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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
inches (in)
feet (ft)
feet per mile (ft/mi)
miles (mi)
square miles (mi?)
gallons per minute (gal/min)

million gallons per day (mgal/d)

cubic feet per second (ft3/s)

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

tons per square mile (tons/ miz)

micromhos (umho)

By
25.40
0.3048
0.1894
1.609
2.590
0.06309

0.04381
378s.

0.02832

0.01093
0.3503

1.0

To obtain
millimeters (mm)
meters (m)
meters per kilometer (m/km)
kilqmeters (km)
square kilometers (kmz)
liters per second (L/s)

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

cubic meters per second (m3/ s)

cubic meters per second
per square kilometer [(m3/ s)/km?}

megagrams per square kilometer
(Mg/km?)

microsiemens (uS)

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.

VI

€



HYDROLOGY OF AREA 2,
EASTERN COAL PROVINCE,

PENNSYLVANIA AND

NEW YORK

BY

WILLIAM J. HERB, DEBORAH E. BROWN, LEWIS C. SHAW, JEFFREY D. STONER,

AND JOHN D, FELBINGER e

Abstract

Provisions of the Surface Mining Control and Recla-
mation Act of 1977 recognized a nationwide need for
hydrologic information in mined and potentially mined
areas. This report is designed to be useful to mine owners,
operators, regulatory authorities, citizens groups, and oth-
ers by presenting information on existing hydrologic condi-
tions and by identifying additional sources of hydrologic
information. General hydrologic information is presented
in a brief text accompanied by a 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 Eastern Coal Province has been divided into 24
hydrologic study areas which are shown on the cover of this
report. The divisions are based on hydrologic factors,
location, and size. Hydrologic units (surface drainage
basins) or parts of units are combined to form each study
area.

Study Area 2 covers northwestern Pennsylvania and a
small part of southwestern New York. Most exposed
bedrock is of Pennsylvanian, Mississippian, or Devonian
ages. Glacial drift covers most of the bedrock in the
northwestern part of the area. During 1979, more than 7
million tons of bituminous coal was produced from about
230 mines in Area 2 counties. Over 99 percent of the area’s
coal production is from surface mining.

Streamflow data are available for 18 continuous-
record stations; 1 crest-stage, partial-record station; 1

low-flow, partial-record station; and 65 miscellaneous
sites. Water-quality data are available for 78 locations.

Streams having the highest median specific conduc-
tance, highest median dissolved-solids concentrations, low-
est median pH, highest median total-iron concentration,
highest median total-manganese concentration, and highest
dissolved-sulfate concentrations were found in Clarion
County, the leading coal-producing county in the area.

Statistics on low flow, mean flow, peak flow, and flow
duration for gaging stations can be computed from record-
ed mean daily flows. Similar statistics can be estimated for
ungaged streams by regression and graphical techniques.

Five ground-water observation wells are being operat-
ed in Area 2. Ground-water levels fluctuate seasonally,
Depth to water increases with well depth in upland areas
and decreases with well depth in valleys. Well yields in the
area range from less than 1 to more than 2,000 gallons per
minute. Wells in unconsolidated materials usually have
higher yields. Ground-water quality is adequate for most
domestic purposes, except locally.

Additional water-data information are available
through: (1) The National Water Data Exchange, (2) The
National Water Data Storage and Retrieval System, and (3)
The Office of Water Data Coordination.



1.0 INTRODUCTION
1.1 Objective

Area 2 Report to Aid Permitting

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

A need for hydrologic information and analysis on a
scale never before required nationally was initiated when
the "Surface Mining Control and Reéclamation Act of
1977" was enacted as Public Law 95-87, August 3, 1977.
This need is partially met by this report which broadly
characterizes the hydrology of a large sub-basin in the coal
area of northwestern Pennsylvania and southwestern New
York (see figure 1.1-1). This report, which is for Area 2, is
one of a series that covers the coal provinces nationwide.
The report contains a brief text with an accompanying
map, chart, graph, or other illustration for each of a
number of water-resources-related topics. The summation
of the topical discussions provides a description of the
hydrology of the area.

The hydrologic 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 hy-
drologic 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.

The information contained herein should be useful to
surface mine owners, operators, and consulting engineers
in the preparation of permits and to regulatory authorities
in appraising the adequacy of permit applications.
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1.0 INTRODUCTION--Continued
1.2 Project Area

Hydrology and Water Resources Summarized for Area 2

This report summarizes the hydrology and water resources of Area 2 in the
northern part of the Eastern Coal Province.

The Eastern Coal Province is divided into 24 hy-
drologic reporting units. The divisions are based on hy-
drologic factors, location, size, and mining activity (see
front cover for areas in the Eastern Coal Province). Hy-
drologic units (drainage basins) or parts of units are com-
bined to form each area (fig. 1.2-1).

Area 2 is in the northern part of the Eastern Coal
Province in northwestern Pennsylvania and southwestern
New York. The area includes all or part of Erie, Crawford,

Mercer, Warren, Forest, Elk, Venango, Clarion, Butler,
McKean, and Jefferson Counties, Pennsylvania; and
Chautauqua County, New York.

Area 2 is comprised of the central part of the Alleghe-
ny River basin from immediately south of Warren down-
stream to Parker. Major tributaries in the Area include
French Creek, Oil Creek, Tionesta Creek, and Clarion
River. The surface area of Area 2 is 4,170 square miles.
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2.0 DEFINITION OF TERMS

Terms Used in Hydrologic Reports Defined

Technical terms that occur in this Hydrologic Report are defined.

Bed material is the unconsolidated material of which a
streambed, lake, pond, reservoir, or estuary bottom is
composed.

Benthic invertebrate, for this study, is an animal
without a backbone, living on or near the bottom of an
aquatic environment, which is retained on a 210 um mesh
sieve. :

Bottom material specifically includes anthropogenic .

matter in addition to natural solid material in bed material.

Cubic feet per second per square mile [(ft3/ s)/ mi2] is
the average number of cubic feet of water flowing per
second from each square mile of area drained, assuming
that the runoff is distributed uniformly in time and area.

Cubic foot per second (ft3/s) is the rate of discharge
representing a volume of 1 cubic foot passing a given point
during 1 second and is equivalent to approximately 7.48
gallons per second or 448.8 gallons per minute or 0.02832
cubic meters per second.

Discharge is the volume of water (or more broadly,
volume of fluid plus suspended material) that passes a
- given point within a given period of time.

Mean discharge is the arithmetic mean of individual
daily mean discharges during a specific period. '

Instantaneous discharge is the discharge at a particular
instant of time.

Dissolved refers to the amount of substance present in
true chemical solution. In practice, however, the term
includes all forms of substance that will pass through a
0.45-micrometer membrane filter, and thus may include
some very small (colloidal) suspended particles. Analyses
are performed on filtered samples.

Diversity index is a numerical expression of evenness
of distribution of aquatic organisms, the formula for
diversity index is: s n n

1

i=2

i=1 N

1

log 2 o

Where n, is the number of individuals per taxon, n is the
total number of individuals, and s is the total number of
taxa in the sample of the community. Diversity index
values range from zero, when all the organisms in the
sample are the same, to some positive number, when some
or all of the organisms in the sample are different.

Drainage area of a stream at a specific location is that
area, measured in a horizontal plane, enclosed by a topo-
graphic divide from which direct surface runoff from

precipitation normally drains by gravity into the river
above the specified point. Figures of drainage area given
herein include all closed basins, or noncontribution areas,
within the area unless otherwise noted.

Drainage basin is a part of the surface of the Earth
that is occupied by a drainage system, which consists of a
surface stream or a body of impounded surface water
together with all tributary surface streams and bodies of
impounded surface water. '

Gage height (G.H.) is the water-surface elevation
referred to some arbitrary gage datum. Gage height is
often used interchangeably with the more general term
"stage”, although gage height is more appropriate when
used with a reading on a gage.

Gaging station is a particular site on a stream, canal,
lake, or reservoir where systematic observations of hy-
drologic data are obtained.

Hydrologic unit is a geographic area representing part
or all of a surface drainage basin or distinct hydrologic
feature as delineated by the Office of Water Data Coordi-
nation on the State Hydrologic Unit Maps; each hydrologic
unit is identified by an 8-digit number.

Micrograms per gram (ug/g) is a unit expressing the
concentration of a chemical element as the mass
(micrograms) -of the element per unit mass. (gram) of
sediment.

Micrograms per liter (xg/L) is a unit expressing the
concentration of chemical constituents in solution as mass
(micrograms) of solute per unit volume (liter) of water.
One thousand micrograms per liter is equivalent to one
milligram per liter.

Milligrams per liter (mg/L) is a unit for expressing the
concentration of chemical constituents in solution. Milli-
grams per liter represent the mass of solute per unit volume

(liter) of water. Concentration of suspended sediment also

is expressed in mg/L, and is based on the mass (dry weight)
of sediment per liter of water-sediment mixture.

Partial-record station is a particular site where limited
streamflow and/or water-quality data are collected sys-
tematically over a period of years for use in hydrologic
analyses.

Reference station is a streamflow and water-quality
station operated as part of the State coal-hydrology net-
work to monitor hydrologic characteristics in a watershed
unaffected by mining.



Regression line is a line fitted to a set of data points by
a least-squares statistical analysis. The same data set will
always produce the same line of relation.

Sediment is solid material that originates mostly from
disintegrated rocks and is transported by, suspended in, or
deposited from water; it includes chemical and biochemical
precipitates and decomposed organic material, such as
humus. The quantity, characteristics, and cause of the
occurrence of sediment in streams are influenced by envi-
ronmental factors. Some major factors are degree of slope,
length of slope, soil characteristics, land usage, and quanti-
ty and intensity of precipitation.

Suspended sediment is the sediment that at any given
time is maintained in suspension by the upward compo-
nents of turbulent currents or that exists in suspension as a
colloid.

Suspended-sediment concentration is the velocity-
weighted concentration of suspended sediment in the sam-
pled zone (from the water surface to a point approximately
0.3 ft above the bed) expressed "as milligrams of dry
sediment per liter of water-sediment mixture (mg/L).

Specific conductance is a measure of the ability of a
water to conduct an electrical current. It is expressed in
micromhos per centimeter (umho/cm) at 25°C. Specific
conductance is related to the type and concentration of ions
in solution and can be used for approximating the dis-
solved-solids concentration of the water. Commonly, the
concentration of dissolved solids (in milligrams per liter) is
about 65 percent of the specific conductance (in
micromhos). This relation is not constant from stream to
stream, and it may vary in the same stream with changes in
the composition of the water.

Stage-discharge relation is the relation between gage
height (stage) and volume of water per unit of time,
flowing in a channel.

Streamflow is the discharge that occurs in a natural
channel. Although the term "discharge” can be applied to
the flow of a canal, the word “streamflow” uniquely
describes the discharge in a surface stream course. The
term "streamflow” is more general than “runoff” as
streamflow may be applied to discharge whether or not it is
affected by diversion or regulation.

Substrate is the physical surface upon which an organ-
ism lived.

Natural substrate refers to any naturally occurring
emersed or submersed solid surface, such as a rock or tree,
upon which an organism lived.

Synoptic site is a station location where periodic
measurements are made of streamflow and water quality.
If a group of such sites is measured at about the same time,
the hydrologic conditions over a wide area can be seen.

Taxonomy is the division of biology concerned with
the classification and naming of organisms. The classifica-
tion of organisms is based upon a hierarchical scheme
beginning with Kingdom and ending with Species at the
base. The higher the classification level, the fewer features
the organisms have in common. For example, the taxono-
my of a particular mayfly, Hexagenia limbata is the follow-
ing:

Kingdom --- Animal

Phylum --- Arthropoda

Class --- Insecta

Order --- Ephemeroptera

Family --- Ephemeridae

Genus --- Hexagenia

Species --- Hexagenia limbata

Trend station is a streamflow and water-quality sta-
tion operated as part of the State coal-hydrology network
to monitor hydrologic characteristics in a watershed under-
going coal mining.

Water-year is, for this report, the 12-month period
beginning October 1 of one year and ending September 30

of the following year. Water year 1979 begins on October
1, 1978, and ends on September 30, 1979.



3.0 WATER QUALITY CRITERIA

New Regulations Set Effluent Limitations for Iron,
Manganese, pH, and Suspended Solids

Standards have been set for iron, manganese, pH, and suspended solids in water
discharged from areas disturbed by surface mining.

The Permanent Regulatory Program of the Office of
Surface Mining Reclamation and Enforcement (1979) sets
specific standards for water leaving a mine site. Section
816.42 (a) (7) of the Permanent Regulatory Program states
that "discharges of water from areas disturbed by surface
mining shall be made in compliance with all Federal and
State laws and regulations . . . .” This same section also
sets certain specific numerical effluent limitations. The
specific effluent limitations are for total iron, total man-

ganese, total suspended solids, and pH. Table 3.0-1 lists
these numerical standards.

The effluent limitations for iron and manganese are
considerably higher than those recommended for drinking
water by the U.S. Environmental Protection Agency which
sets limits of 300 ug/L (micrograms per liter) iron and 50
ug/L manganese.



Table 3.0-1 Mine effluent limitations.

Effluent limitations in milligrams per liter (mg/L) except for pH1

Effluent Maximum Average of daily values for
characteristics allowable 30 consecutive discharge days
Iron, total 7.0 3.5
Manganese, total2 4.0 2.0
Total suspended solids 70.0 35.0
pH3 Within range of 6.0 to 9.0

10ffice of Surface Mining, Reclamation, and Enforcement, 1979.
2Shall not apply to untreated alkaline discharges.
3pH may exceed 9.0, to a small extent, if needed to achieve manganese limit.

3.0 WATER QUALITY CRITERIA



4.0 GENERAL FEATURES
4.1 Geology

Bedrock and Unconsolidated Deposits Underlie the Area

Three principal ages of bedrock exposed in Area 2 are Pennsylvanian,
Mississippian, and Devonian; most bedrock in the northwest part of
the area is covered by glacial drift.

Pennsylvanian rocks crop out along the hills between
major drainages in the southeastern portion of the area
(fig. 4.1-1). These strata have a slight regional dip to the
southwest. Superimposed on the regional structure is a
series of gentle folds whose axes trend northeast. Fold
heights, wavelengths, and dips along the flanks of the folds
all increase southeastward. Wavelengths, measured be-
tween successive structural troughs (synclines) or ridges
(anticlines), range from 6 to 9 miles. Fold dips range from
30 to 250 feet per mile.

The Pennsylvanian rocks consist of thin alternating
beds of gray to white sandstone, siltstone, claystone, coal,
and some limestone. Three major subdivisions of the
Pennsylvanian rocks are the Pottsville, Allegheny, and
Conemaugh Groups. The Conemaugh Group occurs only
along the southern divide of the Clarion River basin where
the Pennsylvanian rocks are about 650 feet thick. Numer-
ous commercial coal beds exist in all three groups, but the
significant coals lie within the Allegheny Group. Coal bed
nomenclature is indicated in figure 4.1-2. Although many
of these coal beds are not continuous throughout the area,
the general column is useful in showing the relative strati-
graphic position of the coal beds.

The Mississippian rocks crop out along major drain-
age bottoms in the southern part, and between drainages in
the northwestern part of the area. The total sequence of
Mississippian rocks had been extensively eroded before
Pennsylvanian sediments were deposited. Therefore, only
Lower Mississippian rocks remain beneath Area 2. The
unit dips generally southward from 20 to 40 feet per mile.
Due to the unconformable contact with the overlying
Pennsylvanian rocks, the thickness of the Mississippian
rocks can range from 200 feet in the north to 600 feet in the
south.

The Mississippian rocks are composed mostly of shale,

10

siltstone, sandstone, and flat-pebbled conglomerate. Due
to a complex history of deposition, the rock types and
thickness of units which make up the Mississippian change
across the area (Schiner and Kimmel, 1972, p. A7). Conse-
quently, the names given to major subdivisions differ from
east to west (fig. 4.1-2). According to drillers logs, the
Burgoon Sandstone exists only in the southern part of
Clarion County.

The Devonian rocks which underlie the Mississippian
rocks crop out only in the northern portion of the area.
These rocks consist mostly of shale and have occasional
thin layers of sandstone. The exposed thickness exceeds
900 feet. Several names have been assigned to the major
subdivisions of this unit, partly as result of varied appear-
ance, but mostly as result of changes in nomenclature given
by various investigators. As it does for the Mississippian
rocks, figure 4.1-2 indicates the general correlation of
currently used names as well as older names that can be
found in geology-related reports of the area.

Pleistocene glaciation has advanced into northwestern
Pennsylvania. The southern limits of Illinoian and Wiscon-
sin Glaciations in Area 2 are shown on figure 4.1-1. Due to
the glaciation, landforms in the northwest have much less
topographic relief than landforms in the rest of the area.
Most bedrock northwest of the Illinoian limit of advance is
covered by up to 40 feet of till (clay, silt, and boulders). In
addition to this till, bedrock northwest of the Wisconsin
limit of advance is also covered with local (morraine-type)
deposits of alternating sand and gravel. Glacial outwash
and alluvial deposits of coarse-grained sand and gravel
mixed with clay and silt are found along major drainages
and their tributaries northwest of the Illinoian boundary.
However, outwash also occurs southeast of this limit along
the Allegheny River and Tionesta Creek. The thickness of
the outwash is over 100 feet locally in the major valleys.
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GEOLOGY FROM BERG (1981).
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Figure 4.1-1 Geology. Figure 4.1-2 Generalized geologic sections.
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4.0 GENERAL FEATURES--Continued
4.2 Surface Drainage

Six Major Tributaries Drain 3,547 Square Miles
of Area’s 4,170 Square Miles

French Creek, Clarion River, Tionesta Creek, Oil Creek, Sandy Creek, and
East Sandy Creek drain 3,547 of the 4,170 square miles in Area 2.

The Allegheny River originates in northcentral Penn-
sylvania near the New York border, flows northwest into
New York, loops west, reenters Pennsylvania from the
north, and flows south past Tidioute, Tionesta, and Fox-
burg (fig. 4.2-1). The entire Allegheny River basin is in the
Appalachian Plateau Province (Fenneman, 1938), a high-
land having winding drainage divides and no definite valley
and ridge pattern. Six major streams, all tributary to the
Allegheny River, drain most of Area 2. Tionesta Creek, Oil
Creek, French Creek, East Sandy Creek, Sandy Creek, and
Clarion River drain 3,547 of Area 2’s 4,170 square miles of
surface area. Some characteristics of these streams are
listed in table 4.2-1. The drainage area of the Allegheny
River at the downstream limit of Area 2 is 7,715 square
miles; 3,545 square miles are outside Area 2.

Tionesta Creek is in the Allegheny High Plateaus
section of the Appalachian Plateau Province and is under-
lain by coal-bearing rocks of the Pottsville Group. Tiones-
ta Creek originates in the Allegheny National Forest and
enters the Allegheny River at Tionesta. The basin has very
little coal production, although there is some gas and oil
exploration in progress.

Oil Creek flows through the Glaciated section and
Allegheny High Plateaus section. It originates north of the
coal deposits, but enters the coal-bearing rocks of the
Pottsville Group as it flows south. The name Oil Creek
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originated from the natural oil seepage on the water sur-
face. The creek became famous on August 27, 1859, when
the first drilled oil well produced.

French Creek originates in New York in the glaciated
section. There is a small area of the Allegheny High
Plateaus section near the mouth. French Creek flows
southwest out of New York and arcs southeast to the
Allegheny River at Franklin. The lower basin contains
some oil and gas, and is underlain by coal-bearing rocks of
the Pottsville Group.

East Sandy Creek is in the Pittsburgh Plateaus section
and is underlain by coal-bearing rocks of the Allegheny and
Pottsville Groups. The basin contains gas, oil, and coal.
Sandy Creek is in the glaciated section and is underlain by
coal-bearing rocks of the Pottsville and Allegheny Groups.
The lower -basin has oil and gas, while the coal beds are
evenly distributed throughout the basin.

Clarion River is in the Allegheny High Plateaus and
Pittsburgh Plateaus sections and is underlain by coal-bear-
ing rocks of the Pottsville and Allegheny Groups. The
upper part of the basin above Clarion has narrow steep-
sided valleys with high hills. Oil and gas are limited to the
lower basin, whereas the coal beds are evenly distributed
throughout the basin.
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Figure 4.2-1 Major drainage basins.

Table 4.2-1 Characteristics of major drainage basins.

Drainage Channel
area Length slope Drainage‘lt2 ‘Channel3r4
Basin (mi.2) (mi.) (ft./mi.) pattern pattern

Tionesta Creek 480 61.9 7:5 Dendritic Irregular
Qil Creek 319 46.7 8.6 do. Tortuous
French Creek 1,235 83.85 4.3 Deranged do.
East Sandy Creek 103 26.6 22.2 Dendritic Irregular
Sandy Creek 161 41.0 6.8 do. do.
Clarion River 1,252 99.2 5.7 do. do..
1Howard (1967)
2gee figure 4.2-2
3Schumm (1963)
4see figure 4.2-3

in Pennsylvannia

Dendritic Deranged

Figure 4.2-2 Morphological classifications of drainage patterns.

Tortuous

Irregular

Figure 4.2-3 Channel patterns.

4.0 GENERAL FEATURES--Continued
4.2 Surface Drainage



4.0 GENERAL FEATURES--Continued
4.3 Soils

Residual Soils in Area Classified into Three Broad Groups

Residual soils in Area 2 are generally formed from noncarbonated sedimentary
rocks, glacial till, or unconsolidated water-sorted materials.

Soils in the southeastern part of Area 2 are generally
formed from noncarbonated sedimentary rocks, whereas
soils in the northwestern part are formed from glacial till
and unconsolidated water-sorted materials. The soils
formed from the unconsolidated water-sorted materials lie
in narrow bands along major streams or valley floors. The
locations of the three major soil groups (Soil Conversation
Service, 1972) are shown in a generalized soil map (fig.
4.3-1).

Soil depths in the southeastern part of Area 2, the
Pittsburgh Plateaus and Allegheny High Plateaus Sections
(Office of Resources Management, 1980), vary between 30
and 72 inches (table 4.3-1). This area is largely underlain
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by sandstones, conglomerates, thin shales, and coals.
Slopes range from 3 to 25 percent. Most of the land is
sloping except for small areas of flatlands on the valley
bottoms. The northwestern part of the area, the Glaciated
Section (Office of Resources Management, 1980), has soils
varying in depth from 30 to 60 inches and varying in slope
from O to 20 percent. The soils formed in unconsolidated
water-sorted materials consist of silt, sand, and gravel
(table 4.3-2), and overlay the remaining glacial soils, sand-
stones, shales, and conglomerates. The area is character-
ized by natural lakes, swamps, low rounded hills, and
gravel deposits.
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S ) Table 4.3-1 General soil characteristics

Section of Soil Slope Qualitative

Applachian Plateaus depth range infiltration Qualitative
province (inches) (percent) rate drainage
Pittsburgh Plateaus 30-72 3-20 Well to medium well Good
Allegheny High Plateaus 30-70 3-25 Moderate to slow Fair
Glaciated 30-60 0-20 Slow to moderate Poor

Table 4.3-2 Scale of particle sizes

Class name Millimeters
Boulders >256
Cobbles 256 - 64
Gravel 64 -2
JEFFERSON
Very coarse sand 2.0-1.0
Coarse sand 1.0-0.50
BASE FROM U.S. GEOLOGICAL SURV%YU TLER SOILS FROM SOIL CONSERVATION M_Edlum Sand 0'50 ) 025
STATE BASE MAPS, 1:500,000, 1975 SERVICE, 1977 Fine sand 0.25-0.125
Very fine sand 0.125- 0.062
EXPLANATION Coarse silt 0.062-0.031
Medium silt 0.031-0.016
SRIEASSOEIATIONS Fine silt 0.016 - 0.008
Soils found in materials weathered from noncarbonate sedimentary rocks ( A ) Soils formed in glacial till (D) Very fine silt 0.008 - 0.004
Substrata of reddish sandstone, shale, and siltstone ( A2 ) Substrata grayish ( D2 )
Coarse clay 0.004 - 0.0020
Cookport - Clymer - Hazelton ( A2b ) Canfield - Rayenna ( D2a) Medium clay 0.0020 - 0.0010
) Fine clay 0.0010 - 0.0005
Cookport - Cavode - Wharton ( A2¢) Erie - Longford ( D2b) Very fine clay 0.0005 - 0.00024
Gilpin - Ernest - Wharton ( A2i) Hanover - Alvira ( D2c) Colloids <0.00024

Hazelton - Cookport (A2k)
Hazelton - Gilpin - Ernest ( A2I)

Venango - Cambridge ( D2h )

Soils formed in unconsolidated water-sorted materials ( E )
Substrata of stratified fluvial sand, silt, and gravel ( E1)

Substrata of reddish, yellowish, and brownish clayshale ( A3 )
- Wayland - Chenango - Braceville ( E1f)

n Cavode - Wharton - Gilpin (A3a)
Upshur - Gilpin - Clarksburg ( A3b) Substrata of lacustrine clay orsilt ( E2)

- Canadice - Caneadea ( E2a)

Figure 4.3-1 Generalized soil map.

4.0 GENERAL FEATURES--Continued
4.3 Soils



4.0 GENERAL FEATURES--Continued
4.4 Climate

Area has Humid Continental Climate

The humid continental climate of Area 2 is dominated by the west and southwest
winds that influence most of the weather disturbances in the area.

Area 2 is located in the upper and central Allegheny
River basin. A number of storm tracks cross the area from
the north, west, and south. The Gulf of Mexico and Great
Lakes are the primary sources of moisture. Winters are
partly controlled by dry air masses that originate in Canada
and travel south from Hudson Bay or east from the Rocky
Mountains. Cold Hudson Bay air can carry moisture from
the Great Lakes, which may produce heavy local snowfalls
and sub-zero weather. At other times, moist air from the
southwest causes rain and snow. Winter weather can
change every few days and extended periods of extreme
cold or warmth are rare.

Summer weather usually originates from the south-
west. Warm, moist air brings thunderstorms that can
occur anytime from May to September. Temperatures peak
during July. Hurricanes and tropical storms follow a
northeasterly track and may produce heavy rains in the
area, generally from June to November.

Mean annual precipitation is shown by the isohyets on
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figure 4.4-1 for the base period 1941-70. The monthly
normals and extremes at weather stations in Franklin and
Warren (immediately north of Area 2) are shown in figure
4.4-2. Monthly extremes of snowfall and ice pellets are
illustrated in figure 4.4-3.

Temperatures as high as 105°F have been recorded
during July and as low as -32°F in February. Because of
the differences in topography, the mean annual frost-free
period in Area 2 ranges from 130 days to 175 days. The
recorded monthly temperature normals and extremes at the
Franklin and Warren weather stations are shown in figure
4.4-4,

Daily precipitation data are published monthly as
"Local Climatological Data for Pennsylvania” by the Na-
tional Oceanic and Atmospheric Administration, National
Climatic Center, Ashville, N.C. Statistical information
concerning analysis and data are presented by the U.S.
Department of Commerce (1973).
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Figure 4.4-1 Mean annual precipitation from 1941-70.
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5.0 COAL

Clarion County Leading Coal Producer in Area

Clarion County produced 5.4 million of the area’s 7.4 million tons
of coal during 1979.

During 1979, 229 coal mines in Area 2 counties pro-
duced 7,370,040 tons (table 5.0-1) of bituminous coal.
Clarion County mines produced 5,392,189 tons or 73
percent of the total (Commonwealth of Pennsylvania,
1980). More than 99 percent of Area 2’s production was
from strip mining; less than 1 percent was from auger
mining. Area 2 counties produced about.8 percent of the
State’s bituminous coal during 1979. Coal production for
parts of Butler and Jefferson Counties was included with
Areas 4 and 3, respectively.

During the early to mid-1970°s coal production in
Area 2 counties generally showed an increasing trend (fig.
5.0-1), but during 1979, production dropped to about 7.4
million tons or to about 88 percent of the 8.4 million tons
produced in 1978. This drop in production was found in all
four coal-producing counties in the area.

The State of Pennsylvania has about 300,000 acres
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(468 square miles) of disturbed coal land in need of recla-
mation, but only 60,000 acres have a legal requirement for
reclamation (U.S. Department of Agriculture, 1977). Area
2 counties have about 18,800 acres (29 square miles) of coal
land in need of reclamation, but only about 2,400 acres
have a legal requirement for reclamation (table 5.0-2).

The Eastern Coal Province extends from southwest
Alabama to northcentral Pennsylvania. Area 2 contains
the most northern coal fields in the Ohio River basin.
There are eight coal seams in Area 2: Upper and Lower
Freeport; Upper, Middle, and Lower Kittanning; Clarion;
Brookville; and Lower Mercer. The Clarion-Brookville
complex is the major source of strippable coal, and it also
contains the largest deep coal reserves. These deep reserves
may become more important as the strippable coal is
depleted. All Area 2 counties except Erie and Chautauqua
contain coal deposits (fig. 5.0-2).
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Figure 5.0-1 Coal production 1970-79.

Table 5.0-1 Bituminous coal production, in tons, in Area 2
counties® during 1979%%,

Production by method

BASE FROM U.S. GEOLOGICAL SURVEY
STATE BASE MAPS, 1:500,000, 1975

BUTLER

Figure 5.0-2 Coal deposits.

Table 5.0-2 Disturbed coal land, in acres, in Area 2 counties*®

in need of reclamation as of July 1977%%*,

Reclamation required Reclamation not

EXPLANATION

- Coal deposits

County Strip Deep Auger Total
Clarion 5392,189 - 10,489 5,402,678
Crawford — —_— - -
Elk 658,061 —— 11,434 669,495
Erie = e - i
Forest - e ... S
McKean - - = "= e = ==
Mercer 370,489 @ - - 370,489
Venango 949,301 e 949,301
Warren m—— emmem e e

Area total 7,370,040 - 21,923 7,391,963

State total 45,116,917 43,350,852 351,333 88,819,102

*Jefferson County production included with Area 3; Butler County production
included with Area 4.
**Commonwealth of Pennsylvania (1980).

County by law required by law Total
Clarion 1,000 10,000 11,000
Crawford — — L T T e
Elk 500 2,000 2,500
Erie —- e e
Forest ~ees —
McKean —— _— e
Mercer 400 1,400 1,800
Venango 500 3,000 3,500
Warren ——- -

Area total* 2,400 16,400 18,800

State total 60,000 240,000 300,000

*Jefferson County figures included with Area 3; Butler County figures

with Area 4.

**U.S. Department of Agriculture (1977).

COAL DEPOSITS FROM PENNSYLVANNIA TOPOGRAPHIC
AND GEOLOGIC SURVEY, 1929

5.0 COAL



6.0 HYDROLOGIC-DATA NETWORK
6.1 Surface-Water Quantity

Streamflow Data Collected at 85 Locations

Streamflow data have been collected at 18 continuous-record gaging stations,
1 crest-stage low-flow partial-record station, 1 low-flow partial-record
station, and 65 miscellaneous sites in area.

Systematic collection of streamflow data at an estab-
lished network of stations is a key ingredient in the assess-
ment of the hydrology of any area. If streamflow-data are
collected over a period of time, it is possible to make
estimates of certain streamflow characteristics at the sta-
tions, such as peak discharge, low flow, mean flow, and
flow duration.

Systematic data collection also provides hydrologists
with the necessary information to make estimates of
streamflow characteristics for sites where data are not
collected. Section 12.1 lists 18 continuous-record gaging
stations; 1 crest-stage, partial-record station; 1 low-flow
partial-record station and 65 miscellaneous sites where
surface-water data have been collected, and figure 6.1-1
shows their locations.

Continuous-record stations are locations where a con-
tinuous record of stream gage height (stage) is collected.
The gage height information is generally collected and
recorded by a variety of automatic recorders. Periodic
measurements of actual streamflow and indirect determi-
nations of flood flow relate specific gage heights to specific
discharges. The continuous record of gage height, com-
bined with the stage-discharge relation, provides a contin-
uous record of streamflow. Such continuous streamflow
data are usually presented as mean discharges on a daily
and yearly basis, although instantaneous discharges at
specific times during the period of record can also be
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determined. Continuous-record stations provide the most
detailed streamflow data.

Partial-record stations provide less detailed data at a
much lower cost than those provided by a continuous-
record station. Low-flow partial-record stations have no
recording devices, but provide data when measured during
low flow. Data from concurrent flows at partial-record
and continuous-record stations may be used indirectly to
supplement the data available at the low-flow partial-re-
cord sites. Crest-stage partial-record stations utilize a
simple gage to record the peak gage height reached by a
stream during a storm. A stage-discharge relation is then
used to compute the peak flow during the storm. Such
peak-flow data can be analyzed to determine the flood-
flow frequency of a stream.

Miscellaneous sites are locations at which occasional
discharge measurements are made, usually when water-
quality samples are collected. Discharge data at miscellane-
ous sites can be combined with water-quality data to
compute instantaneous loads of various dissolved or sus-
pended constituents.

The U.S. Geological Survey publishes water-quality
data for Area 2 annually in the report "Water Resources
Data for Pennsylvania, Volume 3, Ohio and St. Lawrence
River Basins.”
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A Continuous-record
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A Miscellaneous
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6.0 HYDROLOGIC-DATA NETWORK--Continued

6.2 Surface-Water Quality

Water-Quality Data Available for 78 Sites in Area

Water-quality data have recently been collected at 71 synoptic sites,
1 partial-record coal hydrology site and 6 partial-record sites.

The locations of 78 sites where recent water-quality
data have been collected are shown in figure 6.2-1. The
sites are identified by reference number, downstream order
number, and name in section 12.1.

The 71 sites designated as synoptic sites had water
quality data routinely collected in the spring and summer.
Station 28, the partial-record coal hydrology site, was
sampled more frequently because historic water quality
data already existed for it. The 6 other partial-record sites
were sampled as part of other programs, but provided data
useful in the coal hydrology program. Typical data collect-
ed during water years 1979 and 1980 included specific
conductance, pH, temperature, turbidity, dissolved oxy-
gen, suspended sediment, acidity, alkalinity, dissolved
sulfate, dissolved iron, and taxonomic identification of
benthic invertebrates.

Seasonal variations in streamflow can concentrate or
dilute contaminants in the water. Changes in water quality
are more readily detected with frequent, long-term sam-
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pling, but a general overview can be obtained through
synoptic sampling.

All first order streams in coal-bearing sections of Area
2 were initally considered for a synoptic site. First order
streams were defined as those unbranched streams appear-
ing on a 1:500,000 scale Hydrologic Unit map. A subset of
these first order streams was selected for actual synoptic
site location. The final site selection was designed to
provide broad areal coverage.

The 71 synoptic sites had drainage areas ranging from
1.46 to 62.5 mi“ (square miles). The median drainage area
for all streams was about 14.4 mi®. Almost 68 percent of
the streams have drainage areas less than 20 mi“,

The U.S. Geological Survey publishes water-quality
data for Area 2 annually in the report "Water Resources
Data for Pennsylvania, Volume 3, Ohio and St. Lawrence
River Basins.”
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6.0 HYDROLOGIC-DATA NETWORK--Continued

6.3 Type and Scheduling of Samples

Sampling Network Designed to Define Coal-Related
Water-Quality in Area

A network of 71 synoptic sites and 1 continuous-record station is being sampled
to collect water-quality data which may be related to the presence of coal or
coal mining. The sampling schedule is designed to collect data over a
range of flow conditions.

The present sampling program of the coal hydrology
network utilizes two types of sampling stations, each
having a distinct purpose. A large network of synoptic
sites is designed to provide broad areal coverage, while a
smaller network of continuous-record stations is designed
to provide more detailed information on changes in water
quality over time. Water-quality and stream discharge data
have been collected under low, medium, and high baseflow
conditions.

Table 6.3-1 lists the types and frequencies of data
collection at the 71 synoptic sites. These data were selected
to concentrate on information which may be useful in
coal-bearing areas. Many of the water-quality constituents
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listed in table 6.3-1 are specifically mentioned in the surface
mining regulations. These water-quality data have been
published by U.S. Geological Survey (1980, 1981).

Similar data are being collected at the single contin-
uous-record station in Area 2’s coal hydrology network;
however, samples are being collected more frequently than
at the synoptic sites and additional samples are being
collected. Table 6.3-2 lists the types and frequencies of
sampling at the continuous-record station. The data col-
lected at this site has been published by U.S. Geological
Survey (1980, 1981).



Table 6.3-1 Types and frequency of water-data collection at synoptic sites.

Each visit (low, medium, and high flows)

Discharge Dissolved iron
Temperature Total manganese
Specific conductance Dissolved manganese
pH Sulfate

Alkalinity Residue, dissolved
Acidity Suspended sediment
Total iron

Annually (low flow)

Identification of benthic invertebratas

One time only {low flow)
Bottom materials

Arsenic Manganese
Cadium Mercury
Chromium Selenium

Cobalt Zinc

Copper Organic carbon
Iron Inorganic carbon
Lead Coal

Storm events (high flow)
selected sites

Suspended sediment and discharge

Table 6.3-2 Types and frequency of water-data collection at the continuous-record station.

Each visit (6 - 9, times annually)

Discharge Dissolved iron
Temperature: Total inanganese
Specific conductance Dissolved manganese
pH Sulfate

Alkalinity Residue, dissolved
Acidity Susperided sediment

Annually (low flow)
Identification of benthic invertebrates

One time only (low flow)
Bottom materials

Arsenic Manganese
Cadium Mercury
Chromium Selenium
Cobalt Zinc

Copper Organic carbon
Iron Inorgarnic carbon
Lead Coal

Common constituents

Sodium absorption ratio Dissolved fluoride
Sodium percent Residue, dissolved
Dissolved calcium Dissolved silica
Dissolved manganese Dissolved sulfate
Dissolved potassium Nitrite plus nitrate
Dissolved sodium Total phosphorus
Dissolved chloride Total alkalinity

Minor elements

Total barium Total manganese
Total cadium Total silver
Total chromium Total zinc

Total copper Total arsenic
Total iron Total selenium
Total lead Cyanide

Total mercury

6.0 HYDROLOGIC-DATA NETWORK--Continued
6.3 Type and Scheduling of Samples



7.0 SURFACE-WATER QUALITY
7.1 Specific Conductance

Specific Conductances High in Streams of Leading
Coal-Producing County

Streams in Clarion County, which produces three-fourths of the coal mined in
Area 2, had a median specific conductance twice as great as the median for
any other county in the area.

Table 7.1-1 shows coal production and median stream
specific conductances for six counties in Area 2. Although
there is no predictive relation between coal production and
median specific conductance, a general trend does exist.
Streams in Clarion County, which produces about 72
percent of the coal mined in the seven counties, had a
median specific conductance of 390 pumho/cm (micromhos
per centimeter) at 25°C. This is almost twice the median
specific conductance of 200 umho/cm for streams in Craw-
ford County, where no coal is produced. Median stream
specific conductances for the coal-producing counties
ranged from 76 to 390 umho/cm, whereas median specific
conductances for the non-coal-producing counties ranged
from 55 to 200 umho/cm.

Most streams in Area 2 having maximum specific
conductances (highest observed during sample period) of
400 pmho/cm or greater were in the south-central part of
the area in Venango and Clarion Counties (fig. 7.1-1).
High specific conductances were also common near the
eastern border of Area 2 in Elk County. Several streams in
Clarion County had maximum specific conductances in
excess of 1,000 umho/cm (fig. 7.1-1).

The remaining sections of the area are characterized
by maximum specific conductances less than 400 ymho/
cm. Streams in Warren, Forest, and western Elk Counties
generally have maximum specific conductances less than
100 umho/cm. Venango and northern Crawford County
streams usually have maximum specific conductances in
the range of 100 to 400 umho/cm.

Maximum specific conductances measured at Area 2
streams ranged from 50 to 1,800 umho/cm. The mean and
median maximum specific conductances were 269 and 170
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pmho/cm, respectively. The difference between the mean
and median values is a result of the effect of several high
specific conductances on the mean. Only 8 of 71 streams
(11 percent) had a maximum specific conductance greater
than 500 pmho/cm (fig. 7.1-2). Figure 7.1-2 also shows
that 25 streams (35 percent) had maximum specific conduc-
tances of 100 umho/cm or less, and that 49 streams (69
percent) had maximum specific conductances of 300
pmho/cm or less.

Specific conductances (section 12.2) were measured in
the field according to procedures described by Skougstad
and others (1979). Samples were generally collected four
times during the 1979 and 1980 water years during periods
of low, medium, and high base flow. Specific-conductance
data for the 1979 and 1980 water years are published by the
U.S. Geological Survey (1980, 1981).

Specific conductances vary over time within individual
streams (fig. 7.1-3). During the 1976-78 water years, the
maximum specific conductance observed at four selected
stations was 2 to 6 times the minimum observed during the
same period. The mean specific conductances for all the
stations illustrated in figure 7.1-3 are significantly different
(95-percent level) from one another, except when compar-
ing station 12 with stations 59 and 75. All four streams
exhibit a negative correlation between specific conductance
and the log (base 10) of discharge. The correlation is
significant (95-percent level) for stations 59 and 75 (Snede-
cor, 1957). Such a negative correlation indicates a relative-
ly stable source of dissolved material which is diluted to a
greater or lesser extent as streamflow increases or de-
creases.
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Figure 7.1-1 Maximum specific conductances for selected sites.

NUMBER OF SITES IN CLASS
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Table 7.1-1 Average coal production, 1976-80, and median stream specific
conductances, 1979-80, for selected counties.

Number of Median specific Average annual
streams conductance coal production

County sampled (Umho) (tons)
Clarion 11 390 5,218,414
Venango 14 177 913,009
Elk 13 76 732,923
Mercer 1 4 413,368
Crawford 8 200 0
Forest 12 60 0
Warren 10 55 0

*Data insufficient for median computation.

See section 12.1 for detailed site description.
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7.0 SURFACE-WATER QUALITY--Continued
7.2 Dissolved Solids

Coal Production and Dissolved Solids Both High
in Clarion County

The median dissolved-solids concentration for streams sampled in Clarion County
was 70 percent greater than the median concentration for streams in any of
Area 2’s other counties. About three-fourths of the coal produced in
the area is mined in Clarion County.

Median dissolved-solids concentrations for streams in
Area 2 counties and average coal production figures (by
county) are presented in table 7.2-1. The median concen-
tration for the area’s leading coal-producing county was
224 mg/L (milligrams per liter) or about 72 percent greater
than the median concentration of 126 mg/L for Crawford
County, which produces no coal. Clarion County’s medi-
an concentration was also about 5 times higher than the
medians for the other non-coal-producing counties in the
area. However, there is no predictive relation between
average coal production and median dissolved-solids con-
centration.-

Nine of the eleven streams sampled in Clarion County

had maximum dissolved-solids concentrations (highest ob-
served during sample period) of 200 mg/L or greater (fig.
7.2-1). The highest dissolved-solids concentrations in Area
2, 500 mg/L or greater, were found at 3 sites in Clarion
County. Streams in eastern Warren, northeastern Forest,
and northeastern Elk Counties generally had maximum
dissolved-solids concentrations less than 50 mg/L. Streams
in areas adjacent to the above area generally had concen-
trations in the 50-100 mg/L range, while streams in the
western part of Area 2 generally had maximum dissolved-
solids concentrations of 100-200 mg/L.

Maximum dissolved-solids concentrations in Area 2
ranged from 28 to 1,800 mg/L. The mean and median
maximum dissolved-solids concentrations were 174 and 105
mg/L, respectively. The difference between the mean and
median concentrations was a result of the effect of several
high concentrations on the mean.
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Fifteen Area 2 streams had maximum dissolved-solids
concentrations of 50 mg/L or less (fig. 7.2-2). Fifty
streams in the area had maximum concentrations of 150
mg/L or less, and only 7 streams had maximum concentra-
tions in excess of 300 mg/L (fig. 7.2-2).

Dissolved-solids concentration and specific conduc-
tance are closely related as shown in figure 7.2-3, based on
207 concurrent pairs of samples for specific conductance
and dissolved solids. The relation between the two water-
quality measures has a slope of 0.81. . The slope of 0.81 is
well within the range of 0.54 to 0.96 for natural waters as
reported by Hem (1970). Hem indicated that a slope
greater than 0.75 is generally associated with water high in
sulfate content. Figure 7.2-4 shows the relation between

" dissolved solids and dissolved sulfate based on 207 concur-

rent pairs of samples from Area 2 streams. For the 207
concurrent samples, the mean dissolved-solids concentra-
tion was 136 mg/L and the mean dissolved-sulfate concen-
tration was 53 mg/L. Dissolved sulfate; therefore, con-
tributed about 40 percent of the dissolved-solids for the 207
samples collected to date.

Water samples for dissolved-solids- determinations
(section 12.2) were collected four times at each site during
the 1979 and 1980 water years. Samples were collected
during low, medium, and high base flow. Laboratory
analyses for dissolved solids were done according to proce-
dures described by Skougstad and others (1979). Dis-
solved-solids data for the 1979 and 1980 water years are
published by the U.S. Geological Survey (1980, 1981).
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Figure 7.2-1 Maximum dissolved-solids concentrations for selected sites.

Table 7.2-1 Average coal production, 1976-80, and median stream dissolved-solids

concentrations, 1979- 80, for selected counties.

County

Median dissolved-
solids concentration
(mg/L)

Number of
streams
sampled

Average annual
coal production
(tons)

Clarion
Venango
Elk
Mercer
Crawford
Fo.est

Warren

11 224 5,218,414

14 106 913,009
13 48 732,923
1 * 413,368
8 126 0
12 42 0

10 44 0

*Data insufficient for median computation.
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7.0 SURFACE-WATER QUALITY--Continued
7.3pH

Streams in Top Coal-Producing County Exhibit
Low pH Values

Streams in Clarion County, the leading coal-producing county in the area, have a
median pH value almost 1 unit less than that of streams in other area counties.

Water samples collected from 11 Clarion County
streams during the 1979 and 1980 water years had a median
pH value of 6.2. Median pH values for streams in Area 2’s
other counties ranged from 6.9 to 7.5 (table 7.3-1). Clarion
County is the leading coal-producing county in the area,
accounting for over 70 percent of the annual production.
The four streams in Area 2 which had a minimum pH
(lowest pH observed) less than 3.5 were in Clarion County
in the vicinity of Clarion (fig. 7.3-1).

Minimum pH values found in selected Area 2 streams
ranged from 3.1 to 7.4. The mean and median minimum
pH values were 6.1 and 6.4, respectively. The minimum
pH values for 48 of 71 streams (68 percent) were within 1
pH unit of neutral (fig. 7.3-2). Eight streams (11 percent)
had a minimum pH value of 4.5 or less (fig. 7.3-2).

Streamside pH values (section 12.2) were determined
at 71 sites in Area 2 according to procedures described by
Skougstad and others (1979). Determinations were general-
ly made four times at each site during low, medium, and

30

high base-flow conditions during the 1979 and 1980 water
years. These pH data are published by the U.S. Geological
Survey (1980, 1981).

Data collected at four gaging stations during the
1976-78 water years indicate that pH values vary over time
in a single stream (fig. 7.3-3). Data collected from four
selected streams show a difference between the maximum
and minimum observed pH values ranging from 1.7 to 3.0
pH units. Because of the logarithmic nature of the pH
scale, these differences represent changes in hydrogen-ion
activity ranging from a factor of 50 to a factor of 1,000.
The mean pH values for all four streams were significantly
different at the 95-percent level except when comparing
station 38 with station 59 (fig. 7.3-3). None of the four
stations showed a significant correlation (Snedecor, 1957)
between pH and the log (base 10) of discharge. Discharge
and pH data for the 1976-78 water years are published by
the U.S. Geological Survey (1977, 1978, 1979).



Table 7.3-1 Average coal production, 1976-80, and median stream pH, 1979-80,
for selected counties.

Number of Median Average annual
CHAUTAUQUA streams pH coal production
County sampled (units) (tons)
Clarion 11 6.2 5,218,414
P Venango 14 7.2 913,009
e — HIO 20 B 30 MILES )
0 10 20 30 KILOMETERS Elk 13 6.9 732,923
Mercer 1 ad 413,368
Crawford 8 7.5 0
Forest 12 6.9 0
Warren 10 7.0 0

*Data insufficient for median computation.

See section 12.1 for
detailed site description.
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7.0 SURFACE-WATER QUALITY--Continued
7.4 Acidity and Alkalinity

Acidity in Excess of Alkalinity Most Common in Streams
in Eastern Part of Area

Streams in the eastern part of Area 2 are more likely to have acidity in
excess of alkaliny than are streams in the western part.

Acidity and alkalinity are expressed as milligrams per
liter of calcium carbonate. Streams in the eastern part of
Area 2 are more likely to have acidity in excess of alkalinity
than are streams elsewhere in the area (fig. 7.4-1). Of the
71 streams sampled in the area, 30 streams (42 percent)
have acidity in excess of alkalinity. If acidity exceeded
alkalinity during any visit, the stream was considered to
have excess acidity.

Samples for acidity and alkalinity determinations (sec-
tion 12.2) were generally collected four times under base-
flow conditions during the 1979 and 1980 water years. The
determinations were conducted according to procedures
described by Skougstad and others (1979). All alkalinity
titrations were conducted in the field, but acidity determi-
nations were done in the laboratory prior to July 1980.
After July 1980, acidity titrations were also done in the
field. The acidity data in section 12.2 after July 1980 is
probably more representative of in-stream conditions than
earlier samples. Acidity and alkalinity data for the 1979
and 1980 water years are published by the U.S. Geological
Survey (1980, 1981).
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Hem (1970) defines acidity as "the quantitative capaci-
ty of aqueous media to react with hydroxyl ions,” and
alkalinity as "the quantitative capacity of aqueous media to
react with hydrogen ions.” Acidity and alkalinity are
measures of a solution’s buffering capacity, or ability to
resist a pH change upon the addition of a base (acidity) or
an acid (alkalinity). The concentration of hydrogen ions in
a stream’s water is measured by its pH. The acidity of a
stream is dependent upon pH and the concentration of
dissolved metals, mostly iron and aluminum. The alkalini-
ty of a stream is dependent upon pH and the concentration
of salts of weak acids and bases. Acidity can be measured
by titrating a water sample to a pH of 8.3 with sodium
hydroxide. Alkalinity can be measured by titrating a water
sample to a pH of 4.5. If the pH of a stream is between 4.5
and 8.3, the stream will have both acidity and alkalinity. If
the acidity is greater than the alkalinity, the stream is said
to be acid; whereas, if alkalinity exceeds acidity, the stream
is said to be alkaline.
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Figure 7.4-1 Acidity and alkalinity for selected sites.

7.0 SURFACE-WATER QUALITY--Continued

7.4 Acidity and Alkalinity



7.0 SURFACE-WATER QUALITY--Continued
7.5 Total and Dissolved Iron

Total-Iron Concentrations are High in Area’s
Leading Coal-Producing County

Streams in Clarion County, the leading coal producer in Area 2, had a median
total-iron concentration about 3 times greater than those of the other
counties in the area.

Clarion County produces about 72 percent of the coal
mined in Area 2. The median concentration of dissolved
iron in 11 Clarion County streams was 1,040 ug/L (micro-
grams per liter), whereas streams in the other area counties
had median total-iron concentrations ranging from 330 to
470 ug/L (table 7.5-1).

Of 11 streams sampled in Clarion County, 5 had
maximum total-iron concentrations (highest observed dur-
ing sample period) of 3,000 ug/L or greater (fig. 7.5-1).
Similarly high iron concentrations were found in only 5 of
the remaining 60 streams sampled in Area 2. Maximum
total-iron concentrations less than 500 pg/L were common
in the north-central and northeastern parts of the area.

Maximum total-iron concentrations in Area 2 streams
ranged from 180 to 28,000 ug/L. The mean and median
maximum concentrations were 1,865 and 780 ug/L, respec-
tively. The nearly 200-percent difference between the mean
and median was the result of the effect of several high
concentrations on the mean. Maximum dissolved-iron
concentrations ranged from 20 to 26,000 ug/L, and had a
mean and median of 1,050 and 180 ug/L, respectively. The
maximum total-iron concentration at 24 of 71 sites sampled
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(34 percent) was 600 ug/L or less (fig. 7.5-2), whereas the
maximum dissolved-iron concentration was 600 ug/L or
less at 60 of 71 stations (85 percent). Eleven of 71 stations
had maximum total-iron concentrations greater than 3,000
wug/L (fig. 7.5-2), whereas 11 stations had maximum dis-
solved-iron concentrations of 600 ug/L or greater.

In spite of the distribution differences between total
and dissolved iron, the two constituents are closely related
as shown in figure 7.5-3, which is based on 263 concurrent
samples for dissolved and total iron. These data pairs had a
mean total-iron concentration of 1,030 ug/L and a mean
dissolved-iron concentration of 555 ug/L.

Samples for dissolved- and total-iron determinations
(section 12.2) were collected at 71 sites in Area 2 and
analyzed according to procedures detailed by Skougstad
and others (1979). Samples were generally collected four
times under base-flow conditions during the 1979 and 1980
water years. Dissolved- and total-iron data for the 1979
and 1980 water years are published by the U.S. Geological
Survey-(1980, 1981).
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Figure 7.5-1 Maximum total-iron concentrations for selected sites.

See adjacent map for site locations.
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Table 7.5-1 Average coal production, 1976-80, and median stream total-iron '
concentrations, 1979-80, for selected counties.
- 16
N
<
Number of Median total- Average annual d
streams iron concentration coal production >
County sampled (ug/L) (tons) ; 12
Clarion 11 1,040 5,218,414 e
Venango 14 345 913,009 .
Elk 13 330 732,923 O 8
w
Mercer 1 ad 413,368 g
Crawford 8 470 0 2
=
Forest 12 330 0
Warren 10 435 0
*Data insufficient for median computation. 0 d
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Figure 7.5-2 Maximum total-iron concentration.
See section 12.1 for
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Figure 7.5-3 Relation between total- and dissolved-iron concentration.
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7.0 SURFACE-WATER QUALITY--Continued
7.6 Total and Dissolved Manganese

Streams in Area’s Top Coal-Producing County have
High Total-Manganese Concentrations

Streams sampled in Clarion County, Area 2’s top coal producer, had median
total-manganese concentrations 18 to 78 times greater than the medians
for the other counties in the area.

The median total-manganese concentration for 11
streams sampled in Clarion County, Area 2’s top coal
producer was 1,950 pg/L (micrograms per liter) (table
7.6-1). The median concentration for the other counties in
the area ranged from 110 to 25 ug/L. Therefore, the
median concentration for Clarion County was 18 to 78
times greater than the medians for the other counties.

Streams in most parts of Area 2 have maximum
total-manganese concentrations (highest observed during
sample period) less than 500 ug/L, and many streams in the
north-central and northwestern sections have concentra-
tions less than 100 ug/L (fig. 7.6-1). However, numerous
streams in Clarion and Elk Counties have maximum total-
manganese concentrations in excess of 2,000 ug/L, and
several streams in Clarion County exceed 10,000 ug/L.

Maximum total-manganese concentrations for 71
Area 2 streams ranged from 20 to 22,000 ug/L; the mean
and median maximum concentrations were 1,465 and 120
ug/L, respectively. Maximum dissolved-manganese con-
centrations ranged from 10 to 22,000 ug/L; the mean and
median maximum concentrations were 1,440 and 100 pg/
L, respectively. The large difference between the mean and
median values is a reflection of the effect of several high
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concentrations on the mean. Of the 71 streams sampled in
Area 2, 32 (45 percent) had maximum total-manganese
concentrations of 100 pg/L or less, and SO streams (70
percent) had maximum total-manganese concentrations of
200 ug/L or less (fig. 7.6-2). The distribution of maximum
dissolved-manganese conceutrations was similar to that for
total manganese.

Total- and dissolved-manganese concentrations are
closely related as illustrated in figure 7.6-3 which indicates
that most of the manganese transported by Area 2 streams
is in the dissolved form: This is confirmed by the fact that
for 263 concurrent sample pairs, the mean total-manganese
concentration is 987 ug/L and the mean dissolved-man-
ganese concentration is 925 ug/L.

Samples for dissolved- and total-manganese determi-
nations (section 12.2) were generally collected four times
under base-flow conditions during the 1979 and 1980 water
years. Samples were analyzed according to procedures
described by Skougstad and others (1979). Total- and
dissolved-manganese data for the 1979 and 1980 water
years are published by the U.S. Geological Survey (1980,
1981). :
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Figure 7.6-1 Maximum total-manganese concentrations for selected sites.

Table 7.6-1 Average coal production, 1976-80. and median stream total-manganese
concentrations, 1979- 80, for selected counties.

Number of Median total- Average annual
streams manganese concentrations coal production

County sampled (ug/L) (tons)
Clarion 1 ) 1,950 5,213,414
Venango 14 40 913,009
Elk 13 110 732,923
Mercer 1 * 413,368
Crawford 8 40 0
Forest 12 40 0
Warren 10 25 0

*Data insufficient for median computation.

NUMBER OF SITES IN CLASS

See adjacent map for site locations.
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Figure 7.6-2 Maximum total-manganese concentration.
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7.0 SURFACE-WATER QUALITY--Continued
7.7 Dissolved Sulfate

Highest Dissolved-Sulfate Concentrations Found in
Coal-Producing Counties

The highest dissolved-sulfate concentrations in Area 2 were found in streams
in the area’s three top coal-producing counties.

Of the 12 Area 2 streams that had dissolved-sulfate
concentrations of 100 mg/L (milligrams per liter) or great-
er, 10 were in Elk and Clarion Counties and the other two
were in Venango County (fig. 7.7-1). These three counties
produced most of Area’s 2 coal during 1976-80 (table
7.7-1). Four of the Clarion County streams had maximum
sulfate concentrations (highest observed during sample
period) of 300 mg/L or greater. Except for a narrow band
along the southern border of Area 2, where maximum
sulfate concentrations ranged from 20-99 mg/L, the
remaining streams generally had maximum sulfate concen-
trations less than 20 mg/L.

Maximum dissolved-sulfate concentrations in Area 2
streams ranged from 8.9 to 1,100 mg/L. The mean and
median maximum concentrations were 76 and 16 mg/L,
respectively. The great difference between the mean and
median is a reflection of the effect of several high concen-
trations on the mean. Fourteen streams (20 percent) had a
maximum sulfate concentration of 10 mg/L or less (fig.
7.7-2) and 16 streams (23 percent) had maximum sulfate
concentrations greater than 100 mg/L.
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Samples for dissolved-sulfate determinations (section
12.2) were generally collected four times under base-flow
conditions during the 1979 and 1980 water years. Samples
were analyzed according to procedures outlined by Skoug-
stad and others (1979). Dissolved-sulfate data for the 1979
and 1980 water years are published by the U.S. Geological
Survey (1980, 1981).

Variation in dissolved-sulfate concentrations during
the 1976-78 water years at four gaging stations is illustrated
in figure 7.7-3. Except for station 59, the maximum ob-
served concentration is two to three times greater than the
minimum observed concentration. A comparison of the
means for the four stations shows them to be significantly
different (99-percent level) except for those comparisons
involving station 59. There were no significant correlations
(Snedecor, 1957) between sulfate concentration and the log
(base 10) of discharge. Dissolved-sulfate data for the
1976-78 water years are published by the U.S. Geological
Survey (1977, 1978, 1979).
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Figure 7.7-1 Maximum dissolved-sulfate concentrations for selected sites.

NUMBER OF SITES IN CLASS

Table 7.7-1 Average coal production, 1976-80, and median stream dissolved-sulfate

concentrations, 19

79-80, for selected counties.

Number of Median dissolved- Average annual
streams sulfate concentrations coal production

County sampled (mg/L) (tons)
Clarion 11 115 5,213,414
Venango 14 16 913,009
Elk 13 11 732,923
Mercer 1 o 413,368
Crawford 8 17 0
Forest 12 10 0
Warren 10 10 0

*Data insufficient for median computation.

See adjacent map for site locations.

0 20 40 60 80 100+
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Figure 7.7-2 Maximum dissolved-sulfate concentration.

See section 12.1 for detailed site description.
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7.0 SURFACE-WATER QUALITY--Continued
7.8 Suspended Sediment

Suspended-Sediment Discharge Related to Streamflow

Suspended-sediment discharges in Area 2 streams are related to streamflow, but
the relation shows wide variations. The variations are not related solely
to mining, but probably to all land uses.

The suspended-sediment transport data derived from
samples at the synoptic sites in Eastern Coal Province Area
2 are shown in figure 7.8-1. This particular graph relates
instantaneous suspended-sediment discharge in tons per
day to instantaneous streamflow in cubic feet per second
per square mile. The shaded portion of figure 7.8-1 en-
closes 98 percent of the data collected at synoptic sites in
Area 2. Note that these data show that for any given
instantaneous unit discharge the instantaneous suspended-
sediment discharge may vary by a factor of 46. This
variability is close to that shown by Wark (1965) for
samples from a single large river. The sediment-transport
envelope illustrated in figure 7.8-1 should indicate the
range of transport values for most streams in Area 2 having
drainage areas between 1.5 and 65 square miles. The
variability may be a function of the different land uses
within the area.

Porterfield (1972) states that an instantaneous tran-
sport curve may agree, in practice, with a daily transport
curve. If this is the case, it should be possible to compute
average annual loads using the flow-duration transport-
curve method described by Miller (1951). Under this
assumption a minimum annual suspended-sediment dis-
charge for Area 2 streams was computed as shown in table
7.8-1. Average water discharges per square mile for select-
ed time intervals were determined from a composite flow-
duration curve for streams in Area 2 (fig. 7.8-2). The
development of the composite flow-duration curve is dis-
cussed in section 9.5. Minimum suspended-sediment dis-
charges corresponding to the selected streamflows were
determined from the composite suspended-sediment tran-
sport curve for Area 2 streams (fig. 7.8-1) and multiplied
by the duration intervals of water discharge to calculate the
average annual sediment load. For example, the average
water discharge for Area 2 streams for 8.5 to 15 percent of
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the time is 3.7 (ft3/s)/m1 The correspondmg suspended-
sediment discharge is 0.016 (tons/mi )/day (tons per
square mile per day). Multiplying the suspended-sediment
discharge by the time interval for each interval in table
7.8-1 and dividing the sum of column 6 by 100 (table 7.8- 1)
yields the mean daily suspended-sediment discharge in
(tons/ml )/day. Multiplying the mean dally suspended-
sediment discharge by 365 yields the minimum annual
suspended-sediment discharge in tons per square mile.

Table 7.8-1 indicates that the minimum annual sus-
pended-sediment discharge for streams in Area 2 would be
about 2.8 tons/mi%. Wark (1965) states that the. average
annual suspended-sediment yield in Area 2 ranges from
20-250 tons/mi>. Wark’s 1965 figures indicate that the
average suspended-sediment concentration would range
from 11-140 mg/L (milligrams per liter). The concentra-
tlons are computed using an average discharge of 1.8
(ft3/s)/mi® which is applicable for Area 2 streams. Because
relatively large amounts of sediment move in short periods
of storm runoff (Wark, 1965), the concentrations must be
less than the average values much of the time.

Sediment-transport data for 8 streams exhibiting
AMD (acid-mine drainage) indicators fell within the en-
velope as shown by the circles in figure 7.8-1. However,
the data from AMD streams tended to indicate larger
minimum suspended-sediment loads at all discharges than
did the data from all synoptic sites in Area 2. This analysis,
based on scant data, does not consider the effects of flows
greater than 10 percent duration, nor does it include the
effects of significant land disturbance near streams during
surface mining. The suspended-sediment and discharge
data used to develop the sediment-transport curve are
published by the U.S. Geological Survey (1980, 1981).
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Figure 7.8-1 Suspended-sediment transport for selected sites. o
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Table 7.8-1 Computation of minimum annual suspended-sediment load using =
sediment transport and flow-duration data. o
o
Mean minimum daily suspended-sediment load = 0.758/100 = 0.00758 tqias/ml 2
Average annual suspended-sediment load = 0.00758 x 365 = 2.8 tons/mi. %
Cumulative Time Mid- Unit Suspended- Load for 8
time interval ordinate discharge sediment load interval* -
(percent) (percent) (percent) [(ft. 3/s)/m1 ] (tons/mi.2) (tons/mi.2) o
(1) (2) (3) (4) (5) 6)
0.25 0.25 0.125 20%* 0.160 0.040
a5 .50 .500 16%* .120 .060
1.5 .75 1.125 12%* .080 .060
2.5 1.0 2.000 10 .072 .072 i) | ‘
4.5 2.0 3.500 7.7 .042 .084 2 5 10 20 30 40 50 60 70 80 90 95 98
8.5 4.0 6.500 5.5 .027 .108
PROBABILITY OF SPECIFIED DISCHARGE BEING EXCEEDED,
15 6.5 11.750 3.7 .016 .104 IN PERCENT
25 10 20.000 2:5 .010 .100
35 10 30.000 1.7 .0054 .054 Figure 7.8-2 Composite unit flow-duration curves for selected sites.
45 10 40.000 1.2 .0030 .030
55 10 50.000 .88 .0022 .022
75 20 65.000 .50 .0010 .020
95 20 85.000 22 .0002 .004
100 5 97.000 11 .0001
Total 0.758

*Column 6 = column 2 x column 5

- atimaod 7.0 SURFACE-WATER QUALITY--Continued
7.8 Suspended Sediment



7.0 SURFACE-WATER QUALITY--Continued
7.9 Bed Material
7.9.11ron

Clarion County Streams have High Bed-Material
Iron Concentrations

Streams in Clarion County, which produces about 70 percent of Area 2’s coal, had
a median bed-material iron concentration 1.7 to 4.2 times greater than those
for streams in the other area counties.

Eleven streams sampled in Clarion County had a
median bed-material iron concentration of 57,000 ug/g
(micrograms per gram), whereas streams in the other
counties in the area had median concentrations ranging
from 34,000 pg/g to 13,500 pg/g. The Clarion County
median concentration was 1.7 to 4.2 times greater than
those of the other counties. Clarion County produces
about 72 percent of the coal mined in Area 2.

Of the 65 streams sampled in Area 2, 5 had bed-
material iron concentrations of 75,000 ug/g or greater.
Four of these streams were in Clarion County (fig. 7.9.1-1)
in the vicinity of Clarion. The fifth stream with a bed-
material iron concentration of 75,000 ug/g or greater is
located in southwestern Warren County near Enterprise.
Bed-material iron concentrations in the range of
35,000-75,000 ug/g were found in scattered locations
across the area. Bed-material iron concentrations less than
10,000 pg/g were found in all sections of Area 2 except the
central and north-central parts.

Bed-material iron concentrations for 65 selected
streams in Area 2 ranged from 810 to 100,000 ug/g. The
mean and median concentrations were 27,600 and 21,000

42

ug/g, respectively. Ten streams (15 percent) had bed-
material iron concentrations of 10,000 ug/g or less, and 49
streams (75 percent) had concentrations of 30,000 ug/g or
less (fig. 7.9.1-2).

Samples for bed-material iron determinations (section
12.2) were collected during low base flow in the 1979 water
year. Analyses were performed according to procedures
outlined by Skougstad and others (1979). Bed-material iron
data are published by the U.S. Geological Survey (1980).

As materials pass through the stream channel net-
work, they are incorporated into the bed material. Unless
extremely high flows scour the bed material and transport
it downstream, the deposits may serve as in<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>