SELENIUM MOBILITY IN COAL AND OVERBURDEN 
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Abstract: The occurrences of low levels of Selenium (<50 µg/l) are continuing to be the bane of both regulatory and industry in the southern coal fields of West Virginia. This issue was first brought to the attention of the industry as a result of data gathered as part of the Mountaintop Mining Environmental Impact Study in 2002. The current chronic water quality standard in West Virginia of 5 µg/l is considerably less than the values found downstream of some coal mining sites. As a result of these situations, the West Virginia Division of Mining and Reclamation implemented an extremely conservative geochemical sampling and analysis plan with an associated special materials handling plan under the auspices of guidance in January 2008. The author presented concerns about the exact path (mobility) in which the selenium actually becomes part of the water column in a paper presented at this same symposium in 2004. Since that time (5 years), the regulatory agencies have done little to develop a realistic sampling and analytical procedure to determine the actual path of how selenium becomes part of the water column.
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INTRODUCTION

Typically more common contaminants like iron, manganese, and aluminum are more of a concern with coal mine discharges than substances like selenium. After the passage of SMRCA (Surface Mine Reclamation Control Act) the issues of acid mine drainage (AMD) became a primary concern and even led to the formation of the very task force hosting this symposium. A very dedicated and intelligent group of individuals representing practically all the stakeholders have since made great strides in developing methods to both predict, prevent and remediate typical AMD. But the methods to deal with selenium have taken a very different path.
First we did not simply require the analysis of iron for the entire geologic column and simply conclude that the “special handling” of all iron bearing strata would prevent the formation of AMD. The reason for that was simply we knew we would find iron in all of the samples. After careful studies and discussions it was determined that it was the pyritic iron that was most problematic, not all of the iron in the strata. So to develop a more realistic approach to selenium we need to take a different route.

OBJECTIVES
The purpose of this paper is to share the results of several studies to determine the actual mobility of selenium in the strata and which stratagraphic units may be problematic and need special attention. The focus of this analytical work is more concentrated on using the typical acid base analysis in conjunction with selenium analysis and several leaching techniques to better determine the potentially problematic strata in regard to selenium solubility.
METHODOLOGY FOR SELENIUM ANALYSIS
The solid samples (coals, overburdens) were composites collected using methods approved for coals and soils. The samples were prepared for analysis using SW-846 Method 3050B. This is an acid digestion involving nitric acid, hydrogen peroxide and the application of heat. After digestion, the resulting extract is then analyzed for selenium using method SD 7740. This method utilizes Graphite Furnace Atomic Absorption Spectroscopy. The minimum detection level for this procedure is 0.5 mg/kg. Some of the samples were re-analyzed using the Hydride AF method which is described in further detail in the appendix.
METHODOLOGY FOR SELENIUM LEACHABLITY
During previous studies and review of data, several trends were noted.

1. Selenium solubility and occurrences in mine discharges appear to be related to neutral to higher pH with water of moderate to high alkalinity.

2. Selenium has been known to be associated with sulfur in overburden and coal samples.

3. Occasionally, selenium detected in shale samples that exceed the 1 mg/kg established by the WVDEP for special handling do not contain detectable or contain very low levels of pyritic sulfur.

As a result of the above mentioned trends, several methods were developed to determine the circumstances which might facilitate maximum selenium leachability under somewhat natural conditions but in a reproducible and simple expedited procedure.

Procedures

First various samples of a core hole were chosen based on the varying combinations of conditions which exist in the various rock types:

1. Sample #5 was selected with barely detectable pyritic sulfur of 0.01 percent with a net neutralization potential of 4.24 and a paste pH of 7.6 and a selenium value of 2.19 mg/kg by the Hydride AF Procedure,
2. Sample #8 was selected with below detectable value of pyritic sulfur <0.01 percent with a net neutralization potential of 13.73 and a paste pH of 7.7 and a selenium value of 1.02 mg/kg by the Hydride AF Procedure            right at the threshold of the WVDEP special handling criteria of 1 mg/kg.

3. Sample #14 was selected with a 0.07 value for pyritic sulfur with a net neutralization potential of 1.86 and a paste pH of 7.6 and a selenium value of 0.75 mg/kg which is below the WVDEP threshold and was analyzed by the Hydride AF Procedure,
4. Sample #12C was selected with a below detectable value of pyritic sulfur <0.01 percent with a net neutralization potential of 0.91 and a paste pH of 6.2 and a selenium value of 4.92 mg/kg. This sample was analyzed by the GFAA Procedure.
5. Sample #16C was selected with an easily detectable value of pyritic sulfur of 0.82 percent with a deficiency of neutralization of 36.74 and a paste pH of 3.4 and a selenium value of 9.46 mg/kg. This sample was analyzed by the GFAA Procedure.
Leaching Method Number One

During this procedure each of the samples were subjected to a one hour exposure to the leaching solution while shaken. The sample size was 2 grams with a 50 ml of leaching solution which ranged from a pH of 2.0 (adjusted H2SO4) to a pH of 10.0 (adjusted with CaO).

At the end of one hour of leaching, the resultant extract was measured for pH and analyzed for total selenium, aluminum, iron, manganese, calcium and magnesium.

As you can see by reviewing Table 1 all samples extracted measurable selenium from a low of about 4 µg/l to a high of about 82 µg/l. Some variabilities can be noted. Sample No. 5 had about the same levels as Sample No. 16C which had about 4 times the selenium in the solid sample. Also note that the maximum solubility seemed to occur around a pH of 9. The soluble iron remaining in the extract also seemed to play a role.

Leaching Method Number Two

This method was developed to determine the relationship between sample size and volume of extract.

During this procedure, Sample No. 14 was chosen because it had the lowest measurable value of selenium in the original solid sample (0.75 mg/kg). The sample sizes ranged from 0.5 grams to 50 ml of extract at a pH of 9 (which exhibited the highest numbers in the previous procedure) to 2 grams to 50 ml. We were also concerned about extracted solids contaminating the resultant extract so each run was duplicated using a 0.45 µm filter and a 0.20 µm filter to note any differences.
The values in the extract ranged from about 2 µg/l to a high of about 8 µg/l.  The last runs of 2.0 grams to 50 ml with the same sample yielded between 7 and 8 µg/l in the extraction. As you can see in Figure No. 1 the values appear to be practically linear in regards to sample size and extract.

Prevention and Treatment

A last minute procedure was performed just prior to completing this paper which involved the addition of dried AMD sludge to various overburden and coal samples to determine if iron in the AMD sludge could prevent or reduce the mobility of selenium. This idea was proposed by Dr. P. Ziemkiewicz. The results appear promising, using the same leaching procedure previously described with a 10 percent addition of dried AMD sludge by weight reduced soluble selenium levels from 17 to 33 percent. This data is present in Figure 2.
Conclusions
The solubility and mobility of selenium as a result of various coal extraction methods can be highly variable depending on the geochemical characteristics of the parent source rock. The author feels that pyritic sulfur content is important and may play a role in inhibiting the solubility or mobility of selenium in the water column. Others (Lovett and Ziemkiewicz) have previously noted the effects of iron in the system to both be effective in the treatment and possible prevention of selenium being mobilized and discharged from coal extraction sites.

The author feels more efforts need to be made to better understand the mobility issue so more cost effective and practical methods of special handling can be developed and implemented.
Currently additional leaching studies are being conducted by the author to better understand the circumstances of selenium solubility and mobility and its prevention in the Southern Appalachia coalfields.
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	Table 1.  Argus Energy Leach Study 0810K03

	
	
	mg/l
	
	
	
	
	

	ABA Sample ID
	Final  pH
	Selenium
	Aluminum
	Iron
	Manganese
	Calcium
	Magnesium

	#5, pH 2.0
	2.18
	0.0173
	3.03
	20.1
	0.337
	29.0
	10.2

	#5, pH 3.0
	3.98
	0.0181
	0.185
	2.26
	<0.10
	14.9
	5.23

	#5, pH 4.0
	8.56
	0.0175
	<0.10
	<0.10
	<0.10
	1.01
	0.411

	#5, pH 5.0
	8.85
	0.0192
	<0.10
	<0.10
	<0.10
	0.681
	0.290

	#5, pH 6.0
	9.01
	0.0196
	<0.10
	<0.10
	<0.10
	0.689
	0.278

	#5, pH 7.0
	8.78
	0.0201
	<0.10
	<0.10
	<0.10
	0.652
	0.289

	#5, pH 8.0
	8.91
	0.0212
	<0.10
	<0.10
	<0.10
	0.674
	0.292

	#5, pH 9.0
	9.07
	0.0225
	<0.10
	<0.10
	<0.10
	0.934
	0.388

	#5, pH 10.0
	9.45
	0.0204
	<0.10
	<0.10
	<0.10
	1.27
	0.515

	 
	 
	 
	 
	 
	 
	 
	 

	#8, pH 2.0
	2.32
	0.0056
	6.29
	124
	5.9
	63.9
	17.1

	#8, pH 3.0
	5.32
	0.0064
	0.147
	1.98
	0.684
	21.0
	6.33

	#8, pH 4.0
	9.30
	0.0067
	<0.10
	<0.10
	<0.10
	2.98
	1.11

	#8, pH 5.0
	9.70
	0.0076
	<0.10
	<0.10
	<0.10
	2.61
	0.945

	#8, pH 6.0
	9.67
	0.0076
	<0.10
	<0.10
	<0.10
	1.98
	0.734

	#8, pH 7.0
	9.73
	0.0069
	<0.10
	<0.10
	<0.10
	1.73
	0.596

	#8, pH 8.0
	9.59
	0.0081
	<0.10
	<0.10
	<0.10
	1.76
	0.621

	#8, pH 9.0
	9.50
	0.0090
	<0.10
	<0.10
	<0.10
	3.25
	1.13

	#8, pH 10.0
	10.0
	0.0086
	<0.10
	<0.10
	<0.10
	2.18
	0.727

	 
	 
	 
	 
	 
	 
	 
	 

	#14, pH 2.0
	2.01
	0.0055
	6.66
	43.4
	0.699
	20.9
	8.48

	#14, pH 3.0
	3.74
	0.0042
	0.320
	10.2
	0.123
	14.2
	5.57

	#14, pH 4.0
	7.30
	0.0059
	<0.10
	<0.10
	<0.10
	0.990
	0.459

	#14, pH 5.0
	8.37
	0.0063
	<0.10
	<0.10
	<0.10
	0.655
	0.306

	#14, pH 6.0
	8.48
	0.0066
	<0.10
	<0.10
	<0.10
	1.04
	0.46

	#14, pH 7.0
	8.45
	0.0068
	<0.10
	<0.10
	<0.10
	0.707
	0.331

	#14, pH 8.0
	8.45
	0.0071
	<0.10
	<0.10
	<0.10
	0.789
	0.337

	#14, pH 9.0
	8.71
	0.0072
	<0.10
	<0.10
	<0.10
	1.14
	0.482

	#14, pH 10.0
	9.34
	0.0070
	<0.10
	<0.10
	<0.10
	1.21
	0.490

	 
	 
	 
	 
	 
	 
	 
	 

	#12C, pH 2.0
	2.01
	0.0241
	0.346
	3.26
	<0.10
	3.85
	1.08

	#12C, pH 3.0
	3.04
	0.0189
	<0.10
	1.62
	<0.10
	3.13
	0.889

	#12C, pH 4.0
	4.60
	0.0136
	<0.10
	0.285
	<0.10
	1.69
	0.553

	#12C, pH 5.0
	5.03
	0.0136
	<0.10
	<0.10
	<0.10
	1.34
	0.440

	#12C, pH 6.0
	5.24
	0.0136
	<0.10
	<0.10
	<0.10
	1.23
	0.405

	#12C, pH 7.0
	5.04
	0.0141
	<0.10
	<0.10
	<0.10
	1.62
	0.509

	#12C, pH 8.0
	5.23
	0.0136
	<0.10
	<0.10
	<0.10
	1.57
	0.416

	#12C, pH 9.0
	5.91
	0.0155
	<0.10
	<0.10
	<0.10
	1.68
	0.436

	#12C, pH 10.0
	6.54
	0.0140
	<0.10
	<0.10
	<0.10
	2.63
	0.547

	 
	 
	 
	 
	 
	 
	 
	 

	#16C, pH 2.0
	1.99
	0.0818
	2.65
	95.7
	<0.10
	2.32
	0.691

	#16C, pH 3.0
	2.93
	0.0390
	2.27
	85.7
	<0.10
	2.20
	0.641

	#16C, pH 4.0
	3.35
	0.0262
	2.31
	85.8
	<0.10
	2.27
	0.672

	#16C, pH 5.0
	3.38
	0.0270
	2.27
	83.9
	<0.10
	2.23
	0.659

	#16C, pH 6.0
	3.32
	0.0267
	2.24
	82.0
	<0.10
	2.30
	0.653

	#16C, pH 7.0
	3.37
	0.0274
	2.25
	81.9
	<0.10
	2.42
	0.651

	#16C, pH 8.0
	3.38
	0.0263
	2.27
	82.8
	<0.10
	2.61
	0.669

	#16C, pH 9.0
	3.40
	0.0129
	2.17
	78.5
	<0.10
	3.19
	0.646

	#16C, pH 10.0
	3.41
	0.0251
	2.26
	82.5
	<0.10
	4.46
	0.705

	 
	 
	 
	 
	 
	 
	 
	 

	Blank, pH 2.0
	-
	<0.0002
	<0.10
	<0.10
	<0.10
	<0.10
	<0.10

	Blank, pH 3.0
	-
	<0.0002
	<0.10
	<0.10
	<0.10
	<0.10
	<0.10

	Blank, pH 4.0
	-
	<0.0002
	<0.10
	<0.10
	<0.10
	<0.10
	<0.10

	Blank, pH 5.0
	-
	<0.0002
	<0.10
	<0.10
	<0.10
	<0.10
	<0.10

	Blank, pH 6.0
	-
	<0.0002
	<0.10
	<0.10
	<0.10
	<0.10
	<0.10

	Blank, pH 7.0
	-
	<0.0002
	<0.10
	<0.10
	<0.10
	0.202
	<0.10

	Blank, pH 8.0
	-
	<0.0002
	<0.10
	<0.10
	<0.10
	0.363
	<0.10

	Blank, pH 9.0
	-
	<0.0002
	<0.10
	0.123
	<0.10
	1.09
	<0.10

	Blank, pH 10.0
	-
	<0.0002
	<0.10
	<0.10
	<0.10
	2.29
	<0.10

	 
	 
	 
	 
	 
	 
	 
	 

	Se analyzed on 11-11-08 by method SW7742
	
	
	
	
	 

	Other metals analyzed 11-7-08 by method SW6010B,
	
	
	
	
	 

	Extraction solutions prepared using H2SO4 and hydrated lime.
	
	
	
	 

	Samples extracted for 1 hour and then filtered through 0.45 um filter.
	
	
	
	 

	Extraction ratio:  2 g sample / 50 mL extractant
	
	
	
	
	 

	 
	
	
	
	
	
	
	 

	 
	 
	 
	 
	 
	 
	 
	 

	Table 2.  Extractable Selenium Study

	
	
	
	
	

	Sample ID
	Extractant  
	Sample to Extractant
	Filter Size
	Selenium Concentration

	
	pH
	Ratio
	(um)
	mg/L

	Blank
	9
	NA
	0.45
	0.0002

	Blank
	9
	NA
	0.20
	<0.0002

	14
	9
	0.5 g to 50 mL
	0.45
	0.0024

	14
	9
	0.5 g to 50 mL
	0.20
	0.0023

	14
	9
	1.0 g to 50 mL
	0.45
	0.0044

	14
	9
	1.0 g to 50 mL
	0.20
	0.0044

	14
	9
	2.0 g to 50 mL
	0.45
	0.0083

	14
	9
	2.0 g to 50 mL
	0.20
	0.0079

	
	
	
	
	

	
	
	
	
	

	Se analyzed on 12-16-08 by method SW7742
	
	

	Extractant solution prepared using hydrated lime.
	
	

	Samples extracted by tumbling for 1 hour.
	
	

	
	
	
	
	


Figure 1,  [image: image1.emf]Sample 14 Selenium Concentration Comparison as Determined with Increasing Sample to 

Extractant Ratios and Two Filter Sizes
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Figure 2
[image: image2.emf]Comparison of Selenium concentrations of normal leaching procedure and the addition of 

0.1g of dried AMD sludge
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Appendix
GFAA vs Hydride AF

GFAA (Graphite Furnace Atomic Absorption spectroscopy) is one of a few analytical techniques that is utilized to analyze for metals, such as selenium, in a variety of sample types.   This instrumentation for this method utilizes an electrically heated graphite tube furnace to provide the atomization energy required for absorbance based measurements.  This technique generally provides relatively low reporting capability for a variety of sample types.   Analytical bias, both positive and negative, can be an issue, particularly for complex matrices.   Prior to analysis, samples must be subjected to an appropriate digestion, typically involving the use of nitric acid and, for some samples, hydrogen peroxide.

Another technique for measuring selenium in a variety of sample types is hydride generation atomic fluorescence (HGAF).  This technique is very similar to method SW7742 (hydride generation atomic absorption) with the minor exception that a fluorescence detector is used in place of an absorbance based detector.   Just as with the GFAA technique, samples must first be digested before the instrumental based quantifying analysis can take place.   This digestion usually takes place in two steps; the first step involves a typical nitric acid digestion designed to solubilize selenium.  The second step requires heat and high concentrations of hydrochloric acid in order to convert (reduce) all selenium to the Se+4 oxidation state.  Selenium in this state is then measured and quantified by the HGAF technique.  This method provides very low reporting capability for selenium and is relatively robust in handling and overcoming matrix interferences which can cause analytical bias in many types of environmental samples.

It has been REIC’s experience that the HGAF technique provides superior low level reporting capability for selenium and is generally more robust at handling the complex matrices encountered in mining related samples.
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REIC Job #: 0512292 Calcium Carbonate Equivalent in Tons/1000Tons of Material GFAA GFAA GFAA Hydride
1st Run 2nd Run 3rd Run 4th Run GFAA Average
SAMPLE| SAMPLE HICKNES| ROCK COLOR  [REACTION| % SULFUR|POTENTIAL NEUTRALIZATIO! NET NEUTRALIZEH PASTE [ SELENIUM | SELENIUM | SELENIUM | SELENIUM | SELENIUM
NUMBEF  INTERVAL (feet) | T¥PE withHCL | *=Pyritic | ACIDITY | POTENTIAL [DEFICIENCY EXCESS £H (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
N 0.0023.00 | 23.00 N N N _ N N N N N N N N N N
1 23.00-26.00 3.00 MS 10YR7/6 0 <0.01 0.31 19.09 18.78 7.3 0.68 0.30 0.36 1.05 0.45]
2 26.00-29.00 3.00 SH 10YR7/1 0 <0.01 0.31 16.57 16.26 7.7 0.72 0.42 0.70 0.95 0.61
3 29.00-32.00 3.00 SH 10YR7/1 0 <0.01 0.31 13.39 13.08 7.8 1.06 0.84 0.98 1.55 0.96]
4 32.00-35.00 3.00 SH 10YR7/1 0 <0.01 0.31 6.62 631 7.7 126 142 1.48 2.59 1.39
5 35.00-38.00 3.00 SH 10YR7/1 0 0.01 0.31 4.55 4.24 7.6 0.90 1.82 2.24 2.19 1.65
6 38.00-41.00 3.00 SH 10YR7/1 0 <0.01 0.31 14.17 13.86 7.6 1.06 0.48 0.46 0.71 0.67]
7 41.00-44.00 3.00 SH 10YR7/1 0 0.01 0.31 13.51 13.20 7.7 112 0.44 0.78 0.96 0.78]
8 44.00-47.00 3.00 SH 10YR7/1 0 <0.01 0.31 14.04 13.73 7.7 1.02 0.46 0.86 1.02 0.78]
9 47.00-50.00 3.00 SH 10YR7/1 0 0.04 1.25 13.94 12.69 7.6 0.84 0.24 0.36 0.45 0.48]
10 50.00-53.00 3.00 SH 10YR7/1 0 0.05 1.56 14.80 13.24 7.7 0.78 0.58 0.74 116 0.70]
11 53.00-56.00 3.00 SH 10YR7/2 0 0.09 2.81 6.47 3.66 7.7 0.84 0.60 0.84 1.55 0.76]
12 56.00-59.00 3.00 SH 10YR7/1 0 021 6.56 13.56 7.00 7.7 1.58 0.80 0.76 1.32 1.05
13 59.0062.00 3.00 SH 10YR7/1 0 0.30 9.38 9.15 0.23 7.4 1.66 124 1.56 1.99 1.49
14 62.00-65.00 3.00 | SS/SH | 10YR7/1 0 0.07 2.19 4.05 1.86 7.6 0.40 0.46 0.56 0.75 0.47]
15 65.00-68.15 3.15 | SS/SH | 10YR7/1 0 0.14* 4.38 2.10 2.28 7.7 0.22 0.22]
16 68.15-73.00 4.85 SS 10YRS/1 1 0.25 7.81 7.84 0.02 7.6 0.20 0.20]
17 73.00-77.00 4.00 SS 10YRS/1 1 0.11 3.44 17.79 14.35 8.0 <0.20
18 77.00-79.50 2.50 SS 10YRS/1 1 0.11 3.44 11.20 7.76 7.6 <0.20
19 79.50-79.90 0.40 SH 10YR5/2 0 0.55% 17.19 0.51 16.68 5.9 0.70 0.63 0.70]
20 79.90-83.90 4.00 SS 10YRS/1 0 0.17 5.31 10.00 4.69 7.3 <0.20
21 83.90-84.20 0.30 | COAL | 10YR3/1 0 243" 75.94 -20.04 95.98 2.6 -
22 84.20-86.10 1.90 SS 10YR6/2 0 0.23* 7.19 2.61 4.58 5.5 0.22 0.22]
_ 86.10-93.00 | 6.90 | coaL _ _ _ _ _ _ _ _
73 | 93.009535 | 235 | M5 | 10YR6/2 0 0.01 031 3.06 775 72 0.70 0.70
24 95.35-98.65 3.30 SH 10YR5/2 0 <0.01 0.31 9.95 9.64 7.1 0.36 0.36]
25 98.65-103.00 | 4.35 SS 10YRS/1 0 0.04 1.25 6.65 5.40 7.0 <0.20
26 ] 103.00-105.85| 2.85 SS 10YRS/1 0 0.05 1.56 1.42 0.14 6.0 <0.20
_ | 105.85-117.25| 11.40 | coaL _ _ _ _ _ _ _ _
27 | 1172511920 1.95 | SH | 10YR7/2 0 0.06 188 344 156 7.0 0.58 0.38
78 | 119.20-12045| 1.25 SS | 10YR8/1 0 0.02 0.65 7.68 706 538 0.30 0.30
29 | 12045 123.00| 2.55 | SH | 10YR6/1 0 0.06 188 5.66 379 72 0.2 0.22
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SAMPLE SAMPLE THICKNESS| ROCK | COLOR | REACTION | % SULFUR | POTENTIAL NETNEUTRALIZERS | PASTE
NUMBER INTERVAL (oot E with HCL pyriic_| _ACIDITY POTENTIAL [ DEFICIEN EXcEss | pH
1 1.00 ss  |10vR7/2] 0 131 94 2947 48
2 220 | coAL |10¥Re/1 230 7188 1313 85.01 28
3 021 SH | 10YR4/1 0 010" 313 192 121 61
4 021 | coaL |1ovra/1 0 013" 406 192 214 65
5 180 | COAL |10YR2/1 0 020" 625 170 455 63
6 048 SH__| 10YR5/1 0 0,02 0.63 321 258 61
7 113 | COAL | 10YR2/1 0 0.08* 250 028 22 53
8 077 MS | 10YRe/1 0 002 063 268 205 69
9 104.80-105.00 020 sS | 10YR7/1 0 o1 344 103 447 57
10 105.00-105.18 018 | coAL |10¥Re/1 0 0,09 281 053 331 55
1 1051810552 034 | Carbolith | 10YR3/1 0 011 344 331 013 68
12 105.52-106.95 143 | COAL /1 0 <0.01% 031 122 091 62
13 1069510712 017__| Carbolith | 10YR3/1 0 0,03 094 220 126 69
14 107.12-109.00 188 | COAL |10YR2/1 0 0.03* 094 094 0.00 65
15 109.00-109.30 030 SH | 10YR4/1 0 0,05 156 245 089 71
16 109.30-109.94 064 | COAL |10YR2/1 0 082 2563 iRt 3674 34
17 1099411117 123 SH__|10YR7/1 0 0,09 281 028 253 64
18 111711261 144 | COAL |10YR2/1 0 010" 313 093 406 60
19 1126111312 051 SH | 10vR2/1 0 0,04 125 200 075 70
20 131211327 015 | COAL |10YR3/2 0 003" 094 1138 1232 53

PO, Box 28 Beaver, WV 25813 Phone: 1-800.999-0105 / (304) 255

Research, Environmental and Indlustrial Consuliants INC.
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.A. Keeney, Research Soil Scientist
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Selenium Data Summary Table

SAMPLE SAMPLE | THICKNESS) ROCK SELENIUM
NUMBER INTERVAL (feet) TYPE (mg/kg)
84308530 100 0420

2 85308750 220 282
3 87508771 021 082
4 87.81-87.92 021 106
5 87928972 180 154
6 89.72-90.20 048 054
7 90209133 113 030
8 91339210 077 Ms 042
9 104.80-105.00 020 S5 <020
10 105.00-105.18 0.18 COAL 522
1 1051810552 034 Carbolith 218
2 1055210695 143 COAL 492
1 106.95-107.12 017 Carbolith 588
1 107.12-109.00 188 702
15 109.00-109.30 030 H 220
16 10930-109.94 064 COAL 946
17 1099411117 13 SH 148
18 1111711261 144 COAL 386
19 126111312 051 st 246
2 131211327 015 COAL 792

Selenium Method: SW7740

Selenium MDL: 0.20 mg/ kg

PQL: 1.00 mg/kg
Approved:
Tvan W. Leef - Inorganic Lab Manager Date
Approved:

T.A. Keeney - Research Soil Scientist Date




