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

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 By To obtain
inches (in) 25.40 millimeters (mm)
inches per hour (in/h) 25.4 millimeters per hour (mm/h)
2.54 centimeters per hour (cm/h)
feet (ft) 0.3048 meters (m)
feet per mile (ft/mi) 0.1894 meters per kilometer (m/km)
miles (mi) 1.609 kilometers (km)
square miles (mi?) 2.590 square kilometers (km?)
gallons per minute (gal/min) 0.06309 liters per second (L/s)
million gallons per day (mgal/d) 0.04381 cubic meters per second (m3/s)
3785. cubic meters per day (m3/ d)
cubic feet per second (ft3/s) 0.02832 cubic meters per second (m3/s)/ km?
cubic feet per second cubic meters per second
per square mile [(ft3_/ s)/ mi2] 0.01093 per square kilometer [(m3/ s)kmz]
tons per square mile per metric tons per square kilometer per
year [(ton/ mi2)/ yr] 0.3503 year [(t/km?)/a]
micromhos per centimeter microsiemens per meter at
at 25° Celsius (umhos/cm) 100 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 6,
EASTERN COAL PROVINCE,
MARYLAND, WEST VIRGINIA,

AND PENNSYLVANIA

BY

WARD W.STAUBITZ AND JOHN R. SOBASHINSKI

Abstract

This report broadly characterizes the hydrology
of Area 6, the 1,329 square-mile North Branch
Potomac River basin. Area 6 is one of 24 study areas
located within the Eastern Coal Province for which
hydrologic reports are being prepared.

Area 6 comprises parts of Maryland, Pennsyl-
vania, and West Virginia and is almost evenly divided
between two physiographic provinces. The Allegheny
Mountain section of the Appalachian Plateaus physi-
ographic province encompasses the western half of
the area and contains coal-bearing rocks of Pennsyl-
vanian age. The area contains two coal-producing
regions, the Georges Creek Coal Field and the Upper
Potomac Coal Field, which have 1.6 billion tons of

mineable coal reserves available from 16 major coal -

seams. Coal production from the area amounted to
3.8 million tons in 1978 and has been steadily increas-
ing in the last several years. The eastern half of the
area lies within the Middle section of the Valley and
Ridge physiographic province and contains non-
coal-bearing rocks of pre-Pennsylvanian age.

Area 6 has a continental, temperate climate and
receives between 36 and 45 inches of precipitation
depending on elevation. The soils of the area were
formed from noncarbonate, sedimentary rocks and
are generally of high acidity and low fertility. Forest
land occupies over 80 percent of the land surface,
whereas surface mining occupies only about 1.5
percent of the land surface.

The area is drained entirely by the North Branch
Potomac River. Major tributaries that drain coal
mining areas are Stony River, Abram Creek, Savage
River, Georges Creek, and Wills Creek. New Creek,

Evitts Creek, and Patterson Creek drain unmined
areas.

Water used in the area is mostly from surface-
water resources. Ground-water accounts for only 0.5
percent of total water withdrawals. Seventy-two
percent of ground-water withdrawals are used by the

coal-mining industry.

More than 140 miles of streams in Area 6 are
affected by mine drainage. These streams are devoid
of fish life and otherwise have severely reduced
biological communities.

The mean dissolved-solids concentrations and
specific conductances were more than three times
greater for streams draining coal mining areas than
for streams draining unmined areas. Mean sulfate
concentration was 10 times greater for streams drain-
ing coal mining areas; iron and manganese were five
to 50 times greater in mined areas. The mean pH and
net alkalinity of streams draining unmined areas were
higher than those of streams draining mined areas,
1.7 pH units and 32.5 mg/L as CaCO, higher, re-
spectively. Although concentrations of trace metals
in water and bottom sediments were generally low for
streams draining both mined and unmined areas,
those from unmined areas were noticeably higher.
Stream suspended-sediment loads increased dramati-
cally in the vicinity of active mining; however,
sedimentation was much less pronounced further
downstream.

The U.S. Geological Survey has recently collect-
ed hydrologic data from 56 sites in Area 6. These
data are available from computer storage through the
National Water Data Exchange (NAWDEX).



1.0 INTRODUCTION
1.1 Objective

Area 6 Report Submitted in Response to Public Law 95-87

Existing hydrologic conditions and identification of sources of hydrologic
information are presented.

This report provides hydrologic information,
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. The information contained
herein should be useful to surface-mine owners,
operators, and consulting engineers in the prepara-
tion of permits and to regulatory authorities in
appraising the adequacy of permit applications.

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 Act estab-
lished a new Federal agency, Office of Surface Min-
ing Reclamation and Enforcement (OSM), within the
U.S. Department of the Interior, whose function is to
set guidelines for controlling the adverse effects of
coal mining on the environment. The act provided
for establishment of State-level regulatory authorities
to administer and enforce State laws meeting the
Federal guidelines. Further provided in the Act is the
backup provision that, if no satisfactory State pro-
gram is developed, the Federal regulations will be
enforced by OSM.

In recognizing the potentially adverse impact
that coal mining may have on water resources, Public
Law 95-87 requires (1) that each mining-permit appli-
cant make an analysis of the potential effects of the
proposed mine on the hydrology of the mine site and
adjacent area, (2) that "an appropriate Federal or
State agency” provide to each mining-permit appli-
cant "hydrologic information on the general area
prior to mining,” and (3) that measures be taken by
mining permittees to control adverse effects of min-
ing on the "hydrologic balance” of the land.

This report broadly characterizes the hydrology
of Area 6 in Maryland, Pennsylvania, and West
Virginia, as delineated in figure 1.1-1. The hydrolog-
ic information presented or available 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 consequences of the mining
operation.
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1.0 INTRODUCTION--Continued
1.2 Study Area

Area 6 Encompasses North Branch Potomac River Basin

The area is located in the northern part of the Eastern Coal Province in
adjoining parts of Maryland, Pennsylvania, and West Virginia.

The Eastern Coal Province is divided into 24
study areas. The division is based on hydrologic
factors, location, size, and mining activity. Hy-
drologic units (drainage basins) or parts of units are
combined to form each area (see front cover for areas
in the Eastern Coal Province).

Area 6 contains 1,329 square miles and is drained
entirely by the North Branch Potomac River. The
major tributaries to the North Branch Potomac River
are Stony River, Abram Creek, Savage River, and
Georges Creek, which drain coal mining areas, and
New, Evitts, and Patterson Creeks, which drain areas
having no coal mining (fig. 1.2-1).

The area is situated in adjoining parts of three
states. It contains parts of Allegany and Garrett
Counties in Maryland; Bedford and Somerset Coun-
ties in Pennsylvania; and Grant, Hampshire, Miner-
al, Preston, and Tucker Counties in West Virginia.
The largest concentrations of population are Cum-

berland, Md., Frostburg, Md., and Keyser, W. Va.
(fig. 1.2-1).

Area 6 lies within the Appalachian Plateaus and
the Valley and Ridge physiographic provinces (fig.
1.2-2). The Appalachian Plateau, which constitutes
approximately the western half of the area, contains
two coal-producing regions, the Georges Creek Coal
Field and the Upper Potomac Coal Field (fig. 1.2-3).
In 1978 over 3.8 million tons of coal were produced
from these two coal fields. Coal production in the
area increased steadily from 1970 to 1980 and is
expected to continue to increase for the next few
years.

The coals of greatest economic value in the area
are found in the Monongahela, Conemaugh, and
Allegheny Formations of the Pennsylvanian System.
Coals of lesser importance are also found in the
Pottsville Formation of the Pennsylvanian System
and the Dunkard Group of the Permian System.
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2.0 GENERAL FEATURES
2.1 Geology
2.1.1 Physiography and Topography

Area 6 Lies within Two Physiographic Provinces

The area is nearly evenly divided between the Appalachian Plateaus and
Valley and Ridge physiographic provinces.

The western half of Area 6 lies within the Al-
legheny Mountain section of the Appalachian
Plateaus physiographic province (fig. 2.1.1-1). The
most important structural feature in the western half
of the area is a gently sloping synclinal basin that
contains coal-bearing rocks of the Pennsylvanian
System (fig. 2.1.1-2). The northern part of the basin
follows the Georges Creek Syncline from near Wel-
lersburg, Pa., south to Shaw, W. Va., where the
syncline splits. At the split the North Potomac
Syncline forms the primary synclinal axis, extends
west from Shaw and passes through Kempton, Md.
The Stony River Syncline forms the secondary syncli-
nal axis and extends southwest to the Stony River
Reservoir (U.S. Army Corps of Engineers, 1976a).

The basin formed by the syncline is a single
structural unit, which is divided by the Savage River
into the Georges Creek basin in the north and the
Upper Potomac basin in the south (Amsden and
others, 1954). The upturned edges of the synclinal
basin form two long parallel mountain crests, with
the Allegheny Front to the east and Backbone and
Big Savage mountains to the west. It is along thé
flanks of these two mountain crests that surface
mining occurs.

Georges Creek in the north and the North
Branch Potomac River in the south similarly follow
the synclinal axis and drain the intervening valley.
The upper reaches of these two streams and their
tributaries drain shallow stream valleys with relative-
ly gentle topographic forms. Further downstream,

these streams have cut deep channels exposing coal-
bearing rocks and leaving narrow valleys with steep,
sloped walls. It is along these coal outcorps that
early surface mining most frequently occurred.

The eastern half of Area 6 lies within the Middle
section of the Valley and Ridge physiographic prov-
ince (fig. 2.1.1-1). This area is characterized by
numerous asymetrical synclines and anticlines which -
form sets of long, sharp-crested mountain ridges and
relatively flat intervening valleys which cross the area
from northeast to southwest. The principal moun-
tains are composed of hard rocks, whereas the interv-
ening valleys and low hills are composed of softer
rocks which erode more readily. The major streams
in the area follow these valleys and drain directly into
the North Branch Potomac River. The surface rocks
of the Valley and Ridge province are older than those
found in the Appalachian Plateaus and contain no
mineable coal seams. The rocks of the Valley and
Ridge province also have tighter folds than those
found in the Appalachian Plateaus and have flank -
dips which are usually greater than 30 degrees (Reger
and Tucker, 1924).

Elevations within Area 6 range from 4140 feet
above sea level at the headwaters of Stony River on
the Allegheny Front to 540 feet above sea level where
the north and south branches of the Potomac River
meet. Total relief of the area is 3600 feet; elevations
generally decline from the southwest toward the
northeast.
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2.0 GENERAL FEATURES
2.1 Geology
2.1.1 Physiography and Topography

Figure 2.1.1-1 Physiographic divisions and synclinal axes.



2.0 GENERAL EEATURES--Continued
2.1 Geology--Continued
2.1.2 Surface Geology " -

The Coal-Bearing Pennsylvanian System is Present
in Area 6

.

The surface bedrock of Area 6 is composed entirely of sedimentary rock. The
surface bedrock in the eastern half of the area is Ordovician, Silurian, and
Devonian, and that in the western half is Devonian, Mississippian,
Pennsylvanian, and Permian.

The strata exposed at the surface in Area 6 are sedi-
mentary rocks, which range in age from Late Ordovician to
Permian. The surface rocks are older in the eastern part of
the area, and successively younger rocks crop out to the
west (fig. 2.1.2-1).

In the Valley and Ridge province, the eroded edges of
the folded strata crop out in thin linear parallel belts that
range in age from Upper Ordovician to Devonian. These
rocks consist of limestones, sandstones, and shales, but
contain no mineable coal deposits (Reger and Tucker,
1924).

The strata exposed in the Appalachian Plateaus prov-

ince range in age from late Devonian through Mississippian -

and Pennsylvanian and include a venecer of Permian. The
important coal beds in the area are found within the
Pennsylvanian System (Amsden and others, 1954).

The Pennsylvanian System is subdivided into the
Pottsville, Allegheny, Conemaugh, and Monongahela For-
mations (fig. 2.1.2-2). These rocks crop out to the west of
the Allegheny Front in the Georges Creek and the Upper
Potomac synclinal basins. The most complete section of
the Pennsylvanian System in the area is found in the
Georges Creek basin. Here the Pennsylvanian beds are
1600 to 1800 feet thick and in places are overlain by 350
feet or more of Permian beds (Amsden and others, 1954).

The Pottsville Formation is the lowest part of the
Pennsylvanian System. It extends from the top of the
Mississippian, Mauch Chunk Formation to the bottom of
the Brookville Coal of the Alleghany Formation, and
ranges in thickness from 60 feet in the upper Georges Creek
basin to 450 feet in the Upper Potomac basin. The Potts-
ville Formation has an areal distribution similar to that of
the Allegheny Formation, and in Maryland it has been
mapped with the Allegheny Formation as a single strati-
graphic unit. In Maryland the Pottsville Formation is
composed of approximately 75 percent sandstone, 22 per-
cent shale and fire clay, and 3 percent coal. The Pottsville
Formation includes as many as six coal seams, all of which
appear to be thin, impure, irregular, and of little economic
importance in the area (Reger and Tucker, 1924; Clark,
1905; and Amsden and others, 1954).

The Allegheny Formation overlies the Pottsville For-
mation. It extends from the bottom of the Brookville Coal

to the top of the Upper Freeport Coal and ranges in
thickness from 150 feet to over 280 feet within the area.
The Allegheny Formation appears at the surface along the
eastern and western rim of the Georges Creek and Upper
Potomac basins, and along the most deeply incised por-
tions of the North Branch Potomac River and some of its
tributaries. In Maryland the Allegheny Formation is com-
posed of approximately 60 percent sandstone, 21 percent
sandy shale and fire clay, 10 percent coal, and 9 percent
limestone. The dominant beds are massive, fine to medium
grained, quartzose sandstones. The coal seams of econom-
ic importance in the area in the Allegheny Formation are
the Upper Freeport, Upper Kittanning, Middle Kittanning,
Lower Kittanning, and Brookville Coals (Reger and Tuck-
er, 1924; Clark, 1905; and Amsden and others, 1954).

The Conemaugh Formation overlies the Allegheny
Formation. It extends from the top of the Upper Freeport
Coal to the base of the Pittsburgh Coal and ranges in
thickness from 770 feet to 900 feet. The Conemaugh
Formation crops out extensively throughout the Upper
Potomac and Georges Creek basins, and in Maryland is
composed of approximately 55 percent shale, 36 percent
sandstone, 7 percent coal, and 2 percent limestone. In-
dividual beds are relatively thin, ranging from a few inches
to less'than 20 feet in thickness. The coal seams of econom-
ic importance in the Conemaugh Formation are the Little
Pittsburgh, Franklin, Barton, Harlem, Brush Creek, and
Upper and Lower Bakerstown Coals (Reger and Tucker,
1924; Clark, 1905; and Amsden and others, 1954).

The Monongahela Formation is the uppermost forma-
tion in the Pennsylvanian System. It extends from the base
of the Waynesburg Coal and ranges in thickness from less
than 175 feet to greater than 270 feet. The Monongahela
Formation crops out most extensively in the middle of the
Georges Creek basin. In the upper and lower Georges
Creek basin and in the Upper Potomac basin, the Monon-
gahela Formation has been largely eroded, and it appears
only on isolated ridgetops. In Maryland the Monongahela
Formation consists of approximately 42 percent sandstone,
42 percent sandy shale, 16 percent coal, and less than 1
percent limestone. The coal seams of economic importance
in the Monongahela Formation are the Waynesburg, Red-
stone, Lower Sewickley, and Pittsburgh Coals (Reger and
Tucker, 1924; Clark, 1905; and Amsden and others, 1954).
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2.0 GENERAL FEATURES--Continued
2.2 Soils

Soils in Area 6 Generally have High Acidity and Low Fertility

The soils of the area were formed from noncarbonate sedimentary rocks.

Soils develop on the land surface as a result of
interactions of climate, vegetation, bedrock type,
and slope. The soils of the Appalachian Plateaus
section of the area were formed from materials
weathered from noncarbonate sedimentary rock,
sandstones, siltstones, shales, and coal. The slopesin
this region range from very steep along the stream
valleys to gentle along the ridge tops and flood
plains. The soils formed in the Appalachian Plateaus
section of Area 6 are generally of high acidity and
low fertility and range in depth from 10 to 72 inches
(table 2.2-1). These soils have the characteristics of
hydrologic groups B and C (table 2.2-2) and include
small areas of rough, stony land and bare rock along
hills and steep slopes (U.S. Environmental Protec-
tion Agency, 1980; Pennsylvania Office of Resources
Management, 1979).

Where the topography is similar, the soils of the
Valley and Ridge province are similar to those found
in the Appalachian Plateaus province. These soils
were formed predominantly of materials weathered
from noncarbonate sedimentary rocks, range in
depth from 15 to 17 inches, and have the hydrologic
characteristics of groups C or C-D. There are,
however, a few soils in the Valley and Ridge province
formed of materials weathered from limestone.
These soils have depths of greater than 70 inches and
have the hydrologic characteristics of group B.

10

Figure 2.2-1 is a general soils map showing the 20
soil associations in the area that have a distinctive
pattern of soils, relief, and drainage. Typically, a
soil association consists of more than one major soil
and some minor soils. The association is named for
the major soils.

Figure 2.2-1 is a composite of the general soil.
maps of Allegany and Garrett Counties in Maryland
(U.S. Department of Agriculture, 1974 and 1977);
the General Soil Map of West Virginia (U.S. Depart-
ment of Agriculture, 1979); and the General Soil
Map of Pennsylvania (U.S. Department of Agricul-
ture, 1973). These individual soil maps used different
series concepts and do not agree in soil association
names and boundary placements at the county and
state borders.

Figure 2.2-1 and table 2.2-1 are useful only for
general planning. More detailed information can be
found in the county soil surveys available from the
U.S. Department of Agriculture, Soil Conservation
Service. Soil surveys are presently available for
Allegany and Garrett Counties in Maryland, and
Mineral County in West Virginia. Soil surveys of
Grant County in West Virginia and Bedford and
Somerset Counties in Pennsylvania have been start-
ed.
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Maryland Soill Associations
Allegany County

Gilpin-Dekalb-Cookport: Gently sloping to very steep, well-drained,
and moderately well-drained, dominantly very stony soils that are
moderately deep over sandstone and shale.

Stony land-Dekalb: Stony land and sloping to very steep, well-
drained, very stony soils that are moderately deep over sandstone.

Weikert-Calvin-Lehew: Gently sloping to very steep, somewhat
excessively drained and well-drained, shaly to very stony soils that
limestone or moderately deep over shale and sandstone.

Elliber-Dekalb-Opequon: Gently sloping to very steep, weli-drained,
cherty or channery to very stony soils that are shallow or deep over
are shallow to moderately deep over sandstone.

Weikert-Gilpin: Gently sloping to very steep, somewhat excessively
drained and well-drained, shaly to very stony soils that are dominantly
shallow over shale.

Garrett County

Calvin-Gilpin: Gently sloping to steep, moderately deep, well-
drained soils; formed over acid, red to gray shale and sandstone.

Dekalb-Calvin-Gilpin: Gently sloping to steep, moderately deep,
well-drained, very stony soils; formed over acid, red to gray
sandstone and shale.

Dekalb-Gilpin-Cookport: Gently sloping to steep, moderately deep,
well-drained and moderately well-drained, very stony soils; formed
over acid, gray to yellowish sandstone and shale.

Pennsylvania Soll Assoclations Table 2.2-2 Hydrologic characteristics of Pennsylvania soils.
Percent
Soil of Each Dominant Depth of
Association Soil in Slope Drainage Soll Hydrologic Hydrologic
Name Assn.2 (Percent) Class b (Inches) Group Group
i 25 -20 W 30
Eeaé‘{('",(“, 25 3_25 w 50 g A (Low runoff potential.) Soils having high infiltration rates even
Meckesville 10 3-15 W 70 c when thoroughly wetted. These consist chiefly of deep, well to
excessively drained sands or gravels. These soils have a high
Berks 50 8-30 w 30 c rate of water transmission in that water readily passes through
Weikert 15 3-40 w 15 c/D them. :
Bedington 5 -1 w 60 B
ing =8 A/B  Combined properties of soil groups A and B.
DeKal 40 3-356 W 30 C . i ) X
Laidiagb 20 3-20 W 70 c B Soils having moderate infiltration rates when thoroughly wetted.
Buchanan 5 3-25 MW 70 c These consist chiefly of moderately deep to deep, moderately well
to well drained soils with moderately fine to moderately coarse
Hazleton 40 3.20 w 60 B textures. These soils have a moderate rate of water transmission.
Cookport 20 0-12 Mw 60 c B/C  Combined properties of soil groups B and C.
Rayne 35 3-15 W 60 B (¢} Soils having slow infiltration rates when thoroughly wetted. These
Wharton 10 3-20 MW 60 C consist chiefly of soils with a layer that impedes downward
Ernest 10 0-15 MW 72 c movement of water or soils with moderately fine to fine texture.
These soils have a slow rate of water transmission.
Edom 40 3-20 w 50 C
Weikert 20 3-40 w 15 c/D C/D  Combined properties of soil groups C and D.
Klinesville 5 3-35 15 C/D
inesvi i D (High runoff potential.) Soils having very slow infiltration rates
: when thoroughly wetted. These consist chiefly of clay soils with
Mornsor) Zg 3-20 w gg 2 a high swelling potential, soils with a permanent high water table,
Vanderlip 3-20 w soils with a claypan or clay layer at or near the surface, and shallow

aPercentages do not total 100 because of minor soils in each association.
bW—WeII drained; MW -Moderately well drained.

soils over nearly impervious material. These soils have a very slow
rate of water transmission.

Source: U.S. Department of Agriculture, 1973, 1974, 1977, and 1979
Pennsylvania Office of Resources Management, 1979.

West Virginia Soil Associations

Wharton-Gilpin-Clymer

Dekalb-Lehew-Teas

Pope-Monongahela

DeKalb-Elliber-Murril

Berks-Weikert

Source:  Pennsylvania Office of Resource Management, 1979
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2.0 GENERAL FEATURES--Continued
2.3 Land Use

Area is Largely Forested

Forest land occupies over 80 percent of the land surface in Area 6.

Land use affects the hydrology of a watershed by
determining the ground-cover characteristics of the
watershed. Ground cover influences the infiltration
and runoff rates of precipitation and the susceptabili-
ty of soils to erosion. These are principal factors
affecting the frequency and magnitude of flood
flows, the quantity of ground-water recharge, and
the sediment yield from watersheds. Land use also
affects the water quality of streams by determining
the nature and quantity of materials available for
solution and transport by ground water and surface
water. Six land-use categories and the percentage of
area occupied by each are shown in figure 2.3-1.

Land use within Area 6 is largely influenced by
the physiography and topography of the area. The
steep slopes and sharp ridges of the Valley and Ridge
province limit urban, industrial, and agricultural
development to the flat, relatively broad stream val-
leys. The steep slopes of deeply incised stream val-
leys in the Appalachian Plateaus province also limit

12

development to narrow stream valleys and broad,
relatively flat upland areas. The remaining areas are
almost entirely forested. The areal distribution of
land use is shown in figure 2.3-2.

Surface mining and deep mining for coal are
widespread throughout the Appalachian Plateaus
section of the area. Figure 2.3-3 shows the percent
area of selected watersheds which have been dis-
turbed by surface mining prior to 1981. This infor-
mation was compiled from the U.S. Army Corps of
Engineers (1976b), the Annual Reports of the Mary-
land Bureau of Mines (1976-1980), quarterly reports
released by the West Virginia Geological and Eco-
nomic Survey (1976-1981), and from inspection of
surface mine permits at the Pennsylvania Bureau of
Mining and Reclamation in Ebensburg, Pa. Figure
2.3-3 also lists the number of deep mine entrances
within selected watersheds, as tallied by the U.S.
Army Corps of Engineers (1976b).
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Figure 2.3-3 Number of deep-mine entrances and percent area
disturbed by surface mines in Area 6 watersheds prior to 1981.

Data from U.S. Geological Survey, 1977.
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Figure 2.3-1 Land use as percentage of total area.
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2.0 GENERAL FEATURES--Continued
2.4 Surface Drainage

North Branch Potomac River Drains Entire Area

Eight major tributaries to the North Branch Potomac River drain 72 percent of
the area’s 1,329 square miles.

Area 6 is drained entirely by the North Branch
Potomac River and encompasses 1,329 square miles
of three states--Maryland, West Virginia, and Penn-
sylvania. The North Branch Potomac River has eight
major tributaries which drain 72 percent of the area
(fig. 2.4-1). These tributaries are Stony River,
Abram Creek, Savage River, Georges Creck, New
Creek, Wills Creek, Evitts Creek, and Patterson
Creek. A substantial number of small streams also
drain directly into the North Branch Potomac River
and are not designated as major drainage basin
divisions in figure 2.4-1. The river-mile location of
tributaries to the North Branch Potomac River and
U.S. Geological Survey gaging stations on the North
Branch are shown in figure 2.4-2.

For most of its length the North Branch Potomac
River generally follows a northeasterly path, forming
the boundary between Maryland and West Virginia.
The confluence with the South Branch Potomac
River constitutes the downstream boundary of the
North Branch Potomac River basin. At the conflu-
ence, the North and South Branches form the Poto-
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mac River which drains into the Chesapeake Bay,
some 264 miles downstream.

The upper portion of the North Branch Potomac
River basin and the watersheds of Stony River,
Abram Creek, Georges Creek, and Wills Creek are
underlain by coal measures of the Upper Potomac
and Georges Creek Coal Fields. Most of the Savage
River and all of the New, Evitts, and Patterson Creek
watersheds are not underlain by coal bearing rocks.

Because the topography and underlying forma-
tions of the Savage River, New Creek, and Patterson
Creek basins provide good opportunities for im-
poundment and regulation of their surface-water
resources, numerous reservoirs and small check dams
have been built in these watersheds. The Blooming-
ton Dam (river mile 62), recently built on the North
Branch Potomac River, provides the largest reservoir
in the area and will be used to control flood flow,
augument low-flow water supply, and improve the
downstream water quality by selective dilution of
acid inflow to the reservoir.
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Figure 2.4-2 Location of tributaries to the North Branch Potomac River and main-stem
U.S. Geological Survey gages, in river miles from the mouth.
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2.0 GENERAL FEATURES--Continued
2.5 Water Use

Water Use is 1.2 Billion Gallons Per Day

Approximately 99.5 percent of water withdrawals are from surface-water supplies.
Over 98 percent of water withdrawals are for nonconsumptive uses.

The quantity of water withdrawn for various
uses in Area 6 is shown in figure 2.5-1. Approxi-
mately 99.5 percent of the total water use in the area
is withdrawn from surface-water supplies. The Vir-
ginia Electric Power Company (VEPCO) coal-fired
power plant in Mineral County, W. Va., withdraws

the single greatest amount of water in the area.. This -

water is used for cooling purposes and amounts to
over 94 percent of total water use in the area. This
water is withdrawn from the Stony River Reservoir,
and except for small consumptive losses, the majority
is returned to Stony River after use. Over 98 percent
of water withdrawals in the area are for non-con-
sumptive uses. -

Withdrawals for public water supply in Area 6
are generally from surface-water sources and account
for slightly. more than 1 percent of total water use.
The majority of this water (9.8 mgd) is withdrawn by
the city of Cumberland, Md. from Evitts Creek.
Westernport, Md., and Piedmont, W. Va., withdraw
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water from Savage River; Keyser, W. Va., withdraws
water from New Creek. Many smaller communities
also withdraw water from small reservoirs in the
headwaters of high quality streams.

Ground-water withdrawals amount to slightly
over 0.5 percent of the total. The mining industry
uses 72 percent of total ground-water withdrawals

" for processing coal and for draining surface and deep

mines. Rural domestic water use accounts for 15
percent of ground-water withdrawal, and the remain-
ing 13 percent is used for public water supply and for
commercial and industrial purposes.

Water-use data were collected through personal
communications with the Maryland Department of
Natural Resources and the Pennsylvania Department
of Natural Resources, and from the publication
"Water Use in West Virginia” (Lessing and others,
1981).



TOTAL WATER USE
1,180

Thermoelectric 1,112

Ground Water Use
Public Supply 0.3

Industry and Commercial 0.4

Surface Water Use 1,174
Industry and Commercial 48.7
Public Supply 12.9

Rural Domestic 1.0 Thermoelectric 1,112

Mining 4.4

Figure 2.5-1 Water use, in million gallons per day.
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2.0 GENERAL FEATURES--Continued
2.6 Climate

Area 6 Characterized by a Continental Temperate Climate

Area climate is influenced by local variations in elevation and topography.

The mean annual precipitation is greatest in the
western half of Area 6 (fig. 2:6-1). The Appalachian
Plateaus province in the western part of the area has
a mean annual precipitation of over 45 inches, as
compared to the mean annual precipitation of only
36 inches in the Valley and Ridge province to the
east.

The Allegheny Mountains have the highest eleva-
tion in the area and are responsible for increased
precipitation on the Appalachian Plateaus. Westerly
storms ascend the mountains from the Ohio Valley
causing temperatures to drop in the air mass and
precipitation to increase. As storms descend the
leeward slopes of the Allegheny Mountains and enter
the Valley and Ridge province, the descending air
masses are warmed, clouds dissipate and precipita-
tion decreases (U.S. Department of Commerce,
1959). Like elevation, precipitation in the area de-
creases steadily from the southwest to the northeast.
Precipitation varies throughout the year in both the
Appalachian Plateaus and Valley and Ridge prov-
inces. Precipitation tends to be greater in the spring
and summer, and less in the fall and winter. March is
the month with the greatest amount of precipitation.
Figure 2.6-2 shows the mean monthly precipitation at
three weather stations located in the Appalachian
Plateaus (Bayard, W. Va., and Frostburg and Wes-
ternport, Md.) and two weather stations located in
the Valley and Ridge (Picardy, Md., and Romney,
W. Va.). Although the Romney and Picardy stations
are not located within Area 6, they are near the area
(fig. 2.6-1) and are representative of regional precipi-
tation conditions.

Thunderstorms develop during 40 days in an
average year, with the peak of the thunderstorm
season occurring in July. The 10-year, 24-hour rain-

18

fall intensities are shown in figure 2.6-3. Snowfall
within the basin varies considerable. Average annual
snowfall ranges from 30 inches in the Valley and
Ridge to over 100 inches in the Appalachian
Plateaus. Assuming a water equivalent of one inch
of rain per 10 inches of snowfall, snowfall in the
Appalachian Plateaus accounts for up to 20 percent
of the mean annual precipitation, whereas, snowfall
in the Valley and Ridge contributes about 8 percent
of the mean annual precipitation.

The mean annual temperatures in the area vary
from 47°F to 53°F. The coldest part of the area is the
southwest, where the mean minimum daily tempera-
ture in January is less than 20°F. Frost penetration
here to depths of 18 inches or more is common. The
range of monthly mean temperatures at four stations
in the area is shown in figure 2.6-4. Lower monthly
mean temperatures of the Appalachian Plateaus
stations are due mainly to higher elevations; for every
300 feet of increase in elevation, temperatures drop
by approximately 1°F.

Climatic data for Area 6 are published monthly
in the Maryland, Pennsylvania and West Virginia
volumes of "Climatological Data,” available from
the National Oceanic and Atmospheric Administra-
tion (NOAA), Asheville, N.C. (U.S. Department of
Commerce, 1979-1981a, b, and ¢). Long-term rain-
fall and temperature data are also available by state
in a publication entitled “Monthly Normals of Tem-
perature, Precipitation, and Heating and Cooling
Degrees Days 1941-1970”. (U.S. Department of
Commerce, 1973a, b, and c). Utilization of climatic
data for a specific location should take local varia-
tions of elevation and topography into account.
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Figure 2.6-1 Mean annual precipitation.

Figure 2.6-4 Mean monthly temperature variation at
weather stations in and near Area 6.
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Figure 2.6-2 Mean monthly precipitation at weather stations in and near Area 6 (1941-1970). 2.6 Climate



3.0 COAL RESERVES AND PRODUCTION

Area 6 Contains 1.6 Billion Tons of Mineable-Coal Reserves

The reserves are found in two coal fields and tend to be high BTU, low sulfur
coal, of which about 11 percent is strippable.

Area 6 contains 1.6 billion tons of mineable-coal
reserves in 16 major coal seams. The reserves in the
area amount to 0.37 percent of the demonstrated coal
reserve base of the United States (U.S. Bureau of
Mines, 1975)." Approximately 11 percent (176 million
tons) of the reserve in the area is strippable (coal
seems greater than 18 inches thick and less than 150
feet deep) and 89 percent (1,433 million tons) is
deep-mineable (coal seams greater than 24 inches
thick). The Upper Freeport and Lower Bakerstown
seams found extensively in the Upper Potomac Coal
Field together contain about 70 percent of the minea-
ble reserves in Area 6. Table 3.0-1 lists the major
coal seams in the area, the total reserves in each
seam, and the reserves which are strippable and
deep-mineable.

The coal reserves of the area tend to have a high
heating capacity (BTU rating) and low sulfur con-
tent. These coals are in high demand in the steam
and metallurgical coal markets, because they produce
large amounts of energy per unit weight and their low
sulfur content means they can be burned without
expensive pollution control measures. Only the Red-
stone seam has a BTU rating less than 12,500. Nearly
one third of the total coal reserves in the area, 534
million tons, are low sulfur (less than 1.5 percent
sulfur content). Of these low-sulfur reserves over 43
million tons are strippable coal found in the Barton,
Upper Freeport, and Lower Bakerstown seams. The
availability of these high BTU and low-sulfur coals
should lead to further continued mining within the
area (U.S. Army Corps of Engineers, 1976a).

Coal was mined and used locally in Area 6 prior
to 1782. Coal shipments out of the area began in
1820 and increased greatly with the opening of the
Baltimore and Ohio Railroad in 1842 and the
Chesapeake and Ohio Canal in 1850. Coal produc-
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tion in the area steadily increased throughout the
latter half of the 19th century, making Area 6 one of
the most important coal-producing regions in the
United States at that time (Clark, 1905). Coal pro-
duction peaked in Maryland in 1907, when 5.5 mil-
lion tons were mined, and then decreased steadily
until 1954, when 440,000 tons were mined. Coal
production has been increasing since 1954,

Coal is currently mined from nearly every major
seam in the area. During 1978 coal was mined from
14 seams and production totaled 3,833,278 tons. No
single seam produced more than 16 percent of the
total figure; however, 64 percent of total production
came from four seams: The Upper Bakerstown,
Upper Kittanning, Lower Bakerstown, and Pitts-
burgh. Table 3.0-1 lists the production from each
seam for 1978.

The coal-mining region of Area 6 has traditional-
ly been subdivided into two separate coal fields, the
Georges Creek and the Upper Potomac Coal Fields
(fig. 3.0-1). Although there is no structural reason
for this subdivision, the coal fields are geographically
separate and have followed separate patterns of
development. Around the turn of the century, deep
mining in the Pittsburgh and Sewickley coal seams in
the Georges Creek Coal Field accounted for most of
the coal production in Area 6. By 1920 these two
seams were largely mined out, and production shifted
south to the Upper Potomac Coal Field and the
abundant Lower Bakerstown and Upper Freeport
seams. For many years, coal production was nearly
equal from the two coal fields; however, in recent
years, the Upper Potomac Coal Field has out-pro-
duced the Georges Creek Coal Field. In future years
this trend is likely to continue (U.S. Army Corps of
Engineers, 1976a).



Table 3.0-1 Reserves, 1978 production figures, and heating capacity of mineable coals in Area 6.

Reserves, in million tons
Production in
Area 6 Average BTU

Coal seam Total Strippable Deep mineable 1978 - tons (dry)
Waynesburg 4.83 2.49 2.34 203,609 13,720
Sewickley 9.92 5.16 4.76 254,100 12,810
Redstone 1.59 1.32 :27 70,100 11,890
Pittsburgh . 18.92 3.82 15.10 564,117 13,920
Little Pittsburgh +d0 0 .10 0 13,380
Franklin 15.50 8.67 6.83 172,163 12,730
Barton 68.31 15.26 53.05 283,095 13,070
Harlem 4.70 0 4.70 75,131 13,485
Upper Bakerstown 174.64 7.85 166.79 76,867 13,410
Lower Bakerstown 356.88 34.04 322.84 630,656 13,710
Mahoning 52.84 4.13 48.71 15,321 13,760
Upper Freeport 755.70 46.85 708.85 616,313 13,690
Upper Kittanning 95.18 8.19 86.99 557,470 13,660
Middle Kittanning 20.70 20.70 0 244,058 —
Lower Kittanning 16.56 5.2 11.36 70,278 13,540
Clarion (Brookville) 12.36 12.36 0 0 13,620
Total 1609 176 1433 3,833,278 ——
Reserve figures from: U.S. Army Corps of Engineers, 1976a.

Production figures from: Maryland Bureau of Mines, 1978;

Pennsylvania Department of Environmental Resources, 1978; and

West Virginia Department of Mines, 1978.
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4.0 HYDROLOGIC NETWORK
4.1 Surface-Water Quantity

Streamflow Information from 56 Sites

Streamflow information is available from 18 continuous-record stations,
10 low-flow partial-record stations, 3 crest-stage partial-record stations,
and 25 miscellaneous-discharge-measurement sites.

Streamflow information is available from 56
surface-water data-collection sites in Area 6. These
sites form a systematic, hydrologic data-collection
network which has operated with a varing number of
stations since 1899. During 1981 the network consist-
ed of 18 continuous-record stations, 10 low-flow
partial-record stations, 3 crest-stage partial-record
stations, and 25 miscellaneous-discharge-measure-
ment sites. The locations of these sites are shown in
. figure 4.1-1, and brief station descriptions, including
drainage areas and periods of record, are presented
in section 10.1.

Continuous-record stations are locations where a
- continuous record of stream stage (height of the
water above an arbitrary datum) is obtained by
instruments that measure and automatically record
the water-surface elevation of a stream. The contin-
uous record of stream stage is converted to a contin-
uous record of stream discharge by a stage-discharge
relationship. The results are generally reported as
daily mean discharge values and the extremes for the
period of record. Continuous-record stations pro-
vide the most detailed streamflow data. This infor-
mation is used to determine flood-frequency, ex-
treme flows of record, flood-volume frequency, flow
duration, low-flow frequency, and other hydrologic
characteristics of a stream.

Low-flow partial-record stations have no record-
ing devices. Discharge measurements are made sever-
al times per year during periods of low flow, and the
results are reported as instantaneous discharge in
cubic feet per second. Concurrent data from contin-
uous record stations are incorporated with data from
low-flow partial-record stations to develop regional-
ized low-flow relationships.

Crest-stage partial-record stations are equipped
with simple recording devices that measure peak
stream stage during a given period. A stage-dis-
charge relation, developed through a series of direct
and indirect discharge measurements, is then used to
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compute the peak flow during the intervening time
period between inspections. The annual maximum
discharge is generally reported from crest-stage par-
tial-record stations, and these data can be analyzed to
determine the flood-frequency characteristics of a
stream.

Miscellaneous-discharge-measurement sites are
sites where discharge measurements are not made on
a long-term, systematic basis. These are sites where
one or several discharge measurements are made for
particular reasons. Measurements are generally
made at these sites during periods of drought or
flood to give better areal coverage to those events.
They may also be made when water-quality samples
are collected, to facilitate computing loads of dis-
solved and suspended constituents. Data from mis-
cellaneous-discharge-measurements sites are general-
ly reported as instantaneous discharges in cubic feet
per second.

Streamflow data collected from these surface-
water, data-collection sites are reported on an annual
basis in the U.S. Geological Survey publications
"Water Resources Data for Maryland and
Delaware,” (U.S. Geological Survey, 1979a, 1980a,
and 1981a) and "Water Resources Data for Pennsyl-
vania, Volume 2, Susquehanna and Potomac River
Basins,” (U.S. Geological Survey, 1980c and 1981c)
which are available, respectively, from:

U.S. Geological Survey
Water Resources Division
208 Carroll Building
8600 La Salle Road
Towson, Maryland 21204

U.S. Geological Survey
Water Resources Division
P.O. Box 1107
228 Walnut Street
Harrisburg, Pennsylvania 17108
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Figure 4.1-1 Locations of streamflow-measurement stations.
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4.0 HYDROLOGIC NETWORK--Continued
4.2 Surface-Water Quality

Water-Quality Information Available from 48 Sites

The hydrologic network was designed to yield water-quality information for a
large number of streams and to observe the seasonal variations of each stream.

Water-quality data were collected at 51 sites in
the area from April 1979 through September 1981.
The data-collection network was composed of three
types of stations: trend, regular, and synoptic.
There were 1 trend, 7 regular, and 43 synoptic
stations in the network. The major differences be-
tween these stations were in the sampling frequency
and the water-quality parameters chosen for sam-
pling. Figure 4.2-1 shows the location of the data-
collection sites, and section 10.1 gives a brief station
description and lists the period of record at each site.

The one trend station in the network was located
at the U.S. Geological Survey gaging station at the
North Branch Potomac River near Cumberland,
Md., site 49 (fig. 4.2-1). The purpose of this station
was to monitor the streamflow and water-quality of
the North Branch Potomac River, which drains the
entire area. Streamflow, specific conductance, and
water temperature were recorded continuously; sus-
pended-sediment data were collected daily; and wa-
ter-quality samples were collected monthly at this
site.

The seven regular stations in the network were
located at USGS gages along the North Branch
Potomac River and at downstream locations on its
major tributaries. The purpose of these stations was
to delineate the variations in streamflow and water-
quality of the major streams within the area. Stream-
flow was recorded continuously, and water-quality
samples were collected approximately monthly.

The purpose of the 43 synoptic stations was to '

obtain water-quality data from relatively small
streams over a large area during different hydrologic
conditions. Water-quality samples were collected,
and concurrent discharge measurements were made,
each year during periods of high, medium, and low
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base flow. Daily and event suspended-sediment data
and continuous record of streamflow were also ob-
tained at two of the synoptic sites.

Once per year at all sites, trace metal samples
were collected in the water column and from the
bottom material, and the presence or absence of

'several orders and phyla of benthic invertebrates was

noted.

From April to November 1979, data were collect-
ed at 26 synoptic stations. On April 1980 the net-
work was redesigned. At that time 11 synoptic
stations were discontinued and 18 new sites were
added, to increase the areal coverage of the study and
to allow for more intensified study of active and
projected surface-mining areas. In April 1981 the
network was once again redesigned, and 18 synoptic
stations were discontinued. The one trend and seven
regular stations were operated continuously from
April 1979 through September 1981.

Further information about the period of record,
water-quality constituents sampled for, and actual
data is available through the computerized National
Water Data Exchange (NAWDEX--see section 8.2).
Data are also published in U.S. Geological Survey
reports "Water Resources Data for Maryland and
Delaware” (U.S. Geological Survey 1979a, 1980a,
and 1981a), "Water Resources Data for Pennsyl-
vania, Volume 2, Susquehanna and Potomac River
Basins” (U.S. Geological Survey 1980c and 1981c),
and in U.S. Geological Survey Open-File Report
81-812, "Quality of Surface Water in the Coal-
Mining Areas of Western Maryland and Adjacent
Areas of Pennsylvania and West Virginia from April
1979 to June 1980” (Staubitz, 1981).
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4.0 HYDROLOGIC NETWORK--Continued
4.3 Ground Water

Ground-Water Information Available for 24 Locations

The majority of observation wells tap the Conemaugh and Allegheny Formations.

Ground-water-level data are available from 24
observation wells in Area 6. Fourteen of these wells
have continuous records, and 10 have periodic meas-
urements. The well locations and site numbers are
shown in figure 4.3-1. Information for each station,
including site number, local identification number,
latitude, longitude, water-bearing  unit, period of
record, frequency of measurement, and depth of
well, are listed in section 10.2.

The majority of observation wells in the area
(site numbers 1-19) tap the Conemaugh and Alleghe-
ny Formations and are monitored as a part of a
cooperative study between the Maryland Geological
Survey and the U.S. Geological Survey. The purpose
of this study is to investigate the impact of deep
mining for coal on the local hydrologic system.

As a part of this study, 13 wells were drilled
during 1979 and 1980 to various depths in three
clusters, and continuous water-level recorders were
installed on each of the wells. At each of the clusters,
individuals wells are open to different water-bearing
zones. The three clusters consist of sites 6-9, 11-14,
and 15-19 (fig. 4.3-1). Since 1978, six other wells in
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the area have been monitored on a periodic basis as
part of the study. The five remaining observation
wells in Area 6 generally have long-term records and
have been used to monitor regional water-level fluc-
tuations.

Additional information about ground-water data
is available from (1) the National Water Data Ex-
change (NAWDEX-see section 8.2), (2) the National
Water Data Storage and Retrieval System (WAT-
STORE-see section 8.3), and published annual U.S.
Geological Survey reports, “Water Resources Data
for Maryland and Delaware” (U.S. Geological Sur-
vey, 1979a, 1980a, and 1981a) and "Water Resources
Data for West Virginia” (U.S. Geological Survey,
1979b, 1980b, and 1981b). In addition, records from
1,100 water wells and 120 springs (including 56
chemical analyses) in Garrett County, Md., are listed
in Maryland Geological Survey Basic Data Report
No. 11 (Nutter and others, 1980). Ground-water-
quality information for 43 wells in Allegheny Coun-
ty, Md., and four wells in Garrett County, Md., is
also listed in Maryland Geological Survey Basic-Data
Report No. 10 (Woll, 1978).
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5.0 SURFACE-WATER QUANTITY
5.1 Flood Flow
5.1.1 Gaged Streams

Flood Flow Determined by Climatic and
Drainage-Basin Characteristics

Peak-discharge and flood-volume data are available for 12 U.S. Geological Survey
gaging stations in the area.

Flood flows are determined by a combination of
climatic and drainage-basin characteristics. Climatic
factors dictate the quantity and rate of water availa-
ble to the hydrologic system, while drainage-basin
characteristics determine the storage and routing of
water within the system. Climatic factors of greatest
importance are the intensity, duration, and seasonal
distribution of precipitation. Drainage-basin charac-
teristics of greatest importance are drainage area,
basin slope and shape, soil composition, land use,
and ground cover.

The largest flood peaks of record in Area 6 have
been caused by weakened hurricanes, traveling
northeastward along the east side of the Allegheny
Front during late summer and early fall. However,
these storms occur infrequently in the area. The
flood peak of the year for larger streams generally
results from large-dimension, frontal storms occur-
ring in the late winter and early spring. These storms
can cause particularly large floods when snow pack
covers the ground. Small watersheds (drainage ba-
sins less than 50 square miles) are more sensitive to
high-intensity short-duration thunderstorms, which
often cause localized flash flooding during the late
spring and summer.

Typical hydrographs from three U.S. Geological
Survey gaging stations are shown in figure 5.1.1-1,
and the locations of the gages and their drainage
basins are shown in figure 5.1.1-2. The rise in stage
at these three gaging stations resulted from a high-
intensity thunderstorm on April 9, 1980, in which
1.77 inches of rain was measured at the Savage River
Dam. The steep slopes and high peaks of the hydro-
graphs are indicative of rapidly accumulating runoff,
which is caused by the high intensity of rainfall and
by the steep slopes and narrow flood plains charac-
teristic of the smaller drainage basins in the area.

The peak discharge is an important characteristic
of flood flows. The magnitude and recurrence fre-
quency of peak discharges are useful in determining
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the proper design of structures built along or across a
stream. Section 10.3 lists the magnitude of the
observed peak flows of record for U.S. Geological
Survey gaging stations within the area that have
long-term, surface-water records. It also lists peak
discharges and flood volumes for various recurrence
intervals.

Peak discharges are estimated statistically by
fitting a log-Pearson Type III distribution to the
record of annual peaks for long-term gaging stations.
A recurrence interval, or return period, is defined as
the average interval of time within which an evént of
a given magnitude will be exceeded only once. Thus,
a flood with a recurrence interval of 25 years (Q25)
would be exceeded, on the average, once in 25 years.
The same flood, therefore, has a 4 percent probabili-
ty of being exceeded in any given year. The log-
Pearson Type III distribution and its application for
estimating flood-flow frequencies is described in
U.S. Water Resources Council Bulletin No. 17B

(U.S. Water Resources Council, 1981).

Estimates of flood-volume for one-day periods
with 2-, 10-, and 25-year recurrence intervals are also
included in section 10.3. These flood values are the
maximum volumes of flow expected for a given time
period and recurrence interval. This information is
useful in determining reservoir storage capacity.
This flood volume is determined by using long-term
values of highest mean discharge for various con-
secutive-day periods. The actual volume of flow is
determined by multiplying the given discharge in
cubic feet per second by the number of seconds in the
time period. This analysis is made using calendar
days (in section 10.3, the period is one calendar day).
The maximum-average discharge computed for one
calendar day is usually lower than a maximum-aver-
age discharge computed for the highest 24-hour peri-
od. The percentage difference in discharge between
maximum daily values and maximum 24-hour values
would be greater for small streams than for larger
ones (Hobba and others, 1972).
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Figure 5.1.1-1 Storm hydrographs for three U.S. Geological Survey gaging
stations, April 8-12, 1980.
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5.0 SURFACE-WATER QUANTITY--Continued

5.1 Flood Flow--Continued
5.1.2Ungaged Streams

Methods Available for Estimating Peak Flows at Ungaged Sites

Equations have been developed to estimate peak flows with recurrence intervals
from 2 to 100 years at sites on ungaged streams.

Peak flows at various recurrence intervals may
be estimated for sites on ungaged streams. Carpenter
(1980) describes a method to estimate peak flows
with recurrence intervals from 2 to 100 years for
natural drainage basins without urban development
or regulated flow, and with drainage areas greater
than two square miles. ‘Carpenter’s method employs
multiple-regression techniques to develop regional-
ized equations relating basin and climatic characteris-
tics to peak flows observed at gaged sites. These
equations can be applied to estimate peak flows at
ungaged sites on streams within the same regions.

Data used to develop Carpenter’s equations were
taken from sites that had over 10 years of annual-
peak discharge data and that were not significantly
affected by regulations of urbanization. Many of
these sites are located within or close to Area 6.
Carpenter’s equations are thus applicable to sites on
ungaged streams within Area 6.

The equations developed by Carpenter are listed
in table 5.1.2-1. Drainage areas (A) are determined
by planimetering the basins on the best available
topographic maps. Forest cover (F), shaded green on
U.S. Geological Survey topographic maps, can be
measured by the grid method (a minimum of 100 grid

30

intersections is recommended) and expressed as a
percentage of the total drainage area. The 2-year,
24-hour precipitation (I) can be determined from
U.S. Weather Service Technical Paper 29 (U.S.
Department of Commerce, 1958).

Table 5.1.2-1 also lists the standard error of
estimate computed by Carpenter for each peak-
flow-estimating equation. The standard error of
estimate is a measure of how well the peaks comput-
ed by an estimating equation agree with the observed
peaks used to derive the equation. The standard
error of estimate is, therefore, an indication of the
accuracy of results that may be expected when using
these equations.

Carpenter (1980) also describes methods for
estimating peak discharges at gaged sites, at ungaged
sites on gaged streams, and at ungaged sites between
gaged sites on the same stream. For further informa-
tion on the methods described above, refer to U.S.
Geological Survey Water Resource Investigations
Open-File Report 80-1016, “"Technique for Estimat-
ing Magnitude and Frequency of Floods in
Maryland” (Carpenter, 1980).



Table 5.1.2-1 Equations for estimating peak discharges for small watersheds in Area 6 and
related standard errors of estimate.

Peak-discharge-estimating equations Standard error of estimate (percent)
Q2 = 1424074 (F+1 0)-0.273 j 0-669 40

Qs = 120A0'731(F+10)'0‘27511‘358 38

Qlo: 106A0'724(F+10)'0'2861]'81° 19

Q25= 90.1A°’7”(F +10)-0.30712.376 4

Q50= 78.5A0'7'2(F+10)'0’323I2'793 45

Q,(,o: 66.6A0'708(F+ 10)-0.336I 3.212 49

Where:

Qz. Qs Qio» -+ Quop» —Peak discharge for floods with recurrence intervals of 2 years, 5 years, 10 years,..., 100 years,
in cubic feet per second.

A drainage area, in square miles;

F forest cover, in percent of total drainage area; and

1 2-year, 24 hour precipitation, in inches.

5.0 SURFACE-WATER QUANTITY--Continued
5.1 Flood Flow--Continued
5.1.2 Ungaged Streams



5.0 SURFACE-WATER QUANTITY--Continued

5.1 Flood Flow--Continued
5.1.3 Flood-Prone Areas

Most Flood Damage Occurs in Developed Areas
on Flood Plains

Maps delineating flood-prone areas are available from the
U.S. Geological Survey.

Most flood damage results from developing resi-
dential, industrial, and commercial areas on flood
plains. Due to the rugged topography of Area 6, flat
land for development is commonly available only
along the flood plains of major streams. In addition
the railroads and major highways follow the stream
valleys. The combination of these factors has led to
considerable development in the flood plains, which
results in the exposure of these areas to potential
flood damage.

In the past flood damage has been concentrated
in the Luke-Piedmont-Westernport area of Maryland
and West Virginia and near Cumberland, Md. (U.S.
Army Corps of Engineers, 1970). Significant damage
in these areas resulted from flood in 1924, 1936,
1954, 1955, and 1972. With the completion of the
Bloomington Dam, the flood peaks below Blooming-
ton, Md., should be reduced, and the areas along the
North Branch Potomac River from Luke to Cumber-
land should be less susceptible to flooding. Areas
where significant flood damage may occur are re-
ferred to as ”flood-prone areas”. The U.S. Geologi-
cal Survey has defined as "flood-prone” those areas
which would be inundated in a 100-year flood. There
is, on the average, about one chance in 100 that the
designated areas will be inundated in any given year
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(G. W. Edelen and E. D. Cobb, Hydrologists, U.S.
Geological Survey, written communic., 1969).

Flood-prone areas have been delineated on maps
which correspond to U.S. Geological Survey
7% -minute topographic quadrangles. As shown in
figure 5.1.3-1, flood-prone area maps are available
for many of the respective states from the following
U.S. Geological Survey offices:

U.S. Geological Survey
Water Resources Division
208 Carroll Building
8600 La Salle Road
Towson, Maryland 21204

U.S. Geological Survey
Water Resources Division
Room 3017 Federal Building and Courthouse
500 Quarrier Street, East
Charleston, West Virginia 25301

U.S. Geological Survey
Water Resources Division
228 Walnut Street
P.O.Box 1107

Harrisburg, Pennsylvania 17108
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5.0 SURFACE-WATER QUANTITY--Continued

5.2 Mean Flow

Mean-Annual and Mean-Monthly Streamflows are Influenced
by Several Basin and Climatic Characteristics

Drainage area, precipitation, and evapotranspiration are major factors
influencing mean flows.

Mean-annual and mean-monthly flows are relat-
ed to several basin and climatic characteristics. Anal-
ysis of streamflow data from Maryland, Pennsyl-
vania, and West Virginia streams in and adjacent to
Area 6 has shown that precipitation, evapotranspira-
tion (evaporation plus transpiration), drainage area,
and sometimes mean basin elevation are major fac-
tors influencing mean flows in this region (William J.
Herb, Hydrologist, U.S. Geological Survey, Harris-
burg, Pa., written communic., 1981).

J

Figure 5.2-1 shows the mean-monthly discharges
for 52 years of record and the observed monthly
discharges for the 1979-81 water years for the North
Branch Potomac near Cumberland, site 49. Long-
term, mean-monthly precipitation and observed
monthly precipitation are shown in figure 5.2-2. Air
temperature is the main climatic variable affecting
water loss due to evaporation and transpiration, and
" its average and long-term seasonal patterns are as
shown in figure 5.2-3.

-The hydrograph of mean-monthly discharges
(figure 5.2-1) illustrates a typical annual streamflow
cycle: streamflow is lowest during July, August, and
September, because evapotranspiration is greatest
during these summer months; streamflow increases
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from October through February, because evapotran-
spiration decreases greatly, while precipitation de-
creases only slightly; streamflow peaks in March due
to low evapotranspiration and increased precipita-
tion, combined with runoff from snowmelt as air
temperatures rise; and streamflow diminishes during
April, May, and June due to decreasing precipitation
and increasing evapotranspiration.

Departures of the observed monthly-mean flows

" from the long-term monthly averages commonly

occur due to the variability of seasonal precipitation
and evapotranspiration. The effect of fluctuating
precipitation and evapotranspiration patterns on
streamflow are clearly illustrated by comparing fig-
ure 5.2-1 with figures 5.2-2 and 5.2-3 during several
periods of the 1979, 1980, and 1981 water years. The
periods of greatest precipitation are invariably the
periods of greatest discharge.

Precipitation and temperature data are from
publications of "Climatological Data for Maryland
and Delaware,” published monthly by the National
Oceanic and Atmospheric Administration, National
Climate Center, Asheville, North Carolina.
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5.0 SURFACE-WATER QUANTITY--Continued

5.3 Low Flow
5.3.1 Gaged Streams

Low-Flow Characteristics of Streams in Area 6
Vary Due To Differences in Underlying Geology

Aquifers in the area vary widely in their ability to store water and, consequently, in their
ability to sustain streamflow during periods of no rainfall.

A stream is considered to be at base flow during
periods of no-rainfall, when streamflow is supplied
by ground-water discharge. Low-base flows (low
flows) are largely determined by the local ground-
-water environment of the watershed. Factors which
influence . ground-water discharges include the
amount of water in storage, the permeability of the
aquifer material, and the slope of the existing water
table.

Low-flow characteristics for gaged sites that are
not subject to significant regulation or diversion are
shown for Area 6 in table 5.3.1-1. Table 5.3.1-1 lists
the calculated 7-day, low-flow discharges for recur-
rence intervals of 1.04, 1.25, 2, 5, 10, and 20 years,
based on station data through 1979. The 7-day low
flow with a 2-year recurrence interval (7Q2) is a
commonly used index for low-flow determinations.
This 7Q2 is the lowest average flow that occurs
during any seven consecutive days in an average
2-year interval. There is a 50 percent chance in any
given year that the low 7-day dlscharge will be less
than the tabulated 7Q2 value.

Low-flow discharge values can be compared on
an equal-area basis. Adjusting low flow by drainage
area allows direct comparison of ground-water yields
or unit flows from watersheds having different drain-
age areas. The location of four representative water-
sheds and their 7-day, low-flow curves, adjusted for
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drainage area, are shown in figures 5.3.1-1 and figure
5.3.1-2, respectively.

The Wills Creek watershed is underlain by
shales, sandy siltstones, and thin-bedded sandstones
of Pennsylvanian age, which have a low capacity for
ground-water storage; therefore they produce low
unit-flow values. Base flow of Evitts Creek is well
sustained by productive aquifers of the Oriskany
Sandstone, Helderberg Limestone, and Tonoloway
Limestone, which produce high unit-flow values.
Aquifers of intermediate productivity, chiefly sand-
stone, shales, and sandy shales of the Jennings and
Hampshire Formations, sustain the base flow of the
Savage River. The watershed of the North Branch
Potomac River above Kitzmiller is underlain mainly
by Pennsylvanian sandstones and shales, which like-
wise produce an high unit-flow v’alues'(U.S. Army
Corps of Engineers, 1977). ‘

The similar shapes of low-flow curves for the
North Branch Potomac River at Kitzmiller and the
Savage River near Barton are indicative of similar
ground-water environments. The greater discharge of
the North Branch Potomac River at Kitzmiller is due
mainly to greater precipitation in this watershed.
Greater precipitation in a watershed generally in-
creases ground-water storage and sustains stream-
flow at a greater rate during low-flow periods.
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Table 5.3.1-1 Seven-day low flows.

Recurrence interval in years

Drainage 1.04 1.25 2 5 10 20
Site are%
number (mi®) Discharge in cubic feet per second

9 727 21 15 11 5.9 4.2 32
River Res 14 47.3 8.2 4.8 2.4 .84 .35 .20
79°
22 49.1 .15 .08 .04 .02 .02 .01
GRANT
24 17.1 3.9 2.4 1.6 1.2 1.0 .94
34 73.3 12 7.9 5.4 3.6 2.9 2.4
BASE FROM U.S. GEOLOGICAL SURVEY
1966, 1974, 1975; 1:500,000 38 596 170 140 100 75 60 50
EXPLANATION 48 247 46 32 22 16 13 11
6 % . p
Gaglng station and number 50 30.3 5.9 4.2 3.0 2.2 1.8 1.6
See section 10.1 for detailed site description. 51 219 o 12 6.7 5.8 2.9 2.3
53 45.7 5.2 3.4 8138 1.3 1.0 .79
Figure 5.3.1-1 Drainage basins of sites 16, 22, 50, and 55. 55 146 19 5.5 2.4 1.2 .87 .69
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Figure 5.3.1-2 Seven-day low flow.
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5.3 Low Flow--Continued
5.3.2 Ungaged Streams

Methods Available for Estimating Low Flows at Ungaged Sites

Equations have been developed to estimate low flows with recurrence intervals
from 5 to 100 years at sites on ungaged streams in Area 6.

Flippo (1981) describes a method that uses multi-
ple-regression equations with independent variables
of drainage area, a geologic index, and an annual
precipitation index, to estimate average-minimum
discharges for 3-, 7-, 30-, and 120-consecutive-day
periods at recurrence intervals of 5, 10, 20, 50, and
100 years. Flippo also presents equations for estimat-
ing monthly low flows for the months of May
through October.

Flippo divided Pennsylvania and portions of
Maryland and West Virginia into a number of low-
flow regions and developed equations using data
from gaged streams in each region. The Maryland
and Pennsylvania parts of Area 6 are located in
Flippo’s low-flow region 8. Although the West Vir-
ginia portion of Area 6 is not included in this region,
‘the equations developed for region 8 may give rea-
sonable low-flow estimates for watersheds in this
portion of the area also. Table 5.3.<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>