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CHEMICAL QUALITY OF SURFACE WATER IN THE
ALLEGHENY RIVER BASIN, PENNSYLVANIA AND
NEW YORK

By E. F. McCarren

ABSTRACT

The Allegheny River is the principal source of water to many industries and
to communities in the upper Ohio River Valley. The river and its many tribu-
taries pass through 19 counties in northwestern and western Pennsylvania.
The population in these counties exceeds 3 million. A major user of the Al-
legheny River is the city of Pittsburgh, which has a population greater than
600,000.

The Allegheny River is as basic to the economy of the upper Ohio River Valley
in western Pennsylvania as are the rich deposits of bituminous coal, gas, and
oil that underlie the drainage basin. During the past 5 years many streams
that flow into the Allegheny have been low flowing because of droughts affecting
much of the eastern United States. Consequently, the concentration of solutes
in some streams has been unusually high because of wastes from coal mines and
oil wells. These and other water-quality problems in the Allegheny River drain-
age basin are affecting the economic future of some areas in western
Pennsylvania.

Because of environmental factors such as climate, geology, and land and
water uses, surface-water quality varies considerably throughout the river basin.
The natural quality of headwater streams, for example, is affected by salt-
water wastes from petroleoum production. One of the streams most affected
is Kinzua Creek, which had 2,900 parts per million chloride in a sample taken
at Westline on September 2, 1959. However, after such streams as the Cone-
wango, Brokenstraw, Tionesta, Oil, and French Creeks merge with the Allegheny
River, the dissolved-solids and chloride concentrations are reduced by dilution.
Central segments of the main river receive water from the Clarion River, Red-
bank, Mahoning, and Crooked Creeks after they have crossed the coal fields of
west-central Pennsylvania. At times, therefore, these streams carry coal-mine
wastes that are acidic. The Kiskiminetas River, which crosses these coal flelds,
discharged sulfuric acid into the Allegheny at a rate of 299 tons a day during
the 1962 water year (October 1, 1961, to September 30, 1962).

Mine water affects the quality of the Allegheny River most noticeably in its
lower part where large withdrawals are made by the Pittsburgh Water Com-
pany at Aspinwall and the Wilkinsburg-Penn Joint Water Authority at Nadine.
At these places raw river water is chemically treated in modern treatment
plants to control such objectionable characteristics as acidity and excessive
concentrations of iron and manganese.
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2 SURFACE WATER, ALLEGHENY RIVER BASIN, PA.—N.Y.

Dissolved-solids content in the river varies along its entire length. In its
upper reaches the water of the Allegheny River is a sodium chloride type, and
at low flow, the sodium chloride is more than half the dissolved solids. In its
lower reaches the water is a calcium sulfate type, and at low flow the calcium
sulfate is more than half the dissolved solids. In middle segments of the river
from Franklin to Kittanning, water is more dilute and of a mixed type.

Many small and several larger streams in the upper basin—such as the Cone-
wango, Brokenstraw, Kinzua, Tionesta, and French Creeks—support large pop-
ulations of game fish. Even in segments of the Clarion River, Mahoning, and
Redbank Creeks, which are at times affected by coal-mine wastes, fish are present.
Although different species withstand varying amounts of contaminants in water,
the continued presence of the fish indicates that the water is relatively pure and
suitable for recreation and many other uses.

INTRODUCTION

This report describes the chemical quality of streams in the Alle-
gheny River drainage system from which more than 1,100 samples of
water taken from 109 selected locations were chemically analyzed in
laboratories of the U.S. Geological Survey. Examination of these
basic data may be made on request to the District Chief, U.S. Geolog-
ical Survey, Water Resources Division, U.S. Custom House, Second
and Chestnut Streets, Philadelphia, Pa. 19106.

The main river and its branching tributaries drain 11,705 square
miles of Pennsylvania and New York, of which 9,771 square miles is
in western Pennsylvania. The area drained in Pennsylvania is 52
percent greater than that drained by the Delaware River in
Pennsylvania.

Several communities in the drainage area have undergone a rapid
growth in population during the past decade. Urbanized areas in
Allegheny County, for example, have increased 17.7 percent since
1950 (1960 census).

From the selected locations most samples of water were systemati-
cally taken during varying conditions of flow, and quantitative deter-
minations made for silica, aluminum, iron, manganese, calcium, mag-
nesium, sodium, potassium, carbonate, bicarbonate, sulfate, chloride,
fluoride, nitrate, hardness as calcium carbonate, and dissolved solids
as residue on evaporation at 180°C. Other analytical determinations
were made for acidity, pH, color, and specific conductance.

Specific conductance (electrical conductivity of water), a use-
ful characteristic of water, is frequently used in this report because it
serves as a water-quality criterion. Dependence on specific conduct-
ance for quality evaluations, however, is limited because conductance
indicates only the sum of ions in water and not their chemical identi-
ties. When ionized materials become more concentrated, water will
conduct electricity more readily; so as specific-conductance values in-
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crease, they indicate the concentration of dissolved materials has also
ncreased.
PURPOSE AND SCOPE

The purpose of this investigation is to summarize the chemical-
quality data of streams in the Allegheny River basin to identify wher-
ever possible by association the environmental factors that cause water
composition to vary from place to place.

Much of the basic information used to interpret the quality of
water at various locations throughout the drainage system was ob-
tained by analyzing samples taken on consecutive days. Water from
these stations was analyzed and its quality described in greater detail
than from places where samples were taken irregularly, monthly, or
when streamflow was high or low.

This description of water quality at selected places is for general use,
and will be especially helpful to those engaged in managing the water
resources of western Pennsylvania. It is intended also that the delin-
eation of stream quality at the various locations throughout the drain-
age area will be useful to engineers locating new reservoirs and dams,
treatment plants and water distribution facilities.

ACKNOWLEDGMENTS

This report was written under the general supervision of Norman
H. Beamer, District Chief, U.S. Geological Survey. Hereby ac-
knowledged with sincere appreciation is the invaluable aid and eooper-
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Water Company, the Pennsylvania Electric Company, the Pennsyl-
vania Department of Health, the U.S. Weather Bureau, and the U.S.
Army Corps of Engineers for providing supplemental basic data to
the Geological Survey.

ALLEGHENY RIVER BASIN
LOCATION

The Allegheny River originates in Sweden Township in Potter
County of north-central Pennsylvania at an elevation of 307 feet (pl.
1). The Allegheny flows northwestward through McKean County,
thence into New York for approximately 50 river miles. It reenters
Pennsylvania at Corydon in Warren County flowing in a southwest-
erly direction. The distance from its source in the western slope of the
Allegheny Mountains to its confluence with the Monongahela River at
Pittsburgh, where the two rivers meet to form the Ohio, is 322 miles.
The Allegheny and its tributaries drain all or parts of Erie, Crawford,
Warren, McKean, Potter, Venango, Forest, Elk, Clarion, Jefferson,

232-507 0—67——2



4 SURFACE WATER, ALLEGHENY RIVER BASIN, PA.-N.Y.

Clearfield, Butler, Armstrong, Indiana, Allegheny, Westmoreland,
Cambria, Mercer, and Somerset Counties.

HISTORICAL BACKGROUND

The Allegheny, which means “fair water,” was named by the Seneca
Indians. The river was a lifeline for the early settlers of western
Pennsylvania. In the scenic upper valley of the river basin there still
are dense forests and sparkling, clear streams from which fish were
speared by the Indians. Fish are still plentiful in the river and many
of its tributaries. Wildlife drink from them and roam along their
shores and on nearby mountainsides.

The first white man to explore the Allegheny River Valley was René
Robert Cavelier de La Salle, 1669-70. The French called the river
“La Belle Riviére.” In 1749 the French laid claim to all the area
drained by the Allegheny and its tributaries. Although an English
mapmaker named Lewis Evans described the area as infested with
“yermon, venomous reptiles, and stinging muskeetoes,” the English,
who had already established trading posts in the valley, refuted the
French claim of possession because the Allegheny connected trading
posts that extended from Canada to Louisiana.

The same Lewis Evans who described the area as an undesirable
place to settle, reported in his “Analyses of Travels and Explorations
in the Middle British Colonies,” published in 1755, that there were beds
of salt and coal along the Kiskiminetas River. The first record of coal
in the area, however, is credited to John Pattin, an Indian trader whose
map of travels dated 1750 shows “sea coal” along the Kiskiminetas.
Coal mines were opened in the area by 1760 (Billinger, 1954).

About 1850 part of the population along the eastern seaboard shifted
to the promising frontier in northwestern Pennsylvania where oil
was discovered. Oil City, in Venango County where Oil Creek flows
into the Allegheny River, became a boom town that grew from one or
two houses into a city in a matter of weeks as the world’s petroleum
industry began. No doubt it was about this time that the natural
quality of the Allegheny and its tributaries first became affected by
man’s use of land and his often misuse of water.

More than half a century ago (1915) the first quality-of-water sur-
vey of the Allegheny River basin was made by the Pennsylvania De-
partment of Health. After this early investigation they reported the
following on the river : “dangerously polluted with sewage and impreg-
nated with mine drainage and manufactural wastes”; “Lumber camps
started typhoid fever epidemics by polluting small mountain streams
that were used as water supplies to towns further downstream”; and
“Tanneries discharged offensive dark-brown wastes into streams.
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Horses and cows contracted anthrax after drinking from some of these
streams.”

Most of these diseases were traced to sewage-bearing water and al-
though typhoid fever is not an extinct disease, it is controlled today
by treating water in modern purification plants. In 1937 a compre-
hensive pollution-control act was passed which gave the Pennsylvania
Sanitary Water Board power to impose severe penalties for infractions
that result in stream damage by sewage and industrial wastes. This
act has helped to discourage the misuse of streams in Pennsylvania.

TOPOGRAPHY

The Allegheny River drains the Allegheny Plateau, Allegheny
Mountains, Pittsburgh Plateaus, and glaciated sections of the Appa-
lachian Plateaus province. The eastern part of the basin is character-
ized by steep-sided narrow valleys. The terrain west of the river
valley is less rough and is extensively farmed.

In the northwest approximately 25 percent of the basin is glaciated,
containing swamps and lakes. Conneaut Lake, in Crawford County,
is the largest of these lakes in Pennsylvania. It is more than 2.5
miles long, at an elevation of 1,082 feet. In the glaciated region large
boulders weighing 70 tons and more mark the countryside. The val-
leys are broad, resulting from flood waters from the receding Wis-
consin glaciers.

The Allegheny National Forest, most of which lies east of the river,
encompasses 740,000 acres of the upper basin. Approximately 85
percent of the area of Warren, McKean, Potter, Forest, and Elk
Counties is forested, and this, in combination with permeable soil,
protects against rapid runoff, soil erosion and sudden high-rising
streams.

CLIMATE

There is considerable variation in temperature among the physio-
graphic regions of the Allegheny River basin where westerly winds
prevail. In the Allegheny Plateau and Allegheny Mountain sections
(Fenneman, 1938), the winters are cold ; and from November to March
much of the countryside is blanketed with snow. Because of the cold
weather and the snow, Denton Hill State Park in Potter County,
the first State-owned winter resort, is being developed. To the west
of Potter County at Kane, in McKean County, some of the lowest
temperatures in Pennsylvania (—30° to —40°F') have been recorded.

Usually the summers are cool in this part of the basin. Although
the summers are also cool in areas west of the Allegheny River, the
winters are normally milder there than in the northeast parts of the
basin because of the moderating influence of Lake Erie.
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The mean monthly temperature in the northern part of the basin
at Warren for 37 years of record ranged from 24.5°F in February
to 69.5°F in July; the mean annual temperature was 47.2°F. Mean
annual precipitation at Warren for 58 years of record was 43 inches.

To the northwest at Meadville in Crawford County the mean
monthly temperature for 21 years of record ranged between 26°F in
February and 70.9°F in July; the mean annual temperature was
48.5°F. The mean precipitation for 22 years of record was 39.5
inches.

At Vandergrift, in the lower basin, the mean monthly temperature
for 17 years of record ranged from 30.2°F in January to 73°F in July;
mean annual temperature was 51.9°F. The mean precipitation for
the period of record was 89 inches (U.S. Weather Bureau, 1964).

GEOLOGY

The bedrock surface underlying the Allegheny River basin in Penn-
sylvania consists of sedimentary rocks of Carboniferous and Devonian
age (pl. 1). Most of the upper half of the drainage basin, north of
the Clarion River, is underlain by Upper Devonian shale, siltstone,
and sandstone strata of the Conneaut Group of Chadwick (1935),
the Conewango Formation and by Mississippian sandstone of the
Pocono Formation. The Devonian formations consist of variegated
shale, sandtsone, and conglomerate, which contain deposits of pe-
troleum, salt (NaCl), water, natural gas, some lignite, and various
grades of clays, some of which are economically useful. The Che-
mung Formation is the chief source of ground water within the De-
vonian rocks of northwestern Pennsylvania.

The Pocono Formation consists predominantly of sandstone strata,
and is the principal source of ground water in the bedrock formations
of the Allegheny basin. Pocono sandstones from the bedrock surface
in the northwestern part of the basin, in the valley of the Clarion
River, and underlie younger rocks throughout most of the Pennsyl-
vania section of the basin.

Except for the northern tier of counties, most of the Pennsylvania
section of the Allegheny basin is underlain by rock strata of Penn-
sylvanian age. The principal rock units are the Pottsville and
Conemaugh Formations and the Allegheny Group, which consists
chiefly of sandstone, but include members of variegated shale, lime-
stone, and bituminous coal. The coal has been mined extensively by
deep- and strip mine methods.

The bedrock formations in parts of Erie, Crawford, Venango, and
Warren Counties, and adjoining areas in New York, are covered by
glacial drift. The drift contains many deposits of sand and gravel
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interbedded with silt and clay. The valleys of tributaries to the Al-
legheny River in the glaciated area are filled with glacial deposits
including permeable sand and gravel outwash. The valleys of the
Tionesta, Tunungwant, and Potato Creeks in the unglaciated area also
contain glacial outwash carried by melt waters that drained away from
the glaciers. The Allegheny River Valley along its entire reach from
its source to its confluence with the Monongahela River at Pittsburgh
is also partly filled with glacial and alluvial sediments. The glacial
and alluvial sediments in the river valleys are the greatest poential
source of ground water in the Allegheny River basin.

ECONOMIC SIGNIFICANCE OF THE ALLEGHENY RIVER DRAINAGE
BASIN AND ADJACENT AREAS

Within the political boundaries of the 19 counties drained or partly
drained by the Allegheny River and its vast network of tributaries
there are 300 public water supplies. Population of the area during
the decade 1955-64 has increased 5.6 percent, while the increase for the
Commonwealth has been 7.1 percent. The national average popula-
tion increase from 1950 to 1964 was 18.6 percent.

Most of the counties in the Allegheny River basin produce either
crude petroleum, natural gas, bituminous coal, or lignite. Significant
quantities of building brick, lime, fire clay, and miscellaneous stones
are produced in Armstrong County.

In the basin area are blast furnaces and large steel mills. Pitts-
burgh, the largest steel-making center in the United States, produced
an estimated 32 million tons in 1962—more than one-fifth of the
Nation’s total.

Important manufactured products are machinery, fabricated metal
products, stone, clay, and glass products, chemicals, food products,
lumber and wood products, paper products, and apparel and other
fabric products. In 1963, manufacturing and mining establishments
in these counties produced goods valued at $7,899,454 (Pennsylvania
Department of Internal Affairs, 1965). In 1954 on 3.5 million acres,
about 39 thousand farms produced agricultural, livestock, and live-
stock products valued at 316.7 million dollars (Pennsylvania Depart-
ment of Internal A ffairs, 1956).

Since 1879, when the Federal government began channel improve-
ments, the construction of locks and dams in the Allegheny and
Monongahela Rivers have helped to make Pittsburgh the most impor-
tant river port in the United States, on the basis of waterborne
tonnage. For a 5-year period ending in 1963, the average annual
traffic on the Allegheny River was 4,395,000 tons. The reported traffic
for 1963 was 4,850,000 tons. On the Monongahela, which joins the
Allegheny at Pittsburgh, the reported traffic for 1963 was 31,378,000
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tons. 'Waterborne traffic on both rivers consisted mostly of coal, coke,
sand and gravel, iron and steel, and petroleum products.

Because the Allegheny River basin has plenty of surface and ground
water (pl. 1, and Schneider and others, 1965, sheet 10), new industries,
as well as those established and expanding, will have a supply ade-
quate for their varied needs. For example, in the headwaters the
average discharge of the Allegheny River at Kinzua, Pa., for 28
years was 3,756 cfs (cubic feet per second). The mean discharge of
the Allegheny River at its mouth at Pittsburgh is approximately
19,800 cfs, or 12,797 mgd (million gallons per day). This is about
7,000 cfs more water than the average discharge of the Monongahela
River at Braddock; about 8,000 cfs more than the average discharge
of the Delaware River at Trenton, N.J., and about half the average
discharge of the Susquehanna River at Harrisburg.

The economy of several areas in the Allegheny River drainage basin
is endangered because their surface-water supplies are threatened by
pollution with acid mine drainage. Most of these areas are in the
Pennsylvania parts of Appalachia, and therefore part of the financial
aid to be provided by the Federal Appalachia Program for revitalizing
the economy of coal-producing regions will likely be directed toward
a solution of Pennsylvania’s mine-drainage problems.

Growing populations and increased demands by industry, old and
new, in parts of the Allegheny River drainage basin, indicate that
more water will be needed by some communities and their industries
in the future. For example, by the year 2000 it is expected that the
water needs of the chemical industries will multiply 10 times, those of
the pulp and paper industries 8 times, and those of the steel industry
3.5 times over what was used in 1959 (U.S. Congress, 1960).

ACID-MINE-DRAINAGE PROBLEMS

East of the Allegheny River in west-central Pennsylvania, the
Clarion River, Redbank, Mahoning, and Crooked Creeks, and the
Kiskiminetas River system drain one of the most productive bitum-
inous coal-mining regions in the United States (fig. 1). In 1963 coal
production in Clarion, Jefferson, Armstrong, Indiana, and Westmore-
land Counties increased between 16 and 30 percent. Although in-
creased production in Clarion and Westmoreland Counties was accom-
plished by fewer operating mines than in the preceding year, Jefferson
and Indiana Counties had 16 addjtional mines operating (Kerr, 1963).

The effluents from active and idle mines contain sulfuric acid, and
the materials leached from spoil banks in the area help to increase the
dissolved-solids content of nearby streams. More than 1,000 miles
of streams in the Allegheny River drainage system are affected to
some degree by coal mining. The discharge of these tributaries into
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the Allegheny affects its quality downstream as far as Pittsburgh and
beyond.

From Freeport to Pittsburgh, a distance of approximately 28 river
miles, the Allegheny River is affected most by the Kiskiminetas River
(fig. 2). The effects of mine water on the river become more pro-
nounced when it is at low flow.

Sulfuric acid and the acid salts of iron, manganese, and other metals
are formed when water is saturated with atmospheric oxygen, which
oxidizes sulfuritic materials such as iron pyrite (FeS,) in mines and
spoil banks. However, the high dissolved-solids content of mine
water, including iron and sulfate, may also be caused by reactions on
rock by water in the mine which do not necessarily involve circulating
air or measurable amounts of dissolved oxygen in water (Barnes and
Clarke, 1964).

Acid water, once formed, is a stronger weathering agent. For ex-
ample, the following reaction of sulfuric acid in water on soils con-
sisting of shales and clays shows how aluminum is brought into
solution:

H,ALSi,0, + 3H,S0,—AL(S0,); + 2H,Si0; + 3H:0

Similar reactions involving acid-bearing water and the soils of the
Allegheny River basin will bring into solution increased amounts of
dissolved solids, including iron and manganese, more readily than
will the weathering processes of natural water.

Iron and manganese impart objectionable taste and staining to
water and commonly adds to the cost of its treatment. The im-
prudent discharge of acidic mine water into streams may destroy
fish and many of the aquatic organisms on which fish feed (California
State Water Pollution Control Board, 1963).

Because of the rich reserves of coal still unmined in west-central
Pennsylvania, mining will probably continue for many generations
and some streams will flow acidic unless practical methods are de-
veloped to prevent, them from being affected.

Several methods for controlling acid mine drainage have been
tried. Sealing abandoned mines from circulating air to prevent fur-
ther oxidation of sulfur-bearing minerals was reported to have par-
tially succeeded in West Virginia. During an experiment in 1936
more than 500 abandoned mines with 3,644 openings were sealed at
a cost of about $1,000 per mine (West Virginia State Water Commis-
sion, 1936). A recent evaluation of the streams originally benefited
showed, however, that the benefits were temporary.

Treatment plants for neutralizing acid mine water with limestone
at the mine have been suggested. As early as 1914 a coal company
near Mount Pleasant, Pa., set up a treatment plant for this purpose
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(Tracy, 1920). In 1951 a pilot-plant study was made of methods of
neutralizing the acid mine drainage at the mine site. Mostly for
economic reasons the operations were declared not, feasible (Pennsyl-
vania Sanitary Water Board, 1951).
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Various limestone products have been used to neutralize acid water;
these include quicklime, agricultural lime, granular limestone, and
hydrated lime. Recently, cement-mill stack dust was proposed and
is in use experimentally by the Interstate Commission on the Dela-
ware River Basin (absorbed by the Delaware River Basin Commis-
sion) in stream areas of the Pocono Mountains. Costs of these alka-
line materials vary, and quantities required depend on the amount of
acid in the water, the degree of deacidification desired, and the
quantity of acidic water to be treated.

Efforts to lessen the damage done by acid mine drainage by divert-
ing water away from unworked mines or by diluting acid-bearing
streams with nonacidic water (McCarren and others, 1961) may be
practical remedies under some circumstances. In Pennsylvania, joint
Federal-State mine-drainage programs were authorized by the 84th
Congress, and concrete channels and conduits are under construction
for diversion of surface water from mine entrances. Mixing suitable
nonacidic streams with acidic streams by engineering methods to
neutralize or dilute the acid water has not been tried on a large
scale.

A review of the literature shows that more than 200 articles have
been written about coal-mine wastes and their effects on water quality
in the United States (Lorenz, 1962). Many aspects of acid mine
drainage have been investigated, and a number of recommendations
made on how to prevent, control, or minimize the effects of these wastes
on water quality. Presently (1964) the U.S. Bureau of Mines and
the Ohio River Valley Sanitation Commission (Orsanco), are jointly
seeking practical solutions to the problems of acid mine drainage in
the Allegheny River basin. Fieldwork has begun at Kittanning, and
a proposal has been approved for building a portable pilot plant for
treating mine drainage before discharge to streams.

RESERVOIRS

Acid mine drainage, brines, and industrial wastes are most dam-
aging to receiving streams in the Allegheny River basin when they
are at low flow. The impact of such wastes on water quality, there-
fore, can be significantly minimized if waste discharges are not made
to streams during low flow. An alternate means of stream quality-
protection lies in the potential of some reservoirs to provide water of
suitable quality which could be released as a diluent to augment flow
in receiving streams and thereby help offset the effects of dissolved
solids and wastes. Regulation of streamflow by releasing water from
impoundments became lawful by enactment on July 20, 1961, of Pub-
lic Law 660 by the U.S. 87th Congress.
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Conserving water in reservoirs for times of drought was practiced
by prehistoric cultures of Jordan, Iraq, and Israel. In modern times
there are other reasons for impounding water. For example, the un-
controlled forces of floodwaters may devastate entire regions, and
engineers therefore design and construct dams to prevent recurring
destruction. Other very important reasons are to generate electric
power and to stabilize riverflow and (or) improve water quality for
downstream users by dilution. Also, impounded waters are made
available for recreation.

The value of stored water in open reservoirs is subject to the law
of diminishing returns (Langbein, 1959). Large areas of water in
open reservoirs are normally exposed to wind and the sun’s rays, and
unless evaporation is suppressed by covering the surface, for example,
with a monomolecular film, losses may offset the benefits derived from
the multiple-purpose operation of open reservoirs. Also, water stored
in open reservoirs for controlled release during drought may not always
be suited for improving downstream quality (McCarren, 1962).
There remains, therefore, a need for environmental research to help
determine when and how much impounded water of given quality
should be released to alleviate downstream conditions caused by low
flow and (or) pollutants.

Turbidity, silica, and color are generally reduced when water is
impounded, but the quality of impounded water may also be affected
in other ways. Sunlight and photosynthesis may cause increased
biological activity; water temperatures and carbon dioxide content
may be increased and dissolved oxygen depleted (Love, 1961). Water
weathering of some minerals from exposed soils in dirt reservoirs may
increase the dissolved-solids content of reservoir water. Water in
reservoirs may not be homogeneous in quality because of variations in
temperature and density at different depths. Therefore, when im-
pounded water is stratified, some parts of it can at times be more
suited for release to improve stream quality than other parts (Mendieta
and Blakey, 1963). Large parts of reservoir water can be made use-
less by radioactive contamination and other incoming wastes unless
the water is safeguarded against such hazards.

During the past 25 years, six major flood-control reservoirs have
been built by the U.S. Army Corps of Engineers in the Allegheny
River basin. These reservoirs store some of the runoff from six
tributary drainage basins in northwestern and western Pennsylvania.
Reservoirs are on the Conemaugh and East Branch Clarion Rivers
and on Tionesta, Mahoning, Crooked, and Loyalhanna Creeks.

The efficiency of existing reservoirs and dams is being improved by
modernization and repair. Surveys of the Clarion, Conemaugh, and
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Kiskiminetas Rivers and of Blacklick, French, Loyalhanna, Mahoning,
Pine, and Redbank Creeks are being made in order to select locations
for economically justifiable multipurpose reservoirs (U.S. Army Corps
of Engineers, 1965 ; U.S. Geological Survey, 1963).

The increasing number of users requiring water of good quality
in western Pennsylvania justifies the conservation of suitable water
in reservoirs. Parts of the water can be released when needed to
improve the quality of some streams by dilution. The continued
development of water-storage facilities in the Allegheny River basin
will aid industrial expansion and the increased urbanization in the
lower Allegheny River valley. Flood-control features of existing
reservoirs are presented in table 1.

TABLE 1.—ZEzisting reservoirs and flood-control features on Allegheny River
above Pittsburgh

[Courtesy of the U.S. Army Corps of Engineers. Asterisk (*) indicates minimum]

Percentage of con- Flood control Bankfull
trolled area storage capacity
Drain-
Reservoir age area Flood control
sqmi | Tribu- (Main| Above Acre- | Inches Cfs
tary |river | Pitts- feet of Cfs per
burgh runoft sq mi
Allegheny !___________ 2,180 18.6 | 18.6 11.4 040, 000 8.09 | 25,000 | 11.5
607,000 | 522 |._._____
Tionesta..__.._____.__ 478 99.6 | 4.1 2.5 125, 600 4.87 | 10,000 | 21.0
East Branch 1. - 72.4 5.9 .8 .4 38,700 | 10.02 | 1,600 | 22.2
19,000 | 4.92 [._______
Mahoning 1..__.______ 340 80.2 | 2.9 1.8 69, 700 3.84 | 9,000 | 26.5
Crooked Creek._...._. 277 95.5 | 2.4 1.4 89, 400 6.06 | 7,500 | 27.1
Conemaugh ?____._____ 1,351 271.8 | 11.5 7.1 , 000 3.75 | 28,000 | 20.7
Loyalhanna? _________ 290 215.4 | 2.5 1.5 3,300 | 6.03 | 7,000 | 24.2
1 Multipurpose reservoir.
2 Kiskiminetas River basin.

The capacity of the Allegheny Reservoir at Kinzua is 1,180,000
acre-feet of gross storage which includes water for flood control, con-
servation, and power generation. The Allegheny Reservoir is the
largest in the basin. About 10 miles upstream from Warren, at Devils
Elbow, Pa., the dam connects two river valley hills. Several villages
such as Corydon and Kinzua have been covered by a vast lake formed
by the dam. Extending 28 miles to Salamanca, N.Y., the lake has
a 91-mile shoreline. This reservoir and the East Branch Clarion River
reservoir are designed for storage and controlled release of water for
augmentation of low streamflow during dry periods. Maintaining
adequate flow in streams in the Allegheny River basin by releases of
water of suitable quality from these and other reservoirs will increase
the supply of available water to downstream users and help to main-
tain stream quality by dilution.
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An estimate of the effects of released water from the Allegheny
Reservoir at Kinzua on water hardness at Aspinwall during the 1930
drought was determined by the U.S. Army Corps of Engineers and
is shown in figure 3.
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F1eUre 3.—Probable effects on water quality by releases of water from the
Allegheny Reservoir (U.S. Army Corps of Engineers).

CHEMICAL QUALITY OF STREAMS

Climate determinates the amount of precipitation that falls on the
earth to form its rivers and lakes and replenish underground water.
Precipitation begins to change in quality while it falls through the
atmosphere, where it absorbs gases and washes solids from the air.
However, the total atmospheric material in water is small compared
with the amounts of seluble materials removed from rock after pre-
cipitation reaches the earth. Part of the precipitation flows over and
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erodes the earth’s surface, a process wearing stream paths, transport-
ing sediment, and dissolving some of the earth’s materials. Another
part of the precipitation seeps through permeable surfaces of the
earth where it is stored underground.

The solution of material by water is generally greater underground
because water and rock are in contact with each other for longer
periods. Because of this longer contact, ground water is normally
more concentrated with solutes than is surface water, and therefore
ground water can introduce additional minerals to surface streams
by seepage. The composition of rock determines to what extent the
rock materials will dissolve and thus influence water quality.

The effects of ground water on stream quality are more noticeable
during low streamflow when ground water normally becomes the domi-
nating influence on stream quality. During the fall of 1963 water
discharge of some streams in the Allegheny River basin was the
lowest of record. The specific conductance and calcium and magne-
sium hardness of these streams is shown by figure 4. In figure 4 a
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Allegheny River near Kinzua conductance [Lhardness
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Ficure 4.—Specific conductance and water hardness of the Allegheny River
and tributaries during the drought of 1963.
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logarithmic scale on the left side shows specific conductance, in mi-
cromhos, and a linear scale on the right side shows hardness, in parts
per million.

The quality of the Allegheny changes from a sodium chloride water
at Kinzua to a calcium sulfate water at Natrona. During a low flow
at these locations in November 1960, these constituents were in con-
centrations greater than 50 percent of the sum of constituents deter-
mined. In middle segments of the river water was of a mixed type,
more dilute in dissolved solids and not noticeably dominated by any
of its components (fig. 5).

Streams in the Allegheny River basin transport wastes from cities
and their suburbs, from farm and mining areas, and often from
industrial processes.

Petroleum production in the Allegheny River valley affects stream
quality. In the headwater region there are large underground de-
posits of salt, crude oil, and natural gas. Oil pumped to the surface
is accompanied by heavily concentrated brines which flow into nearby
streams. These brines cause the main river and several of its tribu-
taries in the upper basin to have high concentrations of sodium chlo-
ride. The lower part of the river at times is acidic from sulfuric acid
and contains other products of coal-mine wastes such as aluminum,
iron, and manganese. The effluents from mines and other industries
have caused water-quality changes of unpredictable frequency and
duration through the Allegheny River basin. Significant changes in
dissolved-solids content and chemical character of the river occur
beyond the confluence of tributaries (fig.6). ;

The broken lines that separate constituents in figure 6 indicate that
the concentration of constituents between selected locations is assumed
to change gradually. However, the changes that occur between loca-
tions may not be gradual, nor can all changes be attributed solely to
the influence of the nearest upstream tributary. A more comprehen-
sive study of the chemical reactions in water, ground-water seepage,
and other hydrologic factors observed between the confluence of major
tributaries would be needed to explain the presence and changes in
concentration of some ions in the river water.

ALLEGHENY RIVER AT RED HOUSE, N.Y.

From its source in Potter County, the Allegheny flows westward into
McKean County before turning northwestward into New York. At
Red House, approximately 13 miles north of the point where the river



18 SURFACE WATER, ALLEGHENY RIVER BASIN, PA.—N.Y.

J9° .
~ /2
N2 N
80° W A / K 78°
7% Shdr,

NEW YORK

-/’ & - 77\ \PENNSYLVANIA ™
) ﬁ \

( QA Kinzua A T
A ~ .. J
( > e S ..J DISSOLVED

2, <. g f SOLIDS
&, ~ N
~

L ~
~
g
|G S

@ ; <220Y

RN Clari \ Q‘\\po . S

w S~ West Hickory

TR~ \\y\ pH 7.2
. -~

pH 7.2

e { B ~—
h: [ahgr ’ =~
¢ - . \\‘
_! el . Franklin

Bicarbonate 40"—'7\1_4
Sulfate S S |

20 0 220 40MILES 400 ppm

i { 1 Dissolved
I:l Undefined I - Solids

F16¢URE 5.—Predominant water constituents at selected locations during low flow,
Allegheny River, November 1960.



[y
N

ALLEGHENY RIVER AT RED HOUSE, N.Y.

® =4 el c S oo !
N 8 S = g £ g
cl = = = s c I
gl s © & e c 5
o =z T x e £ 2
800 — = = g o
o ]
9 g
& 700 s £
37T 5 - S £
= 13 Q 6 o %
= ols ] e K]
. Ol ] 5 s E b
600 — = Q o ¢ .
w 2(§ . ] [:4 x £ G 2
a =1 K] = c & ]
il - L g s = g w
w e w — - Q o - R~
e [va) o O |g S o 9 ]
& 500 — N £ = |£ 3 g £ 3
& 2 [T} o |w © g S
c b o o N
z P £ £ £ £
~ 400 ul 0 w &
A
Q : i
= . :
3 L
£ 300 Chloride T
= I
] T
&)
& 200
o

100

. : alcium and magnesium
Sodium and potassium

0 T T T T T T T i
0 20 40 60 80 100 120 140 160
CHANNEL MILES FROM KINZUA TO NATRONA

F16URE 6.—Composition of the Allegheny River at low flow, early November 1960.

returns to Pennsylvania, the river drains an area of 1,690 square miles
of north-central Pennsylvania and southwestern New York.

At Red House, the average discharge of the Allegheny for 60 years
(1903-63) was 2,769 cfs, or 1,790 mgd. The maximum discharge of
49,100 cfs occurred on March 8, 1956, and the minimum of 80 cfs on
December 15-17, 1908 (U.S. Geological Survey, 1963). Ordinarily,
streamflow is greater during the winter and early spring, and the con-
centration (but not the total load) of dissolved minerals in the river
during these periods is generally less than during the summer.

Before the Allegheny reenters Pennsylvania from New York its
quality is influenced by surface runoff and ground-water seepage, the
geology, and most directly by salt water from oil fields. Chemical
analyses of samples taken daily from October 1954 to September 1955
(Pauszek, 1959), showed that the river was brackish most of the time.

232-507 0—67——4



20 SURFACE WATER, ALLEGHENY RIVER BASIN, PA.-N.Y.

The sum of the average concentration of sodium and chloride for this
period of study represented 56 percent of the total dissolved solids by
weight. On the basis of equivalents per million (epm), the ratio of
sodium to chloride was 1to 1.3. Caleium and magnesium, the principal
ions that cause water hardness, constituted 13.4 percent of the total
dissolved solids. The ratio of calcium to magnesium was 3 to 1.
Bicarbonate and sulfate constituted 27 percent of the total dissolved
solids, and the ratio of bicarbonate to sulfate was 2 to 1.

The average concentration of mineral constituents analyzed during
the 1955 water year and the extremes of concentration of several con-
stituents for the period of recorded sampling are given in U.S. Geo-
logical Survey (1959, p. 306-309) Water-Supply Paper 1400. Specific
conductance, pH, temperature, and chloride concentrations are re-
ported for samples taken daily during the 1956 water year in U.S.
Geological Survey (1960, p. 338-340) Water-Supply Paper 1450. Dur<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>