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FACTORS FOR CONVERTING INCH-POUND UNITS TO
INTERNATIONAL SYSTEM OF UNITS (SD)

For convenience of readers who may want to use the International System of
Units (SI), the data may be converted by using the following factors:

Multiply
inches (in)

inches per hour (in/h)

feet (ft)

feet per mile (ft/mi)

miles (mi)

square miles (mi?)

gallons per minute (gal/min)

million gallons per day (Mgal/d)

cubic feet per second (ft3/s)

cubic feet per second
per square mile [(ft3/5)/mi?)

tons per square mile per
year [(ton/miz)/yr]

micromhos per centimeter
at 25° Celsius (umho/cm)

0.3048
0.1894
1.609
2.590
0.06309

0.04381

378s5.

0.02832

0.01093

0.3503

100

To obtain
millimeters (mm)

millimeters per hour (mm/h)
centimeters per hour (cm/h)

meters (m)

meters per kilometer (m/km)
kilometers (km)

square kilometers (km?)
liters per second (L/s)

cubic meters per second (m3/ s)
cubic meters per day (m3/ d)

cubic meters per second (m3/s)

cubic meters per second
per square kilometer [(m3/s)/km2]

metric tons per square kilometer per
year [(t/km?)/a]

microsiemens per meter at
25° Celsius (uS/m)

National Geodetic Vertical Datum of 1929 (NGVD of 1929): A geodetic datum derived from a general
adjustment of the first-order level nets of both the United States and Canada, formerly called mean sea level.
NGVD of 1929 is referred to as sea level in this report.






HYDROLOGY OF AREA 10,
EASTERN COAL PROVINCE,
WEST VIRGINIA AND VIRGINIA

BY THEODORE A. EHLKE AND OTHERS

Abstract

A nationwide need for information characterizing
hydrologic conditions in mined and potential mine areas
has become paramount with the enactment of the Surface
Mining Control and Reclamation Act of 1977. This report
is designed to be useful to the mine owners, operators, and
others by presenting information about the existing hy-
drologic conditions and by identifying sources of hydrolog-
ic information. General hydrologic information is present-
ed using a brief text with an accompanying map, chart,
graph, or other illustration for each of a series of water-
resources-related topics. The summation of the topical
discussions provides a description of the hydrology of the
area.

Study Area 10 is located in the New River basin in
southeastern West Virginia and western Virginia, and has a
surface area of about 3,337 square miles. The New River,
and two major tributaries, the Greenbrier and Bluestone
Rivers, drain most of the area. The drainage pattern is
influenced by folding and faulting of the rock strata,
differential erosion of rock strata of various lithology, and
by the presence of karst areas.

Rocks underlying the area consist primarily of alter-
nating beds of sandstone, siltstone, shale, limestone, and
mudstone. Mineable coal is contained within rocks of the
Pottsville Group in a small area (119 square miles) at the
southwestern corner of the study area. In 1980, three
surface and ten underground coal mines produced 0.8
million tons of coal, less than 1 percent of the West
Virginia 1980 total. Limestones of Mississippian, Devoni-
an, and older ages outcrop in Area 10. Limestones of the
Greenbrier Group of Mississippian age are the most exten-
sive and have an important effect on hydrology. Soils in
the area are moderately deep and well drained. Soils
overlying limestone areas are generally the most fertile.
The principal land uses are forest and agriculture, which
comprise about 97 percent of the land. Agriculture is
largely located in the southern part of the study area.

Precipitation averages about 40 inches annually, with
distribution affected by topography. The largest amount
of rainfall occurs at higher altitudes along the western
boundary of the basin, and the smallest amount of rainfall
occurs along the eastern boundary near Virginia.

Water use in 1979 was estimated at 26.6 million
gallons per day, most of which was from ground water.
Public supply was the major use category.

The U.S. Geological Survey operated a network of 23
surface-water sites (1980) in Area 10. Streamflow and
water-quality data were collected at all sites. Data are also
available for an additional 126 sites not currently active.
These data are available from computer storage through
WATSTORE (National Water Data Storage and Retrieval
System) and NAWDEX (National Water Data Exchange).

Surface-water quality is generally good. The specific
conductance of most streams ranged from about 100 to 300
micromhos per centimeter. Mining caused a 2- to 10-fold
increase in specific conductance in several streams in Mer-
cer County, West Virginia. The pH of most streams was
alkaline, primarily because of extensive limestone outcrops
of the Greenbrier Group. Surface water draining mined
areas tended to be more alkaline than nearby unmined
areas. The alkalinity of surface water was affected by
extensive limestone outcrops and was lowest in the upper
Greenbrier River basin, generally less than 50 milligrams
per liter. The concentration of sulfate in streams draining
the Greenbrier River basin was generally less than 10
milligrams per liter. Sulfate concentrations were highest in
the headwaters of the Bluestone River basin, where surface
and underground coal mining occurs.

Total iron concentration in streams ranged from 10 to
1,928 micrograms per liter. No significant difference was
found in the total iron concentrations of surface water
affected and unaffected by coal mining in the Bluestone
River basin. Total manganese concentration of surface
water in the Greenbrier River basin was generally less than
30 micrograms per liter. No significant difference was
found in the total manganese concentration of surface
water affected and unaffected by coal mining in the Blue-
stone River basin.

The yield of wells ranged from 1 to 400 gallons per
minute. Well depth, topography, geologic structure, and
geology were the most important factors affecting well
yields. Wells in valleys yielded about twice as much water
as wells on hillsides and several times as much as wells on
hilltops. Ground water generally contained high dissolved
solids and tended to be very hard, owing largely to lime-
stone in the area. Shallow water in rocks of the Greenbrier
Group was often contaminated by wastes in surface water
which entered through sinkholes and other solution open-
ings in karst areas.



1.0 INTRODUCTION
1.1 Objective

Area 10 Report to Aid Permitting

This report describes current hydrologic conditions in Area 10 and identifies
other sources of hydrologic information.

A need for hydrologic information and analysis
on a scale never before required nationally was
initiated when the "Surface Mining Control and
Reclamation Act of 1977” was signed into law as
Public Law 95-87, August 3, 1977. The need is
partially met by this report which broadly character-
izes the hydrology of Area 10, a part of the Eastern
Coal province in West Virginia and Virginia. This
report is one of a series which describes the hydrolo-
gy of coal provinces nationwide. The report provides
general hydrologic information, principally surface
water, using a brief text with an accompanying map,
chart, graph, or other illustration for each of a series
of related topics. The summation of the topical
discussions provides a description of the hydrology
of the area as shown in figure 1.1-1.

The hydrologic information presented or availa-
ble through sources identified in this report, may be
used in describing the hydrology of the "general
area” of any proposed mine. Furthermore, it is
expected that this hydrologic information will be
supplemented by the lease applicant’s specific site
data as well as data from other sources to provide a
more detailed picture of the hydrology in the vicinity
of the mine and the anticipated hydrologic conse-
quences of the mining operation.

The information contained in this report should
be useful to surface mine owners, operators, and
consulting engineers in the preparation of permits
and to regulatory authorities in appraising the
adequacy of permit applications.
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Figure 1.1-1 Location of study area.
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1.0 INTRODUCTION--Continued
1.2 Study Area

Area 10 is Divided into Two Physiographic Provinces

The study area is located in the New River basin in southeastern West Virginia
and western Virginia, and has a surface area of about 3,337 square miles.
It lies within the Valley and Ridge and Appalachian Plateaus
- physiographic provinces.

Area 10 lies within the New River basin in
southeastern West Virginia and western Virginia.
The study area covers about 3,337 mi? (square miles),
of which 2,442 mi? lie in West Virginia and about 895
miZ in Virginia. The area lies partly within the
boundary of the Eastern Coal Province (figure
1.2-1), is oriented northeast-southwest, is about 150
miles long, and varies from about 12 to 38 miles in
width.

The area is divided into two physiographic prov-
inces, the Valley and Ridge province and the Appala-
chian Plateaus province, Kanawha section. The Val-
ley and Ridge province comprises much of the area
east of the Greenbrier River in Pocahontas County,
the eastern parts of Greenbrier and Monroe Counties
and the southeastern part of Mercer County in West
Virginia, and the part of Area 10 extending into
Virginia. The remainder of the area lies in the
Appalachian Plateaus province.

The Valley and Ridge province is characterized
by northeast-southwest trending mountains and val-
leys. The valleys and lowlands are generally under-
lain by less resistant shale and limestone, and the
ridges are composed of more resistant sandstone.
Typically, streams in the province have a trellis
drainage network, with major streams occupying
deep valleys trending northeast-southwest and minor
streams intersecting them at right angles. In large
parts of Pocahontas, Greenbrier, and Monroe Coun-
ties the land is dominated by numerous sinkholes
typical of karst topography. In karst areas, land
slopes are gentle and local relief is about 50-100 feet,
except near major river valleys. Underground drain-
age is extensive, and most streams, other than major
tributaries, are dry during much of the year.

The Appalachian Plateaus province is a high
upland dissected by many streams. It is characterized
by high, rounded or flat topped ridges, rolling hills,
and steep V-shaped valleys. The ridges range from

500 to 2,000 feet in height above the streams. The
eastern edge of the Appalachian Plateaus province
rises abruptly 1,000-3,000 feet above the valley which
bounds it to the east. Maximum altitudes at the
eastern edge of the Appalachian Plateaus are general-
ly several hundred feet greater than the ridges of the
Valley and Ridge province to the east. This eastern
ridge is the highest part, 4,600 feet altitude (National
Geodetic Vertical Datum of 1929), of the Appalachi-
an Plateaus province in Area 10. Stream drainage in
the Appalachian Plateaus province generally follows
a dendritic pattern.

Area 10 includes parts of Pocahontas, Greenbri-
er, Summers, Monroe, and Mercer Counties in West
Virginia and parts of Craig, Giles, Pulaski, Bland,
and Tazewell Counties in Virginia. Larger towns
include Bluefield, Princeton, Hinton, Lewisburg,
White Sulphur Springs, and Alderson in West Vir-
ginia and Pearlsburg and Narrows in Virginia.

The hydrology of parts of Area 10 have been
described in previous investigations. Streamflow and
basin characteristics of the Greenbrier basin were
described in a series of reports (DePaulo and Baloch,
1968; Baloch and others, 1969; and Islam and Ba-
loch, 1973). Hydrology of the Ohio River basin,
which includes the New River basin, was described in
a comprehensive study by Deutsch and others (1966).
Water resources and basin characteristics for the
Kanawha River basin were described in a later study
by the U.S. Army Corps of Engineers (1971). Hy-
drology of the Upper New River basin in West
Virginia was described by Clark and others (1976).
Hydrology of the Virginia portion of the New River
basin was described in a series of reports by the
Virginia Department of Conservation and Economic
Development, Division of Water Resources, (1966,
1967a, 1967b, 1967c, 1967d, 1967¢), and the Virginia
State Water Control Board (1972).
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2.0 GENERAL FEATURES
2.1 Drainage Network

The New River Drains Area 10

The New River and two major tributaries, the Greenbrier and Bluestone Rivers,
drain most of the area. The drainage pattern is influenced by geologic
structure and lithology.

The New River is the largest river in Area 10,
draining about 3,337 miZ (square miles) within the
area and about an additional 3,000 mi© in Virginia
and North Carolina outside Area 10. Major tribu-
taries of the New River include the Greenbrier and
Bluestone Rivers, which drain 1,641 and 462 mi?
respectively. Smaller tributaries of the New River
include Indian Creek and the East River in West
Virginia, and Walker and Wolf Creeks in Virginia.

The drainage pattern and topography of the area
is influenced by the geologic structure and lithology.
In the Appalachian Plateaus physiographic province,
which includes all of Summers and parts of Greenbri-
er, Pocahontas, Monroe, Mercer, and Tazewell
Counties, the topography is dominated by mountain-
ous terrain, which is oriented in a northeast-south-
west direction and gradually decreases in elevation
towards the west. Streams in this area tend to form a
dendritic pattern and flow into the New River.
Major streams north of the New River flow generally
in a southwest direction, while major streams south
of the New River flow northeast.

The drainage pattern in the Valley and Ridge
physiographic province, which includes much of the
area, is greatly influenced by the folding and faulting
of the rock strata and by differential erosion. The
axes of the rock deformation largely trend north-
east-southwest. Differing erosion resistance charac-

teristics of the rocks has, over geologic time, resulted
in erosion of the less resistant strata, forming the
valley bottoms; the more resistant rocks formed the
ridgetops that parallel and separate the northeast-
southwest trending valleys. Small streams tend to
intersect major streams at right angles, forming a
typical trellis drainage network (figure 2.1-1).

Much of the study area is underlain by limestone.
In this area, which includes southern Pocahontas,
central Greenbrier, and Monroe Counties, the topog-
raphy is dominated by sinkholes typical of karst
areas. Surface drainage in these areas is limited to
major streams because precipitation tends to enter
the ground-water flow system through sinkholes and
other solution openings. Subsurface flow in karst
areas is described by Clark and others (1976) and by
Jones (1973). Subsurface flow through fractures and
solution openings is probably responsible for water
losses in the New River in the reach from Glen Lyn to
Hinton (Clark and others, 1976).

The only large lake in Area 10 is Bluestone
Reservoir, formed by the impoundment of the New
River near Hinton, one mile upstream from the
junction with the Greenbrier River. Bluestone reser-
voir is maintained by the U.S. Army Corps of Engi-
neers and has a maximum storage capacity of
631,000 acre-feet.
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2.0 GENERAL FEATURES--Continued
2.2 Slope

Mean Land Slope for Much of the Area is 20 to 25 Percent

Overland slopes for much of Area 10 range from 10 to 30 percent. Landslides are
most common where land slopes range between 20 and 33 percent. Stream channel
slopes generally are greatest in areas of greatest relief.

Overland slopes for Area 10 can be characterized
by three categories: (1) relatively flat land (less than
10 percent slopes), (2) hilly land (10 to 30 percent
slopes), and (3) severe slopes (greater than 30 percent
slope). The West Virginia portion of the area con-
tains approximately 13 percent relatively flat land, 64
percent hilly land, and 23 percent severe slopes. No
data were available for Virginia slopes.

Mean land slopes for West Virginia counties
within the area range from 20.8 to 24.8 percent (table
2.2-1 and fig. 2.2-1). Land slopes greater than 20
percent are often unstable and have a high landslide
potential in Area 10, as indicated by a study done on
landslide frequency adjacent to West Virginia high-
ways (fig. 2.2-2). Most slope failures in West Vir-
ginia involve only a thin veneer of soil and weathered
rock, especially where clay-rich soil layers reduce
infiltration and allow saturation of the clay and other
soil layers above the clay. Slope failures can result
from removal of vegetation, increased loading of the
slope, undercutting the slope, or rapid soil saturation
following heavy rains.

A good correlation has been found between
unstable slopes and slide-prone soil (Lessing and

others, 1976). Soils present in Area 10 which are
considered slide prone include the Clarksburg, Er-
nest, and Westmoreland soils.

Stream-channel slopes for selected streams are
shown in figure 2.2-3. Stream channel slopes are
generally greatest in areas of greatest relief. The
channel slope for the Greenbrier River north of
Wildell, West Virginia to Durbin, West Virginia is
23.8 ft/mi (feet per mile) and decreases to 15.2 ft/mi
in the reach from Durbin to Marlinton, West Vir-
ginia. The channel slope for the entire Greenbrier
River (about 174 miles) is 9.0 ft/mi. The channel
slope for the Bluestone River is steeper, ranging from
31.6 ft/mi upstream of Bluefield West Virginia, to
5.4 ft/mi for its entire reach (about 84 miles). In
both cases, channel slopes are steeper in headwaters
areas where relief is greatest. The New River in Area
10, far from its headwaters, flows through an area of
lesser relief. The channel slope differs only slightly
from 8.03 ft/mi from Eggleston, Virginia to Glen
Lyn, Virginia to 6.72 ft/mi from Glen Lyn to Hin-
ton. Channel slopes for selected smaller streams in
the area range from 15.3 to 87.3 ft/mi (fig. 2.2-3).



Table 2.2-1 Percentage of area in West Virginia
exceeding indicated mean land slopes.

COUNTY 2.5 10 20 30 a0 50 60 70 gﬁL%AP"l‘i
Greenbrier 97.8 84.2 52.4 24.1 8.5 2.3 0.4 0.C 22.0
Mercer 99.2 89.9 52.4 19.1 5.7 1.7 0.7 0.4 22.0
Monroe 99.1 83.7 46.7 19.4 6.5 1.9 0.4 0.3 20.8
Pocahontas 98.2 90.6 65.6 31.6 8.3 1.7 0.3 0.1 24.8
Summers 98.3 86.9 58.5 21.0 5.7 2.4 pi5 0.3 22.4

From Lee and others, 1976
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2.0 GENERAL FEATURES--Continued
2.3 Soils

Soils are Moderately Deep and Well Drained

Soils in Area 10 are grouped into associations on the basis of composition,
slope, drainage, erosion characteristics, and land-use suitability.

Soils vary in composition and land-use suitability
and are greatly influenced by geologic features and
topography. Soils on steep slopes are typically shal-
low and suitable for woodlands, whereas soils on
upland flats and in valleys are moderately deep and
suitable for agricultural and domestic uses. All soils
in Area 10 are acidic, but variable in fertility,
permeability, moisture capacity, and depth.

Soils in the area within West Virginia are
grouped into associations termed Land Resource
Areas (LRA) by the U.S. Soil Conservation Service
(1979). A Land Resource Area is a geographic area
characterized by a unique combination of soils,
slope, erosion characteristics, climate, vegetation,
water resources, and land uses. Soils in the area
within Virginia have been similarly grouped and
termed soils of Appalachian Ridges and Valleys. The
soil series and associations within Area 10 are shown
in figure 2.3-1. General descriptions and summaries
of some soil characteristics are given in tables 2.3-1
and 2.3-2.

Soils of the Eastern Allegheny Plateaus and
Mountains Land Resource Area (LRA 127) cover
only a very small portion of the area (1.8 percent)
and lie entirely in western Pocahontas County. The
soils are moderately deep, well-drained, strongly
sloping to steep soils underlain by shale and siltstone
of Mississippian and Pennsylvanian age. Because of
the rugged terrain, the primary land use in LRA 127
is woodland. Fertility is moderate to low and erosion
potential is moderate to severe.

Soils of the Southern Appalachian Ridges and
Valleys Land Resource Area (LRA 128) cover about
71 percent of the area. Soils of the Appalachian
Ridges and Valleys association in Virginia are similar
to LRA 128 soils and cover the remaining portion of
Area 10. The soils are well-drained, and have moder-
ate to rapid permeability except those soils contain-
ing fragipans, where permeabilities are low (table
2.3-2). These soils are underlain by shale, siltstone,

10

sandstone, and limestone of Pennsylvanian, Missis-
sippian, Devonian, Silurian, and Ordovician age.

The soil associations in LRA 128 and in Virginia
can be divided into two groups: (1) those occurring
in the dissected highlands and (2) those occurring in
the limestone underlain valleys and their immediate
upland slopes.

Soils in the first group are suitable for crops,
pastureland, and homesites on the wide upland flats
and in some valleys, but the steep-sided hillsides and
mountaintops are mostly in woodland. Fertility and
erosion potential range from moderate values on
upland flats to low fertility and high erosion poten-
tial on steep slopes. Many of the soils on footslopes
are colluvial and contain low permeability fragipans.
Alluvial soils are found in most valleys and range in
depth from moderately deep to shallow. Shallow
soils occur on many mountain and ridge tops. These
soils are acidic and have moderate to high permeabil-
ity and moisture capacity values, except for soils with
fragipans and/or high clay content.

Soils in the second group are suitable for exten-
sive farming and homesites in the flatland areas and
pastureland on slopes. These soils are often well-
drained, fertile, deep, and less acidic than those of
the first group. Karst topography is present in the
limestone-underlain valleys. Much of the area con-
taining soil series associations D4, D7, D8, D12,
D13, and A-10 fits this category and is shown in
figure 2.3-1.

Much of the above information was taken from
Soil Conservation Service Soil Surveys (U.S. Soil
Conservation Service 1965 and 1972), and from soil
maps. of Virginia and West Virginia (U.S. Soil Con-
servation Service 1979a, 1979b). The soils maps and
soils association descriptions are generalized. De-
tailed information for site-specific analysis can be
obtained from the U.S. Soil Conservation Service.

I
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Figure 2.3-1 Generalized soil series associations.

Table 2.3-1 Soil Associations descriptions.

Calvin-Belmont-Meckesville
Moderately deep, well drained, strongly sloping
soils on dissected uplands.

Gilpin-Calvin-Berks
Shallow to moderately deep, well-drained soils
in areas of dissected plateaus; strongly sloping
to very steep soils underlain by shale, silststone
and some thin-bedded sandstone.

Gilpin-Dekalb
Moderately deep, well-drained, gently-sioping
to very steep soils on uplands and mountain
slopes. Underlain by shale, siltstone, and
sandstone.

Lily-Gilpin-Tilsit
Deep, moderately well-drained, residual soils in
weathered material from shale and sandstone
from uplands. Fragipan at depth of two feet
in Tilsit soils.

Gilpin-Berks-Frederick
Moderately deep to deep, well-drained, moder-
ately steep to very steep cherty soils found
on mountain slopes and upland slopes of
limestone valleys.

Calvin-Gilpin
Moderately deep, well-drained, strongly sloping
to steep soils underlain by shale and siltstone,
in areas of dissected plateau.

Dekalb-Clymer
Moderately deep and deep, well-drained, gently
sloping to very steep soils underlain by sand-
stone and shale, on broad ridges and adjoining

Calvin-Berks

Shallow to moderately deep, well-drained,
strongly sloping to steep soils underlain by -
shale and siltstone, in areas of dissected plateau.

Dekalb-Gilpin-Laidig

Shallow to moderately deep, wet to well-
drained, strongly sloping to very steep, very
stony soils underlain by massive sandstone
and shale, on mountain slopes, ridges, and some
foot slopes.

Weikert-Berks-Ernest
Shallow to deep, excessively-drained to well-
drained, very steep soils underlain by shale and
siltstone, on mountain slopes and flat slopes.

Dekalb-Elliber
Moderately deep and deep, well-drained, steep,
cherty, and very stony soils underlain by
sandstone, limestone, and shale, on mountain
ridges and side slopes.

Weikert-Dekalb-Laidig

Deep, well-drained soils  of limestone valleys
and stony soils of lower mountain slopes,
underlain by limestone, sandstone, shale,
and siltstone.

Dekalb-Berks-Weikert
Shallow to deep, often very steep soils formed
generally in residuum from sandstone, shale,
and limestone, on mountains.

Calvin-Berks
Moderately deep, gently sloping to steep soils
formed in residuum from shale; on uplands of

side slopes.

Westmoreland-Berks-Clarksburg

Moderately deep and deep, well-drained and

moderately well-drained, gently sloping to

steep soils underlain by shale and
in areas of dissected plateau.

Frederick-Frankstown

Deep, well-drained, mostly gently sl

limestone,

oping and

some strongly sloping soils of limestone valleys

and immediate upland slopes.

dissected valleys.

Frederick-Elliber
Shallow to very deep, gently sloping to steep
soils formed in residuum from limestone or
interbedded limestone, sandstone, and shale;
on uplands and limestone valleys.

- Pisgah-Hayter .
Shallow to deep, gently sloping to steep soils

formed in residuum from sandstone and shale,
on uplands of limestone valleys.

Table 2.3-2 Selected physical characteristics of dominant soils.

SOIL DEPTH,

MOISTURE CAPACITY
RANGE, IN INCHES OF

SOIL SERIES ASSOCIATION™* e s e INEEET R RAWNAGE::R PER INCH OF sc>|L.PH S
RANGE, IN PERCENT IN INCHES/HOUR IN UNITS
Calvin(60)-Belmont(15)-Meckesville(10) 40-60 1.5-2.5 0.63-2.0 0.12-0.18 5.1-5.5
Gilpin(35)-Calvin(25)-Berks(20) 20-65 1.5-2.5 0.63-6.3 0.12>.18 4.5-5.5
Gilpin(40)-Dekalb(35) 5-65 1.5-3.5 2.0-6.3 0.08->.18 4.5-5.5
Lily(35)-Gilpin(30)-Tilsit(15) 3-15 3.0-6.0 0.63-6.3** 0.15-0.18 4.5-5.0
Gilpin(35)-Berks(30)-Frederick(15) 8-30 3.0-10.0 0.63-6.3 0.15>.18 4.5-6.0
Calvin(45)-Gilpin(20) 5-65 1.5-2.5 0.63-2.0 0.12-0.18 4.5-5.5
Dekalb(70)-Clymer(10) 5-65 2.0-4.0 0.63-6.3 0.08-0.18 4.5-5.5
Westmoreland(55)-Berks(15)-Clarksburg(10) 10-65 1.5-4.0 0.20-6.3 0.12>.18 4.5-6.0
Frederick(70)-Frankstown(15) 8-25 3.0-10.0 0.63-6.3 0.15-0.21 5.6-6.5
Calvin(45)-Berks(15) 20-65 1.5-2.5 0.63-2.0 0.12-0.18 4.5-5.5
Dekalb(40)-Gilpin(25)-Laidig(20) 5-70 1.5-4.0 0.20-6.3** 0.08-0.18 4.5-5.5
Weikert(40)-Berks(30)-Ernest(10) 30-65 1.0-4.0 2.0-6.3 0.08>.18 4.5-5.5
Dekalb(45)-Elliber(30) 5-65 2.0-6.0 2.0>6.3 0.08-0.18 4.5-5.0
Weikert(30)-Dekalb(25)-Laidig(20) 3-65 2.0-30.0 0.63-6.3 0.12-0.18 4.5-5.5
Dekalb-Berks-Weikert 8-60 1.5-3.0 2.0-6.3 0.08 0.18 4.5-5.5
Calvin-Berks 5-30 1.5-2.5 0.63-6.3 0.12-0.18 3.6-6.0
Frederick-Elliber 3-25 3.0-10.0 0.63-6.3 0.12>>.18 3.6-5.5
Pisgah-Hayter 2-35 4.0-6.0 not available not available 5.1-6.5

*Numbers in parentheses refer to the percent of each soil type in the association. Totals for each soil series association are
less than 100 percent because of soil types occurring in a small percentage of the area and are not included in the total.

** Fragipans permeability range is 0.20-0.63
From U.S. Soil Conservation Service 1965, 1972, 1979a, and 1979b.
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2.0 GENERAL FEATURES--Continued
2.4 Climate

Area 10 has a Continental Climate

Geography and topography combine to give Area 10 a continental climate. Temperatures
average from the mid-30’s in winter to near 70 degrees in summer. Annual precipitation
averages about 40 inches, with the northern half of the basin affected by a rain shadow.

Approximately 13 inches more precipitation than normal fell during the period April 1979

to August 1980.

The two most important influences on the cli-
mate of Area 10 are geography and topography. The
area lies too far inland for the climate to be in-
fluenced by the Atlantic Ocean; and therefore, it has
a continental climate. There are four distinct sea-
sons. Winters are moderately severe and summers
are warm and showery. Orographic influences cause
variations on the temperatures and amount of
precipitation within the area.

Mean daily temperatures in the area range from
the mid-30’s in winter to near 70 degrees in summer.
Differences in mean temperature occur within the
area due to differences in elevation. Burkes Garden,
Virginia, at an altitude of 3,300 feet has a mean
annual temperature 6°F cooler than Glen Lyn, Vir-
ginia, at an altitude of 1,524 feet. Figure 2.4-1 shows
the monthly temperature variations between the two
sites.

Winter conditions can be quite harsh; cold waves
with near or subzero temperatures occur on an aver-
age of three times each winter and last for two or
three days. The temperature in Lewisburg, West
Virginia, on an unknown date fell to minus 37°F.
Freezing temperatures are likely to occur from late
September through mid-May. On the other hand,
very warm conditions can occur in summer. All
recording stations in West Virginia within Area 10
boundaries have attained 100°F; and those in Vir-
ginia have either reached it or have come very close.

Based on the period 1941-70, average annual
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precipitation is about 40 inches, with amounts at
recording stations varying from 35.22 inches at Un-
ion, West Virginia, to 43.35 inches at Flat Top, West
Virginia. July is the wettest month and October the
driest. Figure 2.4-2 shows the precipitation distribu-
tion for the area.

The area north of White Sulphur Springs, West
Virginia lies within a “rain shadow.” Winds from the
west descend after rising over the Allegheny Moun-
tains, are warmed, and can hold more water vapor.
The effect is to suppress precipitation and cloud
cover.

The amount of snowfall depends greatly on the
elevation. White Sulphur Springs, at an altitude of
1,920 feet, received an average annual snowfall of
25.7 inches during 1951-73; while Burkes Garden,
Virginia, at an altitude of 3,300 feet, had an average
annual snowfall of 38.5 inches during 1951-75.
Much higher yearly snowfalls are possible. Flat Top,
West Virginia, averaged 80.7 inches of snow per year
for the period October 1974 through April 1980, with
a maximum of 105.7 inches during the winter of
1976-77.

During the study period of April 1979 - August
1980, the recording stations with long-term records
received an average total of 68.61 inches of precipita-
tion. Normally, an average of 55.11 inches of
precipitation falls during that 16-month period.
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Figure 2.4-1 Monthly normals of temperature for Burkes Garden (altitude 3300 feet)

and Glen Lyn (altitude 1524 feet), Virginia, 1941-70.

CLIMATOLOGICAL DATA FROM NATIONAL OCEANIC
AND ATMOSPHERIC ADMINISTRATION, 1973a, 1973b.
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2.0 GENERAL FEATURES--Continued
2.5 Land use

Forest Covers Majority of Area 10

Forest land covers approximately 78 percent of Area 10; agricultural land
covers approximately 19 percent; with the remainder divided between
urban land, barren land, and water.

Land use in Area 10 is greatly influenced by
topography. Much of the area contains rugged, steep
slopes where forest is the prevalent land use (fig.
2.5-1), covering about 78 percent of the area. Valleys
and areas with less steep slopes allow agricultural and
residential uses of the land. Approximately 97 per-
cent of the land in Area 10 is classified as either forest
or agriculture.

Much of the area lies within the Monongahela,
George Washington, and Jefferson National Forests.
The National Forest land is managed following mul-
tiple use criteria, which includes silviculture, wildlife
management, watershed protection, and outdoor
recreation (U.S. Forest Service, 1976). Logging op-
erations are carried out throughout the area. The
forests are classified as dominantly Appalachian Oak
Forest and Northern Hardwoods (West Virginia
Department of Natural Resources, Division of Recla-
mation, 1980).

Agriculture is the second dominant land use,
comprising 19.4 percent of the basin area. Monroe,
Craig, and Tazewell Counties have about one-third
of their area in agricultural use. These counties have
significant land area in the undulating valleys of the
Valley and Ridge physiographic province. In com-
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parison, Pocahontas County, which also has land
area in the Valley and Ridge province, has only about
10.8 percent of its area in agriculture. Much of its
more rugged terrain lies within the National Forests.
A more detailed description of land use is given in
table 2.5-1.

Urban and residential land uses account for
about 1.3 percent of the area, clustered near Blue-
field, Princeton, and other communities in valleys or
along major transportation corridors.

Surface-mining areas account for less than 0.6
percent of Area 10. The primary mining activity is
limestone quarrying. Several quarries are located
along the New River in both states. The smallest land
use category is water. The major water areas are
those of the Bluestone Reservoir and the New River.

Sources of information include the U.S. Geologi-
cal Survey 1:250,000 scale land-use maps and the
West Virginia Geological and Economic Survey’s
statistical land-use summary (U.S. Geological Sur-
vey, 1973, 1977, and 1978, and West Virginia Geo-
logical and Economic Survey, 1980).
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Land use and land cover

l:] Forest land
- Agricultural land

- Urban or built up land Table 2.5-1 Summary of land use in Area 10.
- Barren land (inClUdeS Strip mines) FOREST AGRICULTURAL URBAN AND MINING AND
COUNTY?* COVER LAND RESIDENTIAL BARREN WATER
[:] Water (PERCENT)  (PERCENT) (PERCENT) (PERCENT) (PERCENT)
© Greenbrier 80.6 17.5 1.1 0.7 0.1
S Mercer 76.7 16.7 4.8 1.6 0.2
"; Monroe 65.2 34.1 0.6 0.0 0.1
% Pocahontas 88.5 10.8 0.3 0.3 0.1
2 summers 81.6 15.3 1.2 0.1 1.8
., Craig 73.5 26.0 0.4 0.0 0.1
S Giles 81.1 14.5 2.0 0.4 2.0
g Pulaski 87.7 12.2 0.1 0.0 0.1
Tazewell 61.0 33.6 3.9 0.5 1.0

*Percentages for Virginia Counties are for the region of the Virginia Counties within Area 10 only.
Percentages for West Virginia Counties are for the entire county.

From U.S. Geological Survey, 1973, 1977, and 1978, and West Virginia
Geological and Economic Survey, 1980.
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Figure 2.5-1 Land use and land cover.
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2.0 GENERAL FEATURES--Continued
2.6 Water Use

Ground Water is Principal Water-Supply Source

Water use in Area 10 during 1979 was about 28 million gallons per day. Approximately
20 million gallons per day (71 percent) was derived from ground-water sources.

Ground water was the principal source of water
used in Area 10 during 1979, estimated at 20 Mgal/d
(million gallons per day) or 71 percent of total water
use (28 Mgal/d). Water for domestic use from
private ground-water systems was about 12 Mgal/d
or 60 percent of total ground-water usage (table
2.6-1). Domestic water-use estimates are based on an
assumed average water-use rate of 75 gallons per day
per capita for estimated percentages of county popu-
lations using ground-water sources for water supply
(Clark and others, 1976; Virginia State Water Con-
trol Board, 1979; Ms. Hall, U.S. Census Bureau, oral
communication, 1981). Because much of the popu-
lace resides in rural communities, most of the ground
water is obtained from private systems such as wells
and springs. Individually, these private systems
produce relatively small quantities of water, but their
collective production is large (fig. 2.6-1). Ground
water used for public supply, and for mining and
industry amounted to 4.19 Mgal/d and 3.50 Mgal/d
respectively. Considerably greater quantities of
ground water are available for water-resource
development in Area 10. For example, other inves-
tigators (DePaulo and Baloch, 1968, p. 93-103) have
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indicated that about 132 Mgal/d discharges from
springs in the Greenbrier River basin.

More water for public supply is derived from
surface-water sources than from ground water. Sur-
face-water sources include streams and impound-
ments; these sources supplied 7.90 Mgal/d for public
supply use compared to 4.19 Mgal/d from ground
water. Surface water for public supply ranged from
4.49 Mgal/d in Mercer County to zero in the portions
of Craig and Pulaski Counties that are within Area
10. Water use for agriculture and irrigation, all
reported as surface water, was 0.79 Mgal/d. Water
for mining and industrial use (3.50 Mgal/d) in Area
10 was entirely derived from ground-water sources.

Data on water use is scarce. The figures present-
ed in table 2.6-1 are conservative estimates, as water
use data from many industrial, commercial, and
domestic private systems were not reported. Infor-
mation was compiled from the following sources:
Clark and others, 1976; Landers, 1976; Virginia State
Water Control Board, 1979; Lessing and others,
1981; D. M. McLeod, Virginia State Water Control
Board, written communication, 1981.

£



Total ground water use

Total surface water use

Figure 2.6-1 Water use, in million gallons per day.

Table 2.6-1 Water use, in million gallons per day.

PUBLIC SUPPLY

AGRICULTURE** MINING AND ESTIMATED

COUNTY * SURFACE GROUND | AND IRRIGATION INDUSTRY *** DOMESTIC USE
WATER WATER SURFACE WATER | GROUND WATER [ GROUND WATER

Greenbrier
Mercer
Monroe
Pocahontas
Summers

Subtotals

West Virginia

Bland
Craig
Giles
Pulaski
Tazewell

Subtotals

Virginia

Area 10 Totals

| : i

*Figures for West Virginia Counties are for entire county. Figures for Virginia Counties are for region
of county within Area 10, except for domestic ground-water usage, which is for entire county.

**Agricultural figures are from 1976 and 1978.

*¥*West Virginia figures apply to mining use only.
— No data.
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2.0 GENERAL FEATURES--Continued
2.7 Geology

Sedimentary Rocks Underlie the Area

Rocks underlying the area are primarily alternating beds of sandstone, shale,
limestone, and mudstone.

Area 10 is situated on a segment of the western
edge of a long northeastward-trending trough which
extends from northeastern Alabama to Newfound-
land. Sediment accumulated in the trough through
most of Paleozoic time, about 600 to 240 million
years ago, and reached a total thickness of 40,000 to
50,000 feet in Virginia. The depth of water in the
trough was nearly always shallow, but the weight of
the accumulating sediments caused the floor to sink
at a rate commensurate with the rate of sediment
deposition. Eventually, since the late Paleozoic time,
the region became uplifted and compressed laterally,
causing the folded mountain ridges which are now
the Appalachians. The geology of Area 10 includes
rocks of all the Paleozoic systems from the Cambrian
to the Pennsylvanian. The area has been involved in
complex folding and faulting, thus causing many of
the older rock units to crop out on the present land
surface. The geology of the Appalachian area in
Virginia is described in detail in Butts (1940), and
shown on the geologic map by Butts (1933).

For convenience, the geology in this report has
been divided into seven units, and is described from<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>