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APPENDIX C: REGIONAL SETTING SUPPORTING
INFORMATION

Climate

The climate within the study area is temperate and is favorable for many types of plants and animals.
Generally, summers are warm and humid with winters moderately cold. Valleys can have lower
temperatures than the surrounding hills when cooler heavier air drains to areas of lower elevations.
Precipitation is fairly well distributed throughout the year. Seasonal temperatures, rainfall, snowfall,
wind, and humidity differ from West Virginia, Kentucky, Tennessee and Virginia. Monthly
temperature and precipitation data for each state within the study area are shown in Tables C-1
through C-4.
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Table C-1

Monthly Temperature and Rainfall Data for

the Kentucky Portion of the Study Area

Appendix C

Approximate Range of Approximate Range of
Daily Maximum Daily Minimum Approximate Monthly
Month Temperature (°F) Temperature (°F) Rainfall (inches)
January 42-50 21-26 4-5
February 46-51 22-29 4
March 56-61 30-36 5
April 68-71 40-44 4
May 77-80 49-53 4
June 80-86 59-61 4
July 85-90 62-66 5
August 84-89 60-65 3-4
September 79-83 53-58 3-4
October 69-73 40-53 2
November 57-63 30-36 3-4
December 47-50 25-30 3-4
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Table C-2

Monthly Temperature and Rainfall Data for

the Tennessee Portion of the Study Area

Appendix C

Approximate Range of Approximate Range of
Daily Maximum Daily Minimum Approximate Monthly
Month Temperature (°F) Temperature (°F) Rainfall (inches)
January 45-49 25-29 5
February 48-52 27-30 4-5
March 56-63 34-37 6
April 68-73 44-46 4-5
May 75-80 51-54 4-5
June 82-86 58-62 4-5
July 85-88 62-66 5
August 84-88 61-65 3-4
September 79-83 55-59 4
October 68-74 44-47 3
November 56-62 34-36 4
December 47-62 28-31 5-6
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Table C-3

Monthly Temperature and Rainfall Data for
the West Virginia Portion of the Study Area

Appendix C

Approximate Range of Approximate Range of
Daily Maximum Daily Minimum Approximate Monthly
Month Temperature (°F) Temperature (°F) Rainfall (inches)
January 38-44 18-25 3-4
February 41-47 18-26 3
March 52-57 26-34 3-5
April 64-70 36-44 3-4
May 72-77 46-51 4
June 77-83 52-59 3-5
July 80-86 56-64 5-6
August 80-85 56-63 4-5
September 75-80 50-56 34
October 64-69 38-44 3
November 53-57 29-35 3
December 42-47 20-28 3-4
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Appendix C

Table C-4
Monthly Temperature and Rainfall Data for
the Virginia Portion of the Study Area

Approximate Range of Approximate Range of
Daily Maximum Daily Minimum Approximate Monthly
Month Temperature (°F) Temperature (°F) Rainfall (inches)
January 37-44 17-22 3-4
February 40-49 19-25 3-4
March 50-59 28-34 4-5
April 59-69 35-42 3-4
May 68-77 44-50 4-5
June 75-84 52-58 4
July 78-87 56-63 5
August 77-86 55-62 3-4
September 71-81 48-56 3-4
October 61-70 36-43 2-3
November 51-60 29-35 3-4
December 41-49 21-27 3-4

Snowfall

The average amount of snowfall within the study area ranges from 7 to 50 inches, differing from
West Virginia, Kentucky, Tennessee and Virginia. Information of a few select counties within the
study area is provided for example purposes.

Nicholas County West Virginia has cold and snowy winters with an average yearly snowfall of
approximately 50 inches. On average, approximately 34 days per year have at least one inch of snow
on the ground. The average yearly snowfall in Braxton County, West Virginia, is approximately
29 inches. On the average, 15 days of the year have at least one inch of snow on the ground. The
number of such days varies greatly from year to year. In Kanawah and Wyoming Counties, West
Virginia, the average yearly snowfall is about 30 inches.

There is somewhat less snowfall in the Tennessee portion of the study area, than in the West
Virginia portion. In Bledsoe, Fentress, Pickett, Anderson, and Cumberland Counties, average
snowfall ranges from 7 to 20 inches per year.

Elliot, Bell, Harlan, Pike, Carter, Knox, Whitley, McCreary, Wayne, Jackson, Owsley, Powell, and

Wolfe Counties, Kentucky. The average yearly snowfall is approximately 15 inches, but the ground
is seldom covered with snow for more than a few days because of intermittent thaws. There is more
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Appendix C

than one inch of snow on the ground for approximately 4-8 days per year. During a normal year not
more than six snowfalls are more than one inch deep.

The average annual snowfall in Bledsoe County, Tennessee, is 7 inches. It is seldom that more than
one inch of snow is on the ground for a whole day.

Rainfall

Heavy rains, that occur at any time of the year, and severe thunderstorms in summer sometimes
cause flash flooding, particularly in narrow valleys.

Approximate monthly rainfall averages for the Kentucky, Tennessee, and West Virginia portions
of the study area can be seen in Tables C-1 through C-4. An approximate average of 43 to 50 inches
of rain falls on the Kentucky portion of the study each year. Anywhere from 2 to 5 inches of rain
can be expected in any given month of the year with the wettest month being July and the driest
month being October. On average, approximately 90 to 97 days throughout the year will have 0.10
inches or more of precipitation in the Kentucky portion of the study area.

Approximately 52 to 55 inches of rain falls on the Tennessee portion of the study area in the average
year. Anywhere from 3 to 6 inches of rain per month can be expected in this area with the wettest
months being March and December and the driest month being October. Approximately 84 to 95
days throughout the year will experience greater than 0.10 inches of precipitation.

In the West Virginia portion of the study area, approximately 38 to 50 inches of rain occurs per year.
Monthly rainfalls of 3 to 6 inches can also be expected in this area throughout the year. The wettest
month tends to be July while the driest months are usually February, October, and November.
Approximately 86 to 101 days throughout the year will experience greater that 0.10 inches of rain
in the West Virginia portion of the study area.

In the Virginia portion of the study area, approximately 41 to 50 inches of rain occurs per year that
is similar to the rest of the study area. Anywhere from 2 to 5 inches of rain can be expected in any
given month of the year with the wettest months being March, May, and July and the driest month
being October.

Supplemental Geology Information for the MTM/VF EIS Study Area

This appendix is provided for general reference on geologic considerations within the study area.
Topics include environment of deposition, post-depositional deformation, chemical nature of
overburden and potential for acid mine drainage formation, and detailed descriptions of coal-bearing
rock units in Kentucky, Tennessee, Virginia, and West Virginia.

1. Environment of Deposition

Coal seams were formed by the accumulation and burial of plant material to form peat, which the

pressure of overlying sediments eventually converted into coal. The physical and chemical
properties of the coal and associated sedimentary rocks are related directly to the depositional
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Table C-7

Correlation Chart of Major Coal Beds and Coal Zones and Other
Key Beds of the Pennsylvanian of Eastern Kentucky (Modified from Rice and Others, 1979)
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Appendix C
Middle Pennsylvanian Crooked Fork Group

The Crooked Fork Group consists primarily of shale, sandstone, conglomerate, siltstone, and coal
and extends from the Poplar Creek Coal down to the top of the Rockcastle Conglomerate. Group
thickness ranges from 320 to 455 feet (Hardeman, 1966). This unit has a somewhat limited coverage
at ground surface and is present within the north-central and northern portions of the basin
(Hardeman, 1966). Major coals include, in ascending order, the Rex, Hooper, and Poplar Creek
(Hardeman, 1966). Sandstone units in this group and those overlying are generally much thinner
and less laterally persistent versus those in the underlying units discussed above.

Middle Pennsylvanian Formations
These units occur only within the northeastern portion of the plateau coalfields and overlie the
preceding formations. Six formations comprise the Middle Pennsylvanian in the Tennessee

coalfields and include the following in ascending order (Hardeman, 1966):

Slatestone Formation — Shale, sandstone, siltstone, and several important coals including the Jellico
and Poplar Creek — 500 to 720 feet thick.

Indian Bluff Formation — Shale, sandstone, siltstone and thin coals; includes the Pioneer Sandstone
at top — 150 to 475 feet thick.

Graves Gap Formation — Shale, sandstone, siltstone, and coal; includes the Windrock coal — 275 to
385 feet.

Redoak Mountain Formation — Shale, sandstone, siltstone, and several important coals including the
Pewee coal — 340 to 420 feet.

Vowell Mountain Formation — Shale, sandstone, siltstone, and coal; includes the Frozen Head
Sandstone Member — 230 to 375 feet.

Cross Mountain Formation — Shale interbedded with sandstone, siltstone, and thin coal beds —
maximum thickness is 550 feet.

Coal units within the Eastern Coal Province of Tennessee are difficult to correlate regionally (May,
1983). The important coals in northern Tennessee are the Upper Pennsylvanian Pewee, Big Mary,
and Jellico coals of Upper Pennsylvanian age, the Coal Creek of Upper Pennsylvanian age, and the
Sewanee of Lower Middle Pennsylvanian age (Gaydos, 1982). In the west-central portion of the
coalfields, the important coals include the Richland and overlying Sewanee coals found within the
Crab Orchard Mt. Group of Lower Pennsylvanian age (May, 1981 and Hardeman, 1966).

The primary coals within the east-central portion of the basin are the Big Mary, Rock Springs, and
Coal Creek coals, whose position within the Pennsylvanian sequence is not specified (Gaydos,
1982). Possibly these coals have been renamed. Within the southern section of the coalfields, the
major coals include (in ascending order) the Bon Air within the Lower Pennsylvanian Gizzard
Group, the Richland, Sewanee, Lantana, and Morgan Springs located within the Lower to Middle
Pennsylvania Crab Orchard Mt. Formation (Hollyday, 1983).
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displaced downward as the Lee Formation quartzarenite bodies pinch out such that the lower
boundary transitions from the top of the Naese Sandstone Member, the Bee Rock Sandstone
Member, the upper part of the Middlesboro Member to the lower part of the Middlesboro Member
(Harlow, 1993). The Norton Formation contains nine mineable coal seams, eight of which were
evaluated for hydraulic conductivity by G.E. Harlow and include the Kennedy, Bearwallow, Big
Fork, Lower Banner, Upper Banner, Splashdam, Hagy, and the Norton (Harlow, 1993).

Lower Pennsylvanian New River Formation

The New River Formation of Lower Pennsylvanian age is a coal-bearing sequence of sandstone,
siltstone, and shale. Lithologically similar to the Pocahontas Formation except for the presence of
coarse-grained quartzarenite and conglomerate sandstone that grades laterally into the Middlesboro
Member of the Lee Formation. The New River Formation conformably overlies the Pocahontas
Formation and is known for numerous thick, low-sulfur coal seams. These seams thin to the
northwest across the basin where the New River and Pocahontas intertongue with the Lee
Formation. Some of the coal seams included within the formation are the Lower Seaboard, Upper
Seaboard, Castle, Tiller, and Jawbone (Harlow, 1993). Formation thickness is estimated to range
from 1,380 to 1,925 feet from southwest to northeast.

Lower Pennsylvanian Gladeville Sandstone and Wise Formation

The Gladeville is a resistant quartzose sandstone and conglomerate that conformably overlies the
Norton Formation. Insouthern sections of Wise and Dickenson Counties it forms numerous ridges
and low plateaus. The Gladeville thins and eventually is absent to the north and northeast (Harlow,
1993). This unit ranges in thickness from zero up to 65 feet (Rader, 1993). The Wise Formation
is composed of composed of siltstone, sandstone, shale, limestone, coal, underclay, and two
distinctive calcareous shale units. The formation includes several thick sandstone units, including
the Clover Fork, Marcum Hollow, and Reynolds sandstone members. It conformably overlies the
Gladeville Sandstone and reaches a thickness of 2,300 ft to the northwest, where it is capped by the
Harlan Sandstone. The formation contains up to 18 coal seams including, in ascending order, the
Dorchester, Lyons, Blair, Clintwood, Imboden, Kelly, Upper St. Charles, Wilson, Taggart Marker,
and Low Splint (Harlow, 1993). Additional coals include the High Splint at the top of the formation
and the Williamson (Rader, 1993).

Lower Pennsylvanian Kanawha Formation

The Kanawha Formation consists primarily of sandstone, siltstone, shale, coal, and underclay. The
upper sandstone beds are locally congolomeratic, lenticular, and thickly to massively bedded. The
base of formation is conformable and placed at the bottom of the Kennedy Coal that overlies the
McClure Sandstone member of the New River Formation. The Kanawha is equivalent to the Wise
Formation and upper part of the Norton Formation and is approximately 550+ feet thick. The upper
part of the formation is eroded within the Virginia coalfields.
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Lower to Middle Pennsylvanian Harlan Formation
The Harlan Formation consists of sandstone, siltstone, shale, and coal. The sandstone is moderately
resistant and comprises approximately 48 percent of the formation. The formations contain 22

discontinuous coal beds, and the base is defined as the top of High Splint Coal. The formation is
up to 650 feet in thickness (Rader, 1993).
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Conemaugh Group

These strata comprise mostly non-marine cycles of red and gray shale, siltstone, sandstone, and thin
beds of limestone and coal. The Conemaugh Group extends from the top of the Upper Freeport Coal
to the base of the Pittsburgh Coal. Outcrops of the Conemaugh Group generally are limited to
ridgetops and isolated peaks or small plateau areas.

Monongahela Group

The Monongahela Group is composed of non-marine red and gray shale, siltstone, sandstone,
limestone, and coal. The Monongahela Group extends from the base of the Pittsburgh Coal to the
top of the Waynesburg Coal. The thickness of the Monongahela Group in the Basin ranges from less
than 100 feet to more than 400 feet.

Dunkard Group

Outcrops of these rocks are limited to the crests of ridges. The Dunkard Group extends from the top
of the Waynesburg Coal upward to the bottom of the Upper Proctor Sandstone. The maximum
thickness of the Group in West Virginia is nearly 1,200 feet. The Dunkard Group consists of cyclic
sequences of non-marine red and gray shale, siltstone, sandstone, limestone, and coal.
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Groundwater Characterization

Surface coal mining can directly impact groundwater resources by altering the physical structure of
aquifers overlying the coal seams being mined, replacing rock units of varying hydrologic properties
with backfill spoil of a fairly heterogeneous nature. Placement of fills in hollows and valleys may
change groundwater flow regimes as well by creating a groundwater storage medium where one did
not previously exist. Recharge rates, groundwater elevations, and discharge patterns may all change
within and around a mine site as a result. From a water quality standpoint, surface coal mining may
expose acid-forming minerals in coal and overburden to accelerated reaction with air and water,
resulting in acid mine drainage formation or elevated metals concentrations that may migrate into
the groundwater system. Underground mining may have a lesser effect on overlying aquifers
depending on its depth and overburden characteristics, but can still result in dewatering or changes
in groundwater flow patterns, and is similarly susceptible to generation of acid mine drainage.

To provide background information to evaluate the potential effects of mining on groundwater
quality and quantity, the following section describes the general characteristics of groundwater
occurrence, quantity, quality, and related information for the Appalachian Plateau Physiographic
Province. The Plateau Province contains the coalfields of Kentucky, Tennessee, Virginia, and West
Virginia. Following a general discussion of groundwater within the overall Plateau Province, more
specific information is provided for coalfield areas within each state where mountaintop mining may
take place. Please refer to Table C-11, “Principal Aquifers of the Appalachian Plateau Province”
which list the principal aquifers for each state and the correlating units across state boundaries.

Due to the large degree of lithologic variability of the bedrock within the coalfields, the USGS has
utilized the geologic unit classification (e.g., group or formation name) as the basis for identifying
the primary aquifers within the Plateau and associated coalfields within each state. As will be
discussed below, most of the significant groundwater flow within the principal aquifers occurs
within the fractured sandstone units within these formations or groups.

General Plateau Groundwater Occurrence and Quantity

Pennsylvanian-aged sandstone units are the most productive/widespread aquifers within
Pennsylvanian-aged coal measures (USGS HA 730-K). Secondary porosity via rock fracturing is
the primary means of movement of groundwater within the sandstone units since intergranular
permeability is low (USGS HA 730-L); (refer to Figure C-1). Most fractures are shallow in depth,
a few tens to a few hundreds of feet below ground surface, and decrease in number and openness
with depth (USGS HA 730-L). Pennsylvanian-aged coals can also store and transmit water within
their joint systems (USGS HA 730-L).

Harlow and LeCain (1993) found in studies completed in the coalfields of southwestern Virginia that
the permeability of coal seams is greater than that for other rock types. At depths of less than 100
feet, though, Harlow and LeCain (1993) found that groundwater transmissivities (gal/day/ft or
ft’/day) were similar for coal seams, sandstone, and lithologic contacts. At depths of 200 feet only
coal seams had consistently measurable permeability. Harlow and LeCain (1993) found that the
mean depth to standing water below land surface measured from 43 uncased coreholes was 221 feet
for hilltop locations, 109 feet for hillslopes, and 39 feet in valleys. Their studies indicate that
groundwater flow is minimal below 300 feet depth due to increased overburden pressures and thus
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