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WATER QUALITY AND DISCHARGE OF STREAMS IN
THE LEHIGH RIVER BASIN, PENNSYLVANIA

By Epwarp F. McCarren and WaLter B. Kreignron

ABSTRACT

The Lehigh River, 100 miles long, is the second largest tributary to the D=laware
River. It drains 1,364 square miles in four physiographic provinces. The Lehigh
River basin includes mountainous and forested areas, broad agricultural valleys
and areas of urban and industrial development. In the headwaters the water is
of good quality and has a low concentration of solutes. Downstream, some
tributaries receive coal-mine drainage and become acidic; others drain areas
underlain by limestone and acquire alkaline characteristics. The alkaline streams
neutralize and dilute the acid mine water where they mix. The dissolved-oxygen
content of river water, which is high in the upper reaches of the str-am, is
reduced in the lower reaches because of lower turbulence, higher temperature,
and the respiration of organisms. The Lehigh is used for public supply, recreation,
waterpower, irrigation, and mining and other industrial purposes.

Because the river is shallow in its upper reaches, most of the water comes in
contact with the atmosphere as it churns over rocks and around islets ard large
boulders. Aeration of the water is rapid. When water that was low in dissolved-
oxygen concentration was released from the lower strata of the Francis E. Walter
Reservoir in June 1966, it quickly became aerated in the Lehigh River, and for
40 miles downstream from the dam the water was nearly saturated with oxygen.

Most of the river water requires only moderate treatment for industrial use
and public distribution throughout the Lehigh River valley. At times, however,
some segments of the main river and its tributaries transport industrial wastes
and acid coal-mine drainage. Usually the relatively high concentrations of solutes
in water and the ensuing damage caused to quality by such waste dis~harges
are more extensive and prolonged during droughts and other periods of low
streamflow.

For many years the Lehigh River flow has been continuously measured and
its waters chemically analyzed. Since May 1966 an instrument installed by the
U.S. Geological Survey at Easton, Pa., has continuously recorded such water-
quality parameters as specific conductance, temperature, and dissolved oxygen
content.

INTRODUCTION

The chemical characteristics of perennial streams that drain the
Lehigh River basin in eastern Pennsylvania are described in this
report. From selected locations throughout the drainage basin,
samples of surface water have been taken systematically since 1944
and analyzed for the minerals that most commonly dissolve in water.
Samples from some places were taken intermittently, sometimes
only during high or low streamflow. At several selected locations
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samples were taken on consecutive days for durations of 1 year or
more, and it was thus possible to observe those conditions that
cause variations in water quality in terms of time and place.

Water is an indispensable ingredient of life. In its liquid and
mobile state it is nature’s most common solvent. As precipitation
falling through the atmosphere it absorbs gases and picks up salt,
dust, bacteria, spores, and other particles. Water flowing over and
into the earth acquires materials in solution or suspension and trans-
ports them from place to place. In the atmosphere water is relatively
low in solute content, and when it reaches the earth as precipitation
in some form, it normally dilutes the water flowing in surface streams
or that which lies in reservoirs, lakes, and ponds.

When there has been no precipitation, the water that maintains
flow in streams issues from the ground. Ground water normally has
more materials in solution than does surface water because it has
been in contact with soluble rock longer. Consequently, additional
solutes are introduced to streams by ground-water seepages, and
during low flow streams reach their maximum concentration of
dissolved solids.

Under normal conditions the quality of streams in the basin
represents a mixture of ground water and runoff. In most streams
domination of one source over the other is obvious during high and
low discharges. The chemical composition of streams in the Lehigh
River basin is also influenced by the particular geologzic formations
through which ground water has moved.

Civilization has also affected the quality of some streams in the
basin by allowing industrial wastes to enter them. Particularly
damaging are those that come from coal mines because they are
usually acid and contain high concentrations of dissolved solids.

In the present study quantitative determinations by chemical
analysis were made for silica, aluminum, iron, mangenese, calcium,
magnesium, sodium, potassium, carbonate, bicarbonate, sulfate,
chloride, fluoride, nitrate, and dissolved solids as residue on evapora-
tion at 180° C. Color, pH, and specific conductance were also deter-
mined. Acidity (as H,SO,) was determined on water samples with a
pH below 4.5 and on those that were suspected of bearing coal-mine
wastes.

Specific conductance (the ability of water to conduct electricity) is
a characteristic of water that is used extensively in this study as the
criterion of the quality of stream water at selected places. Pure water
does not conduct electricity well. The resistance of pure water to the
flow of an electric current diminishes with increasing concentrations of
dissolved salts in water. The unit used to measure this resistance is
the ohm; the unit of measure for the specific conductance is the
reciprocal ohm, or mho. Most natural waters have dissociated ions in
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concentrations of less than 1 mho; therefore specific conductance is
usually reported in micromhos (millionths of a mho).

The pH indicates the acidity or alkalinity of the water. A pE value
of 7.0 indicates a neutral water; lower pH values are acid and higher
pH values are alkaline. Most stream waters have a pH betweer 5 and
8, but acid mine waters frequently have a pH of 2-4. Acid waters are
often corrosive and costly to treat for general usage.

This study was carried out jointly by the Pennsylvania Department
of Forests and Waters and the U.S. Geological Survey. Many of the
data on the chemical quality of water in the Lehigh River basin inter-
preted here appear in table 6. Some of the analytical data have been
published previously in U.S. Geological Survey Water-Supply Papers
“Quality of Surface Waters of the United States,” Parts 1-4, and some
have been published in “Water Quality Records in Pennsylvania,”
which was prepared in cooperation with the Commonweslth of
Pennsylvania and other agencies.

PURPOSE AND SCOPE

The purpose of this investigation is to present a useful organization
of the chemical analyses of stream waters in the Lehigh River drainage
system. Wherever possible, the environmental factors that signifi-
cantly influence stream quality at different places throughout the
basin are also identified. This quality appraisal relies solely on the
basic data obtained from the continuing studies conducted coopera-
tively by State and Federal agencies.
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GENERAL FEATURES OF THE LEHIGH RIVER BASIN
LOCATION

The Lehigh River, in east-central Pennsylvania, flows southeast-
ward into the Delaware River. It rises in Sterling Township in south-
western Wayne County and drains 1,364 square miles in all or parts of
Wayne, Lackawanna, Monroe, Luzerne, Carbon, Schuylkill, Lehigh,
Berks, Bucks,and Northampton Counties (fig. 1). I't is one of three ma-
jor tributaries to the Delaware, and its drainage is entirely within the
boundaries of Pennsylvania. The other two tributaries are the Schuyl-
kill River, the largest, and the Lackawaxen River. The mouth of the
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Lehigh is at Easton, in Northampton County, whe e the stream
contributes approximately 21 percent of the average discharge of the
Delaware River.
PHYSIOGRAPHY
The Lehigh River drains four physiographic provinces (Parker and
others, 1964). In its headwaters above Jim Thorpe and East Mauch
Chunk, the main river and several of its eastern tributaries drain the
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and was designed primarily for flood control, but proposed structural
modifications will make it serviceable for long-term storage, recreation,
and water supply.

A multiple-purpose reservoir will be bullt on Aquashicola Creek,
which drains parts of Monroe and Carbon Counties. The dem site
will be 4.5 miles upstream from the confluence of the creek with the
Lehigh River. The Beltzville Reservoir will be built for multiple
purposes on Pohopoco Creek about 4 miles east of Lehighton. The
Beltzville Reservoir and a reservoir to be built on Jordan C-eek in
Lehigh County will bedesigned to prevent flood damage and to provide
storage of water for recreation and supply.

On Wild Creek, tributary to Pohopoco Creek in Carbon County,
the Penn Forest Reservoir, 0.7 mile upstream from Hatchery, is used
as a municipal water supply for the city of Bethlehem. Wild Creek
Reservoir, 2.4 miles south of Hatchery, is also used as a water supply
for Bethlehem. Levess and other projects for flood protection have
been completed on the river at Allentown and Bethlehem (U.S. Army
Corps of Engineers, 1967).

The Francis E. Walter Reservoir is in the headwaters of the Lehigh
River and impounds natural water of excellent quality (McCarren
and Keighton, 1967). In June 1966 the Delaware River Basin Commis-
sion requested the release of water from the reservoir so that more
space could be made available for the storage of excessive runoff
resulting from potentially severe seasonal storms. Accordingly, the
U.S. Army Corps of Engineers released approximately 11 billion
gallons of impounded water to the Lehigh June 20-27 at a rate of
approximately 3,000 cfs, or 1.3 million gallons per minute. Observa-
tions of the quality of water in the reservoir and in the river at selected
locations were made before, during, and after the release.

Water temperature in the reservoir decreased with depth; before
the releases the water temperature in the upper 5 feet of the reservoir
was 19°C, at 50-foot depth 15°C, and at 100-foot depth 14°C (fig. 3).
Since oxygen is consumed by chemical reactions in stored water and is
commonly replaced by aeration at the surface, it is likely that there
was a deficiency in dissolved oxygen at depth, although this was not
verified. The water entering the reservoir from Bear and Tobyhanna
Creeks and from the Lehigh River was of excellent quality—pH
5.3-7.1and specific conductance22-57 micromhos (table 6, p. H30-H31).
Water was released from the reservoir June 20-27 from an outlet 140
feet below the surface. The relatively cool water released through this
outlet reduced stream temperatures. Cooling effects on river v-ater at
Easton were as much as 2°C. The water became warmer downstream
from the reservoir as it came in contact with warm air; on June 21
river water at White Haven was 4°C warmer (17°C) than the water
released from the reservoir June 20.
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Fioure 3.—Water-temperature variations with depth, Francis E. Walter
Reservoir, June 16 and 29, 1966.

River water was diluted by the reservoir water, and its quality was
improved, as shown by the decrease in specific conductance as far as
Easton. Within 2 days specific conductance at Easton dropped from
232 to 100 micromhos (fig. 4 and table 1).

Although the water at depth in the reservoir probably was deficient
in oxygen, the dissolved-oxygen concentration of the river water did
not decrease when the reservoir water was released. This was probably
because the Lehigh River is shallow and rockstrewn for some miles
below the reservoir. The increased flow resulted in turkulence which
provided an opportunity for mechanical aeration of the water. Since
the temperature was lower, the water had a greater capacity to dissolve
oxygen. Consequently, the dissolved-oxygen concentration of river
water at Easton actually increased. For the 5 days preceding the release
the average dissolved-oxygen concentration at Easton was 5.3 mgjl,
and for 5 days during the release (June 22-26) it was 6.5 mg/l (table 1).
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TaBLE 1.—Water quality data, Lehigh River at Easton, Jurne 1-30, 1966

Dissolved oxygen

Date Specific conductance
(IJ gl(lsg)e Temperature (°C) Milligrams per liter Percent saturation (micromhos at 25°C)

Max Min Max Min Max Min Max Min

1 18 16 9.4 8.7 99 87 140 120
2 18 15 9.3 8.8 a3 87 145 130
3 20 16 9.2 8.6 94 92 _ 153 130
4 21 18 8.8 7.9 94 83 170 140
5 22 20 8.3 7.4 94 81 167 150
6 24 22 8.2 6.9 96 7 157 147
7 24 23 7.6 5.7 89 66 185 157
8 25 23 6.9 5.1 82 59 207 187
9 26 24 8.1 5.7 99 68 220 200
10 26 24 8.0 5.6 96 67 T 220 210
1n 26 23 9.3 6.3 112 73 217 210
12 26 23 9.9 6.6 119 76 215 200
13 26 23 8.9 6.6 106 76 207 200
14 27 23 7.7 4.7 90 57 223 200
15 26 24 6.1 3.5 73 41 232 216
16 27 24 5.0 3.6 60 42 232 222
17 26 23 6.4 3.6 75 43 240 228
18 24 23 6.2 4.3 73 49 244 234
19 24 23 6.6 4.2 78 49 244 231
20 26 23 6.9 4.5 83 52 230 212
21 25 23 6.5 4.2 77 49 232 110
22 23 21 7.3 6.3 84 72 110 89
23 23 21 7.2 6.6 83 75 100 90
24 23 22 6.8 6.3 79 72 100 92
25 24 22 6.7 6.0 79 69 100 91
26 24 23 6.5 5.9 7 69 98 88
27 26 23 6.2 55 75 64 128 100
28 28 26 5.5 4.2 69 51 152 126
29 29 27 4.5 3.2 58 40 238 152
30 30 27 4.7 2.6 62 33 253 228

WATER QUALITY OF STREAMS

In the present report the descriptions of stream quality at selected
places in the Lehigh River drainage system are presented in down-
stream sequence. The chemical character, dissolved-solids concentra-
tion, and hardness of Lehigh River water change in varying degrees
throughout the river length (fig. 2).

CHEMICAL QUALITY OF HEADWATER STREAMS DRAINING THE
APPALACHIAN PLATEAUS

Streams draining the Appalachian Plateaus are of similar chemical
character. The predominant ions in the water are calcium and sulfate.
Dissolved solids range from 14 to 40 mg/l; the lower concentrations
occur near the sources of tributaries. The waters are soft; they rarely
exceed 25 mg/l of calcium and magnesium hardness. Calcium and
magnesium, as milliequivalents per liter, constitute about 35-45
percent of the ions; sodium and potassium constitute about 5-15
percent. Low concentrations, less than 1 mg/l, of iron and manganese
are also found in these streams. Sulfate ions approximate 20-30
percent, bicarbonate 10-20 percent, and chloride and nitrate, 10-15
percent of the total; fluoride occurs in trace amounts. Silica rarely
exceeds 5 mg/l.
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The pH of streams draining the Appalachian Plateaus ranges from
5.0 to 7.0. Acidity in these streams is usually due to carbonic acid and
other organic acids that are products of decaying plant matter in
swamps. The relatively high color of water in some streams also
reflects the influence of decomposed vegetation.

LEHIGH RIVER AT STODDARTSVILLE

At Stoddartsville, in Luzerne County, the Lehigh River drains
91.7 square miles. The average discharge for 23 years (1944-66) was
178 cfs, or about 115 mgd (million gallons per day). The broken,
mountainous country and general topography of the basin head-
waters cause rapid overland flow during storms. The maximum
discharge of 31,900 cfs occurred during the tropical storms of August
1955; a minimum flow of 7.0 cfs was observed September 26-27, 1964.
Between 30 and 40 percent of the time the daily flow equaled or
exceeded the average flow (Busch and Shaw, 1966).

The predominant ions, expressed as milliequivalents per liter, in
water at Stoddartsville were calcium and sulfate—except at low
flow, when the bicarbonate concentration exceeded that of sulfate.
The water is soft and of excellent quality (table 6, p. H30) and supports
several varieties of game fish, including brown and rainbow trout.

TOBYHANNA AND TUNKEHARNOCK CREEKS

Tobyhanna Creek flows into the Francis E. Walter Reservoir near
Stoddartsville. It drains 139 square miles of northwestern Monroe
and northeastern Carbon Counties. Between October 1921 and
September 1966 the average discharge was 170 cfs, or 110 mgd. The
maximum discharge of Tobyhanna Creek measured near Blakeslee
was 2,250 cfs on March 27, 1963, and the minimum was 22 cfs Septem-
ber 24-25, 1964. However, during the flood of August 19, 1¢55, the
discharge was estimated at 35,300 cfs. The water of Tobyhanna
Creek is of a calcium bicarbonate type, low in solute concentrations,
that contains traces of iron and manganese. Specific conductance
ranged from 22 to 37 micromhos, and the pH ranged from 5.7 to 7.1.
Brown and rainbow trout are in the creek.

The principal tributary to the Tobyhanna is Tunkhannock Creek,
which drains 50 square miles of western Monroe and northeastern
Carbon Counties, including a large swamp in Monroe County. The
creek’s mouth is 2 miles southeast of Blakeslee. The water of Tunk-
hannock Creek near Fernridge is of a mixed calcium sulfate bicarbonate
type having low concentrations of solutes. The estimated average
annual minimum discharge at Fernridge for 7 consecutive days
during a recurrence interval of 10 years was 5.6 cfs, or 3.6 mgd (Busch

and Shaw, 1966).
BEAR CREEK

Bear Creek merges with the Lehigh River in the Francis E. Walter
Reservoir. The creek is 13 miles long and drains 55.8 squar> miles,
351-256—69——3
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most of which is in Luzerne County. The water has a low solute
concentration and is a calcium sulfate type. The estimated average
annual minimum discharge of Bear Creek near White Haven, above
the Walter dam, for 7 consecutive days during a recurrence interval
of 10 years was 1.8 cfs, or 1.1 mgd.

LEHIGH RIVER AT WHITE HAVEN AND LEHIGH TANNERY

Near White Haven, about 6 river miles downstresm from the
Francis E. Walter Reservoir dam, the Lehigh River kad a specific
conductance of 40 micromhos, a pH of 6.5, and a color of 30 units on
June 16, 1966. At White Haven, river water is a mixed celeium sulfate
bicarbonate type. The average discharge at White Haven was 520
cfs, or 336 mgd, for 9 years (1958-66).

Since 1944, intermittent sampling and analysis of the river at
Lehigh Tannery, about 2 river miles downstream from White Haven,
showed negligible changes in type between these places, and regard-
less of discharge, river water quality has been excellent. At Lehigh
Tannery, the average discharge for 45 years was 667 cfs. or 431 mgd.
Daily flow equaled or exceeded the average flow about 35 percent of
the time.

DILLDOWN CREEK

Dilldown Creek is a tributary of Mud Run, which is ¢ tributary to
the Lehigh River in Carbon County. Mud Run drains 36 square miles
of Monroe and Carbon Counties. Dilldown Creek is a low solute,
calcium sulfate stream and is slightly acidic; the relatively high color of
the stream water probably stems from swamp water. The average
discharge of the creek near Long Pond is 5.15 cfs, or 3.3 mgd. About 35
percent of the time the daily flow equaled or exceeded the average flow.
Game fish are plentiful in most parts of Dilldown Creek.

CHEMICAL QUALITY OF STREAMS DRAINING THE VALLEY AND
RIDGE PROVINCE

The chemical character of streams draining the Valley and Ridge
province ranges widely because of the influence of variable geology.
The water in streams draining the region of coal deposits is acidic
and very hard and contains high concentrations of calcium, sulfate,
aluminum, iron, manganese, and free sulfuric acid. The streams drain-
ing limestone and dolomite are alkaline and hard and contain high
concentrations of calcium, magnesium, and bicarbonate ions. Other
streams draining shales, conglomerates, and sandstones have low
concentrations of solutes.

ACID-BEARING STREAMS

The quality of the Lehigh River water changes significantly below
Lehigh Tannery after the river receives the dischage cf tributaries
flowing in from the west. In this area of the basin, Sandy and Indian
Runs and Pond, Quakake, Black, and Nesquehoning Creeks, all
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affected by drainage from coal mines, show a sulfate content ranging
from 44 to 583 mg/l. Calcium and magnesium hardness, as calcium car-
bonate, ranges from 29 to 362 mg/1 (table 6, p. H32—33). The metal ions
and hydrogen ions in mine waste also contribute to the water hariness.
Calcium and magnesium comprise 6575 percent of the cations, sodium
and potassium 5-15 percent, aluminum about 20 percent, and iron and
manganese about 3 percent. Sulfate comprises about 85-95 percent of
the anions; chloride, fluoride and nitrate occur in minor percentages;
and there is little or no bicarbonate. Aluminum concentrations
were as much as 16 mg/l, iron 2 mg/l, silica 14 mg/l, and manganese
approximately 5 mg/l in acidic streams at locations several miles
downstream from inflowing mine drainage.

ALEALINE-TYPE STREAMS

In the central part of the Lehigh River drainage basin the tribu-
taries—Mahoning, Pohopoco, Lizard, and Aquashicola Creeks—drain
a region underalin by shale, sandstone, conglomerate, and some
limestone. Except for Aquashicola Creek at Palmerton, these streams
contain a calcium bicarbonate type water which is low in disvolved
solids.

Aquashicola Creek has a calcium sodium sulfate type of water
containing relatively high concentrations of dissolved solids. Punoff
leaches material from the area drained by this stream and accounts for
most of the dissolved solids in the water at Palmerton. Zinc-recovery
works in the basin also contribute to the dissolved solids in this stream.
A sample of water at Palmerton on September 18, 1964, contained 275
mg/l dissolved solids (specific conductance 449 micromhos) and a
calcium magnesium hardness of 146 mg/l.

LERIGH RIVER AT WALNUTPORT

Walnutport is about 40 river miles down river from the Francis E.
Walter dam, approximately halfway between the source and mouth of
the Lehigh River. The river drains 889 square miles at Walnutport,
where during 20 years (1947-66) the average discharge was 1,739
cfs, or 1,123 mgd. For the period 1947-60 the daily flow equaled or
exceeded the average flow 30-40 percent of the time.

In this part of the river can be observed the effectiveness of neutral-
ization and dilution by some tributaries to lessen the deleterious
influence of acid-bearing streams on water quality. River water here
is a calcium sulfate type and is commonly of good quality for most uses.
The concentrations of solutes in river water at Walnutport are at their
highest during the summer months and early autumn, during lovr flow.
Only moderate treatment of river water is required for its use as a
public or industrial supply.

Intermittent chemical analyses of the river at Walnutport fror: 1950
to 1966 showed that dissolved-solids concentrations ranged from 41 to
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131 mg/l and that pH ranged from 4.6 to 7.0. Calcium snd magnesium
hardness ranged from 20 to 86 mg/l. Maximum hardness occurred
September 18, 1964, when most eastern Pennsylvanis streams were
affected by drought. Minimum hardness of 20 mg/l occurred June 20,
1966, when controlled releases of impounded water we e made to the
river from the Francis E. Walter Reservior. Normally this section of
the river is nearly saturated with dissolved oxygen.

OTHER STREAMS IN THE VALLEY AND RIDGE PROVINC™

Streams in the southern part of the Valley and Ridge province,
notably Little Lehigh, Monocacy, Coplay, Cedar, and Jordan Creeks,
are underlain by extensive beds of Cambrian and Ordovician limestone
and dolomite. Such rocks greatly influence the chemical quality of
the streams that cross them. The limestones are dense, hard, brittle,
and soluble. Subsurface channels are dissolved out along fractures by
percolating water charged with carbon dioxide. Water that seeps from
these rocks into streams contains high concentrations of calcium,
magnesium, and bicarbonate. Consequently, water in streams of this
area is a calcium bicarbonate type and alkaline. The dissolved-solids
concentrations range from 100 to 400 mg/l; pH ranges from about 7.0
to 8.5. Commonly, calcium and magnesium hardness exceeds 100 mg/1
and may often exceed 200 mg/l during periods of low streamflow.

Calcium and magnesium constitute 80-95 percent of the cations,
and sodium and potassium about 5-20 percent. Iron and manganese
are present in minor percentages, but, combined, they rarely exceed
1.0 mg/l. Silica content is usually less than 10 mg/l. Bicarbonate
constitutes about 60-80 percent of the anions, sulfate 10-35 percent,
and chloride and nitrate 5-10 percent. Fluoride is present in trace
amounts.

The average discharge of Little Lehigh Creek near Allentown for
21 years (1946-66) was 88.3 cfs, or 57 mgd; that for Monocacy Creek
at Bethlehem for 18 years (1949-66) was 45.5 cfs, or 29.3 mgd; and
that for Jordan Creek at Allentown for 22 years (1945-66) was
106 cfs, or 68.5 mgd. The daily flow in Little Lehigh Creek equaled
or exceeded its average flow 40-50 percent of the time, and daily flow
in the other two creeks equaled or exceeded average flow 30 40
percent of the time.

LEHIGH RIVER AT CATASAUQUA

Lehigh River water at Catasauqua was frequently examined for
quality variations from October 1, 1944, through September 30, 1953.
During this time more than 2,800 daily samples were taken and com-
posited into sets of 10 samples each. A complete chemical analysis
was made of each composited set.

Catasauqua is about 9 river miles upstream from Pethlehem and
is above the confluence of Jordan, Little Lehigh, end Monocacy
Creeks. River water at Catasauqua is a calcium sulfate type, and
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most of the time its quality is good for most purposes after moderate
treatment. For the period of record, dissolved solids ranged from
45 to 393 mg/l, pH ranged from 5.3 to 7.6, and calcium and magresium
hardness ranged from 24 to 258 mg/l (table 2).

The median specific conductance for the same period wes 119
micromhos. The cumulative frequency of specific conductance at
Catasauqua and the concentration levels for some chemical constit-
uents from 1945 to 1952 are presented in table 3.

The concentration of dissolved solids and the calcium and magr esium
hardness of Lehigh River water at Catasauqua are, respectively,
about 66 and 42 percent of specific conductance (fig. 5).

CHEMICAL QUALITY OF STREAMS DRAINING THE NEW ENCLAND
PROVINCE
Below Bethlehem the Lehigh River and its tributaries drain the
New England province. Stream valleys are underlain by limestone
and dolomite, and the high country is mainly Precambrian crystalline
rock (Hall, 1934).
SAUCON CREEK
Saucon Creek is 16.5 miles long, and, although its drainage area
is relatively small (58.2 sq mi), the limestone terrane that it drains
imparts alkaline characteristics to the stream which can neutralize
acidic water where the two mix. At Friedensville, 0.3 mile downstream

TaBLE 2.—Mazimum and minimum values of physical and chemical praperiies,
Lehigh River at Catasauqua, 1944-63

[Results in milligrams per liter except as indicated]

Property Max Min

Sg{eciﬁc conductance (micromhos at 25°C)

3 = LR - 7.6 5.3
Caleium (C8) oo oo .- 59 6
Calctum, magnesium hardness (85 Ca8C08) aan o ovoacoaomoacaiaans .- 258 24
Sulfate (SO4) - oo e - 221 21
Iron (Fe)..... . <24 0
Manganese (Mn)... 1,68 0
Dissolved solids.... 393 45

t Exceeds U.S. Public Health Service drinking water standards.

TaBLE 3.—Given values of physical and chemical properties that were equaled or
exceeded for indicated percent of days, Lehigh River at Catasaugqua, 1946-52

[Results in milligrams per liter except as indicated]

Percent of days

Property
10 25 50 75 90
Specific conductance (micromhos at 25°C) ... ... o iooiooiaia.o 200 162 130 107 92
Caleium (Ca) .o oo oo oo .. 19 15 12 9.8 8.3
Magnesium (Mg) ... .o...._... 6.6 5.4 4.3 3.6 3.0
Sodium (Na) and potassium (K 7.4 59 47 38 3.2
Bicarbonate (HCOz)_........... 22 17 13 9 7
Sulfate (804) e ... - 60 48 38 32 27
Chloride (CI) - ..o e 4.0 3.3 2.7 23 2.1
Dissolved solidS ... o ieeiiiiaen 127 104 84 70 60
Hardness (a8 CaCO0a) - -« oo 74 80 47 39 33
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from South Branch Saucon Creek, the average discharge for 5 years
(1949-53) was 42.7 cfs, or about 28 mgd. The maximum discharge,
1,330 cfs, occurred November 25, 1950; the minimum, 6.4 cfs, oc-
curred September 26, 1950. Water pumped from a zinc mine near
Friedensville flows into this stream. From 1949 to 1953 dail flow in
Saucon Creek exceeded the average flow 30-40 percent of the time
(Busch and Shaw, 1966).

LEHIGH RIVER AT BETHLEHEM AND GLENDON

At Bethlehem, about 12 river miles upstream from the mouth of
the Lehigh, the river drains 1,279 square miles, including the area
drained by Monocacy Creek. The average discharge of the Lehigh at
Bethlehem for 60 years (1902-04, 1909-66) was 2,236 cfs, or 1,445
mgd. The maximum discharge, 92,000 cfs, occurred May 23, 1942;
the minimum, 125 cfs, occurred June 28, 1965.

Lehigh River water at Bethlehem is a mixed calcium bic~rrbonate
sulfate type. During an average or below-average flow, solutes are
more concentrated than when the flow is above average, and bicar-
bonate usually predominates in the stream water; when discharge
is above average, sulfate usually predominates. The relationship of
dissolved solids and specific conductance in Lehigh River water
at Bethlehem (1959-66) is shown in figure 6.

About 8.5 miles downstream from Bethlehem, at Glendon, the
drainage area is 71 square miles larger than at Bethlehem. A compari-
son of chemical analyses at these locations shows a change of less than
5 percent in specific conductance, calcium and magnesium harduoess,
and bicarbonate, and sulfate content. During the 1957 and 1¢58 water
years, the specific conductance of river water at Glendon did not
exceed 200 micromhos for 50 percent of the time (fig. 7). Ozcasional
fish kills in this part of the river are probably caused by industrial
waste discharges, which reduce the concentration of oxygen in the
water. (U.S. Department of Health, Education, and Welfare, 1964).

LEHIGH RIVER AT EASTON

At Easton the Lehigh River drains 1,364 square miles. The average
discharge of the Lehigh at Easton for 58 years of record was approx-
imately 2,320 cfs, or 1,499 mgd.

The water at Easton is a mixed calcium sulfate blcarbonate type.
These ions make up about 65-75 percent of the dissolved solids. From
October 1961 through March 1967, dissolved solids in river water
ranged from 75 to 243 mg/l. The varying concentrations had en inverse
relationship to stream discharge. The hardness, caused principally by
calcium and magnesium, ranged from 35 to 150 mg/l; pH ranged from
6.4 to 7.7. Specific conductance ranged from 82 micromhos March 15,
1964, to 581 micromhos August 19, 1963. However, 60 percent of the
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time specific conductance did not exceed 265 micromhos (fig. 8);
during the 1966 water year the median was 174 micromhos. Daily
specific conductances of the river at Easton during the 1965 water
vear are shown in table 4. The monthly maximum, minimum, and
mean values for dissolved oxygen, specific conductance, ard tem-
perature of Lehigh River water at Easton are shown in table £. These
quality parameters were recorded by instrument from May 1966 to
April 1967.

The concentration of dissolved solids in river water can be estimated
by the specific conductance. The relationship between dissolved solids
(ds) and specific conductance (X) at Easton is illustrated in figure 9.
The result of the plotting of these variables is:

ds=0.63K4-10

The river water temperature at Easton from October 1962 to
September 1965 was equal to or less than 22° C 75 percent of the time
(fig. 10). Seasonal variations, daily maximum and minimum averages,
and monthly averages from October 1962 to September 1966 are
shown in figure 11.

SUMMARY

Because of environmental factors such as climate, geology, and
land and water use, the quality of water in the Lehigh River varies
considerably from the river’s source to its mouth.

The headwaters of the main river are fed by streams very low in
solutes. Some of these streams in the Appalachian Plateaus contain
drainage from swamps of glacial origin, which imparts a high ecolor
and acidity to water because of decaying matter. However, the near
purity of most streams in the Lehigh headwaters is indicated by their
low specific conductance (less than 50 micromhos). The lowest specific
conductance of natural water in Pennsylvania ever recorded by the
Geological Survey was 10 micromhos at Dilldown Creek, a tributary
that flows through State game and forest lands in the scenic Pocono
Mountains of Monroe and Carbon Counties. The headwaters of the
Lehigh River; Dilldown, Choke, Bear, Tobyhanna, and Tunkhannock
Creeks; and the main river provide habitat for an abundant popula-
tion of brown and rainbow trout and other game fish.

In the middle part of the basin, the Lehigh receives the waters of
several streams that transport acidic coal-mine wastes. Sorme mine
water is also transported from abandoned mines in the Schuylkill
River basin by way of the Nesquehoning drainage tunnel. Sandy,
Pond, and Indian Runs and Black, Quakake, and Nesquehoning
Creeks flow from the west to join the Lehigh, bringing mine drainage
from the eastern Middle anthracite field. However, below the con-
fluence of these streams with the Lehigh, alkaline water from Po.

351-256—69——4
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TABLE 5.—Continuous recording of water quality by instrument, Lehigh River at
Easton, May 1966 to April 1967

Dissolved oxygen Specific conductance Temgerature Percent
Date (mg/l) (micromhos at 25° C) ©0 sg.tu-1
ration
Max Min Mean Max Min Mean Max Min Mesan
197 105 159 23 17 20 84
261 89 174 30 15 23 75
422 .. .. 232 33 2¢ 29 52
441 248 342 31 2! 28 o
428 253 329 30 17 23 .
290 247 (.. 21 12 17 55
370 142 262 17 7 12 77
288 135 216 11 0 5 86
264 128 205 8 2 4
250 159 202 4 2 3 84
246 127 178 7 2 6 .
200 112 168 14 9 11 83
1 Derived from mean monthly dissolved oxygen and temperature records.
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Fiaure 9.—Relationship between dissolved solids and specific conductance,
Lehigh River at Easton, 1961-66.
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hopoco, Wild, Lizard, Aquashicola, Buckwheat, and Hokerdaqua
Creeks dilutes and neutralizes the acidity so that the river is again
approximately neutral and requires only a moderate amount of treat-
ment for most uses.

Where the Lehigh flows into the Delaware at Easton, its water is a
mixed type with calcium, sulfate, and bicarbonate ions predominating.
Sixty percent of the time from 1962 to 1966, the specific conductance
did not exceed 265 micromhos; it ranged from 86 to 581 micromhos.
The median specific conductance during the 1966 water year was 174
micromhos.

Water temperature at Easton from 1962 to 1965 was equal to or
less than 22°C 75 percent of the time. Water hardness, caused mostly
by calcium and magnesium, ranged from 35 to 150 mg/l.

There is a strong public consciousness for protecting the chemical
and sanitary quality of the Lehigh River because of the river’s econ-
omic importance as a water supply and because of its latent potential
for esthetic enjoyment and recreational uses. This report shows that
river water contains adequate oxygen most of the time for the oxida-
tion of waste loads that may now be entering the stream. At times,
however, the concentration of oxygen in the lower Lehigh is sufficiently
low (less than 1.0 mg/l) to cause concern. Oxygen deficits are caused
by acid mine drainage and other industrial waste discharges. The
effects are moderate to severe. The most recently reported fish kills in
the Lehigh River have come from the lower basin areas between Allen-
town and Easton, where the Pennsylvania Fish Commission reports
that channel catfish, smallmouth and largemouth bass, suckers. bull-
heads, eels, and fallfish are in the river.
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