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PREFACE

In 1973, the U.S. Geological Survey began a series of intensive river-quality
assessments designed to demonstrate the use of river-quality studies in basin planning
and water-resources management. The first of these assessments was conducted in the
Willamette River basin, Oregon. Others have been completed in the Yampa River
basin, Colorado and Wyoming; the Chattahoochee River basin, Georgia; the
Apalachicola River basin, Florida; the Truckee and Carson River basins, California
and Nevada; and the Potomac River basin, Maryland and Virginia. Objectives of the
assessments were to define the types and amounts of data required to assess various
river-quality problems and to develop and document methods for assessing planning
alternatives in terms of potential impacts on river quality.

The assessments were a result of recommendations from the Advisory Commit-
tee on Water Data for Public Use. This committee was established to help implement
Office of Management and Budget Circular A-67, which designated the U.S. Depart-
ment of the Interior responsible for coordinating Federal water-data acquisition and the
U.S. Geological Survey responsible for acquiring the data. In 1971, the Advisory
Committee was concerned because suitable information on river-basin planning and on
water-quality management of major rivers was not available. The concern resulted
from the inadequacy of water data to address problems that demanded legislative ac-
tion. Major problems included (1) definition of water quality of the Nation’s rivers,
(2) analysis of water-quality trends, especially the effectiveness of poltution-control
programs in improving water quality, (3) determination of whether advanced waste-
water treatment was desirable or necessary on a national, State, or river-basin basis,
and (4) definition of the interrelation of land use and water quality. The committee
recommended that the Geological Survey assess these problems, using the Willamette
River basin for the pilot study.

This water-supply series, Water-Supply Paper 2256 consists of the two primary
reports that present the results of the Schuylkill River Quality Assessment, which is
the first to address river-quality problems associated with trace metals and trace or-
ganic substances. The Schuylkill River was chosen for study because of heavy use of
the river for municipal water supplies and a history of accidental spills and discharges
of trace substances in the heavily industrialized reach of the river between Reading and
Philadelphia, Pa.

The Schuylkill River Quality Assessment was divided into three components on
the basis of results of review of water-quality conditions in the basin by the project
staff and officials from local, State, and Federal agencies. The first component was a
review of the methods of conducting trace substance studies and a determination of the
most appropriate methods of sampling and analyzing water, sediment, and biota to de-
fine ambient conditions in the aquatic environment. The second component was a de-
termination of the distribution and transport of trace metals and organic substances in
the basin. The third component was a determination of the effects of the low dams in
the lower part of the basin on the transport of sediment, trace metals, and organic
substances. The first component of the assessment is addressed in both parts A and B
of this series. The second and third components are presented in parts A and B,
respectively.
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Part A presents the analyses and interpretations of data collected in the
Schuylkill River basin from Berne to the Fairmount Dam at Philadelphia. The purpose
of the study was to determine (1) the distribution of trace substances in the Schuylkill
River and its tributaries through analyses of streambed sediments, (2) the average an-
nual transport of trace substances, including dissolved and total trace metals, from
major tributaries and reaches of the river, and (3) the frequency at which concentra-
tions of selected constituents exceed Federal and State water-quality criteria.

Part B presents the analyses of information collected in part of the lower basin
between Pottstown and Philadelphia, particularly in or near the pools formed by the
six low dams on the river. The objectives for this part of the study were to determine
(1) the sediment transport characteristics of the Schuylkill River and the major tribu-
taries in the lower basin, (2) the sediment-deposition rates, the spatial and temporal
deposition patterns, and the trap efficiency of the six pools, and (3) the transport char-
acteristics of trace metals and organic substances in the river and the distribution and
magnitude of trace substances deposited in the pools.
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Effects of Low-Level Dams on the Distribution of
Sediment, Trace Metals, and Organic Substances in the
Lower Schuylkill River Basin, Pennsylvania

By Thomas H. Yorke, John K. Stamer, and Gary L. Pederson

Abstract

Heavy use of the Schuylkill River for municipal water
supplies and a history of accidental spills and discharges of
trace metals and organic substances have been a concern of
State and local officials for many years. The U.S. Geological
Survey, as part of their River Quality Assessment Program, de-
veloped a study to assess the occurrence and distribution of
trace substances that pose a threat to human health and aquatic
life. This report presents the results of the part of the study that
evaluates the effects of low-level dams in the lower basin on
the distribution and transport of sediment and trace substances.

A combination of historical and current data were used
in the assessment. Suspended-sediment data collected at sev-
eral mainstem and tributary sites from 1954 to 1979 and sedi-
mentation surveys of the six pools in the lower basin were used
to define the sediment—transport characteristics of the river.
These data provided a base for assessing the transport of trace
substances, which are associated closely with riverbed sedi-
ments and suspended particles. Water and riverbed samples
were collected for analyses of trace substances at numerous
sites in the lower basin from 1978 to 1980.

The six dams on the river between Pottstown and
Philadelphia have had a significant effect on the transport of
sediment and trace substances. Between 1954 and 1970, more
than 4.7 million cubic yards of sediment accumulated in the
pools formed by the dams. The quantity of sediment deposited
in the pools ranged from 150,000 cubic yards in Plymouth Pool
to 1.6 million cubic yards in Fairmount Pool. The rate of accu-
mulation in the pools was a function of pool size and geometry
and the frequency of storms. About 35 percent of the total
sediment discharged by the river was stored in the six pools
from 1954 to 1970. Since 1970, the net change in sediment
accumulation has been minimal. More than 24 percent of the
sediment in Fairmount Pool in 1970 was scoured from the pool
during Hurricane Agnes in 1972; however, total sediment ac-
cumulation returned to the 1970 level within 2 years.

Analyses of water samples showed that some trace sub-
stances are associated closely with particulate material trans-
ported by the river. The concentration of suspended and total
cadmium, chromium, copper, lead, nickel, and zinc correlated
well with the concentration of suspended sediment and sus-
pended organic carbon. The average annual discharge of met-
als in suspension as a percentage of total average annual dis-
charge ranged from 46 percent for nickel to 94 percent for lead
for the Schuylkill River at Manayunk. The average annual dis-
charge of each metal remained about the same or decreased

between Pottstown and Philadelphia. Synoptic sampling of the
inflow and outflow of several pools during storm runoff showed
that the pools limit the transport of trace metals. More than 50
percent of the suspended copper transported by the river at
Pottstown was deposited in Vincent Pool during the storm of
May 12-15, 1980. Similar reductions were observed between
Port Kennedy and Manayunk as the storm runoff passed
through Norristown, Plymouth, and Flat Rock Pools.

Analyses of riverbed sediments showed that concentra-
tions of trace substances were higher in sediments that in-
cluded all particles finer than 0.062 millimeter than in sedi-
ments that included only particles finer than 0.016 millimeter.
This suggests that medium and coarse silt particles or conglom-
erates of finer particles sorb as much or more trace constituents
as the individual fine silts and clay particles. Concentrations of
trace metals were as much as 90 percent higher in the sedi-
ments that included coarse silt. Concentrations of trace organic
substances were several times higher in the sediments that
included coarse silt than in sediments consisting of only fine silt
or clay.

Surficial and core samples of riverbed sediments were
used to define the present and historical distribution of trace
substances in the lower Schuylkill River basin. Concentrations
of trace metals and polychlorinated biphenyls in surficial sedi-
ments generally declined between Pottstown and Philadelphia.
Concentrations of chlorinated insecticides remained about the
same or increased in the same reach. Fluctuations in concen-
trations of these substances seem to be related to fluctuations
in discharge of trace substances rather than to control by the
low-level dams. Concentrations of some trace metals in the
deeper sediments were 2 times higher than the concentrations
in surficial sediments; concentrations of insecticides were 1.5
to 2 times higher; and concentrations of polychlorinated
biphenyls were 2 times higher in the deeper deposits.

INTRODUCTION

The Schuylkill River Quality Assessment is part of a
continuing program of the U.S. Geological Survey to con-
duct intensive surveys of water quality in river basins
throughout the Nation. The surveys are designed to demon-
strate the effectiveness of river-quality studies for basin
planning and water-resource management. The assessment
of the Schuylkill River differed from previous assessments
in the program because the study concentrated on the
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presence, distribution, and transport of trace metal and or-
ganic substances. The period of study was from October 1,
1978, to March 31, 1981.

The decision to study trace metal and organic sub-
stances was the result of an intensive review of water-quality
conditions in the basin by the project staff and officials from
local, State, and Federal agencies. Other types of water-
quality problems, such as acid mine drainage and
dissolved-oxygen depletion, were considered for study;
however, the overriding concern, as expressed by State and
local officials, was the presence of potentially toxic sub-
stances in the river. This concern was based on a history of
spills and waste discharges into the river and elevated con-
centrations of some trace metal and organic substances in
the riverbed sediments and biota of the river (Brezina and
others, 1974). Extensive use of the river for municipal water
supplies amplified the concern.

The assessment was divided into three components
based on the specific needs and concerns presented during
the definition of the problem. The first component was to
evaluate the methods of conducting trace substance studies.
This included a review of the literature dealing with trace
substances in the aquatic environment, legislation related to
regulating trace substances, and methods of sampling and
analyzing water, sediment, and biota to define ambient con-
ditions. The second component was to determine the distri-
bution and transport of trace metals and organic substances
in the basin. The third component was to determine the
effects of the low-level dams in the lower basin on the
transport of sediment, trace metals, and organic substances.

Purpose and Scope

This report presents the results of an intensive study
to define the effects of low-level dams on the transport of
sediment and trace substances. Specifically, the report de-
scribes how and to what extent the old navigation dams on
the river between Pottstown and Philadelphia affect the
movement and distribution of sediment and trace substances
in the river. The objectives defined for the study were the
determination of
1. The sediment transport characteristics of the Schuylkill

River and the major tributaries in the lower basin.
2. The sediment-deposition rates, the spatial and temporal
deposition patterns, and the trap efficiency of the six
pools formed by low-level dams in the lower basin.
3. The transport characteristics of trace metals and organic
substances in the river and the distribution and mag-
nitude of trace substances deposited in the pools.

The focus of the study was the 47-mi reach of the river

between Pottstown and Philadelphia, which includes six

pools formed by dams at or near Royersford, Phoenixville,
Norristown, Manayunk, and Philadelphia. The transport of
sediment and trace substances to this reach of the river from
both the headwaters upstream from Pottstown and tribu-
taries that enter the river between Pottstown and Philadel-
phia were estimated by historical data and data collected
from December 1978 to August 1980.

The Schuylkill River Desilting Project, which in-
cluded dredging most of the river and the construction of
desilting basins in the headwaters of the basin, profoundly
effected the sediment transport characteristics of the river.
The project was started in 1947 and was completed in 1954.
Accordingly, the water, sediment, and chemical data used
for this study include only those data collected since 1954.
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FACTORS AFFECTING THE TRANSPORT OF
SEDIMENT, TRACE METALS, AND ORGANIC
SUBSTANCES

The Schuylkill River has been a part of American
history since the colonies were founded in the 17th century.
Even before Comelius Hendrickson ascended the Delaware
River to the mouth of the Schuylkill River (Skokihl or hid-
den creek) in 1616 (Nolan, 1951), the quality of the river
has been affected by the forces of nature and the influence
of man. The natural influences include the physiography,
climate, and geology and soils of the drainage basin. The
river has been used for water supply, for discharging wastes,
and for a transportation system. Each of these factors will be
discussed as they relate to the Schuylkill River—in particu-
lar, the reach of the river between Pottstown and Philadel-
phia.
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Table 3. Summary of streamflow and suspended-sediment stations in the lower Schuylkill River basin

Drainage Type of data and period of record

Station! area

number Name (mi?) Streamflow Suspended sediment

01472000  Schuylkill River at Daily: Oct. 1927-Sept. 1979 Periodic: Nov. 1963—-May 1966;
Pottstown -----<----ccoo--- 1,147 April 1979-June 1980.

01472105 Schuylkill River at Periodic: Aug. 1979-Aug. 1980 Periodic: Aug. 1979.
Royersford ----~------------ 1,195

01472161 French Creek at Periodic: Aug. 1979—-Aug. 1980 Periodic: Sept. 1979—June 1980.
Phoenixville ------------------- 70.1

01473000  Perkiomen Creek at Daily: June 1914-Sept. 1979 Daily: Oct. 1963—May 1966:
Graterford ------------------- 279 Jan. 1971-Sept. 1973.

Periodic: Sept. 1979—June 1980.

01473120  Skippack Creek near Daily: Apr. 1966-Sept. 1979 Daily: Oct. 1971-June 1973.
Collegeville ------------------- 53.7 Periodic: Sept. 1979-April 1980.

01473170 Valley Creek at Wilson Bridge Periodic: Aug. 1979-Aug. 1980 Periodic: Sept. 1979-June 1980.
near Valley Forge -------------- 22.0

01473193 Schuylkill River at Periodic: Apr. 1979—Aug. 1980 Periodic: Sept. 1979—June 1980.
Port Kennedy --------------- 1,722

01473470  Stony Creek at Steriger St., Periodic: Aug. 1979—Aug. 1980 Periodic: Sept. 1979—June 1980.
Norristown ----=---cmcmmcmnnanan 20.4

01473800  Schuylkill River at Daily: Nov. 1947-Sept. 1979 Daily: Nov. 1947-Sept. 1979.
Manayunk ----------------- 1,810

01474000  Wissahickon Creek at Daily: Oct. 1965-Sept. 1970; Periodic: Oct. 1966—Aug. 1968;
mouth -------ceccoooo o 64.0 May 1974-Sept. 1979 Oct. 1979-Mar. 1980.

'Hydrologic-data stations are assigned 8-digit identification numbers that increase downstream. The station number system is described in all U.S.

Geological Survey water-data reports published since 1950.

where

Q, =suspended-sediment discharge, in tons per day;

Q =water discharge, in cubic feet per second;

C,=suspended-sediment concentration, in milli-

grams per liter; and

k=time-dependent constant (equals 0.0027 for a

day).
The mean water discharge and the mean sediment concen-
tration normally are used to compute the sediment discharge
for each day. However, during storms when the water dis-
charge and sediment concentration may change rapidly, the
sediment discharge is computed for smaller time increments
and sediment discharges for each time increment then are
summed to obtain the daily sediment discharge.

As mentioned previously, daily records of water and
sediment discharge as far back as 1947 are available for the
Schuylkill River at Manayunk. However, part of this
record, 1947-53, represents conditions on the river before
the Schuylkill River Desilting Project was completed. Dur-

ing this period, the river was clogged with culm from coal
mining at the headwaters of the basin, and the amount of
sediment discharged by the river was not typical of condi-
tions since 1953. Therefore, those records were not used in
the analysis of the seasonal and annual transport characteris-
tics of the river. A base period of 26 years, water years
1954-79 inclusively, was adopted for all analyses of sedi-
ment transport in the study.

Estimating Long-Term Sediment Discharge

Long-term sediment data from a station are rather
unique because of the expense of collecting, transporting,
and analyzing more than 400 samples each year. To estimate
sediment discharge at the remaining sites, a relation be-
tween water discharge and sediment concentration was de-
veloped and then used in conjunction with long-term
streamflow characteristics (Miller, 1951; Colby, 1956).
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Flow-duration curves were used to represent the long-
term streamflow characteristics of different streams in the
basin. A flow-duration curve is a cumulative distribution
curve of daily mean water discharge that shows the percent-
age of time that various discharges were equaled or ex-
ceeded during a given time period (Searcy, 1959); for exam-
ple, the flow-duration curve for French Creek at
Phoenixville (fig. 5) from October 1, 1953, to September
30, 1979, indicates that a water discharge of 50 ft’/s was
equaled or exceeded 50 percent of the time and a discharge
of 700 ft*/s was equaled or exceeded only 1 percent of the
time.

All flow-duration curves used to estimate sediment
discharges were based on the 26-year period from Octo-
ber 1, 1953, to September 30, 1979. The duration curves for
stations with less than 26 yr of record were adjusted to the
base period using the index-station method described by
Searcy (1959). Duration curves for partial-record sites were
estimated using simultaneous observations of discharge at
the partial-record site and at a nearby continuous-record
station.

The relation between water discharge and sediment
concentration at each site was determined by plotting sedi-
ment concentration as a function of instantaneous water
discharge. A least-squares fit of the data or a hand-drawn
curve through group averages was used as the relation de-
pending on whether the data met the assumptions of a linear
regression model. The sediment-concentration curve for
French Creek at Phoenixville (fig. 6) shows a reasonable fit
of the data (correlation coefficient is 0.93).

Equation 1 was used to compute average annual sed-
iment discharges using information from the flow-duration
curves and the water-discharge and sediment-concentration
curves for each station. First, average water discharges for
selected time intervals were determined from the flow-
duration curves. Second, the suspended-sediment concen-
trations corresponding to the water discharges were deter-
mined from the water-discharge and sediment-concentration
curves. Third, the sediment discharges for each time inter-
val of flow duration were computed by substituting the
appropriate values in equation 1. Finally, the average annual
sediment discharge was determined by adding the sediment
discharges computed for each flow-duration interval.

Sedimentation Surveys

Several sedimentation surveys have been made of the
six pools in the lower part of the basin between Pottstown
and Philadelphia by the Commonwealth of Pennsylvania
and the U.S. Army Corps of Engineers (table 4). Data from
the postrestoration surveys of Plymouth, Flat Rock, and
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Figure 5. Flow-duration curve for French Creek at
Phoenixville from October 1953 to September 1979.
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Figure 6. Relation between the common logarithms of instan-
taneous water discharge (Q) and suspended-sediment concen-
tration (C;) for French Creek at Phoenixville.
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Fairmount Pools were furnished by the U.S. Army Corps of
Engineers, Philadelphia District (Al Smith, written commu-
nication, March 1979); data from the other surveys. which
were used to document the total deposition within the pools
and to evaluate pool-to-pool variation in deposition patterns
and trap efficiency, were supplied by the Commonwealth of
Pennsylvania, Department of Environmental Resources
(Cliff Romig, written communication, April 1979). The
surveys in Fairmount Pool also were used to evaluate the
temporal variation in deposition and erosion rates within the
pools.

Two techniques were used to make the surveys. The
earliest surveys in each pool and the 1973 and 1974 surveys in
Fairmount Pool were made by probing the bottom at 10-20 ft
intervals on stadia ranges. A recording fathometer was used for
all other surveys. In each case, the ends of ranges were tied
into the horizontal control. The water surface, referenced to the
crest elevation of each dam, was used as the vertical control.

Ranges were surveyed at about 200-ft intervals from
the dam upstream to the head of the pool. The length of

reach surveyed in each pool was fairly consistent from sur-
vey to survey except for Fairmount Pool, where several of
the surveys concentrated only on the major areas of deposi-
tion in the lower 2 or 3 mi of the pool. Although the longi-
tudinal stationing of cross sections varied considerably be-
tween surveys, enough cross sections in each pool were
available to document deposition patterns.

Sediment Trap Efficiency

Trap efficiency, as the term implies, is the effective-
ness of an impoundment or reservoir in trapping sediment.
It is usually expressed in terms of deposition as a percentage
of sediment inflow to the impoundment:

TE =Q}—D’ - 100 . (2a)

Table 4. Summary of sedimentation surveys used in the analysis of the lower Schuylkill River basin
[DER, Pennsylvania Department of Environmental Resources. COE, U.S. Army Corps of Engineers, Philadelphia District]

Length of
Year of survey Number of
Pool name survey (ft) cross sections Source of data
Vincent ------------ 1950 10,740 29 DER
1970 10,740 29 DER
1973 10,740 30 DER
Black Rock -------- 1950 15,145 37 DER
1970 15,145 37 DER
1973 12,345 33 DER
Norristown --------- 1950 18,245 66 DER
1970 18,245 66 DER
1973 18,245 66 DER
Plymouth ---------- 1952 5,938 16 COE
1970 5,938 16 DER
1973 10,533 26 DER
Flat Rock ---------- 1953 8,810 24 COE
1970 8,810 23 DER
1973 8,810 23 DER
Fairmount ~--------- 1954 19,728 55 COE
1970 19,728 55 DER
1973 13,520 36 DER
1974 15,720 38 DER
1977 9,220 26 DER
1979 15,720 43 DER
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where
TE =trap efficiency, in percent;
V =volume of deposited sediment, in cubic yards; and
D =density of sediment, in tons per cubic yard.
Or

_U-0)

TE I

100 , (2b)

where
TE =trap efficiency, in percent;

I =sediment inflow, in tons; and

O =sediment outflow, in tons.
Volume of deposited sediment may be determined directly
by surveying the bottom of the impoundment before and
after sediment has accumulated. The density of the sedi-
ments also must be determined if this method is used. An-
other method is to monitor sediment inflow and outflow of
the impoundment and to subtract outflow from inflow to
determine the amount of deposition.

The method used in this study was to determine the
volume of deposited sediments using the surveys described
in the previous section. The volume of the deposited sedi-
ments then was converted to mass using the average density
of three sets of core samples collected in Fairmount and
Black Rock Pools. The density of 19 segments of the cores
ranged from 35.0 to 92.9 Ib/ft® and averaged 69.2 Ib/ft3 or
0.934 ton/yd?. The density generally increased with depth.
Inflow to the pools was determined using the best available
sediment transport data.

Trace Metals and Organic Substances

Two approaches were used to evaluate the effects of
the low-level dams on the distribution of trace metals and
organic substances in the lower Schuylkill River basin. In
the first approach, particle size distribution of accumulated
sediments and concentrations of chemical constituents asso-
ciated with the sediments were studied in detail because
transport of these substances is considered to be primarily in
suspension. The second approach was to sample the inflow
and outflow of the pools to document the short- and long-
term effects of the pools on the transport of selected metals
and organic substances.

Bed Material Samples

Samples of bed material in the six pools in the Jower
basin were collected on five separate occasions. Surficial
bed material samples were collected from each pool in De-
cember 1978 and November 1979, dredge samples were

collected from each pool in August 1979, and core samples
were collected from Black Rock Pool in April 1980 and
from Fairmount Pool in June 1980. Samples were collected
in December 1978 and November 1979 to evaluate the dis-
tribution of trace substances among the pools. Samples were
collected at the banks of the pools in areas where accretion
of sediment was expected. Samples for trace metal analyses
were collected with nylon spoons and were shipped in plas-
tic freezer containers to the U.S. Geological Survey Central
Laboratory, Doraville, Ga. Samples for pesticide and other
organic determinations were sampled with metal spoons and
were shipped in heat-treated glass jars to Doraville. All
samples were packed in ice immediately after collection.
Metal concentrations in the sediment were determined as
described by Skougstad and others (1979). Concentrations
of pesticides, PCBs (polychlorinated biphenyls), and or-
ganic carbon were determined by using procedures of the
U.S. Geological Survey (1973).

In 1978, unsieved samples of the bed material were
sent to the laboratory for analysis. The laboratory subse-
quently sieved the sediments through a 2-mm opening
polyethylene sieve. In November 1979, samples were
sieved through a 0.062-mm opening stainless steel sieve.
River water was used to wash the fine sediments through the
sieve. Only the fraction finer than 0.062 mm was sent to the
laboratory for analysis. This procedure was used to mini-
mize the variation between samples caused by differences in
the particle size distribution of the samples.

In August 1979, samples were collected from each
pool with an Eckman dredge from a boat. One liter of bed
material was collected at each of four locations in each pool
and composited to form a single sample. Samples were
collected in the center of the channel 2,000 ft upstream from
the dams and upstream at 4,000-ft intervals. The sample
storage and preservation procedures described above were
used for the samples.

The August 1979 samples were subsequently fraction-
ated in the laboratory to determine constituent concentra-
tions associated with different size fractions of sediment.
The samples were first sieved through a 2-mm opening,
stainless steel sieve to remove the very coarse fraction of the
sample; this part of the sample was discarded. A 0.250-mm
opening, stainless steel sieve then was used to separate the
medium and coarse sands from the very fine sands and the
silt and clay particles. Finer particles were separated by
mixing the sediments with filtered river water in large hy-
drometer tubes and then withdrawing samples at times and
depths equivalent to the settling rate of 0.062-, 0.031-,
0.016-, and 0.006-mm particles. The sieving and sedimen-
tation yielded subsamples for each pool with the following
particle size distributions: 0.25-2 mm, finer than 0.250

14 Effects, Low-Level Dams on Distribution, Sediment, Trace Metals, Organic Substances, Lower Schuylkill River Basin, Pennsylvania



mm, finer than 0.062 mm, finer than 0.031 mm, finer than
0.016 mm, and finer than 0.006 mm. Concentrations of
selected metals, organic carbon, pesticides, and PCB’s, and
cation-exchange capacity and particle size distribution were
determined, depending on the amount of material in each
subsample.

In April and June 1980, bed material cores were col-
lected to help quantify the long-term accumulation of metals
and organic compounds in the pools and to evaluate tempo-
ral variations in the transport of these substances. Two sets
of cores (5 and 8 cores) were collected at two locations in
Black Rock Pool in April 1980. The location of the sam-
pling sites were preselected using data from the sedimenta-
tion surveys. Areas with uniform deposition rates and a
maximum sediment thickness of 5 ft were selected for sam-
pling to obtain equivalent cores for analysis. A power crane
mounted on a 23-ft work boat and a 250-lb, 5-ft gravity
corer were used to collect the cores. As the cores were
extracted from the cellulose acetate butyrate liners of the
corer, they were divided into 2-in segments and stored and
chilled in plastic or glass containers, depending on the type
of analysis to be performed.

Another set of cores was collected from Fairmount
Pool in June 1980. These cores were collected by driving
sections of polyvinyl chloride pipe into the streambed and
manually pulling the cores out with ropes attached to the
pipe sections. This method was used because the pool
lacked the facilities for launching a boat large enough to
support the crane and gravity corer. The procedure for han-
dling the samples was the same as described above.

The cesium-137 procedure described by McHenry
and others (1973) was used to date the cores. Depth-
segmented subsamples of the individual cores were compos-
ited, and 500-1,000 g of material was used for the cesium-
137 dating procedure. The cesium-137 profile was used to
provide a 1963 reference point on the cores. (The maximum
fallout of cesium-137 occurred in 1963, and, therefore, the
peak concentration in the core should be present in sedi-
ments deposited in 1963.) The 1963 reference point and the
points established by the 1970 and subsequent surveys were
used to divide the cores into various time periods. Samples
representing the various time periods were submitted for
analyses of trace metals, pesticides, PCB’s, organic carbon
concentrations, and particle size determination.

Inflow-Outflow Studies

Between April 1979 and June 1980, water samples
were collected using standard suspended-sediment sampling
procedures (Guy and Norman, 1970) at four sites on the
Schuylkill River. Several verticals were sampled at each site

using depth-integrating samplers and 1-L glass jars that had
been heated to 350°C. Samples were composited, and por-
tions were split for analyses of suspended sediment, organic
carbon, trace metals, PCB’s, and insecticide residues.
Suspended-sediment concentrations were determined in the
U.S. Geological Survey Sediment Laboratory at Harrisburg,
Pa. All other samples were packed in ice and shipped to the
U.S. Geological Survey Central Laboratory in Doraville,
Ga. Procedures referenced earlier in this section were used
to determine the total recoverable and dissolved constituent
concentration of each sample. Suspended-constituent con-
centrations were determined by subtracting the dissolved
concentration from the total recoverable concentration.

The results of the analyses were used to evaluate the
effects of the low-level dams on the long-term and the
storm-by-storm discharges of trace metals and organic sub-
stances in the lower basin. Three sampling stations on the
Schuylkill River (Pottstown, Port Kennedy, and Manayunk)
were used to estimate long-term loads. The Pottstown sta-
tion monitored the inflow to Vincent and Black Rock Pools.
The Port Kennedy station monitored the outflow of the
upper two pools and the inflow to Norristown, Plymouth,
and Flat Rock Pools. The Manayunk station monitored the
outflow from the latter three pools.

The dissolved constituent discharges were determined
by the following equation:

D=9, -C,-K-36525 , 3)
where
D =average annual dissolved load, in tons per
year,
Q,, =mean annual water discharge, in cubic feet
per second;

C,, =discharge-weighted mean concentration, in
micrograms per liter: a discharge-weighted
average was used instead of other methods
because no evident trend was found between
dissolved constituent concentration and
water discharge;

K =time-dependent constant (equals 0.0000027

for a day); and
365.25=number of days in a year.

The suspended-constituent discharges were determined by
using the regressions summarized in table 12 and the flow-
duration sediment-transport-curve method. The suspended-
constituent concentration was substituted for the suspended-
sediment concentration during the computations. An
arbitrary decision was made to use this method only if the
correlation coefficient of the regression exceeded 0.66.
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Otherwise, the suspended-constituent discharge was com-
puted as a ratio of the average annual sediment discharge
using the following equation:

CM,
L-2\0i &5,

where
S =average annual suspended-constituent dis-
charge, in tons per year;
L =average annual sediment discharge, in tons per
year;
Q, =the i instantaneous water discharge, in cubic
feet per second;

CM,=the i® instantaneous suspended-constituent con-

centration, in micrograms per liter; and

CS,=the i instantaneous suspended-sediment con-

centration, in micrograms per liter.

In addition to the annual discharge determinations,
several short-term studies were made during storms in
March and May 1980. Samples of water-sediment mixtures
were collected at about 6-hr intervals to define a graph of
concentrations of suspended sediment, suspended and dis-
solved lead, suspended and dissolved copper, and organic
carbon at several points along the river. The inflow and
outflow of Vincent Pool were sampled at Pottstown and
Royersford, respectively, during the May 12-15, 1980,
storm. The inflow and outflow of the contiguous pools and
the Norristown, Plymouth, and Flat Rock Dams were sam-
pled at Port Kennedy and Manayunk, respectively, during
the storms of March 29-30 and May 12-15, 1980.

SEDIMENT TRANSPORT IN THE LOWER
SCHUYLKILL RIVER BASIN

Mainstem Between Pottstown and Philadelphia

Suspended sediment measured at Manayunk shows
the temporal variations that are typical for the Schuylkill
River between Pottstown and Philadelphia. More than 9.9
million tons of sediment (382,000 tons/yr) were transported
past Manayunk to Fairmount Pool from 1954 to 1979. The
annual sediment discharge ranged from 107,000 tons in
1966 to 996,000 tons in 1972 (fig. 7). The 1950’s and
1960’s were characterized by low annual sediment dis-
charges, which averaged about 200,000 tons/yr. The
1970’s, in contrast, were years of abnormally high sediment
yields; annual sediment discharges exceeded 600,000 tons
for 5 of the 9 years from 1971 to 1979.

The long-term variation in sediment discharge gener-
ally reflects the variation in annual rainfall and runoff in a
river basin. The 1960’s were drought years in Pennsylvania
and other northeastern States. The mean discharge of the
Schuylkill River between 1962 and 1970 was 1,810 ft/s,
compared to the 26-year mean of 2,640 ft*/s. However, the
1971-79 mean discharge was 3,570 ft*/s, or almost twice
the mean of the drought years and 1.4 times the mean of the
period between 1954 and 1979. Sediment transported be-
tween 1971 and 1979 averaged 2.6 times the annual dis-
charge of the drought years and 1.5 times the 26-yr average.

Large floods have a significant impact on the sedi-
ment transported by a river; for example, the Schuylkill
River had the highest sediment discharges in 1955 and 1972
when floods generated by Hurricanes Connie and Diane in
August 1955 and Hurricane Agnes in June 1972 transported
most of the annual sediment discharge. During the 9 days of
runoff from the two contiguous storms in 1955, 853,000
tons of sediment were transported past the Manayunk sta-
tion. The sediment discharge on August 19, 1955, was
650,000 tons, or 66 percent of the annual sediment dis-
charge. The water discharge associated with Hurricane
Agnes transported <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>