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Abstract


In Boone County, small valley fills composed of overburden from the Number 5 Block seam of coal were constructed during previous mining operations.  Geochemical data show that these existing fills contain acid-producing materials, which produce drainage that requires chemical treatment to meet effluent limits. Black Castle Mining Company began operating in the area during the late 1980s and in the process of removing coal from deeper in the geologic column has constructed valley fills to dispose of excess material.  These new valley fills were constructed over and around the smaller existing valley fills that were producing acid mine drainage.  Black Castle’s mining process and creation of larger fills with alkaline sandstone located above the Buffalo Creek coal seam has eliminated the need for chemical treatment of mine drainage.  Through the selective placement of alkaline fill material, the existing fills were covered with alkaline fill material and the effluent was brought into compliance.  The selective use and placement of beneficial material in valley fills improved downstream water quality and negated the need for chemical treatment of mine drainage.

Introduction

Black Castle Mining Company (Black Castle) is a surface mining complex located in Boone County, West Virginia.  This current complex consists of approximately 10,000 permitted acres on a property that has been mined by various companies since the 1970s.  Operations under Black Castle began in the late 1980s with a 992C spread and produced 250,000 tons of coal per year.  Production has increased to 4 million tons per year by utilizing a 4100 electric shovel, multiple hydraulic excavators, and two highwall miner systems.

Existing Conditions

Early surface mining in the Number 5 Block seam left several small valley fills that have generated acidity and metals.  These fills are composed of run-of-mine overburden from above the Number 5 Block seam.  This material is now known to be potentially acidic.  Modern permitting standards require that overburden be tested for potential acidy/toxicity by utilizing the Acid Base Accounting procedure (ABA).  This widely accepted process evaluates the total potential acidity (PA) with the neutralization potential (NP).  Due to a recent modification, ABA also includes a step that oxidizes the mineral siderite to prevent iron carbonate from generating an artificially high NP as the carbonate dissociates from the iron.  This is particularly important, as some of the Number 5 Block overburden is often rich in siderite.

Chemical treatment was required to discharge effluent due to the degraded water quality from the early fills.  The compliance points were at the outlets of the ponds, and are shown as outlets 015 and 009 on Map 1.  All water from each drainage area received chemical treatment with either calcium oxide dosing and/or 20% sodium hydroxide.  Treatment costs were on the order of $100,000 per year for each drainage area.  In order to meet stringent effluent limits for metals, the outlets had pH variances to go above the normal pH limit of 9.

Development

With the implementation of newer and more productive equipment, Black Castle found it economical to surface mine reserves that were stratigraphically lower than the Number 5 Block seam.  These reserves were permitted for contour mining on the Coalburg and Buffalo Creek seams.   As with any surface disturbance, there is a greater volume of material to return to the site than was originally in place.  In order to accommodate the excess material, valley fills were designed and permitted.  

During the permitting stage, the engineer at the time, Kermit Fincham, Jr. PE, PS, posed the concept of strategically placing alkaline fill material on top of and downstream of the existing Number 5 Block fills.  It was noted that much of the overburden material in the mining area had a high net alkalinity.  This formed the basis for the logical assumption that an abundance of alkalinity should neutralize a lesser amount of acidity and as pH rises, metals will precipitate or never be dissolved in the first place.  The proposed action was predicted to have "a slight decrease in acidity, along with a possible decrease in aluminum."

In order to quantify the potential for a positive outcome and directly measure success, a monitoring plan was formulated.  Prior to mining, all contributing outlets and flows in the affected watersheds were sampled.  The results from these series of water samples were taken as baseline conditions.  Map 1 shows the pre-filling sample sites.  These sites were selected to quantify the quality and quantity of water in the drainage areas.  This documented the existing conditions prior to construction of the alkaline fills.  

Overburden analysis confirmed that the material above the Buffalo Creek seam was superior material to place in the fills.  Not only did it not adversely affect water quality, but it had an abundance of alkalinity.  In fact, the quality and quantity of Buffalo Creek overburden was sufficient to totally negate the adverse impacts from the Number 5 Block overburden.  Buffalo Creek overburden in this area has an average ABA of 11.77 Excess while Number 5 Block overburden has an average ABA of 4.5 Excess.  Volume estimates by overburden type and by fill are given in Table 1.  The volume of Buffalo Creek material is only the valley fill core that is generally in contact with the Number 5 Block effluent. The total volume of the extended fills is much greater that the volume given in Table 1.  Based on stoichiometric comparison, it is obvious that the Buffalo Creek overburden is sufficient to neutralize the acidity being generated from the existing fills.  The construction phase of the project was executed according to design.  As alkaline material was handled, it was selectively placed to cover the existing fills and contact the acidic drainage. 

Table 1. Amounts and types of overburden in valley fills.

	
	Volume in fills (cy)
	Average ABA Excess 
	Net ABA

	Existing Number 5 Block Fills
	1,750,000
	4.5
	7,857,500

	Buffalo Creek Fill Core
	2,000,000
	11.77
	23,540,000

	
	3,750,000
	
	31,397,500

	
	
	
	

	Weighted Average ABA (Net ABA /Volume)
	8.37

	* Volumes are estimates for the purpose of illustrating relative volumes and stoichiometric comparison


Results

Since this practice was initiated at Black Castle, seven existing fills have been extended with alkaline material.  Fills in two tributaries of Laurel Creek were studied.  Georges Branch of Laurel Creek of Big Coal River had six existing fills that were producing high acidity/high metals effluent.  Currently, five of the six fills have been covered with alkaline overburden.  The next unnamed tributary downstream of Georges Branch had three existing fills that were producing high acidity/high metals effluent.  Currently, two of the three fills have been covered with alkaline overburden.  The result has been a rapid and sustained decrease in acidity and metals.  To illustrate this dramatic improvement, data from five of the completed fills have been included in Table 2. 

As seen in Table 2, pH is now neutral, there is excess alkalinity, and metals are all well below normal effluent limits.  After installing the alkaline fills the need for chemical treatment below these fills was eliminated.  Now, nearly a decade later, the water quality still continues to improve. 

Table 2.  Pre-fill vs. post-alkaline fill at Georges Branch at outlet 0015, points 32, 40, 41, 26, and 27 (see map for locations).

	Sample Period
	pH
	Alk.
	Acidity
	Cond.
	Sulfate
	T. Fe
	D. Fe
	T. Mn
	D. Mn
	T. Al 
	D. Al

	Point 32
	
	----mg/l---
	--us/cm-
	-------------------------mg/l-------------------------

	Pre- Fill (ave)
	4.13
	<2
	221
	3010
	1227
	0.05
	N/A
	63.47
	61.52
	20.49
	20.26

	Post-Alkaline Fill (2001-2004)
	6.88
	49
	<0.36
	1465
	645
	0.12
	0.05
	15.54
	15.00
	0.34
	0.07

	January 2008
	7.02
	70
	<0.36
	2830
	1001
	0.01
	0.01
	2.60
	2.51
	0.10
	0.10

	
	
	
	
	
	
	
	
	
	
	
	

	Point 40
	
	
	
	
	
	
	
	
	
	
	

	Pre-Fill (ave)
	4.57
	<2
	28
	567
	242
	0.03
	N/A
	5.74
	5.65
	1.47
	1.41

	Post-Alkaline Fill (2001-2004)
	6.67
	46
	<0.36
	682
	217
	0.72
	0.04
	3.16
	2.92
	0.64
	0.14

	January 2008*
	7.28
	168
	<0.36
	1855
	884
	0.05
	0.01
	0.14
	0.11
	0.13
	0.09

	
	
	
	
	
	
	
	
	
	
	
	

	Point 41
	
	
	
	
	
	
	
	
	
	
	

	Pre-Fill (ave)
	4.26
	<2
	173
	2065
	812
	0.05
	N/A
	36.38
	35.24
	16.31
	16.10

	Post-Alkaline Fill (2001-2004)
	6.25
	50
	9
	1155
	480
	0.50
	0.08
	10.76
	10.31
	1.27
	0.60

	January 2008 *
	7.28
	168
	<0.36
	1855
	884
	0.05
	0.01
	0.14
	0.11
	0.13
	0.09

	*The January 2008 sample for SP 40 and 41 was collected at a common point (SP 40A) below the now filled stream segments at SP 40 and SP 41.

	
	
	
	
	
	
	
	
	
	
	
	

	Point 26
	
	
	
	
	
	
	
	
	
	
	

	Pre-Fill (ave)
	3.52
	<2
	203
	3167
	1267
	2.08
	N/A
	59.15
	58.96
	16.63
	16.40

	Post-Alkaline Fill (2001-2004)
	7.30
	107
	<0.36
	1534
	654
	0.17
	0.06
	1.87
	1.82
	1.31
	1.24

	January 2008
	7.66
	159
	<0.36
	1480
	665
	0.28
	0.16
	0.18
	0.17
	0.13
	0.11

	
	
	
	
	
	
	
	
	
	
	
	

	Point 27
	
	
	
	
	
	
	
	
	
	
	

	Pre-Fill (ave)
	4.59
	<2
	115
	1977
	842
	0.08
	N/A
	28.16
	27.52
	7.17
	7.05

	Post-Alkaline Fill (2001-2004)
	7.02
	95
	<0.36
	1660
	706
	0.16
	0.06
	2.17
	2.04
	0.38
	0.06

	January 2008
	7.63
	132
	<0.36
	1510
	812
	0.33
	0.01
	2.35
	0.25
	1.17
	0.14


Conclusion


Construction of valley fills is often portrayed as thoughtless placement of unwanted material.  The modern fills in the subject area of this paper are quite the opposite.  Overburden from above the Buffalo Creek seam is an alkaline sandstone and has been used to ameliorate acid mine drainage from existing valley fills.  The two drainage areas in question started with high acidity/high metal drainage in the entire sub-watersheds. After placement of alkaline material in the extended valley fills, the need for chemical treatment has been removed.  The water quality in the tributaries of Laurel Creek has been dramatically improved.  The net result was improved water in the main stream of each drainage area.  Through conscientious effort and the judicious use of resources, the watersheds will be left in a condition that is chemically superior to the conditions that existed before the construction of the alkaline fills.  

With nearly ten years of data to support the success of this effort, it is apparent that there is high probability for the long-term success of the project.  The measured results have far exceeded the prediction of "a slight decrease in acidity, along with a possible decrease in aluminum."  On balance, the construction of alkaline fills at Black Castle has provided net positive results with the elimination of chemical treatment and the improvement of the stream below the toe of the fill.

PAGE  
31

