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FACTORS FOR CONVERTING INCH-POUND UNITS TO

INTERNATIONAL SYSTEM OF UNITS (SI)

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

Multiply inch-pound units

inches (in)

inches per hour (in/h)

feet (ft)

feet per mile (ft/mi)

miles (mi)

square miles (mi?)

gallons per minute (gal/min)

million gallons per day (mgal/d)

cubic feet per second (ft3/s)

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

tons per square mile per
year [(tons/mi?)/yr]

By

254

254
2.54

0.3048
0.1894
1.609
2.590
0.06309

0.04381
3,785

0.02832

0.01093

0.03753

To obtain SI units

millimeters (mm)

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

meters (m)

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

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

cubic meters per second (m*/s)
cubic meters per day (m>/d)

cubic meters per second (m?/s)

cubic meters per second per
square kilometer [(m®/s)/km?]

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






ABSTRACT

The Eastern Coal Province is divided into 24
hydrologic reporting areas. The divisions are based
upon hydrologic factors, location, size, and mining
activity. Hydrologic units (drainage basins) or parts
of units are combined to form each area. Area 3 is
located in the northern part of the Eastern Coal
Province in the lower Allegheny River basin and
covers an area of 4,077 square miles.

Area reports are designed to be useful to mining
companies, their consultants, and regulatory authori-
ties by presenting information concerning existing
hydrologic conditions and identifying additional
sources of hydrologic information. The hydrology
of the area is presented in the format of a brief text
and accompanying illustration(s) on a single water-
resource related topic.

Major streams in Area 3 in addition to the
Allegheny River are the Kiskiminetas River and
Redbank, Mahoning, Crooked, and Buffalo Creeks.
Area 3 is in the Appalachian Plateau physiographic
province. The rock types in the area are predomi-
nantly sandstone and shale containing thin beds of
limestone and coal. The area has a humid continen-
tal type climate. Mean rainfall in the area ranges
from 36 to 48 inches.

Area 3 is underlain by the Monongahela, Al-
legheny, Pottsville, and Conemaugh coal fields. The
Conemaugh and Allegheny are the most extensive.
Individual coals within the major fields vary in their
chemical composition. Coal production in Area 3
counties increased from 46,200,000 tons in 1974 to
53,000,000 tons in 1977, but dropped to about
50,000,000 tons in 1978.

A special network was established to collect
hydrologic data in coal-bearing areas. Seventy-three
monitoring stations (synoptic sites) were established
in Area 3. Water samples are collected at these sites
two or three times annually. Samples are analyzed
for specific conductance, pH, acidity, alkalinity,
dissolved and total iron, dissolved and total man-

ganese, dissolved sulfate, residue on evaporation,
and other properties. Similar samples are collected at
six gaging stations 6 to 9 times annually. Streams
indicating acid-mine drainage were most common in
the Redbank and Blacklick Creek basins, and the
Conemaugh and lower Kiskiminetas River basins.
Sixteen of the 73 synoptic sites had pH, acidity-al-
kalinity, total iron, total manganese, and dissolved
sulfate which all were indicative of acid-mine drain-
age. When all synoptic sites in Area 3 were consid-
ered, there was a close relationship between specific
conductance and dissolved solids.

Sampling at other water-quality stations indicat-
ed that specific conductance, pH, iron, manganese,
and sulfate can show considerable variability from
stream to stream, and with time for a single stream.

Of 64 streams sampled in Area 3, 11 contained
no benthic invertebrates. An additional 13 sites had
low benthic invertebrate diversity indices which is an
indication of poor water quality. Low diversity
indices were twice as common in the southern part of
Area 3 when compared with the northern part.

Recent streamflow data have been collected at 32
continuous-record gaging stations, 3 crest-stage
partial-record stations, and 6 low-flow partial-record
stations in Area 3 in addition to 70 miscellaneous
sites. Low-flow, mean-flow, peak-flow, and flow-
duration data are presented for gaging stations in
Area 3. Techniques or sources of information are
presented to enable estimates of these flow character-
istics at ungaged sites.

Water levels in observation wells in Area 3 fluc-
tuate throughout the year. Levels are generally low-
est during September-November and highest during
March-May. The U.S. Geological Survey can help to
identify and improve access to existing water data
via: the National Water Data Exchange, the Nation-
al Water Data Storage and Retrieval System, and the
Office of Water Data Coordination.



1.0 INTRODUCTION
1.1 Objective

REPORT SUBMITTED IN
RESPONSE TO PUBLIC LAW 95-87

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

This report provides hydrologic information, us-
ing a brief text with an accompanying map, chart,
graph, or other illustration for each of a series of
water-resources-related topics. The summation of
the topical discussions provides a description of the
hydrology of the area. The information contained

— herein should be useful to surface mine owners, oper-
ators, and consulting engineers in the preparation of
permit applications, and to regulatory authorities in
appraising the adequacy of the applications.

A need for hydrologic information and analysis

on a scale never before required nationally resulted
when the ”"Surface Mining Control and Reclamation

Act of 1977" was signed into law as Public Law
95-87, August 3, 1977. This report broadly charac-
terizes the hydrology of Area 3 in Pennsylvania (fig.
1.1-1). The hydrologic information presented or
available through sources identified in this report,
may be used in describing the hydrology of the "gen-
eral area” of any proposed mine. Furthermore, it is
expected that this hydrologic information will be sup-
plemented by the lease applicant’s specific site data
as well as data from other sources, to provide a more
detailed picture of the hydrology in the vicinity of the
mine and the anticipated hydrologic consequences of
the mining operation.
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1.0 INTRODUCTION (Continued)
1.2 Project Area

HYDROLOGY AND WATER RESOURCES
SUMMARIZED FOR AREA 3 IN PENNSYLVANIA

This report summarizes the hydrology and water resources of Area 3
in the northern part of the Eastern Coal Province in Pennsylvania.

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

Area 3 is near the northern end of the Eastern
Coal Province in western Pennsylvania. The area,
which includes part or all of Jefferson, Clearfield,
Armstrong, Butler, Allegheny, Cambria, Indiana,
Somerset, and Westmoreland Counties, lies within
the Allegheny River basin, and includes parts of the

Monongahela, Allegheny, Pottsville, and Cone-
maugh Coal Fields.

The area encompasses the lower Allegheny River
basin from Parker downstream to the Monongahela
River at Pittsburgh. Major tributaries in the area are
the Kiskiminetas River, Redbank, Crooked, Mahon-
ing, and Buffalo Creeks. The surface area of Area 3
is 4,077 square miles. Surface drainage through Area
3 includes an additional drainage from 7,671 square
miles of the Allegheny River basin.
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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
pm mesh sieve.

Bottom material specifically includes anthropo-
genic matter in addition to natural solid material in
bed material.

Cubic feet per second per square mile [(ft3/ s)miz]
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 equiva-
lent 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 broad-
ly, volume of fluid plus suspended material), that
passes a given point within a given period of time.

Mean discharge is the arithmetic mean of in-
dividual 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 per-
formed on filtered samples.

Diversity index is a numerical expression of
eveness of distribution of aquatic organisms, the
formula is:

s
d= -2 ™ logy M
i=1 1 n

Where 7. 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
postivie 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 topographic 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 appropri-
ate when used with a reading on a gage.

Gaging station is a particular site on a stream,
canal, lake, or reservoir where systematic observa-
tions of hydrologic 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 Coordination 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 (ug/L) is a unit expressing
the concentration of chemical constituents in solu-
tion 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 express-
ing the concentration of chemical constituents in
solution. Milligrams per liter represent the mass of
solute per unit volume (liter) of water. Concentra-
tion 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 systematically over a period of years for use
in hydrologic analyses.

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

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

Suspended-sediment concentration is the
velocity-weighted concentration of suspended sedi-
ment in the sampled 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 water to conduct an electrical current. It is ex-
pressed 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 dissolved-solids concentration of
the water. Commonly, the concentration of dis-
solved 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 source 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
organism lived.

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

Taxonomy is the division of biology concerned
with the classification and naming of organisms. The
classification of organisms is based upon a hierarch-
ical scheme beginning with Kingdom and ending with
Species at the base. The higher the classification
level, the fewer features the organisms have in com-
mon. For example, the taxonomy of a particular
mayfly, Hexagenia limbata is the following:

Kingdom---Animal

Phylum---Arthropoda

Class---Insecta

Order---Ephemeroptera

Family---Ephemeridae

Genus---Hexagenia

Species---Hexagenia limbata

2.0 DEFINITION OF TERMS



3.0 WATER QUALITY CRITERIA

NEW REGULATIONS SET EFFLUENT LIMITATIONS
FOR IRON, MANGANESE, PH, AND SUSPENDED SOLIDS

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

The Permanent Regulatory Program of the Of-
fice of Surface Mining sets specific standards for wa-
ter leaving a mine site. Section 816.42 (a) (7) of the
Permanent Regulatory Program states that “dis-
charges of water from areas disturbed by surface
mining shall be made in compliance with all Federal
and State laws and regulations . . . .” This same sec-
tion also sets certain specific numerical effluent limi-
tations. The specific effluent limitations are for total

iron, total manganese, 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 xg/L manganese.



Table 3.0-1 Mine effluent limitations.

Ef fluent limitations in milligrams
per liter (mg/L) except for pH!

Average of daily
values for 30

Effluent Maximum consecutive
Characteristics allowable discharge days
Iron, total 7.0 3.5
Manganese, total? 4.0 2.0
Total suspended solids 70.0 35.0

pH?® Within range of 6.0 to 9.0

"Federal Register, Volume 44, No. 5C, Tuesday, March 13, 1979, p. 15398.

2Shall not apply to untreated alkaline discharges.

SpH may exceed 9.0, to a small extent, if needed to achieve manganese limit.

3.0 WATER QUALITY CRITERIA



4.0 GENERAL FEATURES OF STUDY AREA
4.1 Geology and Physiography

AREA IS IN APPALACHIAN PLATEAUS PHYSIOGRAPHIC
PROVINCE AND IS UNDERLAIN BY SANDSTONES AND SHALES

Area 3is in the Unglaciated Allegheny Plateau
and Allegheny Moutain Sections of the
Appalachian Plateaus physiographic province.
Primary rock types in the Area are sandstones and shales.

Eastern Coal Province Area 3 is in the Unglaciat-
ed Allegheny Plateau and Allegheny Mountain Sec-
tions of the Appalachian Plateaus physiographic
province (Fenneman, 1938). In the Allegheny Moun-
tain section the rocks are mildly folded and many of
the mountains are plateau-like, and are separated by
strips of deeply dissected plateau. The Unglaciated
Allegheny Plateau is characterized by low, broad
ridges, although there are many valleys with relief of
several hundred feet.

Rock types in Eastern Coal Province Area 3 are
primarily sandstone and shale that contain thin beds
of limestone and coal. The rocks dip only a few de-
grees to the northwest or southeast on the flanks of
broad folds that are about 10 miles across.

The rocks are divided into six stratigraphic units,
four in the Pennsylvanian System and two in the Mis-
sissippian System. The stratigraphic order of the
rock units, from youngest to oldest, are the Monon-
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gahela Formation, Conemaugh Formation, Alleghe-
ny Group, and Pottsville Group of Pennsylvanian
age; and the Mauch Chunk Formation and Pocono
Group of Mississippian age. Coal beds and lime-
stone are common in the Pennsylvanian System
(Pennsylvania Topographic and Geologic Survey,
1960).

The Conemaugh Formation is the most areally
extensive stratigraphic unit and the Allegheny Group
is the second most extensive (fig. 4.1-1). The Potts-
ville and Pocono Groups are about equal in size and
are limited to the northern and southern parts of the
area. The Monongahela Formation is fifth in areal
extent and is found in the southwestern one-third of
the area. The Mauch Chunk Formation is the least
extensive stratigraphic unit and is in the southern sec-
tion of the area. The Mauch Chunk Formation gen-
erally is found between the Pottsville and Pocono
Groups (fig. 4.1-1).
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Allegheny Group

Depth 220 to 370 feet Cyclic sequences
of sandstone, shale, limestone and coal.

1
|
|
|

Pottsville Group

Depth 60 to 375 feet  Predominantly
sandstones and conglomerates with thin
shales and coals.

Figure 4.1-1 Geology



4.0 GENERAL FEATURES OF STUDY AREA (Continued)

4.2 Surface Drainage

FIVE MAJOR TRIBUTARIES DRAIN
MORE THAN 80 PERCENT OF THE AREA

Major tributaries of the Allegheny River draining
Area 3 are the Kiskiminetas River, Redbank Creek,
Mahoning Creek, Crooked Creek, and Buffalo -Creek.
These tributaries drain more than 80 percent of the Area.

Eastern Coal Province Area 3 consists of 4,077
mi? (square miles) of the lower Allegheny River basin
from Parker downstream to the Monongahela River
at Pittsburgh. Five major tributaries drain over 80
percent of Area 3 (fig. 4.2-1). East of the Allegheny
River the Kiskiminetas River, Redbank Creek, Ma-
honing Creek, and Crooked Creek have drainage
areas of 1,877, 573, 425, and 292 mi?, respectively.
The major tributary west of the Allegheny is Buffalo
Creek, which has a drainage area of 171 mi2. The
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remaining 729 miZ in Area 3 is drained directly by the
Allegheny River or by various smaller tributaries.

The Kiskiminetas River drains the southeast 46
percent of Area 3. Major tributaries of the Kis-
kiminetas River are Stony Creek, Blacklick Creek,
and Loyalhanna Creek having drainage areas of 467,
418, and 299 mi? , respectively. The Conemaugh
River becomes Kiskiminetas River downstream from
Loyalhanna Creek.
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4.0 GENERAL FEATURES OF STUDY AREA (Continued)

4.3 Soils

SOILS IN THE AREA ARE MODERATELY ACIDIC TO NEUTRAL
AND ARE GENERALLY SUITABLE FOR PLANT GROWTH

Soil pH levels generally range from 5.0to 7.0 in
Area 3. Some soil associations have been reported
to have pH levels as low as 4.6, but most are suitable
as a plant growth medium for disturbed land reclamation.

Most of the soils in Eastern Coal Province Area 3
have pH levels in the 5.0 to 7.0 range. Several soil as-
sociations, the Gilpin-Clymer-Cookport, Hazleton-
Cookport, and the Hazleton-Gilpin-Ernest, have had
minimum pH levels of 4.6 reported. Table 4.3-1 pre-
sents features of the 11 soil associations found in
Area 3.

The map presented in figure 4.3-1, showing the
location of the soil associations in Area 3, and the
data in table 4.3-1 are very general. A soil associa-
tion is a landscape that has a distinctive proportional
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pattern of soils (U.S. Department of Agriculture,
1968b). More detailed information for individual
counties within the area is available from the U.S.
Soil Conservation Service.

Soils in Area 3 are generally suitable as a plant
growth medium for disturbed land reclamation.
Most soils would receive a "good” or “fair” rating
when using the criteria in table 4.3-2 for pH, coarse
fragment, available water capacity, depth to bed-
rock, and slope categories.
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4.0 GENERAL FEATURES OF STUDY AREA (Continued)

4.4 Climate

AREA HAS HUMID CONTINENTAL TYPE CLIMATE
WITH ANNUAL PRECIPITATION OF 36 TO 48 INCHES

The humid continental type climate of Area 3
is greatly influenced by the large number of
storm tracks that cross the area. Mean
annual precipitation in the Area ranges from
36 to 48 inches.

Area 3 is located in the Allegheny Mountains and
its western foothills, and has a humid continental
type climate. A number of major storm tracks cross
the area and enter from the north, west, and south.
Winter storms originate in polar Canada and travel
due south from the Hudson Bay or east from the
Rocky Mountains. In the winter warm air from the
Gulf sometimes travels north causing alternate thaw-
ing and freezing. Snow usually begins in late Novem-
ber and ends in early April. The amount of snow
varies with elevation and usually covers the ground
an average of 33 days during the year. Rain is dis-
tributed fairly evenly throughout the year, although
March to September are the wettest months. Sum-
mer storms from the south bring heavy rains or hot,
humid weather. Temperatures peak during July,
usually one of the wettest months. Thunderstorms
increase after the winter months, peak in mid-
summer, and become less frequent as the colder
months begin. Mean annual precipitation ranges
from 36 inches in the Western foothills to 48 inches in
the mountains.

Mean annual precipitation, in inches, is shown
by the isohyets on figure 4.4-1; the base period is
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1941-70. The monthly normals and extremes at two
weather stations are shown in figure 4.4-2. The max-
imums and minimums vary above and below the nor-
mal for each month. Monthly extremes of snowfall
and ice peliets are illustrated in figure 4.4-3.

The average annual temperature for the study
area is about 50° to 55°F. Temperatures have been
recorded as high as 105°F during the month of July
and as low as -25°F in the month of January. Be-
cause of the change in topography, the mean annual
freeze-free period ranges from 106 to 183 days. The
recorded normals and extremes at the Pittsburgh Air-
port and Johnstown weather stations are shown in
figure 4.4-4, The maximums and minimums vary
above and below the normal for each month.

Daily precipitation data are published monthly
as "Local Climatological Data for Pennsylvania” by
the National Oceanic and Atmospheric Administra-
tion, National Climatic Center, Ashville, North
Carolina. Statistical information concerning analysis
and data are presented by U.S. Department of Com-
merce (1973).
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5.0 COALIN STUDY AREA
5.1 Areal Extent

FOUR OF PENNSYLVANIA’S SIX
COAL FIELDS PRESENT IN THE AREA

Area 3 is underlain by the Monongahela,
Allegheny, Pottsville, and Conemaugh coal fields.

Figure 5.1-1 shows that most of Eastern Coal
Province Area 3 is underlain by coal. Four of the
State’s six coal fields, the Monongahela, Allegheny,
Pottsville, and Conemaugh, are found in the area.
The Conemaugh coal field underlies most of the
area. The second most extensive coal field is the Al-
legheny. The Monongahela and Pottsville occupy
scattered, but locally extensive portions of the area.

Although the Conemaugh field is found in all
parts of Area 3 except near the northern and south-
ern borders, and scattered interior locations, it is gen-
erally thin and not mined. However, within this
field, the Wellsburg, Barton, and Bakerstown coals
are locally workable, as in Butler County (Sisler,
1961).

The Allegheny field is most extensive near the
northern border of Area 3, and is common near
Johnstown. It is also found in other scattered sec-
tions of the Area, notably along the Allegheny and
Kiskiminetas Rivers, and Twolick Creek. The Al-
legheny field contains the Upper and Lower
Freeport; Upper, Middle, and Lower Kittanning;
Brookville; and Clarion coals. These coals range
from 2 to 6 ft thick and are important or locally
mineable in most sections of Area 3.

The Monongahela coal field is common in the
Loyalhanna Creek basin and is also found in other
parts of the Kiskiminetas River basin. It contains the
Waynesburg, Sewickley, Redstone, and Pittsburgh
Coals. These coals range from locally mineable to
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important in Allegheny, Somerset, and Westmore-
land Counties (Sisler, 1961).

The Pottsville coal field is locally common along:
Redstone Creek and the Allegheny River in the
northern part of Area 3. It is also found west of
Johnstown and near the southern border of the Area.
The Pottsville contains the Quakerstown, Sharon,
and Alton Coal Groups. None of the Pottsville
Coals are major producers in the area.

A few scattered areas along the southeastern bor-
der of the Area and along the Somerset-Westmore-
land County line contain no coal. A few scattered
areas underlain by no coal are also found northeast
of Ligonier.

The Redbank Creek basin is mainly underlain by
Allegheny coals, although areas adjacent to the creek
itself are underlain by Pottsville coals. The Crooked,
Buffalo, and Blacklick Creek basins are underlain by
Conemaugh coals except in the vicinity of the main
stream channels where Allegheny coals predominate.
The lower part of the Mahoning Creek basin is un-
derlain by Allegheny coals, whereas Conemaugh
coals are more common in the upper part. The Stony
Creek basin is primarily underlain by Allegheny and
Conemaugh coals, but Pottsville coals are common
in the headwaters of the Shade Creek. The Loyal-
hanna Creek' basin contains some Monongahela
coals, although the Conemaugh coals are most com-
mon.
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5.0 COALIN STUDY AREA (Continued)
5.2 Trends in Coal Production

COUNTIES IN AREA PRODUCE ALMOST 50 MILLION
TONS OF BITUMINOUS COAL PER YEAR

During 1974-78, annual bituminous coal production in the
nine counties of Area 3 ranged from 46,200,000
to 53,000,000 tons, and averaged 49,900,000 to_ns.

Eastern Coal Province Area 3 contains all or part
of nine coal-producing counties. Counties in the
study area are Allegheny, Armstrong, Butler, Cam-
bria, Clearfield, Indiana, Jefferson, Somerset, and
Westmoreland.

Figure 5.2-1 depicts coal production by county
and total coal production in the nine-county area.
During the 5 years, 1974-78, total annual coal pro-
duction in Area 3 counties ranged from a low of
46,200,000 tons in 1974 to a high of 53,000,000 tons
in 1977 (Commonwealth of Pennsylvania, 1978).
The average for the 5 years is 49,900,000 tons or 68
percent of Pennsylvania’s production. There was a
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steady increase in production during 1974-77 and a
decrease in 1978. Because some counties are only
partly within Area 3, these figures somewhat over-
state production from the area.

Indiana County is the leading coal producer in
Area 3. Annual production during 1974-78 ranged
from a low of 9,027,000 tons in 1978 to 10,802,000 in
1976. Clearfield County produced an annual average
of 8,600,000 tons. Cambria and Armstrong are also
major producers in Area 3. These counties averaged
7,330,000 and 7,120,000 tons per year, respectively,
for 1974-78.
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5.2 TRENDS IN COAL PRODUCTION



6.0 COAL HYDROLOGY NETWORK
6.1 Surface-Water Quantity

STREAMFLOW DATA COLLECTED
AT 122 LOCATIONS IN AREA

Systematic streamflow data have recently been collected
at 23 continuous-record gaging stations, 3 crest-stage
partial-record stations, 6 low-flow partial-record
stations, and additional measurements of discharge have
been obtained at 70 miscellaneous sites.

Systematic collection of streamflow data at an
established network of stations is a key ingredient in
the assessment 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 stations. Such systematic data
collection also provides the ability to make estimates
of streamflow characteristics for sites where data are
not collected. Systematic surface-water data are gen-
erally collected at continuous-record or partial-re-
cord stations. Additional surface-water data may be
collected at miscellaneous sites.

Continuous-record stations are locations where a
continuous record of stream stage (height of the wa-
ter surface above an arbitrary datum) is collected.
The stage information is generally collected and
recorded by a variety of automatic recorders. Peri-
odic measurements of actual stream-flow or dis-
charges relate specific stages to specific discharges.
The continuous record of stage, combined with the
stage-discharge relation, provides a continuous re-
cord of streamflow. Such continuous streamflow
data are usually converted to yield a mean daily dis-
charge, although instantaneous discharges at specific
times during the day can also be determined.
Continuous-record stations provide the most detailed
streamflow data. Figure 6.1-1 shows the locations of
23 continuous-record stations in Area 3, and Appen-
dix 1 provides station names and drainage areas.

Partial-record stations supplement the networks
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of continuous-record stations. They provide addi-
tional data at a much lower cost than that provided
by a continuous-record station although much detail
is lost. Low-flow partial-record stations have no
recording devices, but rather are measured directly
during low flow. Relationships between concurrent
flows at the partial-record and continuous-record
stations extend the areal coverage of low-flow data.
Crest-stage partial-record stations, on the other
hand, utilize a simple gage to record the maximum
stage reached by a stream during a runoff event. A
stage-discharge relation, developed through a series
of direct discharge measurements and indirect dis-
charge determinations, is then used to compute the
peak flow during the event. Such peak-flow data can
be analyzed to determine the flood-frequency charac-
teristics of a stream. Figure 6.1-1 shows the locations
of 3 crest-stage and 6 low-flow partial-record stations
in the area, and Appendix 1 provides station names
and drainage areas.

Miscellaneous sites further supplement the net-
work of continuous-record stations. Streamflow is
measured at these stations when visited, but no par-
ticular effort is made to obtain measurements of high
or low flows. Such measurements can be used in con-
junction with water-quality data to compute loads of
various dissolved or suspended constituents. Figure
6.1-1 shows the locations of 70 miscellaneous sites in
the area, and Appendix 1 provides station names and
drainage areas.
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6.0 COAL HYDROLOGY NETWORK (Continued)

6.2 Surface-Water Quality

RECENT WATER-QUALITY DATA COLLECTED
AT 87 LOCATIONS IN AREA

Water-quality and daily streamflow data
are available for 14 stations in Area 3.
Miscellaneous water-quality data are

available for 73 sites in the area.

Figure 6.2-1 shows the locations of 14 gaging sta-
tions having daily streamflow data and water-quality
data. Water-quality data were collected at these sites
(with the exception of sites 40, 52, and 79) for several
years during the latter half of the 1970’s. Six of these
14 sites, 20, 40, 52, 73, 79, and 99 were selected for
continued water-quality sampling as part of a con-
tinuing effort to describe the hydrology of coal areas.
Site 20 is designated as a trend site; data from this site
will be used to detect long-term changes in water
quality. Station names and drainage areas for the
continuous-record stations are provided in Appendix
1.

In order to increase the water-quality data base
for Eastern Coal Province Area 3, 73 miscellaneous
monitoring locations were established. Figure 6.2-1
shows the location of these monitoring stations,
known as synoptic sites, and Appendix 1 provides
station names and drainage areas. The map also
shows the drainage basin that is monitored at each
synoptic site. Any activity affecting water quality or
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quantity taking place upstream from a synoptic site
may be reflected at the site. However, if the change
is small or transitory, it may not be detected at the
synoptic site.

All first order streams in coal-bearing sections of
Area 3 were initially considered for a synoptic site.
First order streams were defined as those unbranched
streams appearing 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 in Area 3.

Synoptic sites were located on 73 streams having
drainage areas ranging from 2.46 to 87.4 mi2. The
mean drainage area for all streams was about 18 miZ.
About one-third of the streams have drainage areas
between 16 and 32 mi? while about one-fourth of the
streams have drainage areas larger than 32 miZ.
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6.0 COAL HYDROLOGY NETWORK (Continued)

6.3 Type and Scheduling of Samples

SAMPLING NETWORK IS DESIGNED TO DEFINE
COAL-RELATED WATER QUALITY IN AREA

A network of 73 synoptic sites and 6 continuous-record
stations 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 hy-
drology network utilizes two types of sampling sta-
tions, each having a distinct purpose. A large net-
work 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 qual-
ity over time.

Water-quality samples and measurements of dis-
charge (streamflow) are planned for at least three dif-
ferent flow conditions at synoptic sites. Samples have
been collected under high and intermediate base flow
conditions at most synoptic sites. Climatic condi-
tions prevented adequate low base-flow sampling pri-
or to preparation of this report. Future plans include
sampling at low base flow.
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Table 6.3-1 lists the types and frequencies of data
collection at the 73 synoptic sites. These data were
selected to concentrate on information which may be
useful in coal-bearing areas. Many of the water-
quality constituents listed in table 6.3-1 are specifical-
ly mentioned in the surface mining regulations.
These water-quality data are published by U.S. Geo-
logical Survey (1980, 1981).

Similar data are being collected at the six
continuous-record stations in Area 3’s coal hydrolo-
gy network. Samples are being collected more fre-
quently than at the synoptic sites and additional sam-
ples are being collected. Table 6.3-2 lists the types
and frequencies of sampling at the continuous-record
stations. The data collected at these sites have been
published by U.S. Geological Survey (1980, 1981).



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

Each visit (6-9, times annually)

Discharge Dissolved iromn
Temperature Total manganese
Specific conductance Dissolved manganese
Table 6.3-1 Types and frequency of water-data at synoptic sites. pH Sulfate
Alkalinity Residue, dissolved
Acidity Suspended sediment
Each visit (low, medium, and high flows) Total irom
Discharge Dissolved irom Annually (low flow)
Temperature Total manganese
Specific conductance Dissolved manganese Identification of benthic invertebrates
pH Sulfate
Alkalinity Residue, dissolved One time only (low flow)!
~Acidity Suspended sediment Bottom materials

Total 1iron

Arsenic Manganese
Cadmium Mercury
Annually (low flow) Chromium Selenium
Cobalt Zinc
Identification of benthic invertebrates Copper Organic carbon
Iron Inorganic carbon
Lead Coal

One time only (low flow)
Bottom materials

Common constituents!

Arsenic Manganese Sodium absorption ratio Dissolved fluoride
Cadmium Mercury Sodium percent Residue, dissolved
Chromium Selenium Dissolved calcium Dissolved silica
Cobalt Zinc Dissolved manganese Dissolved sulfate
Copper Organic carbon Dissolved potassium Nitrite plus nitrate
Iron Inorganic carbon Dissolved sodium Total phosphorus
Lead Coal Dissolved chloride Total alkalinity

Minor elements!

Storm events (high flow)

selected sites Total barium Total manganese
Total cadmium Total silver
Suspended sediment and discharge Total chromium Total zinc
Total copper Total arsenic
Total irom Total selenium
Total lead Cyanide

Total mercury

LAt continuous-record sites designated trend or reference collection
is annually at low flow. Storm sediment data are also collected at
trend and reference sites.

6.0 COAL HYDROLOGY NETWORK (CONTINUED)
6.3 TYPE AND SCHEDULING OF SAMPLES



7.0 SURFACE-WATER QUALITY
7.1 Specific Conductance

HIGHEST SPECIFIC CONDUCTANCES MOST COMMON
IN FOUR DRAINAGE BASINS IN AREA

Specific conductances in excess of 1,000 umho/cm
(micromhos per centimeter) were found in the Redbank
Creek, Blacklick Creek, and lower Kiskiminetas River
basins and in tributaries to the Kiskiminetas River.
Maximum specific conductances measured in Area 3
ranged from 60 to 6,600 umho/cm.

Figure 7.1-1 illustrates that the highest specific
conductances in Eastern Coal Province Area 3 were
generally confined to four drainage basins. The Red-
bank Creek basin, located northeast of Butler, con-
tains streams having high specific conductances. A
second basin having high specific conductances is the
Blacklick Creek basin, north of Johnstown. High
specific conductances are also found in the lower Kis-
kiminetas River basin and in tributaries to the Al-
legheny River downstream from the mouth of the
Kiskiminetas River. The maximum specific conduc-
tance measured at each of 72 stream sites ranged
from a low of 60 umho/cm to a high of 6,600 umho/
cm. The average maximum specific conductance
measured at each site was 790 pmho/cm. Figure
7.1-2 shows that 41 of 72 streams had a maximum
specific conductance of 500 umho/cm or less, and
only 14 streams had maximum specific conductances
greater than 1,000 umho/cm. Specific conductances
of less than 500 umho/cm were generally found at
streams whose minimum pH was greater than 6.5.

Figure 7.1-3 illustrates the range and mean of
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measured specific conductances at four continuous-
record stations in Area 3 during the 1976 and 1977
water years. Figure 7.1-3 shows specific conductance
may vary considerably with time even in a single
stream. Each of the four streams exhibited a nega-
tive correlation between instantaneous discharge and
specific conductance. The correlations were all sig-
nificant at the 95-percent confidence level. In spite
of the variations within the individual streams, a
two-sample t-test indicated that the means for all
four stations are significantly different, except when
comparing 73 and 83.

Water samples were tested for specific conduc-
tance at 72 stream sites in Area 3 during June 1979 to
April 1980 according to procedures outlined by
Skougstad and others (1979). Most sites were tested
three times, once during high base flow and twice
during intermediate base flow. Sampling at low base
flow is included in future plans. Data for the 1979
and 1980 water years are published by U.S. Geologi-
cal Survey (1980, 1981).



79°

SCALE 1:750,000

Munderf
0 10 20 30 MILES * 1810 14
— | ~
o e e e Richardsville O Sugar Hill
0 10 20 30 KILOMETERS 3 Warsaw 5
Ea—m—m—m=i )} < Hazen | q
Allens Mills )
W Brookville / & N aand 8 L /1 ¢ )
CLARION D Fals Creek {‘) o Sabs
Eau Claire 4!3 ol ear R
I axter "R sandy valley
Pdrtyville | Summervillg Du B IS @ s
Pagkergy oS hville K"";" (Reynolg wlle. Rathmel q
G‘ Dutch Shannondale / IJ A Dale | R - Sandy
g2 Hil Truittsburg g Sﬁ% Soldier” WRerty
North Y Monterey g k e Luyerspurd
Washington | Rimersburg 21 Mayp - S 5 \Sy hesvl e .
Fairview  {Petrolia . Maple oy Hawthom Khwne 3 IPanic ishaw (o 3 Vielvetia
IN Free Markton] Desire ¢ Troutvillé

4a1°

BUTLER

C

R
Karns / IE,ad ] Sandy H hem st
Bw‘ny Cista Ben ba onhdn 5 Bethlehem
C2LE Brady () Clmlax
Philipston

a""w”"‘—“'ly = —ogptankle Mills.

Smmp l

ST A a1°
Rlnggold Oliveburg™ | nita
Wldnoon Kenzr burg Dora /© 24
Chicor Frogtown Tidal Se # Frostburg ;| waliston _{2)
De I Timblin Big R ]
Eharedi X Rimez anvilie s 5 Punxsutawney 2 Big Run
erre - o
| @ A * . Porter (Y400

o Reesed ‘ &) 3 ‘\)

3 "zg YL N Hamilton o v4fiigr) Qortsb %

= A (meenw@‘ ing ey —— M L

= chansv.np “Belknap Noym Point Rossiter

lgm,
i ©

¥ Trade Funeau
City Cavo e

CLEARFIELD

@r Tanl(zvn
oylevill Taigsville
Worthington

18ryan

Great Belt Euﬂa‘o Cre€k O
92 Y Kittanning Rural
W Kittannin I/ R
W Winfielg) & ) Yatesborots wYalley Plumville
Marwood 24 Manorville NuMine S |
Ford City Koy S2Bamoregs ) - Bever O 0t (R
osston i ak Point
Christy _Sha . Atwiged \ | Hillsdale,
o Shay Owhitesbur, 39 g0t Home Purchase Line
Vywood enor Rockville
s Satverville (S 3 7 &2 Crooked Creef Five Dixonville| |
huNer / ol 44 oints . Cord
. Heights o ¥ @ astonn e’ by 2
80° — _ Ereeport o iderton
Bakerstpwn . ,u\r&e,¥.|\e 5
Gibsonia Curlls% Haero — Girty
Wextord 02 Russellton South Bend),
! N Vandergrift 4
o Wildwood 3 Village -,

Ingor

/All|sun

S | Fbx Chapel ., I
Eing roi
&) arpshtirg

REAY

Q rackenridgé } orei
" Sparseyville aremu; —ggwer Burreff
% '% 100zs3mere {{ B Paultn

i\ él’ark Spredald n:
i wiGlenshaw ~P LRSS T
’ ’ b .‘ Hifont \'N Wwashington
1 PENN HILLS
.Plum! sardis

on

Spring Chlny
Ovchard Hills
ADGII /

Mcintyre X
Aultman, &
£

570 o Nolg”

@bJstown 5
) Homer City
 Brush Valley 2

Waterman ‘

oncsittr

sington

Bell Point

Mamont

Slickville

80° 5 ‘ . MuRdys Cor
Loyal hanna = ‘1826
A L- l-— E G H E N Y D,,.,,m:‘.‘l. 82—' Sew wJCré C A M B R [ A Lllly
; Brenizer o), Robinson Vinco,, sandrg/
Five Points 7 New Alexandria Bolivar 5 (Y Jamds(dws
) Rl W - Lline 3 Sy Wilmion TPortage
rabtree iliside 59 New Sho =—Summerhill> Spring Hil
WESTMOREL AGN D ( ~one uth Fork martindale
JLuxor ot « West Fairfield /| 5 saf"é (';"'C"a
= walone < i ) | ) . X salix S lovdell
Youngmn Wilpen 2563 & W © Dunfo
« Baggaley Bk 3 " Liandair
T so@e Hill 2675 '
S igonier Waterford Thionms g -~ B
~Mit},
« La xgh\mmq?\ /.2770 Davidsville __
3 Jerome
\ho
\ @k [ oo
Crisp J Boswell @
1’ Stahlstown Hennerstown KJEHT\G‘FS 8 ¢
Gray 5 ~
Donega g Ralphton WIIDEI
BASE FROM U.S. GEOLOGICAL SURVEY Acosta® il Cairnbronk 1Cen(ral City,
STATE BASE MAP, 1977 Sipesvilleo Stoysto@y kantner
Quecreek
Edie Kimmelton addambertsville
1spand, uckstown
riedens | Indian _JrLoke
EXPLANATION Vitia e,
: e
SOMERSET 750\ Shankautie
e 40°
. . . . Brotherton
Site location  Maximum specific conductance, ;
Roxbuyfy

and number

o'
o4
0%
o
0?2

in micromhos per centimeter

0-199
200-499
500-999
1000-1999
2000 +

Figure 7.1-1 Maximum specific conductances found in selected streams.
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7.0 SURFACE-WATER QUALITY (Continued)
7.2 Dissolved Solids

HIGHEST DISSOLVED-SOLIDS CONCENTRATIONS
WERE FOUND IN FIVE DRAINAGE BASINS IN AREA

The highest dissolved-solids concentrations in Area 3 were
found in the Redbank Creek, Blacklick Creek, Conemaugh River,
and lower Kiskiminetas River basins, and in tributaries to the
Allegheny River downstream from the Kiskiminetas River. The
maximum dissolved-solids concentrations at sites in the
area ranged from 44 to 4,390 mg/L (milligrams per liter).

Figure 7.2-1 illustrates that the highest
dissolved-solids concentrations in streams in Eastern
Coal Province Area 3 were generally found in five
drainage basins. One drainage basin having high
dissolved-solids concentrations is the Redbank Creek
basin, northeast of Butler. A second basin having
high dissolved solids is the lower Kiskiminetas River
basin in the vicinity of Vandergrift. The third and
fourth drainage basins are the Blacklick Creek and
upper Conemaugh River basins, both north of
Johnstown. Additionally, high dissolved-solids con-
centrations are found in tributaries to the Allegheny
River downstream from the mouth of the Kis-
kiminetas River.

The maximum dissolved-solids concentrations
found at 72 stream sites ranged from a low of 44
mg/L to a high of 4,390 mg/L. The mean maximum
dissolved-solids concentration was 430 mg/L and the
median maximum concentration was 220 mg/L. The
difference between the mean and the median reflects
the effect of a few high dissolved-solids concentra-
tions on the mean. Figure 7.2-2 illustrates that 32
streams had a maximum dissolved-solids concentra-
tion of less than 200 mg/L while only 9 had a
maximum concentration greater than 800 mg/L.

A regression relationship using dissolved solids
as the dependent variable and specific conductance as
the independent variable shows a close relationship
between these measures of water quality. The equa-
tion:

30

ROE = 10.9 + 0.68 (SC)

expresses the relation between residue on evaporation
at 180°C (dissolved solids) and specific conductance
where:

ROE = residue on evaporation at 180°C in
milligrams per liter, and

SC specific conductance in micromhos per
centimeter at 25°C.

This relation explains over 90 percent of the
variation of dissolved solids. The standard error of
the estimate for the equation is plus or minus 148
mg/L. The relation is shown graphically in figure
7.2-3. The equation was developed using 122 data
pairs. The slope (0.68) falls well within the range of
0.55 to 0.75 reported by Hem (1970) for most waters.

Water samples for dissolved-solids determina-
tions (Skougstad and others, 1979) were collected at
72 stream sites during June 1979 to April 1980.
Generally one sample was collected during high base
flow and two samples were collected during inter-
mediate base flow. Future plans include low flow
samples. Dissolved-solids data for the 1979 and 1980
water years are published by the U.S. Geological
Survey (1980, 1981).
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7.0 SURFACE-WATER QUALITY (Continued)
7.3pH

LOWEST pH VALUES MOST COMMON IN
THREE DRAINAGE BASINS IN AREA

The lowest pH values (less than 4.5)
in Area 3 were found in the Redbank
Creek, Blacklick Creek, and upper
Conemaugh River basins. Minimum pH
values measured at each site in the
area ranged from 3.2 to 7.9.

Figure 7.3-1 illustrates that streams having the
lowest pH values generally were confined to three ba-
sins in Eastern Coal Province Area 3. Streams in
Redbank Creek basin having low pH are located
northeast of Butler. Low pH values were also rela-
tively common in the Blacklick Creek and upper
Conemaugh River basins near Johnstown. The low-
est value of pH measured at each of 72 stream sites

ranged from a low of 3.2 to a high of 7.9. The aver- -

age minimum pH value was 6.2 while the median
minimum pH was 6.7. Figure 7.3-2 shows that 14
streams had a minimum pH value in the neutral or al-
kaline range (pH > 7.0), but 53 streams had a mini-
mum pH value greater than 6.0. Only 8 of the
streams had a pH value of 4.0 or less.

None of the major rock units in Area 3 are
primarily limestone, but outcrops of limestone may
occur in many stream valleys. The presence of lime-
stone beds may possibly explain some of the higher
pH values, but the complexity of their outcrop loca-
tion precluded any detailed analyses.

The pH was measured at 72 stream sites in Area 3
during June 1979 to April 1980 using procedures ou-

32

tlined by Skougstad and others (1979). Most sites
were measured three times, once during high base
flow and twice during intermediate base flow. Sam-
pling at low base flow is included in future plans.
The data for the 1979 and 1980 water years are pub-
lished by the U.S. Geological Survey (1980, 1981).

Figure 7.3-3 illustrates the variability in pH ob-
served at four continuous-record stations during the
1976 and 1977 water years. The four stations shown
in the figure have mean pH values of 4.1, 4.2, 6.4,
and 6.6. Figure 7.3-3 also illustrates that pH meas-
urements at different times in the same stream can
vary widely (3.7 pH units for site 65). The mean pH
values for most of the streams were significantly dif-
ferent from one another except when comparing site
20 with site 83 and site 65 with site 73. Figure 7.3-3
demonstrates that some pH values in each of these
streams fell below the OSM (Office of Surface Min-
ing, 1979) effluent limit of pH 6.0. The mean pH for
two of the four streams was below the effluent stand-
ard and even the maximum value of 4.5 reported for
site 73 violates the standard.
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7.0 SURFACE-WATER QUALITY (Continued)
7.4 Acidity and Alkalinity

ACIDITY EXCEEDS ALKALINITY
AT 16 of 71 SITES

At 16 of 71 sites in Area 3, acidity exceeded
alkalinity. Maximum measured acidity was compared with
minimum measured alkalinity at each site.

When maximum measured acidity was compared
with minimum measured alkalinity, 16 of 71 streams
showed acidity in excess of alkalinity. Streams having
acidity in excess of alkalinity had accompanying low
pH values.

Figure 7.4-1 illustrates that streams having acidi-
ty in excess of alkalinity are found in three general
sections of Area 3. These areas are located northeast
of Butler, northeast of Pittsburgh, and north of
Johnstown, respectively.

34

Acidity and alkalinity determinations were made
for each of 72 sites in Area 3 during June 1979 to
April 1980. Most sites were tested once during high
base flow and twice during intermediate base flow.
The alkalinities were measured in the field, but the
acidity was a laboratory determination (Skougstad
and others, 1979). Data for the 1979 and 1980 water
years are published by the U.S. Geological Survey
(1980, 1981).
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7.0 SURFACE-WATER QUALITY (Continued)
7.5 Total and Dissolved Iron

HIGHEST TOTAL-IRON CONCENTRATIONS MOST
COMMON IN THE CONEMAUGH RIVER BASIN

The highest total-iron concentrations were most common
in the Conemaugh River basin in Area 3. Maximum total-
iron concentrations for sites in the area ranged from
180 ug/L (micrograms per liter) to 160,000 ug/L.

Figure 7.5-1 illustrates that the highest total-iron
concentrations were found in streams in the Cone-
maugh River basin of Eastern Coal Province Area 3.
The lower Kiskiminetas River basin and the Redbank
Creek basin also had streams with high total-iron
concentrations.

The maximum total-iron concentrations at sites
in the area ranged from a low of 180 ug/L to a high
of 160,000 ug/L. The mean maximum total-iron
concentration was about 8,800 ug/L while the medi-
an maximum concentration was 2,000 ug/L. The
difference between the mean and median maximum
total-iron concentrations can be attributed to 11
streams having maximum total-iron concentrations
greater than 10,000 ug/L. Figure 7.5-2 shows that 23
streams had maximum total-iron concentrations of
less than 1,000 ug/L and 49 streams had concentra-
tions less than 3,000 pg/L. Only 11 streams had
maximum total-iron concentrations greater than
9,000 ug/L.

The distribution of maximum dissolved iron in
Area 3 streams followed the same pattern as that of
total iron. Maximum dissolved-iron concentrations
ranged from 30 to 150,000 ug/L, and the median
maximum concentration was 240 ug/L.

Water samples for total- and dissolved-iron
determinations (Skougstad and others, 1979) were
collected at 73 stream sites in Area 3 during June
1979 to April 1980. Generally one sample was col-
lected during high base flow and two samples were
collected during intermediate base flow. Future
plans include low base flow sampling. Total- and
dissolved-iron data for the 1979 and 1980 water years
are published by the U.S. Geological Survey (1980,
1981).

The relation between total iron and dissolved
iron can be seen in equation 7.5-1 and graphically in
figure 7.5-3.

36

TI = 1.07 (DI) + 1055  (7.5-1)

Where TI = total-iron concentration, in micrograms per liter, and

DI = dissolved-iron concentration, in micrograms per liter.

This equation explains 98 percent of the varia-
tion in the total iron concentration. The standard er-
ror of the estimate for the equation 7.5-1, based upon
199 data sets, is 2,400 pg/L total iron, or about 50
percent of the mean total-iron concentration for the
199 samples. Such a large error indicates that addi-
tional independent variables may improve the equa-
tion.

Because the difference between the total-iron
concentration and the dissolved-iron concentration is
the suspended-iron concentration, the suspended-
sediment concentration was tried as an additional
variable. The inclusion of the suspended-sediment
concentration did nothing to improve the percentage
of explained variation or the standard error of the es-
timate.

Figure 7.5-4 shows the stream-to-stream and
within stream variability in total-iron concentrations
at four selected continuous-record stations. Al-
though the mean total-iron concentrations varied
among the streams by a factor of 8 (1,620 to 13,400
ug/L), the concentration observed at site 20 varied by
a factor of 60 (140 to 8,880 ug/L). Sites 20 and 83
had statistically equal means as- did sites 65 and 73.
All other station comparisons showed statistical dif-
ferences between the means. The mean total-iron
concentrations for all streams exceeded the AMD in-
dicator level of 500 ug/L (U.S. Department of the In-
terior, 1968). The mean concentrations at sites 20
and 83 were within the 30-consecutive day average ef-
fluent standard of 3,500 ug/L proposed by OSM
(1979), but the mean total-iron concentrations at sites
65 and 73 exceeded even the maximum allowable ef-
fluent standard of 7,000 ug/L proposed by OSM
(1979).
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Figure 7.5-3 Relation between dissolved- and total-iron concentrations for selected streams.
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Figure 7.5-2 Histogram of maximum total-iron concentrations for selected streams.
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7.0 SURFACE-WATER QUALITY (Continued)
7.6 Total and Dissolved Manganese

HIGH TOTAL-MANGANESE CONCENTRATIONS WERE
MOST COMMON IN FOUR DRAINAGE BASINS

High total-manganese concentrations in Area 3 were
found in the Redbank Creek, Blacklick Creek, Conemaugh
River, and lower Kiskiminetas River basins. Maximum total-
manganese concentrations at sites in the area ranged from
40 to 32,000 ng/L (micrograms per liter).

Figure 7.6-1 illustrates that the highest total-
manganese concentrations found in streams in East-
ern Coal Province Area 3 were generally confined to
four drainage basins. One drainage basin having
streams with high total-manganese concentrations is
the Redbank Creek basin, located northeast of But-
ler. A second basin having high concentrations is the
lower Kiskiminetas River basin in the vicinity of Van-
dergrift. The third and fourth basins are the Black-
lick Creek and upper Conemaugh River basins, locat-
ed north and south of Johnstown, respectively.

The maximum total-manganese concentrations
found at 73 stream sites ranged from a low of 40 ug/
L to a high of 32,000 ug/L. The mean maximum
total-manganese concentration was 1,710 ug/L and
the median maximum concentration was 420 ug/L.
The difference between the mean and median con-
centrations results from eight streams having total-
manganese concentrations in excess of 4,000 pg/L.
Figure 7.6-2 shows that 22 streams had concentra-
tions in excess of 1,000 ug/L.

The distribution of maximum dissolved man-
ganese in Area 3 streams followed the same pattern
as that of total manganese. Maximum dissolved-
manganese concentrations ranged from 20 to 32,000
ug/L, and the median maximum concentration was
390 ug/L.

Water samples for total- and dissolved-man-
ganese determinations (Skougstad and others, 1979)
were collected at 73 stream sites during June 1979 to
April 1980. Generally one sample was collected dur-
ing high base flow and two samples collected during
intermediate base flow. Future plans include low
base-flow sampling. Total- and dissolved-manganese
data for the 1979 and 1980 water years are published
by the U.S. Geological Survey (1980, 1981).

38

The relation between total-inanganese concentra-
tion and dissolved-manganese concentration is
shown in equation 7.6-1 and graphically in figure
7.6-3.

™™ = 0.98 (DM) + 18 (7.6-1)

Where TM = total-manganese concentration, in
micrograms per liter, and

DM = dissolved-manganese concentration, in
micrograms per liter.

This equation explains 99 percent of the varia-
tion in the total-manganese concentration. The
standard error of the estimate for equation 7.6-1,
based on 204 data sets, is 193 ug/L total manganese
or about 20 percent of the mean total-manganese
concentration for the 204 samples. As in the case of
total iron, the addition of suspended-sediment con-
centration to the regression equation did nothing to
improve the estimate of total manganese.

Mean total-manganese concentrations at three
selected continuous-record stations ranged from 809
to 1,220 pug/L during the 1976 and 1977 water years
(fig. 7.6-4), but none of the means were statistically
different. The variation in total-manganese concen-
tration at individual stations ranged from a factor of
2 for site 73, to a factor of 11 for site 83, to a factor
of 22 for site 65 (fig. 7.6-4). Figure 7.6-4 also indi-
cates that the mean total-manganese concentrations
at all the stations, although exceeding the U.S.
Department of the Interior (1968) AMD indicator
level of 500 ug/L, are well within the OSM (1979)
30-consecutive day average effluent standard of
2,000 ng/L.
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Figure 7.6-1 Maximum total-manganese concentrations for selected streams.
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Figure 7.6-4 Ranges and means of total-manganese concentrations

at selected continuous-record stations, 1976 and 1977 water years.

7.0 SURFACE-WATER QUALITY (CONTINUED)
7.6 TOTAL AND DISSOLVED MANGANESE



7.0 SURFACE-WATER QUALITY (<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>