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with a mantle of clean sediment, especially sand. Environmental managers
may wish to test the disturbance-secondary productivity hypothesis by
frequently using a single spoiling site rather than using multiple sites
at a lower frequency.

The reader will understand that these recommendations are based

on observations on the effect of disturbance on demographic phenomena
and do not address problems of pollutant uptake by colonizing organisms.
Also, these recommendations may not be validly applied to deep-sea
disposal or to tropical marine environments.
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Abstract

Baltimore Harbor is located at the head of the Patapsco
estuary, a small tributary arm of the upper Chesapeake
Bay. The upper Chesapeake Bay is a region of naturally
high sedimentation rates, and shipping channels must be
maintained by relatively frequent dredging. Historically,
the bulk of the material dredged from Baltimore Harbor has
been disposed of on wetlands or fastlands adjacent to the
Harbor, or overboard within the Harbor. The bulk of the
material dredged from the connecting channels and from the
approach channel to the Chesapeake and Delaware Canal has
been disposed of overboard within the upper Bay, and the
bulk of the material dredged from the Canal itself has
been deposited on lands bordering the Canal.

The Port of Baltimore is Maryland's most important
economic component, but the upper Chesapeake Bay and the
Chesapeake and Delaware Canal are not only major shipping
avenues, they are also important spawning and nursery
areas for a variety of commercially and recreationally
important finfish. And, the main body of the Bay adjacent
to Baltimore Harbor has important shellfish beds. The
perceived conflict between fisheries and dredging and dis
posal, coupled with more stringent criteria that have been
promulgated in recent years for disposal of dredged
materials in open waters has resulted in prolonged delays
in carrying out dredging projects, sometimes with signi
ficant economic perturbations.
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Studies of the acute effects of dredging and spoil
disposal in the upper Chesapeake Bay have failed to show
any significant or persistent deleterious effects on the
environment or the biota. Studies of any chronic effects
that might ensue are virtually non-existent and are badly
needed.

Dredging has been a persistent activity in the upper
Chesapeake Bay and must continue to be if Baltimore is to
remain a major port, if indeed it is to remain a major
city. A comprehensive regional dredging and spoil dispo
sal plan should be developed for the upper Chesapeake Bay
to ensure effective operation of the Port of Baltimore.
A conceptual plan is outlined.

Introduction

The Chesapeake Bay, one of the world's largest estuaries,
has been an important waterway for shipping and trans
portation since colonial times. Today it supports two of
the nation's major seaports—Baltimore near its head, and
Norfolk, near its mouth. In 1974 these ports ranked fifth
and seventh, respectively, in the United States in terms
of tons of cargo processed. Over 34,000 commercial ships
entered the Port of Baltimore in 1974, transporting nearly
60 million tons of freight.

The historical growth of the Port of Baltimore and its
current status as the third largest importing port in the
country, have resulted in the extensive deepening of its
harbor and the creation of shipping channels by dredging
throughout the upper Bay, including the approach channel
through the Elk River to the Chesapeake and Delaware
(C & D) Canal. At present, there are over 50 NM of dredged
channels in the upper Chesapeake Bay.

Naturally high sedimentation rates of the upper Bay have
been primarily responsible for the large amounts of
dredging required to maintain adequate depths in these
channels. Since 1946, for example, over 26 x 106yds3 of
material have been dredged for maintenance from the
Baltimore federal navigation project areas and from the
C & D Canal approach channel. Approximately 22 x 106yds3,
or about 80% of this spoil, have been placed in various open
water sites in the upper Bay, Figure 1.

The increasing use of Chesapeake Bay for shipping and
transportation and the concomitant requirements for
dredging, have in recent years been perceived by many
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Figure 1. Map of upper Chesapeake Bay showing spoil
disposal sites that are now open, or have
recently been open.
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environmentalists and baymen to be in conflict with other
uses of the Bay, particularly with recreational and
commercial fishing and with other recreational and
aesthetic uses. In 1973 over 600 x 10s pounds of finfish
and shellfish were harvested from the Chesapeake Bay
estuarine system with an estimated landed value of
$49 million. Dredging per se has not been the focus of
this controversy; rather the disposal of the dredged
material in the open waters of the upper Bay and its anti
cipated adverse effects on environmental quality and on
the living resources. These concerns have led, since the
late 1960s, to frequent and prolonged delays in mainte
nance and improvement dredging projects by federal, local
and private interests. These delays in turn have
occasioned significant economic hardships to private and
public interests due to underutilization of facilities and
to loss of potential tax revenues. It appears obvious
that if the Harbor and its associated approach and
connecting channels are to be maintained even at their
present project depths, a significant fraction of the
dredged material will be disposed of in the open waters of
the upper Bay. It is unlikely that suitable sites are
available to make land disposal an acceptable alternative.

The growth of Baltimore as a port has played a major role
in the development of Baltimore as a city and Maryland as
a state, and it continues to do so. Reasons for locating
the town and port of Baltimore on the upper Patapsco, a
tributary estuary to the upper Chesapeake Bay were varied
and valid in colonial days. The Patapsco offered a
protected harbor with relatively deep water—deep relative
to the draft of most of the ocean-going vessels of that
period—except near its head, and the waterfalls on the
lower reaches of the Jones Falls River provided a ready
source of power to run the mills. Being at the Fall Line,
Baltimore is at the head of navigation.

Given the choice today, one might well not select this as
a site for a major port. The prevailing depths in the
Harbor and in the approach areas are considerably less than
the channel depths required to accommodate even medium
sized ocean-going vessels, and the high sedimentation rates
make frequent maintenance dredging a necessity. Further
more, since Baltimore Harbor is located in the upper
reaches of the Chesapeake Bay, to enter the Harbor, ships
must travel relatively long distances within the Bay
through important shellfish, finfish and recreational
areas. Despite these drawbacks the Port of Baltimore is
near the head of the Patapsco estuary in the upper reacFes
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of the Chesapeake Bay, and it could not be relocated with
out serious social and economic perturbations.

Clearly, if the Port of Baltimore is to be "preserved," a
decision which has been in effect operationally for about
200 years, frequent maintenance dredging and probably some
improvement dredging, will be necessary.

It is the purpose of this paper to assess whether or not
shipping is an important and legitimate activity for the
upper Chesapeake Bay; one that can be accommodated with
acceptable risk to the environment and its biota through
proper planning and management. We shall focus our atten
tion on the dredging and disposal activities required to
support this activity. In making this assessment we will
describe the sedimentation processes that characterize the
upper Bay, review the magnitude and nature of the dredging
and disposal operations, assess the impact these activities
have had on the environment and its resources, and evaluate
the economic importance of the Port of Baltimore to the
City of Baltimore and to the State of Maryland.

Units are reported in British engineering units to conform
with standard dredging terminology. Table 1 gives the
factors for converting British engineering units to metric
units.

TABLE 1

Conversions from British Engineering to Metric Units

To Convert From To

inches (in) centimeter (cm) 0.3937
feet (ft) meters (m) 3.2808
nautical miles (NM) kilometers (km) 0.5396
sq. statute miles (mi2) sq. kilometers (km2) 0.3861
acres sq. kilometers (km2) 247.1054
cubic feet (ft3) cubic meters (m3) 35.3147
cubic yards (yd3) cubic meters (m3) 1.3080
feet/sec (ft/s) centimeters/sec (cm/s) 0.0328
knot meters/sec (m/s) 1.9425
short ton metric ton 1.1023
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Sedimentation in Upper Chesapeake Bay

A Geological Perspective. The Chesapeake Bay is an
estuary—a semi-enclosed coastal body of water freely
connected to the ocean and within which sea water is
measurably diluted by fresh water from land drainage
(Pritchard, 1967). Fresh water from numerous rivers and
streams is mixed within the semi-enclosed Chesapeake Bay
basin with sea water that enters through the Virginia
Capes. The mixing, primarily by tides, produces density
gradients that drive the characteristic two-layered circu
lation pattern that eventually leads to the discharge of
the fresh water to the Atlantic Ocean.

The Chesapeake Bay estuarine system lies entirely within
the Atlantic Coastal Plain, a broad, gently sloping plain
bounded on the west by the crystalline rocks of the
Piedmont and on the east by the edge of the continental
shelf. A classic example of a submerged river valley
estuary, the Chesapeake Bay estuary was formed by drowning
its ancestral river valley system by the most recent rise
in sea level which began 15,000 to 18,000 years ago. At
that time sea level was approximately 400 feet below its
present level and the ocean shoreline lay near the outer
edge of the continental shelf. As the glaciers began to
melt and retreat, the meltwater was returned to the sea by
rivers and streams and the sea began to rise and advance
across the continental shelf. The transgressing sea
probably reached the present mouth of the Bay about 10,000
years ago. As the sea continued to rise it penetrated
progressively deeper into the Bay basin, drowning the
ancestral Susquehanna river valley system, converting it
from a riverine to an estuarine system.

The age of the modern Chesapeake Bay estuary decreases
from its mouth to its head; the upper Chesapeake Bay
estuary is no more than 3,000 to 4,000 years old. The
Chesapeake Bay estuary then, is very young geologically.
Its highly dendritic form is inherited and is indicative of
its youthfulness. As the Bay matures, there is a progres
sive rectification, or straightening of its coastline;
headlands are attacked by waves and currents and reentrants
in the coastline are filled with littorally drifted
material. Like other estuaries, the Chesapeake Bay is an
ephemeral feature on a geologic time scale. It is being
rapidly filled with sediments; sediments from rivers, from
shore erosion, from primary production, and from the sea.
Typically estuaries fill from their heads and their mar
gins. The Chesapeake Bay is no exception.
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An "estuarine delta" is forming in the upper reaches of
the estuary—near the new river mouth. The delta will
grow progressively seaward extending the realm of the
Susquehanna and displacing the intruding sea farther
seaward. Lateral accretion by marshes also plays a signi
ficant role in some areas of the Bay. These same sedimen
tation patterns characterize the tributary estuaries as
well as the Bay proper; they fill from their heads and
from their margins. As the Bay contracts in volume, depth,
and area, the intruding sea is progressively displaced
seaward, transforming the estuarine system back into a
river valley system. Eventually, the Susquehanna will
reach the sea through a broad depositional plain and the
transformation will be complete. If relative sea level
remains nearly constant, this evolutionary process will
take at most a few tens of thousands of years to complete.
If relative sea level falls, the estuary's lifetime will
be shortened, if relative sea level rises, the life of
the estuary will be increased.

Man's activities throughout the drainage basin can, and
indeed have, accelerated the rate of infilling, thus
shortening the Bay's geological lifetime. But, more
important, the by-productB of his activities such as
improperly treated sewage, pesticides, herbicides,
petroleum products, chlorinated hydrocarbons, a variety of
other chemicals, and also sediment, may alter the Bay, or
segments of it, to the extent that its useful biological
and recreational lifetimes could be cut drastically shorter
than its geological lifetime—perhaps several orders of
magnitude shorter. Some people include dredging and spoil
disposal in this category of major threats to the vitality
of the Chesapeake Bay estuarine system.

Riverflow. The upper Chesapeake Bay is the estuary of the
Susquehanna River. The Susquehanna, which enters at the
head of the Bay, supplies approximately 50% of the total
fresh water input to the Chesapeake Bay estuarine system
and more than 90% of the total input above (north of) the
mouth of the Patapsco. With a long-term mean flow of about
35,000 ft /s, the Susquehanna is the largest river dis
charging to the Atlantic Ocean through the eastern seaboard
of the United States. The characteristic annual flow
pattern of the Susquehanna—high runoff in spring resulting
from snowmelt and rainfall followed by low to moderate flow
throughout most of the remainder of the year—is typical of
mid-latitude rivers. At the present time there is no
significant regulation of the flow of the Susquehanna which
is highly variable. The yearly average flows, over
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approximately the past half century, have a standard
deviation of greater than 20% of the long-term mean.
Seasonal fluctuations in average flow are even greater;
the minimum monthly discharge averages 7,000 ft /sec, and
the maximum monthly flow averages approximately 117,000
ft'/s (Schubel, 1972a). Relatively large short-term
fluctuations also occur.

During the spring freshet and other occasional short
periods of very high riverflow, the Susquehanna dominates
the circulation in the upper reaches of the Bay; the
characteristic net nontidal circulation is overpowered in
the upper 10 - 20 NM of the Bay, and the net flow is sea
ward at all depths. River domination is expected
considering the discharge and the geometry of this segment
of the basin. A riverflow of 100,000 - 140,000 ft3/s
produces a mean seaward velocity of about 0.3 knots
through an average cross-section upstream from 39°17'N,
Pooles Island. Discharge during the typical spring freshet
is frequently so great that the tidal reaches of the
Susquehanna are extended as far seaward as 39°13'N—almost
28 NM from the mouth of the River at Havre de Grace,
Maryland (Schubel, 1972b).

During periods of high flow, the transition from river to
estuary is marked by a sharp front separating the fresh
river water from the salty estuary water. Longitudinal
salinity gradients greater than 6%0 in 3 NM are common
during the spring freshet. The front moves upstream and
downstream in response to changing river discharge, but
until June, 1972, had not been reported farther seaward
than about 39°13'N (Tolchester). During Tropical Storm
Agnes in June, 1972, the rampaging river displaced the
front all the way down to the Chesapeake Bay Bridge off
Annapolis, approximately 39°00*N.

The marked variations of the fresh water inflow produce
large temporal variations of salinity. The variations are
most marked, of course, in the upper reaches of the Bay.
Near Pooles Island in the upper Chesapeake Bay the salinity
during 1960, a year of relatively high riverflow, ranged
from 0.4%» in April to 8.3%, in December—more than a
20-fold range. During 1964, a year of relatively low
riverflow, the range in salinity near Pooles Island was
from 0.8%o in March to 13.3%, in December—nearly a 17-fold
range.

The temporal variations in salinity in the upper Bay
provide the basic mechanism for the flushing of tributary

77



Schubel 6 Williams

9

estuaries such as the Gunpowder, Bush, Back, Mogothy, and
Severn. The small fresh water inputs to these tributaries
are insufficient to maintain a steady circulation pattern,
and the water that fills them is derived largely from the
adjacent Bay. It is only in the upper reaches of these
tributaries that the salinity distribution is significantly
affected by their fresh water inflows. The primary factor
controlling the exchange of water between these tributaries
and the Bay is the temporal variation in the salinity of
the upper layer in the adjacent Bay. The salinity of the
surface layers of the upper Bay varies seasonally with
maximum values in the fall and minimum values in the
spring. The salinity changes in the tributaries lag behind
those in the adjacent Bay. During winter and early spring
when the salinity in the Bay is decreasing with time, the
salinity in the tributaries is, at any given time, higher
than in the Bay. As a result water flows into the tribu
taries at the surface from the Bay, and out of the
tributaries in the deeper layers into the Bay. In late
spring, summer, and early fall when the salinity of the
Bay is increasing, the salinity in the tributaries is less
than in the adjacent Bay, and hence the waters of the
tributaries flow out at the surface, while Bay waters flow
into the tributaries along the bottom. Since these
estuaries are shallow, channel depths generally less than
20 feet, only the upper layer of the Bay participates in
the exchange with the tributaries.

The circulation pattern in these tributaries is thus
reversed at least twice each year. Some of the smaller
estuaries tributary to the head of the Bay, such as the
Gunpowder and the Bush, are renewed more often. These
estuaries are subject to rapid renewal rates because of
large, short-period fluctuations in the salinity of the
adjacent Bay; fluctuations produced by sudden, large
changes in the discharge of the Susquehanna.

While Baltimore Harbor is referred to as the estuary of the
Patapsco its circulation is driven primarily by the adja
cent Bay. The average daily inflow of fresh water to the
Harbor from the Patapsco and its other tributary streams is
only about 1/315 of the volume of the Harbor. Tidal
currents are relatively sluggish within the Harbor and it
has been estimated that renewal of Harbor water by tidal
flushing would require approximately 150 days. Tracer
studies show however that the mean residence time for water

in the Harbor is only about 10 days. Clearly another
mechanism must exist to provide for a renewal rate of about
10% of the Harbor volume per day.
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Pritchard (1968) has shown that this mechanism is a three-
layered circulation pattern driven by differences in the
vertical variations in salinity in the Harbor and the
adjacent Bay. There is an inflow into the Harbor both at
the surface and along the bottom, and a return flow at
mid-depth. The volume rate of inflow and discharge from
the Harbor as a result of this circulation pattern has
been shown to be remarkably steady throughout the year and
to amount to about 17,000 ft3/s, or approximately 10% of
the Harbor volume per day. The dredged navigation channel
that is maintained at essentially the same depth as the
adjacent Bay plays an important role in this circulation
pattern. If there were no dredged channel, the circulation
would be expected to be similar to that described for the
Gunpowder, Bush, and other tributaries. The three-layered
circulation pattern also plays an important role in
sedimentation processes in the Harbor. The net upstream
flow near the bottom carries sedimentary particles from
the Bay into the Harbor and accelerates the sedimentation
in the navigation channels.

The longitudinal variation in surface salinity over the
length of the Bay ranges from 25 - 30& at its mouth to
the salinity of the Susquehanna River water, about 0.05& ,
near its head. The flows of the other rivers tributary
to the upper Bay are small and have little effect on the
salinity distribution or sedimentation pattern of the main
body of the upper Bay (Schubel, 1972a).

Sediment Inputs. Sediments are introduced into the upper
Chesapeake Bay by rivers, shore erosion, primary Produc
tivity, and transport from more seaward segments of the
estuary. The sources are thus external, internal and
marginal. The Susquehanna is the dominant sediment source
to the main body of the Bay from its head, at least as far
seaward as the mouth of the Patapsco, and perhaps farther.
During years of "typical" riverflow, when the average flow
of the Susquehanna is between about 30,000 ft3/s and 40,000
ft'/s, the Susquehanna discharges between 0.5-1.0 x iu
short tons of suspended sediment. The bulk of it, more
than three-fourths, is usually discharged during the spring
freshet when both the riverflow and the concentration o£
suspended sediment are high.

During extreme floods the Susquehanna may discharge many
times more sediment in a week than during an entire
"average" year. In a one week period in June, i*72'
following the passage of Tropical Storm Agnes, the
Susquehanna discharged more than 34 x 106 short tons of
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suspended sediment (Schubel, 1974). Following Tropical
Storm Eloise (September, 1975), the Susquehanna discharged
more than 11 x 10s short tons in one week (M. G. Gross,
personal communication, October, 1976).

The sediment discharged by the Susquehanna is predominantly
fine-grained silt and clay. Most of the sand carried by
the River is deposited in the reservoirs along the lower
reaches of the River and does not reach the Bay. The bulk,
more than three-fourths, of the silt and clay that is
discharged into the Bay is trapped in the upper reaches of
the Bay from Tolchester to Turkey Point by the net non-
tidal circulation which creates an effective sediment trap
in the transition zone where the net upstream flow of the
lower layer dissipates until the net flow is downstream at
all depths (Schubel, 1968a, 1971, 1972b). Fine particles
that settle into the lower layer are carried back upstream
by its net upstream flow leading to an accumulation of
sediment both on the bottom and suspended within the waters
of the upper reaches of the Bay. Such accumulations of
suspended sediment, called "turbidity maxima," are
characterized by turbidities and suspended sediment concen
trations that are higher than those either farther upstream
in the source river or farther seaward in the estuary. The
turbidity maximum in the upper reaches of the Bay has been
described in some detail by Schubel (1968a, 1968b, 1971,
1972b).

Since the Susquehanna is the only river discharging
directly into the main body of the Bay, it is the only
important source of fluvial sediment to the Bay proper
(Schubel, 1968a,b; 1971, 1972b). Most of the sediment
discharged by the other rivers is deposited in the upper
reaches of their estuaries and does not reach the Bay
proper. In the middle and lower reaches of the Bay, shore
erosion is not only a major source of sediment, but
probably the most important source (Schubel, 1968a,b; 1971,
Biggs, 1970a; Schubel and Carter, in press). The margins
of the Bay are being digested at an alarming rate
(Singewald and Slaughter, 1949; Schubel, 1968a; Palmer,
1973). Schubel (1968a) estimated that shore erosion of the
segment of the Bay from the mouth of the Susquehanna to
Tolchester contributes an average of about 0.3 x 106 short
tons of sediment to the Bay each year. Approximately one-
third of this is silt and clay-sized material. The contri
bution of silt and clay from shore erosion to this segment
of the Bay, 0.1 x 10s short tons/yr, is approximately
10 - 20% of the input from the Susquehanna during years of
average riverflow. Biggs (1970a) made a similar estimate
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for the Bay from a few miles north of the northern end of
Kent Island south to the mouth of the Potomac. He reported
an annual average input of about 1.4 x 106 short tons of
which about 25% is silt and clay. According to Biggs
(1970a), this contribution of silt and clay accounted for
about 52% of the total input of suspended sediment to that
segment of the Bay.

The relative importance of the contribution of sediment
from shore erosion clearly increases in a seaward direction
and it becomes the dominant source in the middle reaches
of the Bay.

Sediments are also introduced into the Bay by internal
sources. Biggs (1970a) estimated that primary productivity
accounted for about 4% of the total suspended sediment in
the upper reaches of the Bay from the mouth of the
Susquehanna to below Tolchester, and for about 40% of the
total for the segment of the Bay below Tolchester to the
mouth of the Patuxent. Approximately half of these totals
were attributed to skeletal material. The contribution of
benthic populations to the sediments of the Bay has not
been documented.

It is clear that there is a net upstream flow of sediment
in the lower layers of the Bay proper and its major tribu
taries, but the net flux through any cross-section of the
Bay is not known. Recently Schubel and Carter (in press)
constructed a simple model that indicated that the Bay is
a source of sediment to its tributary estuaries, rather
than a sink.

Sedimentation Rates. Sedimentation rates in the
Chesapeake Bay are poorly known. All published estimates
of contemporary and recent sedimentation rates are based
on simple sediment budget models in which the sedimentation
rate was the calculated term required to balance the
budget. Using such a model Schubel (1968a) estimated that
during years of average riverflow the sedimentation rate
in the upper reaches of the Bay from Tolchester to Turkey
Point averaged about 0.08 - 0.12 in/yr. Using a similar
model for approximately this same segment of the Bay, Biggs
(1970a) estimated a mean sedimentation rate of 0.15 in/yr.
Schubel (1971, 1976) has at various times estimated mean
sedimentation rates of 0.04 - 0.08 in/yr for the middle
reaches of the Bay, and Biggs (1970a) estimated it at about
0.04 in/yr. Recently, Schubel and Hirschberg (in press)
reported the first radiometrically determined contemporary
sedimentation rate for the Chesapeake Bay. For a core from
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a station off Tilghman Island (38°41'30"N, 76°24'00"W)
using the Pb210 dating method, they estimated a mean sedi
mentation rate of between 0.04 - 0.06 in/yr for the past
century or so. Goldberg and co-workers (E. D. Goldberg,
personal communication, September, 1976) have also made
some Pb measurements for the Chesapeake Bay, but none
have been published.

Average sedimentation rates estimated from sediment
budgets from "typical" years are relatively meaningless in
the upper reaches of the Bay—above Tolchester. The
geological record of this part of the estuarine system is
dominated by floods. During Tropical Storm Agnes (June,
1972), Schubel and Zabawa (in press) and Zabawa and Schubel
(1974) estimated that the sediment discharged would, if
spread uniformly over the area between Tolchester and
Turkey Point, form a layer about 7.5 in thick. Cores
taken throughout this area showed accumulations of from
4 - 12 in outside of the channel, and long stretches of the
channel shoaled by more than 3 ft.

Even in pre-colonial days sedimentation rates in the upper
Chesapeake Bay were relatively high—relative to other
parts of the Bay—because of the estuarine circulation
regime which entraps much of the sediment within this
segment of the Bay. With settling of the region, sediment
yields were dramatically increased as lands were deforested
for agriculture. Sediment yields were typically increased
from an average of less than 100 short tons/mi2/yr to more
than 600 short tons/mi2/yr. Hundreds of thousands of
acres in the Chesapeake region were cleared with axe and
fire for tobacco farming. After two or three crops, the
nutrients were depleted and new lands were needed for
growing tobacco. The old fields were frequently abandoned
and left bare to be eroded by the wind and rain. Much of
the released sediment was carried by rivers and streams
into the Chesapeake Bay estuarine system.

Even before 1800, siltation was a serious problem in
harbors such as Upper Marlboro on the Patuxent River,
Port Tobacco on the Port Tobacco River (a tributary to the
Potomac), and Joppatown at the mouth of the Little
Gunpowder. In the early 1700s Joppatown was the county
seat of Baltimore County and Maryland's most prosperous
and important seaport. By 1750 the port had declined in
importance, primarily because of sedimentation problems,
and in 1768 the county seat was moved to Baltimore. Stone
mooring posts that once held the hawsers of seagoing
vessels are now two or more miles from navigable water
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(Gottschalk, 1945). Sediment yields from agricultural
areas are generally lower today than in the mid-1700s to
late 1800s because of better soil conservation practices
but are still considerably higher than in pre-colonial days
when the land was heavily vegetated.

Urbanization is the most recent of man's activities to
contribute large amounts of sediment to streams. Sediment
loads derived from land being cleared or filled for the
building of houses, roads, and other facilities are best
documented in the area between Washington, D.C. and
Baltimore, Maryland. During periods when housing develop
ments, shopping centers, and highways are being built,
the soil is disturbed and left exposed to wind and rain.
Sediment yields may reach 60,000 to 80, 000 short tons/
mi2/yr. Even though the soil is left exposed to erosion
of this intensity for only a short time—a few years at
most—the amount of land cleared for new housing and
ancillary uses in the Washington-Baltimore area has been so
great in recent years that the contribution of sediment is
significantly large. Harold Guy of the U.S. Geological
Survey has estimated that the Potomac River receives about
a million tons of sediment per year from streams that drain
the metropolitan Washington area. This is about the same
amount of sediment that the Potomac River brings into the
Washington area from all its other upland sources.

Another of man's activities that increases the sedimenta
tion rates of estuaries is the disposal of dissolved
phosphorus, nitrogen and other plant nutrients into rivers
and estuaries. Municipal sewage effluents, including
effluents that have received secondary treatment—the
highest degree of conventional treatment—contain high
concentrations of nutrients. In some areas, agricultural
runoff from fertilized croplands and animal feedlots also
contributes nutrients to river waters and estuaries. These
nutrients promote the growth of diatoms and other micro
scopic plants (phytoplankton) both in the rivers and in the
estuaries that the rivers flow into. The mineral struc
tures formed by many of these organisms persist after the
organisms die and become part of the sediment loads of the
rivers and the sedimentary deposits of the estuaries. The
Army Corps of Engineers estimates, for example, that the
diatom frustules produced in the Delaware River and
Delaware Bay contribute about the same amount of sediment
(a million-and-a-half tons per year) to the Delaware
estuary as all other upland river sources. The effects ot
nutrient loading from municipal wastes on primary produc
tivity are readily observable in the Potomac estuary, in
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Ealtimore Harbor and the Back River estuary. Stimulation
of plant growth by nutrient-enriched runoff from agricul
tural areas is apparent in the upper Chesapeake Bay.

Man's activities can also decrease sediment inputs.
Construction of reservoirs on the lower reaches of the
Susquehanna and on other tributary rivers decreased the
inputs of sediment to the Bay and virtually eliminated any
discharge of sand.

The net effect of man's activities has certainly been to
increase the sediment inputs to the upper Chesapeake Bay
over those characteristic of pre-colonial days, but we can
not say by how much.

While it is clear that more effort should be directed at
reducing sediment at the source through proper soil
conservation practices, sedimentation rates will remain
relatively high throughout the upper Chesapeake Bay and
particularly in the dredged navigation channels. Mainte
nance dredging will continue to be required so long as the
upper Bay is a major shipping artery and Baltimore Harbor
is a major port.

Bottom Sediments. The bottom sediments of the upper Bay
are predominantly silt and clay except in the nearshore
zone where sand locally derived from erosion of the coast
predominates (Ryan, 1953; Schubel, 1968a; Palmer et al.,
1976). Sand is also abundant on the Susquehanna flats—an
estuarine delta formed near the head of the estuary by
deposition of sand discharged by the Susquehanna during
periods of high flow. Since construction of the dams along
the lower reaches of the Susquehanna, very little sand, and
all of that fine-grained, is discharged into the Bay.
Conowingo, the last of the dams to be constructed and the
one closest to the mouth of the River, was completed in
1928. The only active sources of sand to the main body of
the Bay are its margins.

Quartz is by far the most abundant mineral in the silt and
sand size fractions and generally accounts for more than
90% by mass of the total sand-silt fraction. Muscovite,
glauconite, and biogenic particles are also ubiquitous in
the silt size fraction. The most common clay minerals are
illite, kaolinite, and montmorillonite which occur roughly
in the ratios 2:1:1 (Owens et al., 1974).

A map showing the percent by mass of clay in the bottom
sediments of the main body of the upper Chesapeake Bay, in
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the Patapsco estuary and in the lower Chester River
estuary is presented in Figure 2. A map depicting the
distribution pattern of the ratio of the mass of the silt
fraction to the sand fraction in the same area is shown in
Figure 3. These figures clearly show that the upper Bay
is largely blanketed by mud (silt and clay), and that the
mean grain size of the bottom sediments in the Bay proper
tends to decrease downstream. Relatively little has been
published about the character of the sediments in the
tributary estuaries to the upper Bay, other than the
Patapsco and the lower Chester. The sedimentological and
geochemical investigations being conducted by the Maryland
Geological Survey in the major tributaries will provide
much needed information.

It is well known that many contaminants—metals, hydro
carbons, chlorinated hydrocarbons (CHC), including pesti
cides and polychlorinated biphenyls (PCB), microorganisms,
and oils and greases—are adsorbed to particulate matter
and are concentrated in the finer size fractions. Since
these contaminants are scavenged relatively rapidly from
the water by fine-grained particulate matter, their dis
persal and accumulation are controlled largely by suspended
sediment dispersal systems.

Turekian and Scott (1967) and Carpenter et al. (1975)
reported on the introduction of metals to the upper Bay by
the Susquehanna. There have been few published studies
documenting the levels of metals or other contaminants in
the bottom sediments of the upper Chesapeake Bay and its
tributary estuaries, except in Baltimore Harbor, and fewer
still of the processes that control the occurrence and the
distribution of these contaminants in time and space, and
their availability for uptake by organisms.

Sediments within Baltimore Harbor are enriched in most
metals with concentrations 3-50 times those found in
texturally similar sediments along the axis of the mam
body of the Bay (Villa and Johnson, 1974). The average
chromium, copper and lead values in the Harbor were 20, 50
and 13 times the corresponding values in the Bay proper.
Cadmium was approximately six times higher in the Harbor
than in the Bay. Of all metals analyzed, only manganese
had approximately equal concentrations in the two areas.
The distribution of metals within the Harbor, as shown by
Villa and Johnson's (1974) analyses of samples from 176
stations, generally reflected the industrial inputs. Their
report points out "all Harbor metals investigated but
manganese were 3 to 50 times greater than their Bay
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Figure 2. Map showing the percent by mass clay in the
surface sediments of the upper Bay (After
Palmer et al. 1975).
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Figure 3. Map of the ratio of silt to sand in the
surface sediments of the upper Bay (After
Palmer et al. 1975).
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counterparts. These factors should be carefully weighed
when considering the disposal of dredged spoil in any open
Bay areas."

High metal concentrations in sediment are not in themselves
diagnostic indicators of "pollution" unless the metals are
available for biological uptake. The methods of extraction
of metals from the sediments for chemical analyses used in
Villa and Johnson's (1974) study do not give a reliable
indication of the available fraction; that fraction avail
able for biological uptake, or that might be mobilized
during dredging and disposal.

Munson (1975) documented the distributions of total PCBs
and DDTR (the total residual of the pesticide DDT) in the
surficial sediments of the main body of the upper
Chesapeake Bay and the Patapsco estuary. His analyses
showed "that the sediments of Baltimore Harbor are quite
high in PCB compared with the rest of the bay, except the
station at the mouth of the Gunpowder River." The highest
values of DDTR were also found in Baltimore Harbor and the
mouth of the Gunpowder although the range in values was
much more restricted.

While there are relatively few observations of contaminant
levels in the surficial sediments of the upper Bay,
analyses of the longer-term sedimentary record are even
more scarce. Schubel (1972a) reported on the distribution
of extractable iron and zinc in a 53 inch long core taken
in the upper Chesapeake Bay off Howell Point. The core
was sampled at the surface and at eight inch increments to
the bottom of the core. One might have anticipated that
the concentrations of iron and zinc would decrease with
depth, since man's impact has presumably increased in
recent decades. The results showed, however, that below
the surficial layer the concentrations were nearly uniform
with depth. The concentration of zinc was about 70 ppm
(dry weight) and the concentration of iron about 20 ppt
(dry weight).

The Susquehanna River is probably the major source of
sediment to the main body of the Chesapeake Bay at least
as far seaward as the mouth of the Patapsco, and to the
lower reaches of the estuaries that are tributary to this
segment of the Bay. Near the head of the Bay—from
Tolchester to Turkey Point—the sedimentation is completely
dominated by the Susquehanna River (Schubel, 1968a,b; 1971;
1972a,b).
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Scientists of the Chesapeake Bay Institute recently
completed a geochemical study comparing the sediments in
the channel of the upper Chesapeake Bay from Pooles Island .
to Turkey Point with those in the overboard spoil disposal
area to the west of the channel (M. G. Gross, personal
communication, November, 1976). These data are not avail
able for our examination, but we find it difficult to
conceive how the sediments in the two areas could be
significantly different in most properties. One might
anticipate that sediments in the channels would be slightly
finer-grained and perhaps be enriched in oils and greases.

Dredging and Development of the
Port of Baltimore

Baltimore Harbor. Colonization of what is now the State
of Maryland began early in the 17th century with the.
explorations of Captain John Smith. The area was quickly
settled and by mid-century what is now Anne Arundel County
was relatively well populated along its navigable waterways
(Owens, 1941). The first attempts at founding a "Baltimore
Town," first on the Bush River in 1683 and ten years later
on the eastern shore, failed. These settlements were
little more than shipment points for tobacco, the colony's
only commercial produce of any importance. In 1729,
another area was laid out for a Baltimore Town, on the
Northwest Branch of the Patapsco River at Cole's Harbor,
the site of present day Baltimore, Figure 4.

The colonial harbor of Baltimore Town was surrounded by
marshes and swamps. The prevailing depth in Cole's Harbor
(now the inner Harbor) was generally too shallow for
trans-Atlantic sailing vessels, and most such vessels were
forced to lay off Fell's Point. The first wharves from
Cole's Harbor to deep water extended up to 1,000 ft over
marshland. In 1730 only Calvert Street reached navigable
water. According to Scharf (1881), the sediment carried
by the Jones Falls had rendered most of the northern side
of Cole's Harbor a "mud shoal," and a huge marsh (now
Harrison Street) extended along the eastern shoreline of
the Town. Mining of iron ore and tobacco farming near
Elk Ridge dramatically increased sediment yields leading
the Maryland Assembly to pass an environmental act,
probably the first in the colonies, in 1753, an "Act to
prevent injuring the navigation to Baltimore-town, and to
the inspecting house at Elk Ridge Landing, on Patapsco
River" (Original Recorded Laws of Maryland HS #1, p. 117).
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Figure 4. Map of Baltimore Harbor during the
Colonial period.
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