BIRMINGHAM COAL & COKE CO., INC.

GOODEN CREEK NO. 2 MINE, P-3979
ATTACHMENT II-F

 GROUND WATER HYDROLOGY (880-X-8E-.06 (1))

1.
Groundwater Hydrology Description 

At Gooden Creek No. 2 Mine, no distinct stratigraphic zones that consistently produce water were encountered during data collection. Groundwater within the permit area appears to be contained in a poorly connected fracture system of the alternating sequences of sandstone and shales in the Pottsville Formation. Regionally, the primary source of recharge to groundwater is rainfall which infiltrates thru the overlying soils, past the root zone of plants, and into strata such as sandstone where it will sit (perch) upon an interval, such as shale, which limits the downward progress of the groundwater. As stated in the Geohydrology and Susceptibility of Major Aquifers to Surface Water Contamination in Alabama; Area 3; U.S.G.S. Water-Resources Investigations Report 88-4120, large water supplies generally are not available from the Pottsville Formation and no municipal wells tap the Pottsville Formation within the study area. Groundwater occurs in "perched" conditions, along alternating sequences of sandstone and shales and in the coal seams. These perched zones are often sensitive to seasonal variations in precipitation. Periods of frequent rainfall cause an increase in storage, in direct response to precipitation.

Typical geology associated within the coal bearing stratum in the Black Warrior Basin have minimal primary permeability. Most other groundwater flow is through secondary conduits, such as joints and faults. The Pottsville Formation may be defined as a low yielding, fractured aquifer with water occurring in coal seams, along bedding planes, joints, fractures, and some sandstone. (Regional Analysis of the Black Creek-Cobb Coalbed Methane Target Interval, Black Warrior Alabama, U.S.G.S. Bulletin 145). 

Major sources of groundwater in the adjacent areas are coal seams, bedding planes, joint fractures, lithologic or erosional contacts, and faults. 

Groundwater movement in the Pottsville is generally from areas of higher elevation (recharge areas), along bedding planes, toward streams channels (discharge areas). Where the static groundwater level intersects the surface, seeps or springs may occur. Where the static groundwater level intersects stream channels, groundwater discharges into the stream and contributes to surface runoff as baseflow.  Recharge for this area is direct rainfall. No seeps or springs were noted in the field.

Groundwater movement near the Gooden Creek No. 2 Mine is believed to be in the direction of dip that is primarily to the south and west, based on the elevations obtained from drill holes and research done at ASMC on other permanent program permits within the adjacent areas. 

2.
Lithologic Description of Water Bearing Zone(s): 

Groundwater underlying the Jefferson Coal Seam in this area consists of an interval of sandstone, which is shown to be at least 36 feet thick from monitoring sites which are completed in this interval. This interval is exposed only in the floor of the valley adjacent to the proposed permit area and to a much lesser extent on the sides of the ridges which surround Gooden Creek and its tributaries. This aquifer is shown to be perched where it is exposed but is probably confined where overlain by a significant thickness of the Jagger Bedrock. Recharge into this aquifer is either from direct infiltration from local surface water infiltration from overlying aquifers (Jagger Bedrock) and to a lesser extent from rainfall in its' limited outcrop areas. The lateral extent of this aquifer is not known, however, if this sandstone interval is continuous it should have enough volume to support local groundwater use. The major obstacle to groundwater use from this interval is that most, if not all surrounding residences are located much higher in elevation above the top of this interval and when drilling a well which would potentially penetrate this interval, the driller would have to continue to drill through the Jagger Bedrock, which is known to easily produce a satisfactory amount of groundwater for domestic purposes. Few, if any, potential groundwater users would go to the added expense of drilling into this sandstone unit.

Groundwater associated with all the target seams at the Gooden Creek Mine site are extremely limited in capacity due to their relative thinness, the local topography, and some by their lack of lateral extent. The source of water these intervals are most likely from overlying strata due to their limited outcrop areas. The elimination of these interval during mining would not measurably affect the quantity of local groundwater sources.

The quality and quantity of groundwater which may be affected by mining at this site will be characterized by a variety of monitoring wells within and adjacent to the proposed permit area. Due to the fact that the proposed mine site is located in an area that has had several other permanent program permits which targeted the various coal seams to be mined at this site.
 For a more detailed description of the lithology of the water bearing zones see the attached Drill Log Drawings (OB/MW-1, OB-1A, OB/MW-1B, and OB/MW-2 in Part II-E.)
3.
 Aquifer Test(s):  

Aquifer tests have not been required at this time.

4.
Well Inventory: 

A well inventory was conducted by DSM Design Group, LLC. on February 7th, 2013. Door to door interviews were conducted on occupied dwelling within one half mile of the permit boundary to determine if domestic wells were present. The inventory revealed two (2) wells within the half-mile radius of that mine.  House Ids (4 and 6) utilize their well as a secondary water source when the wells are in working order or accessible. All of the residences utilize Eldridge Water Authorities as a municipal water source. See Well Inventory and Hydro-Geo Map.
5.
Groundwater Baseline Quality: 

The quality of the groundwater in the monitored wells is summarized in Groundwater Baseline Analysis.

6.
Geologic Structures that Influence Groundwater Movement: 

Small scale local folding influences the movement of groundwater within the permit and adjacent area. Groundwater movement within the permit area is believed to be in the direction of the primary dip of the strata, which is to the south and west. There is a fault located between Increments No. 1 & No. 5 this could possibly affect groundwater movement in two ways: 1) The fault could possibly inhibit lateral groundwater flow & 2) could possibly act as a water conduit. Besides the fault that is shown no other major geological structures were noted within the permit area that could possibly influence the movement of groundwater other than minor folding or rolling of the coal seam. For maps and cross-sections to support the geological structures, see the Hydro-Geo Map and Geologic Cross-Section A-A', Geologic Cross-Section B-B',  Geologic Cross-Section C-C', Geologic Cross-Section D-D' in Part II-E. 


7.
Groundwater Description Support Data: 

All maps and cross-sections are certified under Attachment II-E, Certification Statement. 

8. Groundwater Sampling and Analytical Methods: 

Baseline data was taken from monitoring reports of OB/MW-1, OB-1A, OB/MW-1B, and OB/MW-2.  Additional samples of these existing wells will be taken to see if there has been any significant change to ground water.  Samples were taken by DSM Design Group were taken with a hand bailer until a constant temperature, pH and Conductivity was reached, this assures the sample is from recharge. Depth to the water, pH and Conductivity is measured in the field. Groundwater level measurements are determined by use of weighted tape prior to any bailing. The surface elevation has been predetermined by surveying the drill holes in.  The groundwater levels were measured using the top of the casing as a reference point. Therefore, the depth to water was subtracted from the top of the casing to get the elevation of the groundwater.

All ground water samples were taken by the grab method was defined by the 17th Edition of Standard Methods for the Examination of Water and Wastewater, “1060 Collection and Preservation of Samples”, pp. 1-30 through 1-40. Analysis of pH was performed in accordance with the Hach Water Analysis Handbook, “Electrode Method pp. 486-488. This method is EPA approved. Analysis of Conductivity, SpC, was performed in accordance with the 17th Edition of Standard Methods for the Examination of Water and Wastewater, “2510 Conductivity”, pp. 2-57 through 2-61. Analysis of Total Iron, Fe, was performed in accordance with the Hach Water Analysis Handbook, “FerroVer  Method”,  pp. 321 – 325. This method is EPA approved and was adapted from Standard Methods for the Examination of Water and Wastewater.  Analysis of Total Manganese, Mn, was performed in the accordance with the Hach Water Analysis Handbook, “Periodate Oxidation Method”, pp. 361- 363. This method is EPA approved and was adapted from Standard Methods for the Examination of Water and Wastewater.  Analysis of Sulfate,  SO4, was performed in accordance with the Hach Water Analysis Handbook, “SulfaVer 4 Method”,  pp. 567- 571. This method is EPA approved and was adapted from Standard Methods for the Examination of Water and Wastewater. 

9.
Groundwater Sampling and Analytical Information: 

For sampling and analytical information see above statement 8 and the attached table entitled Groundwater Baseline Analysis.

GROUNDWATER BASELINE ANALYSIS

SAMPLE I.D.: OB/MW-1
MONITORING SOURCE: WELL



MONITORING ELEV. = 718.67’

	DATE
	pH

s.u.
	Fe

mg/l

	Mn

mg/l
	COND.

µS/cm
	SO4
mg/l
	ACIDITY

mg/l
	ALKA

mg/l
	WATER

DEPTH
	WATER

ELEV.

	10-04-11
	5.40
	0.91
	1.2
	23.6
	14
	70
	127
	45.2’
	673.47’

	11-08-11
	5.62
	0.90
	0.2
	30.4
	47
	84
	135
	45.2’
	673.47’

	12-07-11
	5.80
	0.08
	8.5
	36.0
	17
	81
	141
	44.8’
	673.87’

	1-20-12
	6.31
	0.14
	1.0
	51.0
	21
	75
	152
	46.6’
	672.07’

	2-14-12
	7.90
	0.58
	5.8
	286.0
	23
	60
	98
	45.2’
	673.47’

	3-15-12
	7.76
	0.47
	4.2
	241.0
	15
	46
	81
	42.1’
	676.57’

	4-17-12
	7.18
	0.61
	3.8
	193.2
	21
	51
	68
	43.6’
	675.07’

	7-03-12
	7.26
	0.91
	3.1
	288.0
	26
	92
	164
	46.4’
	636.17’

	11-12-12
	6.86
	1.25
	14.9
	22.6
	67
	78
	144
	46.7’
	671.97’

	1-14-13
	6.90
	2.89
	3.1
	26.3
	5
	25
	20
	44.0’
	664.67’

	5-13-13
	6.75
	0.98
	2.7
	39.9
	22
	-
	-
	40.1’
	678.57’

	8-12-13
	6.86
	1.35
	1.9
	42.6
	19
	-
	-
	42.3’
	676.37’

	12-9-13
	7.01
	0.97
	1.4
	24.0
	36
	-
	-
	44.1’
	674.57.


SAMPLE I.D.: OB/MW-2
MONITORING SOURCE: WELL



MONITORING ELEV. = 592.36’

	DATE
	pH

s.u.
	Fe

mg/l

	Mn

mg/l
	COND.

µS/cm
	SO4
mg/l
	ACIDITY

mg/l
	ALKA

mg/l
	WATER

DEPTH
	WATER

ELEV.

	10-04-11
	5.60
	1.20
	1.7
	122.8
	6
	42
	43
	74.25’
	518.11’

	11-08-11
	5.80
	0.24
	1.5
	100.9
	1
	58
	26
	74.25’
	518.11’

	12-07-11
	5.71
	0.75
	1.6
	108.2
	10
	63
	31
	74.25’
	518.11’

	1-20-12
	5.82
	1.05
	1.9
	115.6
	25
	66
	45
	75.0’
	517.36’

	2-14-12
	7.77
	0.64
	6.1
	105.0
	148
	12
	34
	78.0’
	514.36’

	3-15-12
	7.14
	0.72
	5.8
	110.0
	137
	18
	32
	76.4’
	515.96’

	4-17-12
	7.76
	1.05
	6.8
	131.6
	147
	24
	46
	75.1’
	517.26’

	7-03-12
	5.97
	0.64
	6.3
	104.3
	147
	66
	32
	74.6’
	517.76’

	11-12-12
	6.15
	0.52
	1.6
	68.7
	1
	57
	39
	74.6’
	517.76’

	1-14-13
	6.30
	1.20
	5.9
	24.9
	11
	50
	22
	76.0’
	516.36’

	5-13-13
	6.02
	1.55
	2.6
	99.1
	27
	-
	-
	75.0’
	517.36’

	8-12-13
	6.29
	0.65
	1.7
	105.7
	32
	-
	-
	73.2’
	519.16’

	12-9-13
	6.34
	1.19
	3.4
	118.0
	44
	-
	-
	74.9’
	517.46’


SEASONAL DATA

OB/MW-1
	SEASON
	pH

s.u.
	Fe

mg/l

	Mn

mg/l
	COND.

µS/cm
	SO4
mg/l
	ACIDITY

mg/l
	ALKA

mg/l
	WATER

DEPTH
	WATER

ELEV.

	SPRING
	7.23
	0.69
	3.56
	158.0
	19.30
	48.50
	74.50
	41.90
	676.77

	SUMMER
	7.06
	1.13
	2.50
	165.3
	22.50
	92.00
	164.00
	44.35
	674.32

	FALL
	5.96
	1.02
	5.43
	25.53
	42.67
	77.33
	135.33
	45.70
	672.97

	WINTER
	6.72
	0.92
	4.60
	99.83
	16.50
	60.25
	102.75
	45.15
	673.52

	AVERAGE
	6.74
	0.94
	4.02
	112.16
	25.24
	69.52
	119.15
	44.27
	674.39


OB/MW-2
	SEASON
	PH

s.u.
	Fe

mg/l

	Mn

mg/l
	COND.

µS/cm
	SO4
mg/l
	ACIDITY

mg/l
	ALKA

mg/l
	WATER

DEPTH
	WATER

ELEV.

	SPRING
	6.97
	1.10
	5.06
	113.5
	103.6
	48.50
	74.50
	75.50
	516.61

	SUMMER
	6.13
	0.64
	4.00
	105.0
	89.5
	66.00
	32.00
	73.90
	518.46

	FALL
	5.85
	0.65
	1.60
	97.47
	2.67
	52.33
	36.00
	74.37
	517.99

	WINTER
	6.40
	0.91
	3.88
	88.43
	48.50
	47.75
	33.00
	75.81
	516.55

	AVERAGE
	6.33
	0.82
	3.63
	101.1
	61.06
	46.77
	35.00
	74.89
	517.47
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