.60-250.70 2.10 Sandstone 1.26 
69 250.70-251.64 0.94 Coal 3.98 
70 251.64-253.10 1.46 Coal 1.60 

71 253.10-253.55 0.45 Carbolith 2.64 
72 253.55-254.46 0.91 Carbolith/Coal 2.66 



73 254.46-254.93 0.47 Coal 2.80 
74 254.93-256.45 1.52 Coal 2.54 

 
SAMPLE 

NUMBER 
SAMPLE 

INTERVAL 

THICKNESS
(feet) 

ROCK 

TYPE 

SELENIUM 
(mg/kg) 

75 256.45-257.05 0.60 Shale 3.28 

76 257.05-260.00 2.95 Sh 
ale

0.62 

77 260.00-260.85 0.85 Shale/Coal 2.38 

78 260.85-261.15 0.30 Coal 1.20 
79 261.15-261.45 0.30 Carbolith 1.40 

80 261.45-263.50 2.05 Coal 0.92 

81 263.50-264.25 0.75 Shale 0.62 

82 264.25-267.10 2.85 Shale 0.28 

83 267.10-269.95 2.85 Shale ND 

84 269.95-271.95 2.00 Sandstone/ Shale 0.26 

85 271.95272.41 0.46 Coal 1.86 

86 272.41-274.10 1.69 Shale 0.26 

87 274.10-277.00 2.90 Mudstone ND 

88 277.00-280.00 3.00 Sandstone/Shale ND 

89 280.00-283.00 3.00 Shale ND 

90 283.00-285.50 2.50 Shale 0.38 

91 285.50-285.92 0.42 Coal 1.60 

92 285.92-286.15 0.23 Carbolith 8.64 

93 286.15-287.55 1.40 Coal 2.10 

94 287.55-287.75 0.20 Shale 0.76 

95 287.75-293.00 5.25 Sandstone 0.20 

96 293.00-298.00 5.00 Sandstone ND 

97 298.00-303.00 5.00 Sandstone ND 

98 303.00-308.00 5.00 Sandstone ND 

99 308.00-313.00 5.00 Sandstone ND 

 
ND - Not Detected at the MDL of 0.2 mg/kg. 

* - The matrix spike for selenium exceeded method control limits due to matrix interference. 
 


