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GLOSSARY

Acidity.--The capacity of a water for neutralizing a basic solution.
Acidity, as used in this report, is primarily caused by the presence
of hydrogen ions produced by hydrolysis of the salts of strong acids
and weak bases.

Alkalinity.--The capacity of a water for neutralizing an acid solution.
Alkalinity in natural water is caused primarily by the presence of
carbonate and bicarbonate.

Alluvium.--Sand, gravel, or other similar particle material deposited by
running water.,

Annual mean.--For ground water, the arithmetic average of the monthly
means for a given year.

Anticline.--An upfold or arch of stratified rock in which the beds dip
in opposite directions from the crest.

Aquifer.——-A formation, group of formations, or part of a formation that
contains sufficient saturated permeable material to yield significant

quantities of water to wells and springs.

Base flow.--Discharge entering stream channels as effluent from the
ground-water reservoir; the fair-weather flow of streams.

Bedding.—~Layers of sedimentary rocks of the same or different lithology.

Bedrock.-—A general term for the rock, generally solid, that underlies
soil or other unconsolidated or semiconsolidated surficial material.

Benthic invertebrate.-—-An animal without a backbone living in or on the
bottom of an aquatic environment.

Benthic region.—-The bottom of a body of water.

Bilogical community.-—-All the plant and animal populations living together
in a habitat and functioning as a unit by virtue of food and other
relationships.

Clean-water association.——An association of organisms, generally characterized
by many different kinds (species). The associations occur in unpolluted
environments. Because of competition, predation, and other factors, however,
relatively few individuals represent any particular species.
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GLOSSARY--Continued

Colluvium.-~Loose and incoherent deposits of rock debris generally found at
the foot of a slope and brought there chiefly by gravity.

Contamination.--The state of being unfit, impﬁre, or unclean for use by
the introduction of undesirable elements,

Cubic feet per second (ft3/s).--The rate of discharge representing a volume
of 1 cubic foot passing a given point during 1 second (equivalent to
7.48 gallons per second or 448.8 gallons per minute).

cubic feet of water per second flowing from each square mile of area

Cubic feet per second per square mile [(ft3/s§:m12].-—The average number of
off is distributed uniformly,

drained by a stream, assuming that the r
in time and area.

Dip.--The angle or rate of drop at which a laJer of rock is inclined from
the horizontal. ‘

Direct runoff.--The water that moves over thetland surface directly to
streams promptly after rainfall or snowmelt.

|
|

Discharge.~-The volume of water (or more broadly, volume of fluid including
dissolved minerals and suspended sedimenq) that passes a given point
within a given period of time.

Dissolved solids.--The dissolved mineral constLtuents in water; they form
the residue after evaporation and drying at a temperature of 180° Celsius;
they may also be calculated by adding conﬁentrations of anions and cations.

Drainage basin.--A part of the surface of the earth that is occupied by
a drainage system, which consists of a stream or a body of impounded
water, together with all tributary streamb and bodies of impounded
water. |

by pumping (or artesian flow) of a well.

Duration curve.--(See flow-duration curve).

|
l
Drawdown.--The lowering of the water table or Totentiometric surface caused

Evapotranspiration.--Evaporation of water from 1and and water surfaces plus
transpiration by vegetation.

Fault.--A fracture or fracture zone along whicH the sides have been displaced
relative to each other. 7

Flood.~~Any relatively high streamflow overtopging the natural or artificial
banks in any reach of a strean.



GLOSSARY--Continued

Flow-duration curve.-—-A cumulative frequency curve that shows the percentage

of time that specified discharges are equaled or exceeded.

Fold.——A bend or flexure produced in rock strata by forces operating after
deposition of the rock.

Fold axis.——-A continuous line on a folded surface formed by connecting points
of maximum curvature on that surface.

Formation.--The fundamental unit in rock-stratigraphic classification. It
is a body of internal homogeneous rock; it is prevailingly but not
necessarily tabular and is mappable at the earth's surface or traceable
in the subsurface.

Fracture.—A general term for any break in rock due to mechanical failure
by stress, including cracks, joints, and faults.

Gaging station.--A particular site on a stream, canal, lake, or reservoir
where water level or discharge is observed systematically.

Ground water.--That part of the subsurface water in the zone of saturation.

Ground-water discharge.--Release of water in springs, seeps, or wells from
the ground-water reservoir.

Ground-water recharge.-—-Addition of water to the ground-water reservoir
by infiltrating precipitation or seepage from a streambed.

Ground-water reservoir.—-—-See aquifer.

Hardness.——A physical-chemical charateristic of water attributable primarily
to the presence of dissolved calcium and magnesium and expressed as
equivalent calcium carbonate (CaCO3). The following scale is used to
appraise hardness: Hardness description Hardness range

(milligrams per liter of CaCO3)

Soft 0-60

Moderately hard 61-120
Hard 121-180
Very hard More than 180

Head (hydrostatic head).—The height of a vertical column of water, the
weight of which, in a unit cross section, is equal to the hydrostatic
pressure at a point.

Hydraulic gradient.--The rate of change in hydrostatic head per unit of
distance of flow at a given point and in a given direction.

IX



GLOSSARY--Continued

Invertebrate.-—An animal without a backbone. bommon examples include worms,
insects, snails, and crayfish.

Joint.-—A fracture in a rock, generallylmore or less vertical, along which
no movement has taken place.
Lithology.—-The physical characteristics of a ‘ock, generally as determined by

examination with the naked eye or with the aid of a low-power magnifier.

0

Low-flow frequency curve.-—A graph showing the magnitude and frequency of
minimum flows for a period of given lengt$. Frequency is generally

expressed as the average interval, in years, between recurrences of an
annual minimum flow equal to or less than shown by the magnitude scale.

Macroinvertebrate.——An invertebrate, in this report, generally a benthic
organism, that is retained on a U.S. Standard No. 30 sieve (0.595-mm mesh
opening).

Marker bed.——A bed that is distinctive enough to make it easily identifiable
over a wide area. Marker beds, such as cdal beds, are commonly used as

boundaries for a formation.

chemical constituents in solution. It repgresents the mass of solute per
unit volume of solution. One thousand midrograms per liter are equal to
one milligram per liter.

|
|
|
Micrograms per liter (ug/L).-—-A unit for expreasing the concentration of

Milligrams per liter (mg/L).--A unit for expressing the concentration of
chemical constituents in solution. It represents the mass of solute
per unit volume of solution. =

|

!

Mine drainage.——Surface-water and ground-water !drainage from coal mines
containing a high concentration of acidic |sulfates, especially ferrous
sulfate.

'

. i
Monthly mean.--For ground water, the arithmetic| average of the daily low
water levels for a given month.

Nutrients.--Nitrate and phosphate; needed for plant or animal growth.

Observation well.——A well in which periodic measurenents of water level or
water quality are made.

Permeability.-—The capacity of a porous rock, sediment, or soil to transmit
a fluid under a hydraulic head; it is a measure of the relative ease of
fluid flow under unequal pressure.

|
|
|
|
|
|
|
|
|



GLOSSARY--Continued

PpH.--A measure of the acidity or alkalinity of water. A pH of 7.0 indicates
a neutral condition. An acid solution has a pH less than 7.0, and a
basic or alkaline solution has a pH more than 7.0.

Plunge.——The angle or inclination between a fold axis and its horizontal
projection measured in a vertical plane.

Porosity.~-The ratio of the aggregate volume of open spaces in a rock or
soil to its total volume. It is usually stated as a percentage.

Primary productivity.——The rate at which radiant energy is stored by photo-
synthetic and chemosynthetic activity of producer organisms (chiefly
green plants) in the form of organic substances which can be used as
food materials.

Recharge, ground water.--The process by which water is added to the zone
of saturation, also, the quantity of water added.

Recurrence interval.--The average interval of time, in years, within which
the given discharge will be equaled or exceeded once. The reciprocal
of the recurrence interval is the probability of occurrence during
any year.

Regolith.--The unconsolidated to semiconsolidated residual mantle of weathered
rock material, including the soil profile, that lies between land surface
and the unweathered bedrock.

Regulation.--The manipulation of the flow of a stream.

Reported well yield.--The short-term yield of a well as reported by well
drillers.

Runoff.——That part of the precipitation that appears in streams. It is
the same as streamflow unaffected by diversions, storage, or other
works of man in or on the stream channels.

Saturation, zone of.—--The zone in which interconnected interstices are
saturated with water under pressure equal to or greater than atmospheric.

Sediment.—-Fragmental material that originates mostly from rocks and is
transported by, suspended in, or deposited from water or air.

Sediment discharge.—--The rate at which sediment passes a section of a stream,
usually expressed in tons per day.

Sedimentary rocks.—-Rocks formed from sediments.

XI



GLOSSARY--Continue&FI

Soil tonal alinements.--The arrangements of similar tones or shades of color
in a particular direction on an aerial photograph probably due to a
similarity in the properties of the soil;

Specific capacity.——-The well yield divided by{the drawdown (pumping water
level minus static water level) necessary to produce this yield. It
is usually expressed as gallons per minute per foot [(gal/min)ft].

|

Specific conductance.-—A measure of the capacity of a water to conduct an
electrical current. It is expressed in micromhos per centimeter at
25°C. Specific conductance is related tj the type and concentration of
ions in solution and can be used for approximating the dissolved solids
content of the water. Commonly, the condentration of dissolved solids
(in milligrams per liter) is about 65 petcent of the specific conductance
(in micromhos).

i
Static water level.--The depth to water in a ﬁell that is not being affected
by withdrawal of ground water.

i
Strata.~--Sedimentary beds or layers, regardle%s of thickness.
|
Stream gage.--An instrument that measures the%stage or water level of
a stream, These stream water levels can[be converted into corresponding
streanflow through the use of a rating c@rve.

Stream-gaging station.--A gaging station wheré a record of discharge of a
stream is obtained. Within the U.S. Geological Survey, this term is
used only for those gaging stations where a continuous record of
discharge is obtained.

Structure.~-The sum of the features produced in rocks by movement after
deposition and commonly after consolidation of the rock.

Surface water.--That water on the surface of the earth. Surface water is
generally a combination of overland runofk and ground-water discharge,
the proportions ranging from almost 100 ptrcent overland runoff during

)
|

periods of high-intensity rain to 100 percent ground-water discharge
during periods of little or no rain.

Syncline.--A downfold or depression of stratified rock in which the beds
dip inward toward the axis of the fold.

1
!

Taxon.--Any classification category of organis*s, such as phylum, class,
order, family, genus, or species.

I

Taxonomy.--The division of biology concerned with the classification and
naning of organisms.

Tons per days.--A unit for expressing the weig‘t, in tons, of a substance
in solution or suspension that passes a stream section during a 24-hour
period.

XII



GLOSSARY--Continued

Trace element.--Elements that typically occur in concentrations of less
than a milligram per liter.

Transpiration.--The process by which vapor escapes from the living plant,
principally the leaves, and enters the atmosphere; also, the quantity
of water absorbed and transpired and used directly in the building of
plant tissue.

Unconformity.-—A surface of erosion and (or) nondeposition that separates
younger and older rocks.

Water year.--The 12-month period, October 1 through September 30. The
water year is designated by the calendar year in which it ends.
Thus, the year that ended September 30, 1975, is called the “1975 water
year."

Well yield.--The quantity of water pumped, or withdrawn, from a well per
unit of time; for example, the number of gallons per minute.

Zone of water—level fluctuation.——The range between highest and lowest
level for any given time period.

XIII



CONVERSION FACTORS
FACTORS FOR CONVERTING INCH-POUND UNITS TO INEERNATIONAL SYSTEM (SI) UNITS

|
Multipy inch-pound units By \ To obtain SI units
|
acres 0.4047 | square hectometers (hm?)
acre-feet (acre-ft) 0.001233 cubic hectometers (hm?)
barrels (bbl), (petroleum, 0.1590 l cubic meters (m3)
1 bbl = 42 gal) |
cubic feet per second (£t3/s) 0.2832 | cubic meters per second (m3/s)
cubic feet per second per 0.0193 | cubic meters per second per
square mile [(£t3/s)/mi?) \ square kilometer [(m3/8)/km?)
feet (ft) 0.3048 } meters (m)
gallons (gal) 3.785 i liters (L)
gallons per day (gal/d) 3.785 .~ liters per day (L/d)
gallons per minute (gal/min) 0.06309 \ liters per second (L/s)
gallons per minute per foot 0.3070 l liters per second per meter
((gal/min)/ft] | [(L/S)/ml
grains per gallon (gr/gal) 17.1 | milligrams per liter (mg/L)
inches (in.) 2.54 { centimeters (cm)
micromhos (umho) 1.0 E microsiemeus (uS)
miles (mi) 1.609 ~ kilometers (km)
million gallons (Mgal) 3785 cubic meters (m3)
million gallons per day 3785 cubic meters per day (m3/d)
(Mgal/d) ‘
square miles (mi?) 2,590 . square kilometers (km?)
tons (short) 0.9072 ' metric tons or tonnes (t)

Equations for temperature conversion for debrees Celsius (°C) and degrees
Fahrenheit (°F):

i
|

°C = 5/9 (°F-32)
°F = (9/5°C) + 32

XIv



WATER RESOURCES OF THE CLARION RIVER AND
REDBANK CREEK BASINS, NORTHWESTERN PENNSYLVANIA

By Theodore F. Buckwalter, Clifford H. Dodge,
George R. Schiner and Harry E. Koester

ABRSTRACT

The Clarion River and Redbank Creek basin occupy 1,280 and 545 square
miles, respectively, in northwestern Pennsylvania. The area is mostly in
Clarion, Elk, and Jefferson Counties and is approximately 70 miles long and
30 miles wide. All drainage is to the Allegheny River.

Sedimentary rocks of Late Devonian, Early Mississippian, and Pennsylvanian
age underlie the area. Rocks of Late Devonian age underlie the entire area
and crop out in the deep stream valleys in the north. Lower Mississippian
rocks generally crop out in strips along major stream valleys; the strips
are narrow in the south and broaden northward. Pennsylvanian rocks cover
most of the interfluvial areas between major streams. The Upper Devonian
and Lower Mississippian rocks are composed mostly of alternating sandstone
and shale. Sandstone may intertongue laterally with shale. The Pennsylvanian
rocks are more heterogeneous and contain many commercial coal beds.

The major mineral resources are bituminous coal, petroleum, and natural
gas. Nearly all coal production is from strip mining in Clavion, Elk, and
Jefferson Counties., Total coal production exceeded 8 million short toms in
1976. The basins are south and east of the major oil-producing regions in
Pennsylvania, but more than 50,000 barrels of crude oil were produced here
in 1975. Commercial quantities of natural gas are also obtained.

Thirty-three public water-supply systems furnish about two-thirds of
the water for domestic use. Surface water is the source of about 90 percent
of public-supply water. The remainder is from wells and springs.

In an average year, 64 percent of the precipitation in the Clarion
River basin and 60 percent in the Redbank Creek basin leave the area as
streamflow. The percentage of annual discharge from each basin that 1is base
runoff averaged 53 and 51 percent, respectively, during 1972-75. Only 4 of
10 stream-gaging stations recorded an average 10-year 7-consecutive-day low
flow of at least 0.15 cubic feet per second per square mile.

Most wells are completed in bedrock. Yields of bedrock wells are
affected mostly by rock type, type of overburden, topography, depth of
water—bearing zones, and by the rate and duration of pumping. Water in the
bedrock occurs chiefly along fractures and bedding planes. Most wells get
water from several zones. Yielding zones occur less frequently as depth
increases, but are reported as much as 400 feet below land surface. Optimum
well depth is about 350 feet.



|
t

Well yields range from less than 1 to more than 550 gallons per minute.
The best bedrock aquifers are the Lower Mississippian rocks, which have a
median specific capacity of 4.3 gallons per minute per foot of drawdown com-

pared to medians between 0.38 and 0.67 in the Cohemaugh Allegheny, and
Pottsville Groups.

The major water—quality problems are due to' high concentrations of
iron, manganese, hardness, and acidity. Some of these problems are related
to coal mining that has degraded water quality in parts of Clarion,
Clearfield, Elk, and Jefferson Counties. Water—quality problems result from
the rock composition. Many streams have low alkalinity concentrations and,
consequently, have little capacity to neutralize|the acid water from coal
mines., Large forested areas, with little develoiment, in Elk, Forest, and
Jefferson Counties, have good quality water. The water from over three-
quarters of the bedrock wells sampled has dissolved-solids concentrations
less than 250 milligrams per liter. Water from aquifers of Pennsylvanian
age is generally lower in dissolved solids than that from Lower Mississippian
aquifers. Salt water is not a problem, except locally in Devonian rocks.

Water from wells on hilltops is generally oﬁ better quality than that
from wells in valleys (median dissolved solids 140 versus 340 milligrams per
liter). In many valleys in Clarion and Jefferson Counties, old abandoned
flowing oil and gas wells contribute highly mineralized water to streams.
Iron concentrations from these wells may be as ch as 100 milligrams per
liter and dissolved solids commonly exceed 1,500 milligrams per liter.

A large variety of aquatic invertebrates, mostly insects, inhabit the
clean-water streams. In many other streams, the aquatic invertebrate popu-
lations have been eliminated or drastically reduced because of exposure to
mine drainage. |

|
INTRODUCTION i
|

Purpose and Scope |

This report describes and evaluates the wat%r resources of the Clarion
River and Redbank Creek basins in northwestern Pennsylvania. Special emphasis
is placed on water quality as effected by coal mining and by rock composition.
This appraisal should provide information needed for the orderly management

and development of the water resources. {
This is the third of three reports on the arLa by the U.S. Geological
Survey in cooperation with the Pennsylvania Department of Environmental Re-
sources, Office of Resources Management, and Bureﬁﬁs of Water Quality
Management and Topographic and Geologic Survey. e first two reports
(Koester and Lescinsky, 1976; Buckwalter and othets, 1979) were compilations
of hydrologic data and provide much of the information used for interpretation
in this report.




Location and Topography

The study area is in northwestern Pennsylvania and includes 1,850 mi?
(see cover)., It is 70 mi long and 30 mi wide and extends over parts of
seven counties. The Clarion River and Redbank Creek basins include 1,280
and 545 mi?, respectively. An area of 25 mi? lies between the two basins.
All drainage is to the Allegheny River.

The basins lie entirely in the nonglaciated region of the Allegheny
Plateaus. The topography is characterized by rounded hills, steep-sided
valleys, and some flat upland. Flood plains are generally narrow and dis-
continuous,

Climate

Winters are cold and summers mild. December, January, and February
temperatures average below freezing. Temperatures in July and August
average about 70°F and may exceed 90°F for 5 to 10 days each year. The
frost-free season averages 160 days a year at East Brady in the southwest
and 80 days at Clermont in the northeast.

L)

Precipitation is fairly evenly distributed throughout the year, though
winter precipitation is usually 3 or 4 in. less than summer rainfall,
Figure 1 shows the distribution of mean annual precipitation during
1971-77.

Population and Culture

The population is about 126,000 or 70 per square mile., (From data of
the U.S. Bureau of Census, 1971.) Approximately 64 percent of the population
live in communities of more than 500, The population decreased slightly
during the 1960's, but the Pennsylvania Department of Commerce (1975) predicts
a slight increase for the 1970-80 period because of the recent completion of
Interstate Highway 80 and the anticipated expansion of activities concerned
with the extraction of coal, gas, and oil for energy needs,

A large part of the area is forested; most of the remainder is classified
agricultural. Table 1 gives the percentage distribution of land use in the
categories of forests, agriculture, urban areas, and strip mines,

Mining, lumbering, and oil and gas extraction are the mainstays of the
economy, but agriculture and manufacturing are also important. Hunting,
fishing, and camping are seasonally important in some areas. In places, the
seasonal recreational population commonly exceeds the permanent population.
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Table l.--Percentage distribution of land use

Area Percentage distribution of land use
Square Percentage Urbanzf Strip
County mile of total Forests Ag;iculturel/ areas mines
Armstrong 26 1.4 53 37 7.7 2.3
Clarion 541 29,2 62 2A- 6.5 7.5
Clearfield 65 3.5 54 12 24 10
Elk 529 28.6 90 4.9 3.7 1.4
Forest 101 5.5 92 6.0 2.0 .0
Jefferson 512 27.7 68 19 7.5 5.5
McKean 76 4.1 93 5.5 1.2 .3
Total 1,850 100.0

l/Includes open area, crop land, and pasture.

E/Includes right-of-way, roads, and highways.



Water Use

Both surface water and ground water are used for supply. Thirty-three
public water-supply systems furnish about two-thirds of the water for domestic
use. The other third is from privately owned|wells and springs. The total
average daily pumpage for all public supplies is approximately 10 Mgal,
nearly 1.4 Mgal of which is imported from outside the area. The total
average daily pumpage for all private supplies, assuming an average use per
person of 50 gal/d, is estimated at 2 Mgal. Surface water is the source of
about 90 percent of all public-supply water. 'The other 10 percent is from
wells and springs. Data on public-supply facilities are given in table 2.

An average household can be supplied by a well that is pumped on demand
at 3 gal/min. A well yield of 1 gal/min may also suffice, if adequate storage
is available and water is conserved. Two wells that each yield 25 gal/min
may be adequate to supply 125 homes, assuminngOO gal/d per family, if
storage is sufficient and a standby for emerg¢ncies is dependable.

|

GEOLOGY

|
General |

Sedimentary rocks of Late Devonian, Earl; Mississippian, and Pennsylvanian
age underlie the area (plate 1). A composite stratigraphic section is
presented in table 3. The stratigraphic nomenclature in this report gen-
erally follows the usage of the Pennsylvania Topographic and Geologic
Survey.

Stratigraphy

Devonian Syst%m

Catskill Formation \

The Catskill Formation is composed of noﬁmarine, red, grayish-red, and
greenish-gray shale and siltstone with thick ﬁandstone interbeds locally
present. The proportion of red clastic rocks |decreases westward. This
formation is equivalent to the marine Venango Formation of Crawford, Erie,
and Venango Counties. The Catskill Formation crops out only in one valley
in the east-central part.

Oswayo Formation |
D
The Oswayo Formation is composed of interbedded greenish-gray to gray
shale, siltstone, and sandstone and becomes increasingly shaly westward. It
is equivalent to the Riceville Formation of Crawford, Erie, and Venango
Counties. The Oswayn Formation crops out alonf streams in the deep valleys

in the north, but is not differentiated in plate 1.
|
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Mississippian System

Lower Mississippian Series, undifferentiated

The rocks of the Lower Mississippian Series consist of greenish-gray to
gray sandstone, siltstone, and shale; locally flat-pebble conglomerate; and
some red beds. They generally crop out in the south in narrow strips that
broaden northward along major stream valleys. 1In ascending order, the
formations are the Cussewago Sandstone, Bedford Shale, and Corry Sandstone
(or their equivalent the Knapp Formation), the Cuyahoga Group, Shenango
Formation, and Burgoon Sandstone. In the southeast corner, the stratigraphic
interval is correlative with the Lower Mississippian part of the Huntley
Mountain Formation of Late Devonian and Early Mississippian age (Berg and
Edmunds, 1979).

The Mississippian and Pennsylvanian rocks in northwestern Pennsylvania
are separated by an extensive, though somewhat obscure, regional unconformity.
Evidence for the unconformity has been reviewed by Berg and Glover (1976)
and by Edmunds and Berg (1971). The unconformity truncates southward-
dipping Mississippian strata, so that the thickness of the strata range from
200 feet in the north to 700 feet in the south.

Pennsylvanian System

Pottsville Group

The Pottsville Group generally consists of two gray to white sandstones
separated by subordinate amounts of gray to black shale and several coal
beds. The base of the lower sandstone may be conglomeratic. Locally, some
coal beds are of economic value. In ascending order, the group consists of
the Olean Conglomerate, and the Connquenessing, Mercer, and Homewood Formations.
The Olean is present only in the north. Locally, the Homewood Formation may
be thin or absent. The Pottsville Group generally crops out in small valleys
in the south and over much of the interfluvial areas of the major streams in
the north.

Allegheny Group

The Allegheny Group is composed of cyclic sequences of tan to white
sandstone, tan to gray siltstone, gray shale, limestone, and coal. Locally,
the sandstones are massive and many commercial coal beds are present. The
group consists, in ascending order, of the Clarion Formation, Vanport Lime-
stone, and Kittanning and Freeport Formations and extends from the base of the
Brookville coal to the top of the Upper Freeport coal. The Allegheny Group
crops out over much of the interfluvial regions of the major streams in the
south but is generally confined to the high hills in the north,

11



Conemaugh Group

The Conemaugh Group is composed of cyclic sequences of tan to white
sandstone; tan to gray siltstone; red and gray shale; thin, fresh water
limestone; and thin, nonpersistent coal. The sandstone may be massive to
thin bedded. locally, the Conemaugh contains [commercial coal beds. The
group extends from the top of the Upper Freeport coal to the base .of the
Pittsburgh coal and, in ascending order, consists of the Glenshaw and
Casselman Formations. The boundary between the two formations is the top of
the Ames Limestone Member of the Glenshaw (commonly a marine limestone).

The massive Mahoning Sandstone Member of the Glenshaw is commonly present at
the base of the group. The Glenshaw is confined to the higher hills in the
southern and east-central parts of the area. The Casselman Formation is
present only on hilltops in the southeast cormer.

!

Quaternary System |
Colluvium :
E— |

The colluvium 1is composed of unconsolidated, heterogeneous deposits of
silt, sand, gravel, and boulders, It is derived from weathered bedrock, and
is generally found at the base of slopes, wherle it has moved chiefly by
gravity. E

Alluvium .

The alluvium consists of unconsolidated and generally heterogeneous,
water-laid deposits of clay, sand, gravel, and boulders. It generally occurs
as discontinuous terrace and flood-plain deposits. The alluvium in the
major valleys may be as thick as 70 ft, but is| commonly less than 50 ft.
Along tributary streams, both the terrace and flood-plain deposits become
thinner with increased distance from the main streams, Little data are
available on the thickness and texture of these deposits.

Structure

Folds

The rocks have been deformed into a series of gentle folds whose axes
trend northeast (plate 1). These folds or structural ridges (anticlines)
and troughs (synclines) are superposed on a brpader structure beneath the
Mississippian-Pennsylvanian unconformity that dips southward.

Folding is least in the northwest, but becomes more pronounced south-
eastward. Fold heights (structural relief), wavelengths, and dips along
flanks of folds all increase southeastward. st folds plunge southwest,
although many are doubly plunging. Vertical distances between the bottom of
synclines and the top of adjacent anticlines generally range from 50 ft in
the northwest to 1,350 ft in the southeast. Wavelengths, measured between
two adjacent anticlinal or synclinal axes, range from 6 to 9 mi. Dips along
the flanks of folds commonly range from 30 to 250 ft/mi and the rate of
plunge from 15 to 150 ft/mi. l
|
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Fractures

Faults

Although faults have been indentified in the Allegheny Plateau in the
subsurface (Cate, 1961), those that have topographic expression are rare.
Of particular significance, therefore, is the major fault recognized by Berg
and Glover (1976) that has topographic expression along Mountain Run on the
southern flank of Boone Mountain anticline (plate 1). This fault follows
the same northeast trend as the fold axes. Berg and Glover interpret the
Mountain Run fault as a nonplanar, steeply dipping reverse fault that has
the upthrown block in the northwest side. The maximum displacement along
the fault is approximately 400 ft.

Joints
Most joints are nearly vertical and consist of two prominent sets
bearing N. 30°-60° E., and N. 30°-50° W. Thus, the sets are roughly at right

angles and are parallel and at right angles to the axes of the major folds.

Fracture traces

Fracture traces are natural linear features consisting of topographic,
vegetal, or soil tonal alinements visible primarily on aerial photographs.
They may appear on land surface as shallow, straight-line depressions and
may be found in any topographic position. Parizek and others (1971) report
that in Illinois fractures are detectable as fracture traces, although
covered by as much as 150 ft drift. The traces are probably the surface
expression of concentrated fracture zones (faults or joints) in the under-
lying bedrock; in places where the fractures are not concentrated, the
traces may be discontinous. Field evidence indicates that the rock frac-
tures associated with traces are near vertical in attitude (Blanchet, 1957).

Mineral Resources

The major mineral resources are bituminous coal, petroleum, and natural
gas. Other mineral resources include clay and shale, limestone, sand and
gravel, and construction stone.

The Clarion River and Redbank Creek basins have been important producers
of coal for over a century. Most of the coal seams mined are in the Allegheny
Group. Coal production is now nearly all from strip mines in Clarion, Elk,
and Jefferson Counties. In 1976, for example, deep mining accounted for
only about 1 percent of the total coal production of these counties. Total
coal production that year exceeded 8 million short tons. Annual coal pro-
duction data for the three counties for 1945-76, inclusive, are presented in
figure 2.

13
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Clarion County ranked 8th out of the 27 bituminous coal producing
counties in total coal production in 1976, with nearly 5.2 million short
tons; Elk County ranked 16th, with over 670 thousand short tons; and
Jefferson County ranked 12th, with nearly 2.5 million short tons, Recov-
erable coal reserves for Clarion County are estimated at 630 million short
tons, and strippable coal reserves are estimated at 189 million short toms.
Recoverable coal reserves for Elk County are estimated at 140 million short
tons. Recoverable coal reserves for Jefferson County are estimated at
1,200 million short tons, and strippable coal reserves are estimated at
nearly 140 million short tons. (See Edmunds, 1972.)

The recent upward trend in total coal production in Clarion, Elk,
and Jefferson Counties reflects increased demand. Nearly all production
comes from strip mines, and this will probably continue. The outlook
for continued growth of the coal industry is good, owing to abundant
strippable coal reserves and encouragement from the Federal Government
to develop domestic energy resources,

The Clarion River and Redbank Creek basins are south and east of the
major oil-producing regions in Pennsylvania, but, nevertheless, produce
modest amounts of crude oil., O0il production has fluctuated somewhat during
the past decade, but significant increases are unlikely., Clarion County
ranked 11th of 18 counties in crude oil production in 1975, with 23,264 bbl;
Elk County ranked 10th, with 24,239 bbl; and Jefferson County ranked 16th,
with 2,714 bbl, (See Lytle and others, 1977, p. 20.) Commercial quantities
of natural gas are also produced in these counties,

SURFACE-WATER HYDROLOGY
General

Streamflow data have been collected by the Geological Survey as part of
a long standing cooperative, systematic monitoring program. These data have
been published annually for water years 1961-74 in "Water Resources Data for
Pennsylvania, Part 1: Surface Water Records.'" Beginning with the 1975
water year and continuing as an annual series, surface-water and water-
quality records are published in "Water Resources Data for Pennsylvania,
Volume 3: Ohio River and St. Lawrence River Basins."

Surface-water and water-quality data were collected at 11 continuous
record stream-gaging stations. Their locations are shown in figure 3, and
their period of record is given in table 4, Data from about 140 miscellaneous
sites were also collected. These are summarized in a report by Koester and
Lescinsky (1976). All analyses of streamflow are based on records for water
years (October 1 to September 30), unless otherwise noted. Streamflow on the
Clarion River is affected by two impoundments: East Branch Clarion River
Lake and Piney Reservoir (see fig. 3). Selected physical data on the
impoundments are given in table 5.
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Table 4.-—Continuous streamflow stations

Location
Station number and name (71p-minute Drainage area Period of record
quadrangle) (mi“)

26500 Sevenmile Run near Hazel Hurst 7.84 1951 to present.
Rasselas,

27500 East Branch Clarion Glen Hazel 73.2 1948 to present.l/
River at East Branch
Clarion River Dam.

28000 West Branch Clarion Wilcox 63.0 1953 to present.
River at Wilcox.

28500 Clarion River at Ridgway 204 1945 to present.l/
Johnsonburg.

29000 Clarion River at Ridgway 303 1954 to presentcl*g
Ridgway.

29400 Toms Run at Cooksburg 12,6 1959 to 1978
Cooksburg.

29500 Clarion River at Cooksburg 807 1938 to present.l/
Cooksburg.

30500 Clarion River near Clarion 951 1944 to present;é
Piney.

31000 Clarion River at Emlenton 1,246 1942 - 19532/
St. Petersburg. 1972 - 1977—

31950 Big Run near Valier 7.38 1963 to present.
Sprankle Mills.

32500 Redbank Creek at Templeton 528 1910 to present.

St. Charles.

%/Flow regulated since June 1952 by East Branch Clarion River Dam.
= ,/Record unpublished.
—'Flow regulated by East Branch Clarion River Dam since June 1952 and by

hydroelectric plant at Piney Dam.
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Table 5.-~Selected information for East Branch Clarion River Lake

and Piney Reservoir

Reservoir name
Stream impounded

County
7)7-minute quadrangle
Dam location

latitude

longitude

Drainage area
(mi?)

Surface area
(acresll

Capacity
(acre~ft)

Length
(mi)l/

Year built

Owner

Purposes

East Branch Clarion
River Lake

East Branch Clari&n
River }

Elk

Glen Hazel
41°33'35"
78°35'40"
72,4

1,160
84,300 !
5.7 g
1952

U.S. Army Corps

of Engineers

Low-flow augmentation
Recreation

Piney Reservoir

Clarion River

Clarion

Clarion, Strattanville
41°11'30"

78°26'02"

957.0

690

33,800

12

1924

Pennsylvania Electric
Co.

Electric power
generation
Recreation

1/ summer pool.

Flood control %
\
|
|
|
|
i
l
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Runoff

Runoff has a distinct seasonal pattern. The period of greatest runoff
is generally March and April, the least, August and September, Due to
melting of snow, runoff commonly exceeds precipitation during March and
April when about 25 to 30 percent of the total runoff for the year occurs
(table 6). The minimum runoffs, in August, result mostly from the high
evapotranspiration rates,

In an average year, over half the annual precipitation reaches the
streams. For the stations Clarion River at St. Petersburg and Redbank Creek
at St. Charles, the average annual runoff is 64 and 60 percent, respectively,
of the precipitation. :

Low-Flow Frequency

Low-flow frequency characteristics provide information useful for
planning utilization of streamflow. The low-flow frequency most often used
is the 7-day, 10-year low flow. The State Water Plan (Chiang and others,
1975, p.50) recommends a 7-day, 10-year low flow of at least 0.15 (ft3/s)mi?
to prevent degradation of water quality and to aid in the assimilation of
pollutants, Table 7 shows that only 4 of the 10 continuous recording stations
(27500, 28500, 29000 and 29500) have low flows of this magnitude. Low-flow
discharge at stations 27500, 28500, 29000 and 29500 is regulated.

Low-flow characteristics for ungaged streams can be computed by correlating
base-flow measurements with records from a nearby long-term gaging station.
Table 8 gives data on low-flow frequency for four stations, derived from
such correlation. (See figure 10 for locations.)

Flow Duration

The magnitude and variability of streamflow are dependent upon basin
characteristics such as size, slope, shape, altitude, geology, and stream
density as well as climatic conditions. Because basins have different
physical characteristics and climatic conditions, their streamflow also
differs. These differences in streamflow can be shown by flow-duratiomn
curves., A flow—duration curve shows the percentage of time any magnitude of
discharge was equaled or exceeded during a given period, regardless of the
flow sequence.

The shape of the duration curve reflects the hydrologic and geologic
characteristics of the drainage basin. The high-flow end of the curve is
related chiefly to climate, topography, and land cover. The low- or base-
flow end is related mostly to the geology of the basin. A curve that is
steep throughout indicates flows of a highly variable stream that has much
direct runoff. A flat curve indicates the availability in the basin of
enough surface-water or ground-water discharge from storage to moderate
streamflow.
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Table 6.—-—Average monthly precipﬂtation and streamflow
for the Clarion River and Redbank Creek basins,
1971-75

Clarion River at St. Petersburg (1,246 mi?)

it
Precipitatio& Streamflow
Month (in.) ' (in.)
October 3.0 1.0
November 3.3 1.6
December 3.7 2.4
January 2.8 3.3
February 3.0 3.5
March 3.7 3.7
April 3.0 3.7
May 4.0 3.5
June 6.5 3.7
July 3.4 1.2
August 4.3 «5
September 4,5 , .9
Total 45,2 g 29.0
-
Redbank Creek at St. Charies (528 mi?)
I
October 2.6 i 1.0
November 3.2 | 2.0
December 4.0 3.0
January 3.0 ; 3.4
February 3.4 ? 3.7
March 3.9 i 4.0
April 3.1 ‘ 3.6
May 3.8 » 2.6
June 6.3 \ 2.1
July 3.5 ‘ .9
August bob i .5
September 4,9 E 1.1
|
Total 46.1 | 27.9
l
|
(
!
|
K
|
|
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Table 8.--Annual low-flow frequency of four ungaged streams

Discharge for 7 consecutive days,
in cubic feet per second, for
indicated recurrence interval,

Gaging station in years
Drainage area 2 10
29185 Spring Creek near Halltonl/ 10 5.9
86.0 mi?
30100 Toby Creek near Miola2/ 5.2 2.9
29.6 mi?
30860 Little Licking Creek at Sligo?2/ 3.0 2.3
4,29 mi?
30900 Licking Creek at Callensburg3/ 46 33
51,9 mi?

1/From relationship with West Branch Clarion River at Wilcox, using five
discharge measurements.

fyFrom relationship with Toms Run at Cooksburg, using seven discharge
measurenents.

,E/From relationship with Redbank Creek at St. Charles, using four discharge
measurements.,
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Table 9 gives flow durations of 12 gaging stations for selected per-
centages of time. The data for four nonrecording stations (29185, 30100,
30860, 30900) were estimated by correlation with recording stations.
Figures 4 and 5 are flow-duration curves of eight streams on a unit-area
(discharge per square mile) basis. Comparison of runoff on this basis
removes basin size as a hydrologic factor and leaves climate, geology,
topography, and man-made regulation as the chief controls of streamflow.
The discharges of small streams are similar in about the 5 to 60 percent
range and diverge most at low flow. This divergence probably reflects
differences in the geology of the basins because the streams are not regu-
lated. The slight divergence at the high-flow! end probably reflects differ-
ences in topography or land cover (fig. 5).

East Branch Clarion River Lake. The effect is an increase in low flows at
stations Clarion River at Johnsonburg and Clarion River at Cooksburg and a
reduction in high flows at Johnsonburg.

Figure 5 shows the effect on the Clarion Iiver by regulation of the

When compared to the other mainstream gages, the discharge per square
mile of the Clarionm River at St. Petersburg is smaller after the 90 percentile
is exceeded (fig. 5). These low flows are primarily a result of discharge
management at the electric generating facility at Piney Dam, 20 miles up-
stream, Discharges are restricted, especially |during dry periods, to less
than 50 ft3/s to conserve water for generating periods.

l

|

‘ Streamflow can be separated into direct rJnoff and base runoff. Base
runoff is the sustained or fair weather runoff and is largely ground-water
discharge. When direct runoff and base runoff!separation of streamflow

hydrographs are made, the percentage of total fillow that is base runoff can

be calculated. It is then possible to decide which of several drainage

basins has the greatest sustained yield. This)information is useful in

evaluating streams for potential water supply. | The calculated base runoffs

for the St. Petersburg and Redbank Creek gages during 1972-75 average 53 and
51 percent, respectively.

Base Runoff

A base~runoff recession curve indicates the amount of water released
from ground-water storage. The curve may be used to compare ground water
yields of stream basins. A high sustained streamflow indicates that a
relatively large amount of ground water is avai}able from storage; a low
sustained flow indicates the opposite. i
|
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‘Base-runoff recession curves of selected streams are shown in figure 6.
The curves were developed for summer runoff conditions. The base-runoff
recession curve for the gaging station Clarion| River at Cooksburg shows the
greatest sustained streamflow.

\

Knowledge of the frequency, extent, and magnitude of potential floods
is essential for the management of flood-pronei lands. Flooding may occur at
any time of year and is influenced by the size' of the basin. Most flooding
in basins of more than about 100 mi’ is in the spring, when melting of
accumulated snow cover combines with rain. Small basins are more likely to
have floods durimg the summer, as a result of heavy local thunderstorms.

The flood-frequency characteristics of a gtream depend upon many
factors. Some of the more significant are the drainage area, precipitation
pattern, and topography. Flood-frequency characteristics can be calculated
from streamflow records. The reliability of the calculations depends
largely upon the length and quality of the rec¢rds available. Annual peak
discharges for several recurrence intervals are shown for five streams in
table 10. |

\
For ungaged sites on unregulated streams #n Pennsylvania the flood

magnitudes for various recurrence intervals can be estimated from equations
developed by Flippo (1977). Flood information|for regulated streams can be
obtained from the Flippo report through the use of discharge profile models.

|
Flood-Prone Area Maﬁs

Maps showing areas that have a 1 in 100 chance on the average of being
inundated during any year are available through several Federal and State
agencies. The maps are on standard U.S. Geological Survey 7%-minute topo-
graphic sheets and were compiled to assist in minimizing flood losses by
identifying areas of potential flood hazards. |Figure 7 is an index map that
shows the status of the mapping in 1978. More |detailed flood information
may be required for purposes such as structural designs, economic studies,
or formulation of land-use regulations. This detailed information may be
obtained from the Geological Survey, other Feddral agencies, or State,
local, and private agencies.

GROUND WATER HYDROQOGY

Ground water occurs in the Earth in that éone where all openings are
saturated. It is in slow but constant movement from areas of recharge to
areas of discharge. The materials in which watle<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>