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INTRODUCTION

Schubel et al. (1978) developed a conceptual framework
for assessing dredging/disposal options for projects in
Chesapeake Bay. That framework is shown schematically in
Fig. l.‘ |

Selection of a dredging/disposal option for each project
should be based on an identification of the full range of
alternatives--including the no dredge option--and on a
rigorous assessment of the environmental, public health,
socio-economic, and political effeqﬁs associated with each
alternative. We have used the framework shown in Fig. 1
to evaluate the environmental effects of selected alterna-
tives for each of three major projects: (1) Chesapeake and
Delaware Approach Channel, (2) Baltimore Harbor Approach
Channels, and (3) Baltimore Harbor Channels, Fig. 2. We
have not identified all of the alternatives, nor have we
evaluated the health, socio-economic, and political effects
associated with the alternatives we did identify. Comple-
tion of these tasks will require a major effort. But they
are tasks that will have to be done in detail only once and
tasks that must be done if dredging and dredged material
disposal in the Maryland portion of the Bay are to be managed
effectively.

In making our assessments of environmental effects we
have relied entirely upon available information, and on our
own experience and that of selected colleagues with appro-
priate expertise. MNo new field or laboratory studies were
conducted. Our conclusions are summarized in tabular form
at the beginning of the report. Complete references to the
information we used and the arguments upon which our judge-
ments are based are contained in appendices to these tables.
We have selected key references. Believing that "the value
of experience is not in seeing much but in seeing wisely,"

we have not attempted to produce an exhaustive bibliography.




Where we believe additional data are needed to make deci-
sions, we say so. We have summarized our conclusions in
tables and presented the documentation in appendices. There
is necessarily some redundancy. This is intentional. We do
not expect that most readers will, at any given time, be
interested in all three case studies.

The three projects we considered all lie within the
upper Chesapeake Bay. Before presenting the individual case
studies, we describe some of the more important oceanographic
features of the upper Bay. |
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REGIONAL SETTING
Riverflow and Circulation

The upper Chesapeake Bay is the estuary of the Susquehanna
River, Fig. 2. The Susquehanna enters at the head of the Bay
and 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 1,000 m3/sec, the
Susquehanna is the largest river discharging 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, Fig. 3. At
present there is no significant regulation of the flow of
the Susquehanna which has an average yearly standard devia-
tion of greater than 20% of the long-term (50 year) mean.
Seasonal fluctuations in average flow are even greater; the
minimum monthly discharge averages 200 m3/sec, and the maxi-
mum monthly flow averages approximately 3,300 m3/sec (Schubel,
1972a). Relatively large short-term fluctuations also occur.

During the spring freshet and other occasional short
periods of very high riverflow, the Susguehanna discharge
dominates the circulation in the upper reaches of the Bay:;
the charactistic net nontidal circulation is overpowered in
the upper 30-50 km of the Bay, and the net flow is seaward at
all depths. River domination is expected considering the
~discharge and the geometry of this segment of the Bay basin.

A riverflow of 4,000 m3/sec produces a mean seaward velocity
of about 15 cm/sec 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--about 50 km 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 o/co in 5 km are common
during the spring freshet, Fig. 4. 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).

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 o/oo in April to 8.3 o/oo 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/oco in
March to 13.3 o/oo 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
estuaries such as the Gunpowder, Bush, Back, Magothy, 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 distributions are significantly affected
by their fresh water inflows.

The primary factor controlling the exchange of water
between these tributaries and the Bay is the temporal varia-
tion 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
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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 tributar-
ies 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 6 m, 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, show reversal of the mean flow pat-
tern more often. These estuaries are subject to both frequent
reversals of the flow pattern and 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. Regulation of
the flow of the Susquehanna would decrease the frequency of
flushing of these tributaries and their water quality would
suffer.

While Baltimore Harbor is referred to as the estuary of
the Patapsco, its circulation is driven primarily by the
adjacent 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 in the Harbor. 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.



Pritchard’(l968) showed 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. Rates
of inflow and discharge from the Harbor as a result of this
circulation pattern are remarkably steady throughout the
year; they amount to about 480 m3/sec, 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 the circulation pattern in Baltimore Harbor.
If there were no dredged channel, the circulation would
resemble 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 sedi-
mentary particles from the Bay into the Harbor and accelerates
sediment accumulation in the navigation channels.

Variations in surface salinity over the length of the
Bay ranges from 25-30 o/oo at its mouth to freshwater of the
Susquehanna River, about 0.05 o/00, near its head. Flows of
the other rivers tributary to the upper Bay are small and
have little effect on the salinity distribution or sediment
deposition 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 production of phytoplankton
and aquatic plants, 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 yéars of "typical" riverflow, when the average flow
of the Susquehanna is between about 850 m3/sec and 1,100
m3/sec, the Susquehanna discharges between 0.6-1.0 million
metric tons of suspended sediment (Schubel, 1968a, 1972b, 1974;
Palmer et al., 1975; Gross et al., 1978). The bulk of the
total, nearly three-fourths, is usually discharged during the
spring freshet when both the riverflow and the concentration
of suspended sediment are high, Fig. 5.

During extreme floods the Susquehanna may discharge
mény times more sediment in a week than during an entire
"average" year. In a one week period in June 1972, following
the passage of Tropical Storm Agnes, the Susquehanna dis-
charged more than 34 million metric tons of suspended
sediment (Schubel, 1974). Following Tropical Storm Eloise
(September, 1975), the‘Susquehanna discharged approximately
10 million metric tons in one week (Gross et al., 1978).

The three hydroelectric dams--Safe Harbor (PA),

Holtwood (PA), and Conowingo (MD)--located along the lower
reaches of the Susquehanna, trap sediment and reduce the
sediment discharge of the Susquehanna to the Bay. According
to Gross et al. (1978), one-half to two-thirds of the
Susquehanna's suspended sediment discharge at Harrisburg (PA)
is deposited in the reservoirs behind these dams during years
of low to average discharge and no major floods. During
major floods when discharges exceed about 11,000 m3/sec,
these deposits are eroded and transported downstream to the
Bay. Schubel (1974) and Hirschberg and Schubel (1979)
estimated that as much as 75% of sediment discharged into the
Bay by the Susquehanna following Agnes was scoured from the
river bottom and particularly from the three reservoirs.
Thus, the effect of the dams is to increase the amount of
sediment discharged under flood conditions relative to the
.amount discharged in an average or low-flow year.

The sediment discharged by the Susquehanna is predomi-
nantly silt and clay. Most of the sand carried by the River
is deposited in the reservoirs along the lower reaches of

10
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of the River and does not immediately 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 nontidal
circulation which creates an effective sediment trap. This
is the transition zone which marks the boundary between the
two-layered estuarine region with upstream net flow along
the bottom and the reach of the upper bay where the 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.

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, 197la, 1972b). Most of the sediment dis-
charged 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, 1970;
Schubel and Carter, 1977). The margins of the Bay are being
eroded at an alarming rate (Singerwald 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 million metric tons of sediment to the Bay each
year. Approximately one-third of this is silt and clay-sized
material. The contribution of silt and clay from shore
erosion to this segment of the Bay, 0.1 million metric tons/yr,
is approximately 10-20% of the input from the Susquehanna
during years of average riverflow. Biggs (1970) made a
similar estimate for the Bay from a few kilometers north of
the northern end of Kent Island south to the mouth of the

12



Potomac. He reported an annual average input of about 1.4
million tons of which about 25% is silt and clay. According
to Biggs (1970), 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 may become the dominant source of sediment to the
middle reaches of the Bay.

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

It is clear that there is a net upstream flow of sedi-
ment in the lower layers of the Bay proper and its major
tributaries, but the net flux through any cross-section of
the Bay is not known. Schubel and Carter (1977) constructed
a simple model that indicated that the Bay is a source of
sediment to its major tributary estuaries, rather than-a
sink for sediment introduced into these tributary estuaries

by their rivers.
Suspended Sediments

The Susquehanna flow regime, and the resulting circula-
tion pattérns generated within the upper Bay in response to
the varying role of the river, produce two distinctive
distributions of suspended sediment and concomitant patterns
of suspended sediment transport. The first characterize the

spring freshet. The second, characteristic of periods of low
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to moderate flow, typify most of the remainder of the year.
Periods of High Flow

During the spring freshet, and other occasional short
periods of very high river flow when the Susquehanna River
dominates the circulation in the upper reaches of the Bay,
Fig. 6, a five- to ten-fold decrease in the maximum concen-
tration of suspended sediment between the mouth of the
Susquehanna at Havre de Grace (MD) and Tolchester (Station
913R), a distance of 45 km, is common. Simple dilution argu-
ments based on comparisons of the longitudinal gradients of
suspended sediment and salinity indicate that usually about
70% of the sediment discharged during a freshet is deposited
upstream of Tolchester (Station 913R); upstream of the
salinity front associated with the encroaching seawater.

Biggs (1970) estimated that about 96% of the sediment intro-
duced by the Susquehanna is deposited upstream (north) of
39°03'N; that is, north of Swan Point.

In the segment of the Bay upstream from the salinity
front, the net flow and sediment transport are downstream
(seaward) at all depths. Current measurements made in this
area during freshets reveal that at all depths ebb currents
predominate over flood currents both in duration and in
intensity (Schubel, 1972b). Flood tidal periods are generally
of short duration, lasting only from 3 to 5 hours, and maxi-
mum current speeds commonly fall below the critical erosion
speeds--35 to 50 cm/sec--of the fine-grained bottom sediments.
Ebb periods are much longer, lasting from 7 to 9 hours, and maxi-
mum current speeds typically exceed 100 cm/sec. Removal of the
oscillatory tidal currents from the current records shows that
the net flow is seaward at all depths (Schubel, 1972b).

Bottom sediments, resuspended by the strong ebb currents,
settle out when the current begins to wane, producing  marked
fluctuations in the concentration of suspended sediment. The
fluctuations are of tidal period--not semi-tidal--since the

flood currents are commonly too weak to erode the bottom.
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These fluctuations, although. greatest near the bottom, are
observed throughout the water column because of the intense
vertical mixing throughout an essentially neutrally stable
water column.

The variation of the concentration of suspended sediment
over a 30 hour period during the 1968 spring freshet at a sta-
tion in 6.2 m of water about 3 km upstream from Tolchester,
Fig. 7, is shown in Fig. 8. The concentration of suspended
sediment which was relatively uniform at the surface, ha&
slightly higher values following maximum ebb current speeds
than at other phases of the tide. At 2 m the concentration
had nearly a two-fold range with the highest values again being
recorded near maximum ebb velocities. At 4 m and at 6 m the
same pattern was observed, but the fluctuations of the concen-
tration of suspended sediment were much greater; a four-fold
range was observed at 4 m, and an eight-fold range at 6 m. The
higher concentrations of suspended sediment following maximum
ebb current velocities, although attributable in part to dis-
placement of the longitudinal gradient of suspended sediment,
were produced primarily by the resuspension of bottom sediment
by strong ebb currents. Maximum ebb current speeds exceeded
the "critical erosion speeds," approximately 25-50 cm/sec, of
the fine-grained sediments of this segment of the Bay. The
maximum flood current speeds fell below this threshold.
Fluctuations of suspended sediment concentration, produced by
resuspension and deposition, occurred throughout the entire
depth because of intense vertical mixing through an essen-
tially neutrally stable water column. The salinity, equal to
that of the river, is uniform top to bottom, and the temperature
gradient is very small. These conditions are characteristic of
the upper 30-35 km of the Bay--from Turkey Point to about
39°13'N (Tolchester)--during the spring freshet when the
Susquehanna River dominates the circulation.

Over the period of measurements shown in Fig. 8, the net
flow and net sediment transport were downstream (seaward) at

16
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all depths at this station and at all stations farther up-
stream.

Farther seaward in the estuary where the characteristic
net non-tidal estuarine circulation is maintained, the high
freshwater discharge of the freshet causes increased stabil-
ity of the water column and decreased vertical mixing.
Vertical distributions of suspended sediment are influenced
by two sediment sources--river discharge in the upper layer
and the resuspension of bottom sediments by tidal scour in
the lower layer. Fluctuations of the suspended sediment
concentration, produced by tidal "scour and fill," are
restricted primarily to the lower layer because of the greater
stability of the water column which inhibits vertical mixing.

An example of the longitudinal distribution of suspended
sediment along the axis of the entire Bay during a period of
high riverflow is depicted in Fig. 9. There is a marked
downstream gradient in the upper 30-50 km of the estuary.

In the middle and lower reaches of the estuary, longitudinal
~gradients are weak.. The slight increases in the concentra-
tion of suspended sediment in the upper layer downstream
(seaward) of about 38°N may be produced by discharge from
the Potomac. Burt (1955) reported that "during times of
high river outflow (spring), tongues of highly turbid water
were reported in the Bay off the mouth of each river" in the
Bay below 38°20'N. At any location along the axis of the
Bay, the concentration of suspended sediment increases with
depth, Fig. 9. This is attributed in part to settling; and
in part to the resuspension of bottom sediments by tidal
scour.

Periods of Low to Moderate Riverflow

Except for a few days during peak flow of the spring
freshet and other occasional brief periods of very high river-
flow, concentrations of suspended sediment are greater within
the upper 25-30 km of the estuary than farther upstream in

the source river--the Susquehanna--in spite of both the
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dilution of Susquehanna inflow and the settling-out (deposi-
tion) of newly-introduced fluvial sedimentary particles. The
concentrations of suspended sediment in this segment of the
upper Bay are, at all times c¢f the year, greater than those
farther seaward in the estuary. Such zones of high concen-
trations of suspended sediment characterize the upper reaches
of all partially mixed estuaries (Schubel, 197la), and are
called "turbidity maxima." Their formation has been attributed
to the flocculation of fluvial sediment (e.g., Luneburg, 1939;
Ippen, 1966), to the deflocculation of fluvial sediment
(Nelson, 1959), and to hydrodynamic processes (Postma, 1967;
Schubel, 1968a,b, 1971la).

A longitudinal distribution of suspended sediment typical
of periods of low to moderate river flow is shown in Fig. 10.
The steep longitudinal gradient of the suspended sediment
concentration between cross sections IV and V marks the
seaward boundary of the turbidity maximum. High concentra-
tions of suspended sediment in the upper reaches of the
estuary which persist throughout the year can not be explained
by a gradual purging out of the sediment-laden freshet water
since the renewal time is only of the order of a few weeks,
or less. Nor can the anomalous concentrations be explained
by either the flocculation (Luneburg, 1939; Ippen, 1966) or
the "deflocculation" (Nelson, 1959) of the fluvial sediment.

Schubel (1968a,b, 1971a,b) showed that the turbidity
maximum in the upper reaches of the Chesapeake Bay is
produced by a combination of physical processes--the
"sediment trap" produced by the net non-tidal estuarine
circulation which entraps much of the sediment within this
segment of the Bay and periodic local resuspension of bottom
sediments by tidal scour. Throughout the year sediment is
resuspended by wind waves and by tidal scour. With a mean
depth of less than 5 m, resuspension by wind waves is an
important factor during periods of rough seas. Wind waves
are also important in winnowing the fines out of the eroded

coastal sediments. Resuspension by tidal scour, important
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at all times of the year and effective at all depths, accounts
for most of the resuspended material.

Maximum tidal currents--both ebb and flood--in the upper
Bay average more than 50 cm/sec, while the critical erosion
speeds of the sediments, away from the littoral zone, fall
below this value. 1In the uppér reaches of the Bay, the
concentration of total suspended sediment at 1.5 m above the
bottom typically fluctuates by a factor of seven, or more,
between times of slack water and times of maximum ebb and
flood current velocities. At 0.5 m above the bottom, the
concentration typically exhibits a fifteen- to twenty-fold
fluctuation with a semi-tidal period; variations of 15 to
300 mg/% are representative (Schubel, 1968b).

An example of the effectiveness of tidal currents as
an agent of resuspension is shown in Fig. 11. For 38 hours
in July 1967 hourly measurements of current velocity, con-
centration of suspended sediment, and the temperature and
salinity of the water were made at the surface and at depths
of 2,4,6,8 and 9 m of water just to the west of station IIIC
in 9.5 m of water, Fig. 7. Over the period of measurement
there was a net flow of water downstream in the upper layer
and upstream in the lower layer. In the upper 4 m the
fluctuations of the concentration of suspended sediment were
relatively small. At 6 m the concentration ranged from 10
to 36 mg/%, but the concentration of suspended sediment was
not closely related to the current velocity or the phase of
the tide. At 8 and 9 m there were marked fluctuations of
the concentration of suspended sediment, and there was
obviously a strong relation to the current velocity and the
phase of the tide at which the samples were collected.
Maximum concentrations occurred near maximum ebb and f£lood
velocities, and minimum concentrations shortly after slack
water. At 8 m the concentration of suspended sediment ranged
from 14 to 90 mg/%, and at 9 m, the range was from 15 to
280 mg/%--nearly a 19-fold range.
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Figure 11 shows that there is a "natural background" of
suspended sediment which increases with depth and whose inten-
sity at any depth is relatively constant over time scales of
at lease two tidal cycles. Other observations (Schubel, 1968a)
indicate that it is very uniform over much longer times; weeks
or months. This background, increasing in coﬁcentration
form approximately 15 mg/% at the surface to about 20 mg/%
at a depth of 9 m, consists of:very fine-grained suspended
particles whose settling times are long compared to the mixing
time. The volume-weighted mean settling velocity of the
background particles which is only about lO_3 cm/sec, is of
the same order as the mean vertical mixing velocity, and this
explains their sustained suspension. A particle with a
settling velocity of 1073 cm/sec, Stokes' diameter of about
3 um, would settle a distance of less than 1 m in still water
in more than two tidal periods. The spatial and temporal
variations of the size distributions, both number and volume,
of the background particles are small (Schubel, 1968a, 1969).
This natural background is due in part directly to runoff,
and in part to the internal sediment sources--primary produc-
tion, shore erosion, and particularly resuspension.

Figure 11 also shows that below about 4 m, superimposed
upon this natural background are semi-~-tidal fluctuarions of
the suspended sediment concentration which increase in magni-
tude near the bottom--the sediment source. These large
variations are produced by tidal action causing "scour and
fill"~-~erosion and deposition. Large particles, resuspended
with increasing ebb and flood velocities during each half
tidal period, settle out when the current begins to wane.
Maximum current speeds, both ebb and flood, exceed the
"critical erosion speeds" and produce suspended sediment
fluctuations of semi-tidal period.

Much of the sediment, resuspended and newly introduced,
is trapped within the upper 30-40 km of the northern
Chesapeake Bay by the net non-tidal estuarine circulation.

An effective sediment trap is formed near the head of the
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estuary where the net upstream flow of the lower layer dis-
sipates until, finally, the net flow is downstream at all
depths. Particles that settle out of the seaward-flowing
upper layer into the lower layer are transported back
upstream by its net non-tidal upstream flow. Sediment accumu-
lates and a "turbidity maximum" forms near the head of the
estuary (Postma, 1967; Schubel, 1968a, b, 1971a). The net
non-tidal circulation not only effectively entraps much of
the sediment introduced directly into this segment of the
Bay, but also supplements it with sediment previously carried
through this segment during periods of high riverflow, and
with sediment introduced by other sources into more seaward
.segments of the estuary.

Many of the particles suspended in the lower layer are
transported back into the upper layer by vertical mixing,
and the process is repeated many times. Mixing, as defined
here, includes vertical advection and diffusion. Continuity
requires that the water flowing up the estuary in the lower
layer be returned seaward in the upper layer; hence, there
must be a vertical advection of water from the deeper layer
into the surface layer. The speed of this net vertical flow
is zero at both the surface and the bottom and reaches a
maximum speed of about 1073 cm/sec near mid-depth. In addi-
tion, a vertical diffusion velocity of order lO-3 cm/sec
exists due to turbulence.

Schubel (1969, 1971b) showed that the suspended particle
population of the Chesapeake Bay's turbidity maximum is com-
prised of two sub-populations--those particles which are in
more or less continued suspension throughout the water column,
the "natural background”, and those particles which are
alternately suspended and deposited by tidal currents. The
"natural background", made up of very fine-grained particles
whose settling times are long compared to the mixing time,
has a relatively narrow size distribution both in terms of
the volume-weighted mean Stokes' diameter (settling velocity),
and the number-weighted equivalent projected diameter (Schubel,
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Bottom Sediments

Bottom sediments of the upper Bay are predominantly
silt and clay except in the nearshore zone where sand
locally derived from coastal erosion predominates (Ryan,
1953; Schubel, 1968a; Palmer et al., 1975). Sand is also
abundant on the Susquehanna flata--an estuarine delta formed
near the head of the estuary by deposition of sand discharged
by the Susquehanna during periods of very 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 during periods of low to moderate
riverflow. Conowingo, the last of the dams to be constructed
and the one closest to the mouth of the River, was completed
in 1928. Except during periods of very high flows such as
‘Tropical Storm Agnes in June 1972, the only active source of
sand to the main body of the Bay is erosion of its margins.

Quartz is the dominant 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
the Patapsco estuary and in the lower Chester River estuary
is presented in Fig. 13. 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 Fig. 14. These
figures clearly show that the bottom of the upper Bay is
blanketed largely 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
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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,
hydrocarbons, chlorinated hydrocarbons (CHCs), including
pesticides and polychlorinated biphenyls (PCBs), micro-
organisms, and oils and greases--are adsorbed to particles
and are concentrated in the finer size fractions. Since
these contaminants are scavenged relatively rapidly from the
water by fine-grained particulate matter, their dispersal
and accumulation are controlled largely by suspended sedi-
ment 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 to 50 times those found in
sediments of similar texture along the axis of the main
body of the Bay (Villa and Johnson, 1974). Chromium, copper
and lead values in the Harbor averaged 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
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"all Harbor metals investigated by manganese were 3 to 50
times greater than their Bay counterparts. These factors
should be carefully weighed when considering the disposal of
dredged spoil in any open Bay areas."

Tsai et al. (1979) have recently conducted a biocassay
analysis of Baltimore Harbor sediments. Their results
showed that the toxicity of these sediments to the test
organism, fish (mumichogs and spot), varied with location
in the harbor and was roughly proportional to the metals
concentrations in the sediment. 1In general sediments of the
inner harbor were rated moderately toxic with highly toxic
- sediment in the marginal creeks. Outer harbor sediment was
rated low in toxicity.

High metal concentrations in sediment are not in them-
selves diagnostic indicators of the potential effects of
"pollution" unless all the metals present in sediment 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 available
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 con-
taminant levels in the surfacial sediments of the upper Bay,

analyses of the longer-term sedimentary record are even more
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scarce, Schubel (1972a) reported on the distribution of
extractable iron and zinc in a 165 cm long core taken in the
upper Chesapeake Bay off Howell Point. The core was sampled
at the surface and at 20 cm 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 concen-
trations 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).

Other more recent data from the central Bay (Schubel
and Hirschberg, 1977; Goldberg et al., 1978) show that the
vertical distribution of metals over the top meter of sedi-
ment are quite variable. Some cores show strong decreasing
downward gradients in metal concentrations while others are
more uniform. Some of this variability may be the result
of the activities of burrowing organisms, which are hetero-
geneously distributed.

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, 1971la, 1972a,b).

Sedimentation Rates

Sediment deposition rates in the Chesapeake Bay are
not well known. Most published estimates of contemporary
and recent sedimentation rates are based on simple sediment
budget models in which the sedimentation rate was the calcu-
lated 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
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1969). The volume-weighted mean settling velocity of the
background particles is of order 1073 cm/sec. In all the
samples analyzed by Schubel, its range was only from slightly
less than 10—3 to about lO“2 cm/sec (3-10 um).

In the lower layer at stations deeper than about 4-5 m,
and throughout the water column at shallower stations,
superimposéd upon this "natural background" are the semi-
tidal period fluctuations of the concentration of suspended
sediment that increase in magnitude near the bottom. These
fluctuations, described previously, are produced by tidal
"scour and fill" and produce marked changes in the volume
(and mass) size distributions of the suspended particles.

At 1 m off the bottom, Schubel (1971b) reported variations

in the mean Stokes' diameter of from less than 4 um near

slack water to . more than 12 pym on the preceding and succeeding
maximum ebb and flood velocities of about 100 cm/sec. At

0.5 m above the bottom, the corresponding variation was from
about 4 ﬁm to 20 ﬁm.

As one moves farther seaward in the Bay, the concentra-
tions of suspended sediment decrease. Shore erosion and
primary productivity become increasingly more important as
sources of suspended sediment (Schubel, 1968a).

A longitudinal distribution of éuspended sediment along
the axis of the Bay representative of periods of low to
moderate riverflow is depicted in Fig. 12. These data, and
others, have been summarized in tabular form along with
concomitant measurements of temperature, salinity, and esti-
mates of suspended organic matter (Schubel et al., 1970).
Figure 12 shows that during periods of low flow there is
sometimes a decrease in the concentration of suspended sedi-
ment with depth. The higher values in the surface layer
between 858C and about 804C result from primary productivity.
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Bay from Tolchester to Turkey Point averaged about

2 to 3 mm/yr. Using a similar model for approximately this
same segment of the Bay, Biggs (1970) estimated a mean sedi-
mentation rate of 4 mm/yr. Schubel (1971a, 1976) has at
various times estimated mean sedimentation rates of

1 to 2 mm/yr for the middle reaches of the Bay, and Biggs
1970) estimated it at about 1 mm/yr.

Recently, Schubel and Hirschberg (1977) and Hirschberg
and Schubel (1979) reportedlradiometrically—determined
contemporary sedimentation rates for the Chesapeake Bay.

For a core from a station off Tilghman Island (38°41'30"N,
76°24'00"W) using the pb21C
a mean sedimentation rate of between 1 to 1.5 mm/yr for the

'past century or so. For a core from the upper bay, near

dating method, they estimated

the mouth of the Sassafras River, they report a "normal"
sedimentation rate of 5 mm/yr. They note, however, that
sedimentation in this region is strongly dominated by -
episodic floods, and that the true long-term sedimentation
rate is probably twice this value.

Goldberg et al. (1978) also reported Pb210 measurements
for Chesapeake Bay sediments. Their calculated sedimentation
rates appear to us to be anomalously high. We suspect their
cores were disturbed by burrowing organisms which destroyed
their chronology. George Helz (Personal Communication, 1980)
and 0.M. Bricker (Personal Communication, 1980) have also
dated cores from the Chesapeake Bay using szlo but their
results have not 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 (1978) and Zabawa and Schubel
(1974) estimated that the sediment discharged would, 1if

spread uniformly over the area between Tolchester and
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Turkey Point, form a layer about 18 cm thick. Cores taken
throughout this area showed accumulations of from 10 to 30 cm
outside of the channel. Long stretches of the channel shoaled
by more than 1 m. The deposit of at least one other large
flood, that of March 1936, appears also to have been preserved
in the sedimentary deposits of the upper Bay.

Sediment accumulation rates in channels are greater than
the rates in shallower areas on the sides. The shoaling rate
of the Chesapeake and Delaware Canal Approach Channel can be
estimated by dividing the average volume of material that
would have to be removed to maintain the Channel at its
project depth by the area of the Channel and by the period of
time between successive dredginng The Approach Channel is
approximately 52.8 km in length with an average width of
137 m, so it has an area of approximately 5.7 million m2.
Maintenance dredging in this channel averages 0.9 million
m3/yr (1.2 million yd3/yr). The average rate of sediment
accumulation in the channel is then about 0.9 million m3
# 5.7 million m? = 15 cm/yr.

Farther seaward in the Bay, the sedimentation rate
decreases substantially, but the actual value is not well
known. In the main body of the Bay between Swan Point and
the Maryland-Virginia line, the average sedimentation rate
away from the littoral (nearshore) zone and outside of
dredged channels is probably between 1 to 3 mm/yr with the
higher rate being representative of the northern reaches of
this segment.

The annual shoaling rate for the Approach Channels to
Baltimore Harbor can be estimated by dividing the amount of
material that must be dredged annually to maintain the
Craighill and Brewerton Extension Channels, 1.5 million m3
(¥ 2 million yd3), by the area of these channels, 6.7 million
m2 ( 8 million ydz). This method yields a shoaling rate of
about 23 cm/yr.
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Effects of a Major Event--Agnes

Distributions described previously are "typical" of
"average" conditions in Chesapeake Bay. But in addition to
these "normal" variations, marked fluctuations can result
from catastrophic events such as floods and hurricanes.

There was, until Tropical Storm Agnes in 1972, a dearth of
direct observations of "rare" events on the distribution of
suspended sediment not only in Chesapeake Bay, but in the
entire coastal environment.

Tropical Storm Agnes presented scientists with an
unusual opportunity to document the impact of a major storm
on a major estuarine system. There was little wind associatea
with Agnes when she reached the Bay area, but torrential rains
sent riverflows of the major tributaries to record or near- '
record levels. Heavy rains stripped large quantities of
soil from throughout most of the drainage basin, and flooding
rivers carried significant quantities of sediment into
Chesapeake Bay.

Nineteen seventy-two started out not very unlike most
years, although it was somewhat wetter. During the spring
freshet in March, flow of the Susquehanna was fairly high,
exceeding 8900 m3/sec, and the concentration of suspended
sediment in the "mouth" of the River (Conowingo) on one day
reached 190 mg/%. Between 1 January 1972 and 21 June 1972
the concentration of suspended sediment at Conowingo exceeded
100 mg/% on only four days--not unlike most years. During
May and the first 20 days of June of 1972, the concentration
was generally between 10-25 mg/%; somewhat higher than average
for that time of year, but not really "abnormal." Then Agnes
entered the area and torrential rains fell throughout most
of the drainage basin of the Susquehanna producing record
flooding. The day the Susquehanna crested, 24 June 1972,
the average daily flow at Conowingo exceeded 27,750 m3/sec——

the highest average daily flow ever recorded--exceeding the
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previous daily high by about 33 percent. The instantaneous
peak flow on 24 June of more than 32,000 m3/sec was the
highest instantaneous flow ever reported over the 185 years
of reéord. The monthly average discharge of the Susquehanna
of about 5100 m3/sec for June 1972 was the highest average
discharge for any month over the past 185 years, and was more
than nine times the average June discharge over the same
period. Comparison of the monthly average discharge of the
Susquehanna during 1972 with the ensemble monthly average
over the period 1929-1966 clearly shows the departure of the
1972 June flow from the long-term average June flow, Fig. 15.

Even before Agnes, 1972 had been a "wet" vear. Salini-
ties throughout much of the Bay were lower than their more
normal values. With the large influx of fresh water following
Agnes, salinities fell sharply. The lag between time of
maximum discharge and the time of minimum salinity varied,
of course, with location and depth. In the surface layers
of the upper 180 km of the estuary the salinities reached
minimum values within 2 to 5 days of the cresting of the
Susquehanna. In the near-bottom waters in the same region,
minimum salinities were not reached in some areas until
14-15 July 1972, 20 days after cresting. The tidal reaches
of the Susquehanna were pushed seaward more than 80 km from
the mouth of the river at Havre de Grace, that is, nearly to
the Chesapeake Bay bridge at Annapolis, Maryland. The front,
separating the fresh river water from the salty estuarine
water, was more than 35 km farther seaward than ever previously
reported, Fig. 16.

Reestablishment of the "normal®” salinity distribution
is effected by the flow of more saline waters up the estuary
in the lower layer and subsequent slow vertical mixing of the
lower and upper layers. The combination of large fresh water
inputs accompanying Agnes and the compensating upstream flow
of salty water in the lower layer produced vertical salinity

gradients larger than any previously recorded throughout much
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Fig. 16 Longitudinal distribution of salinity in upper
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Susquehanna crested at Conowingo (MD) follow-
ing passage of Tropical Storm Agnes.
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of the Chesapeake Bay estuarine system. Abnormally large
vertical gradients persisted throughout the summer. Even in
early autumn the vertical salinity gradients were more typical
of spring conditions that those characteristic of the fall
season.

The flooding Susquehanna dumped a large mass of sediment
into the upper Bay. On 22 June 1972 when riverflow increased
rapidly as a result of heavy rains the concentration of
suspended sediment at Conowingo reached 400 mg/2. On 23 June
1972, riverflow exceeded 24,400 m3/sec, and the concentration
of suspended sediment jumped to more than 10,000 mg/%--a con-
centration more than 40 times greater than any previously
reported for the lower Susquehanna. On the 24th of June, no
sample was collected because the dam was evacuated for safety
reasons. By 25 June, riverflow had decreased to about
23,100 m3/sec, and the concentration of suspended sediment
to about 1,450 mg/%. On 30 June, riverflow was 4,600 m3/sec,
and the concentration of suspended sediment, 70 mg/%, Figs. 17
and 18.

During the ten-day period, 20-30 June 1972, the
Susquehanna River probably discharged more than 31 million
metric tons of suspended sediment into the upper Chesapeake
Bay (Schubel, 1972). This is more than 25 times its sediment
discharge of the previous year. 1In most years the Susquehanna
probably discharges between 0.5 to 1.0 million metric tons of
suspended sediment into the upper Bay (Schubel, 1968a, 1972b;
Biggs, 1970). The bulk of the sediment discharged during
Agnes was silt and clay; the remainder was fine sand.

The sediment-laden floodwater produced anomalously high
concentrations of suspended sediment throughout much of the
Chesapeake Bay estuarine system. In the main body of the
Bay, the effects were, of course, most dramatic in the upper
Bay. The distribution of suspended sediment along the axis
of the upper Bay on 26 June 1972, two days after the
Susquehanna crested at Conowingo, is plotted in Fig. 19. The

figure shows that the concentration of suspended sediment at
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the surface dropped from more than 700 mg/% off Turkey Point
(Station 927SS) at the head of the Bay to about 400 mg/% at
Tolchester (Station 913R, 30 km farther seaward), and to
approximately 175 mg/% near the Bay Bridge at Anhapolis
(Station 858C). The concentrations of suspended sediment

at mid-depth in the upper reaches of this segment of the Bay
showed a similar distribution pattern although the concentra-
tions were generally greater than near the surface. Seaward
of Station 903A, however, there was an abrupt decrease in
the concentration of suspended sediment below about 10 m.
This distribution resulted from the over-riding of the
relatively "clean" estuary water by the sediment-laden
Susquehanna River water.

The marked downstream decrease in the concentration of
suspended sediment in the upper Bay resulted almost entirely
from the removal of the material by settling; there was
little dilution of the Susquehanna inflow by the Bay water
in this segment of the Bay. Riverflow was so great that the
tidal reaches of the Susquehanna were pushed seaward nearly
to the bridge at Annapolis--more than 35 km farther seaward
than ever previously reported.

By 29 June 1972 the concentrations of suspended sediment
had decreased significantly throughout the upper Bay. Maxi-
mum concentrations at that time were observed between
Stations 917S and 909, and did not exceed 300 mg/2. The
concentration of suspended sediment decreased both upstream
and downstream of this approximately 20 km long legment. The
longitudinal gradient of suspended sediment that had charac-
terized the upper Bay on 26 and 27 June had disappeared.
Longitudinal distributions of total suspended solids in the
upper Bay during the week following Agnes show that the
concentrations dropped quickly following peak discharge, and
that the bulk of the material discharged into the main body
of the Bay at Turkey Point was deposited above Station 903A.
Concentrations of suspended solids were relatively high,
however, over all of the Maryland portion of the Bay proper,
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Fig. 19 Longitudinal distribution of suspended sediment
(mg/%) along the axis of the upper Bay on
26 June 1972, two days after the Susquehanna
nested at Conowingo (MD) following passage of
Tropical Storm Agnes.
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and the concentrations of total suspended solids remained
anamaloﬁsly high throughout most of the upper Bay for more
than a month.

As the normal two-iayered circulation pattern was re-
established throughout the upper reaches of the Bay, there
was a net upstream movement of sediment suspended in the
lower’layer; Sediment previously carried downstream and
deposited by the flooding'Agnes waters was resuspended by
tidal currents and gradually transported back up the estuary.
The routes of sediment dispersal are clear, but the rates of
movement are obscure. The data do not permit reliable
estimates of the rates of sediment transport, particularly
during the recovery pericd.

Comparison of post-Agnes data from the middle and lower
reaches of the Bay with data from more "normal"” years indi-
cates that throughout most of the summer, concentrations of
suspended sediment were 2 to'3 times higher than average for
that time of year. Seaward of Station 858C--just south of
the Bay bridge at Annapolis--concentrations in July and
August 1972 did not exceed 10 mg/% except near the bottom.

Summazry

During the spring freshet and other occasional short
periods of very high riverflow, the upper reaches of the
Chesapeake Bay behave like the tidal reaches of a river.

The Susquehanna overpowers the characteristic net non-tidal
estuarine circulation and the net flow and sediment trans-
port are seaward at all depths. The transition from river
to estuary, sometimes as far as 40 to 45 km seaward of the
mouth of the Susquehanna at Havre de Grace, 1is characterized
by a front separating the fresh river water from the saline
estuary water. Generally, most of each year's supply of new
fluvial sediment is discharged during the freshet. The bulk
of this is deposited in the upper Bay north of Tolchester.

The spring freshet, then, is a period of fluvial domination
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of the upper bay and of its suspended sediment population and
is characterized by a close link between the suspended sedi-
ment population and the principal "ultimate" source of
sediment--the Susquehanna River.

With subsiding riverflow, the characteristic net non-
tidal estuarine circulation is reestablished in the upper
reaches of the Bay. The concentrations of suspended sedi—
ment are greater than those either farther u?stream in the
source river or farther seaward in the estuary. This 2zone
of high suspended sediment concentration, the "turbidity
maximum," is produced and maintained by the periodic resus-
pension of bottom sediment by tidal scour and by the
sediment trap produced by the net non-tidal circulation.

The passage of tropical storm Agnes in June 1972
resulted in record flooding throughout the drainage basin of
the northern Chesapeake Bay. On June 24, the day the
Susquehanna crested at its mouth, the instantaneous peak flow
exceeded 32,000 m3/sec. The daily average discharge of
27,750 m3/sec for that day exceeded the previous daily average
high by nearly 33 percent. Throughout the bay, salinities
were reduced to levels lower than any previously observed.

On 26 June 1972, salinities were less than 0.5 O/oo from
surface to bottom throughout the upper 60 km of the bay and
the surface salinity was less than 1 o/oo in the upper 125 km
but had nearly recovered to normal levels by September.

On June 24, the concentration of suspended sediment in
the mouth of the Susquehanna exceeded 10,000 mg/% and in a
one~week period the sediment discharge exceeded that of the
past several decades. The bulk of this was deposited in the
upper 40 km of the Bay.
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CASE STUDY 1
THE ANALYSIS

Our first case study was for the Chesapeake and Delaware
Canal Approach Channel, Fig. 20. We considered two disposal
options: overboard adjacent to the Channel, and in the deep
trough south of the Bay Bridge at Annapolis. '

Prineipal Findings, Conclusions and Recommendations

1. Most of the sediment accumulating in Chesapeake
and Delaware Approach Channel and in contiguous areas
comes from erosion of the drainage basin of the
Susquehanna River.

2. The sediments in the Chesapeake and Delaware
Approach Channel are not measurably different in their
physical and chemical characteristics and in their |
contaminant levels from those accumulating in areas
contiguous to the channel or in the deep trough.

3. Upper Chesapeake Bay normally experiences rapid
sediment deposition and high turbidity because of sus-
pended sediment and phytoplankton growth. Processes
controlling these normal background conditions must be
considered in planning, executing, and regulating dredg-
ing and disposal operations.

4. Naturally-deposited sediments and dredged
materials are resuspended and dispersed in the upper Bay
by tidal currents, turbulence due to wind waves and
ship wakes, flood-induced currents, and the long-term
estuarine circulation. These processes are most
effective in shallow waters and least affective in the
deep trough of the central Bay.

5. Sediment-associated metals in dredged materials
of the upper Bay do not pose a problem to benthic organ-
isms or to the overlying water column, during or

subsequent to disposal operations.
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6. Sediment-associated organic compounds,‘such as
chlorinated hydrocarbons, deserve particular'attention
because of high toxicity at low concentrations, signifi-
cant potential for release from sediment, public concern
and the scarcity of data.

[y Physical‘and chemical effects of the discharge
plume from dredging and disposal operations are normally
small and have no long-term effects on organisms or
environmental quality. }

8. Depletion of dissolved oxygen by dredging and
disposal is a local, transitory phenomenon in shallow
waters, and is unlikely to have a measurable effect on
dissolved oxygen levels in near-bottom waters in the
trough south of the Bay Bridge.

9. Benthic communities in subaqueous dredged mate-
rial disposal sites recover to near normal abundances
within one to two years. Community diversity may take
somewhat longer to recover to pre-disposal levels.
Recovery of benthic abundance and diversity is expected
to be quicker in the deep trough in the central Bay than
in shallow waters of the upper Bay.

10. Containment of dredged materials or utilization
of disposal sites far from the channels can be expected
to decrease the frequency of dredging required to main-
tain the Chesapeake and Delaware Canal Approach Channel.

11. The deep trough in the central Bay appears to
be an attractive site for disposal of uncontaminated
sediments. There are, however, several questions that
should be answered before the trough is considered as
a disposal site.

a. To what extent is the trough used by over-
wintering fish? At what levels in the water
column do they congregate and in what concen-
trations?

b. To what extent is the trough used by blue crabs

as an over-wintering area? What parts of the

49



trough do they utilize?
c. To what extent would disposal in the trough alter

its characteristic properties?
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CASE STUDY 1. CHESAPEAKE AND DELAWARE
CANAL APPROACH CHANNEL

The first case study we made was for material dredged
from the Chesapeake and Delaware Canal Approach Channel,
Fig. 20. The Chesapeake and Delaware Canal Approach Channel
extends from approximately Pooles Island northward to the
western end of the Canal.

The Chesapeake and Delaware Canal Approach Channel is
shown in Fig. 20. The rationale for the steps we followed
in assessing dredging/disposal options for this project are
given in Schubel et al. (1979). The steps are shown sche-
matically in Fig. 2.

Step I. Water Quality Certificate

Since the C & D Approach Channel is an authorized U.S.
Army Corps project, it requires only a Water Quality Certi-
ficate. Under Section 10 of the Rivers and Harbors Act of
1899 (33 U.S.C. S401 et. seqg.) the U.S. Army Corps of
Engineers is charged with the responsibility of evaluating
requests to make physical alterations in the navigable
waters of the United States. A dredging operation is such
a physical alteration. The District Office serves as a
clearing house for other Federal, State, and local agencies
concerning the environmental effects of a proposed action.
The primary Federal agencies reviewing applications for
physical alterations to areas under the aegis of the
Baltimore District are the U.S. Environmental Protection
Agency, the U.S. Fish and Wildlife Service of the Depart-
ment of the Interior, and the National Marine Fisheries
Service of the Department of Commerce.

The decision to issue a Water Quality Certificate is
based on an evaluation of the probable impact of the proposed
activity on the public interest. That decision should reflect

the national concern for both protection and utilization of
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Fig. 20 Map showing the approach channel to the
Chesapeake and Delaware Canal.
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important resources. The benefit which reasonably may be
expected to accrue from the proposal must be balanced against

its reasonable forseeable detriments. All factors which may
be relevant to the proposal are to be considered; among
those are conservation, economics, anesthetics, general
environmental concerns, historic values, flood damage pre-
vention, land use classification, navigation, recreation,
water supply, water quality, and in general, the needs and
welfare of the people. No permit will be granted unless

its issuance is found to be in the public interest.
Step II. Characterization of Material to be Dredged

The State of Maryland requires that certain tests be
made to characterize materials proposed for dredging and
to characterize materials in the proposed dispoéal area.
These tests are listed in Table 1 which also indicates
which of the tests have been conducted for sediments in the
Chesapeake and Delaware Approach Channel and in the two
disposal areas we selected for analysis. Characteristics
of the materials accumulating in the Chesapeake and Delaware
Canal Approach Channel and in these two disposal areas are
summarized in Table 2. ‘

Step III. Identification of Potential
Dredging/Disposal Options

We evaluated two dredging/disposal options: (1) hydrau-
lic dredging and overboard pipeline disposal in the area
adjacent to the channel, and (2) bucket and scow dredging
with disposal by hopper barge in the deep trough south of
the Bay Bridge at Annapolis. Another alternative that might
be considered is the filling of marginal areas. In the past
a large fraction of the material dredged from the C & D
Approach Channel has been placed in Pearce Creek. The

availability of data for comparative tests of sediments in
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the two potential disposal sites is summarized in Table 1;
the data themselves are summarized in Table 2. Important
characteristic properties of each of these two potential
disposal areas are summarized in Table 3. The data

recorded are typical wvalues.

Step IV. Assessment of Potential
Dredging/Disposal Options

The short-term and long term environmental and ecologi-
cal effects of the two dredging/disposal options we
considered are summarized in Table 4. We did not attempt
to evaluate the socio-economic factors (Step IVe, Fig. 2).

With respect to environmental and ecological effects
during disposal, there is little to choose between the two
disposal alternatives. The effects of overboard disposal in
the upper Bay on the water column and on organisms living in
the water column are local in time and space, and negligible
(Table 4 and references). Studies in many other areas
throughout the world indicate clearly that if this same
material from the Approach Channel were dumped in the trough,
water-column effects during disposal would also be local in
time and space, and negligible (Table 4 and references). 1In
both areas, disposal would result in the immediate burial of
mest of the benthic organisms. The trough has fewer bottom-
dwelling organisms than the area in the upper Bay adjacent
to the Channel. The only potential ecological effect during
disposal we identified which we could not assess with exist-
ing data was the uptake of chlorinated hydrocarbons (CHCs)
by plankton, benthos, and nekton.

The potential environmental and ecological effects
subsequent to disposal in the two environments are of greater
concern because of their greater uncertainty. The principal
problems are not with the metals as is commonly supposed.
All available evidence indicates that metals in dredged

materials do not pose a significant threat to the environment,
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to the biota, or to human health if the materials are kept
in a geochemical environment similar to that from which

they were dredged. According to Turekian (1974) "The best-
informed conclusion must be that, as far as metals are
concerned, what has been deposited with the dredge spoil

has little chance of leaching out of the sediment. The
problems of polluted dredge spoil dumping are thus more
concerned with mobilized toxic organic compounds and changes
in the physical character of the substrate than with the
potentially toxic heavy metals."

Since metals and other contaminants may be taken up by
benthic animals, particularly by those that burrow into the
sediment, appropriate choice of disposal areas can minimize
any potential problems. A disposal area should be selected
which minimizes the number of benthic animals that are
harvested directly from the disposal area, and which mini-
mizes the number of benthic animals that serve as food for
animals that are harvested from that area or from other
areas of the Bay.

Conclusions and Recommendations

On the basis of existing data on the environmental and
ecological effects of the two alternatives, we rank disposal
in the trough as being envirommentally and ecologically
somewhat more acceptable than disposal overboard adjacent to
the channel. Neither alternative appears to have any
unacceptable short-term or long-term environmental or
ecological effects.

The principal advantages of disposal in the deep trough
south of the Bay Bridge at Annapolis over disposal in the
area adjacent to the Chesapeake and Delaware Approach
Channel are:

(1) Disposal in the trough eliminates any possible
return of the dredged material to the Chesapeake and Delaware

Canal Approach Channel, and therefore decreases the frequency
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of dredging required to maintain the Channel. With over-
board disposal in the area adjacent to the Channel, much
of the material returns to the Channel.

(2) Any mobilization of contaminants to the water
column during disposal would be reduced with disposal in
the trough because bucket and scow dredging and disposal
operations require less water, and produce less agitation
that hydraulic pipeline operations. Even if the material
were dredged hydraulically and disposed of by scow, dilu-
tion of the dredged material by water would be less than
that required for a pipeline operation.

(3) Any mobilization of contaminants to the water
column subsequent to disposal would be reduced because of
the substantial reduction in reworking of the material by
waves, tidal currents, and burrowing organisms.

(4) Any uptake of contaminants by organisms from the
dredged material subsequent to disposal would be reduced
because of the low density of burrowing organisms and the
nearly complete mortality of this population brought on
each summer by the naturally occurring anoxic conditions of
the near-bottom waters.

(5) Changes in bottom topography by disposal in the
trough would have a much smaller impact on circulation and
other dynamic characteristics than disposal in the upper Bay.
These effects in both areas are small, but objections have
been raised by drift-net fishermen in the upper Bay.

The trough appears to be an attractive area for dis-
posal of uncontaminated dredged materials. There are,
however, a number of gquestions that should be answered
before any disposal occurs. These include:

(1) What are the distributions of over-wintering blue
crabs in the trough in space and in time?

(2) Would disposal of dredged materials substantially
increase the mortality of these crabs?

(3) What are the distributions of over-wintering fin-

fish in the trough in space and in time?
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(4) Would disposal of dredged materials from scows
disturb these populations of over-wihtéring fish?

If the deep trough south of the Bay Bridge at Annapolis
were to be designated as a disposal area for material
dredged from the Chesapeake and Delaware Canal Approach
Channel, the approved period for dredging, the "dredging
window" for this Channel might have to be adjusted.

57



Table 1. Comparative tests required by State of Maryland's
Department of Natural Resources for materials
proposed for dredging and for materials in pro-
posed disposal areas. An X in the Table indicates
that published data exist.

C &D Overboard
Approach Area Adjacent
Parameter Channel Channel Trough
Volatile Solids X X X
Chemical Oxygen Demand
Hexane Extractables X‘ X X
Total Organic Carbon X X X
Zinc X
Mercury
Cadmium X X
Copper X X X
Chromium X X X
Lead X X X
Total Keldjahl Nitrogen X X X
Total Phosphorous X
Chlorinated Hydrocarbons X X X
Particle Size X X X
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Table 2.

Characteristics of sediments accumulating in the
Chesapeake and Delaware Approach Channel and in
two potential disposal areas--the area adjacent
to the channel and the deep trough south of the
Bay Bridge at Annapolis.

Material to

Area Adjacent

Trough South of

59

Property be Dredged to Channel Bay Bridget
Concentrations in PPM Dry Mass
Silver 2 <1 S 0.7 —
Cobalt 117 + 40 150 = 52 s (12) -
*Chromium 460 + 110 455 = 90 {25} (90) (85)
*Copper 80 + 24 85 + 26 (20) (24) (12)
Gallium 54 + 9 53 + 16 - -- -
Nickel 106 + 37 112 + 25 (26) (43) (43)
*Lead 240 = 26 225 + 63 (27) (33) (34)
Strontium 270 = 72 213 =+ 44 - - --
Vanadium 102 + 20 103 + 25 - 74 -—
Zirconium 302 + 115 328 + 96 - - -
*Zinc -- 128 o — et
*Mercury - - — - -
*Cadmium - 0.9 - _— =
*BHC 0.002 0.001 - - -
*Chlordane 0.009 0.005 - s -
*Dieldrin ND ND — - -
*DDT 0.020 0.016 - - -
*PCB 0.9 0.19 - - --
*Kepone ND ND - — -



Table 2. (continued)

Material to  Area Adjacent  Trough South of
Property ' be Dredged to Channel ' Bay Bridget

Physical Properties, Percent Mass

Water Content 61.9 56.4 66.8
*Volatile Solids 19.9 10.8 8.4
Montmorillonite 10 10 Trace
Kaolinite 20-30 20-30 10
Chlorite 10 iO 20
Illite 40 40 50-60
*Sand 15 15 19.3
*Silt 71.5 71.5 55.0
*Clay 13.4 13.4 25.7
*Carbon 43 3.9% 1.3%
*Nitrogen 0.2% 0.2% 0.2%
*Phosphorus 0.7% - -—

*Oxygen Demand

Initial 300 g/m>sed — —
Final 90 g/m3sed - -
Oils and Greases 1% - -

+ Data from three sources; values have not been averaged
because different analytical techniques were used.

* State of Maryland required test.

-= Data not available.
ND Not detected.
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Table 2, Sources of Information

1. Metals, CHCs, oxygen demand, volatile solids, oils
and greases, and‘phosphorous data for C & D Approach Channel
and overboard area.

Gross, M.G., W.R. Taylor, R.C. Whaley, E. Hartwig
and W.B. Cronin. 1976. Environmental effects
of dredging and dredged material disposal,
approaches to Chesapeake and Delaware Canal,
northern Chesapeake Bay. Chesapeake Bay Insti-
tute, The Johns Hopkins University, Open File
Rept. 6, 87pp.

2. Metals, carbon, nitrogen, volatile solids, and water
content data for the trough south of the Bay Bridge at
Annapolis.

Helz, G.R. 1976. Trace element inVentory for
the northern Chesapeake Bay with emphasis 6n
the influence of man. Geochem. Cosmochem. Acta
40:573-580.

Goldberg, E.D., V. Hodge, M. Koide, J. Griffin,
E. Gamble, 0.P. Bricker, G. Matiscff, G.R. Holdren,
and R. Braun. 1978. A pollution history of
‘Chesapeake Bay. Geochem. Cosmochem. Acta
42:1413-1425.

Schubel, J.R. and D.J. Hirschberg. 1977. Pb-

determined sedimentation rate and accumulation of

210

metals at a station in Chesapeake Bay. Ches. Sci.
18:379-383.
3. Clay mineral data.

Hathaway, J.C. 1972. Regional clay mineral facies
in estuaries and continental margin of the United
States East Coast. Pages 293-317 <n B.W. Nelson,
ed., Environmental Framework of Coastal Plain

Estuaries. Geological Society of America Mem. 133.
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4. Sediment grain size data.
Ryan, J.D. 1953. The sediments of Chesapeake Bay.
Maryland Department of Geology, MInes, and Water
Resources, Bull. 12, 120pp.
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Table 3. Characteristic properties of the two alternative

disposal sites.

sidered typical.

Property

The values presented are con-

Disposal Site

Area
Adjacent
To Channel

Distance from Dredging
Activity _ : ’

Type of Dredging
Type of Disposal
" Depth of Disposal Area

Dissolved Oxygen of
Near Bottom Waters

Salinity of Near
Bottom Waters

Temperature of Near
Bottom Waters

Turbulence(A)

Amount of Sediment
Resuspension(B)

Depth of Euphotic
Zone ,

Abundance of Benthic
Organisms

Importance of Area to
Fish

Summer
Winter

Summer
Winter

Summer
Winter

Summer
Winter

Spawning & nursery

Over-wintering

Frequency of maintenance

dredging required (C)

()
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1-3 km

Hydraulic
Pipeline
4 m

5-6 m&/%
9 m&/%

Large

1.
0

Om
.7 m

High
High
Negligible

Unchanged

Trough
South of
Bay Bridge

50 km .

Bucket
Scow
30 m

1 m/%
7 m/4%

20%
19%

24°C
3.5

Low

Small

Low

Low
High

Decreased

See Appendices at end of report for documentation.



Table 4. Environmental and ecological effects

of disposal alternatives.

a. Environmental effects during
disposal operations.

Possible Effect

Disposal Alternatives

Area Trough
Adjacent South of
to Channel Bay Bridge

Intensity of Effect

Increased Turbidity

of Water Column(D)

Increased Contaminant
Releases to Water
Column(E)
1. Metals

2. Nutrients

3. CHCs

Oxygen Depletion of

Water Column(F)

()

Temporary &

Negligible
Negligible

Temporary &

64

Local

Possible

Local

Temporary &
Local

Negligible
Negligible
Possible

Temporary &
Local

See Appendices at end of report for documentation.



Table 4 (Continued)

b. Ecological Effects during
disposal operations. .

Disposal Alternatives

Area Trough
Adjacent South of
to Channel Bay Bridge

Possible Effect Intensity of Effect

Increased Turbidity(G)

1. Phytoplankton Temporary & Temporary &
(Suppression of ' Local; Local;
Photosynthesis) Negligible Negligible

2. Zooplankton Negligible Negligible

3. Nekton (clogging Negligible Negligible
gills, etc.)

4. Benthos (clogging Negligible Negligible
gills, etc.)

Smothering of Benthos(H) May be complete; May be complete;
temporary temporary; fewer
organisms
Exclusion and/or Attrac- Either; temporary Either; tempo-
tion of Fish(I) & local rary & local
Uptake of Contaminants(J)

1. Metals
(a) Benthos Negligible Negligible
(b) Plankton Negligible Negligible
(c) Nekton Negligible Negligible

2. CHCs
(a2) Benthos Possible Possible
(b) Plankton Possible Possible
(c) Nekton Possible Possible

()
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Table 4 (Continued)

c. Environmental effects
subsequent to disposal.

Disposal Alternatives

Area Trough
Adjacent South of
to Channel Bay Bridge

Intensity of Effect

Possible Effect

Increased Turbidity in

Water Column(K)

Contaminant Release

to Water(L)
1. Metals
2. Nutrients

3. CHCs

Oxygen Depletion of

Water Column(M)

Movement of Dredged Mate-
(N)

rial After Disposal

Effect of Changes in
Bottom Topography(o)
1. Circulation
2. Uses (fishing &

boating)

Negligible

Unlikely
Small
Possible

Undetectable

Likely

Negligible
Small

Negligible

More unlikely
Small
Possible

Undetectable

Less Likely

Negligible
None

( )See Appendices at end of report for documentation.
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" Table 4 (continued)

d. Ecological effects
subsequent to

disposal.
Disposal Alternatives
Area Trough
Adjacent South of
to Channel - Bay Bridge

Possible Intensity of Effect

Time for recovery of

benthos(P)
l. Biomass

2. Diversity
Increased metal uptake by
organisms(o)
1. Metals
(a) Benthos
(b) Plankton
(c) Nekton
2. CHCs
(a) Benthos
(b) Plankton
(c) Nekton

)
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<l1l.5 yr
<l.5 yr

Possible
Unlikely
Unlikely

Possible
Possible
Possible

<1.0 yr
<1.0 yr

Possible
Unlikely
Unlikely

Possible
Possible
Possible

See Appendices at end of report for documentation.



CASE STUDY 2
THE ANALYSZIS

Our second case study was for the Baltimore Harbor
Approach Channels, Fig. 21. We considered five disposal
options: (1) dredging and overboard disposal in areas adja-
cent to channels by hydraulic dredging and pipeline disposal,
or by bucket dredging and scow disposal, (2) hydraulic
dredging and pipeline disposal in confined, submerged areas
adjacent to channels, (3) bucket dredging and hopper barge
disposal at the Kent Island Dump Site, (4) bucket dredging
and hopper barge disposal in the trough south of the Bay
Bridge at Annapolis, and (5) hydraulic dredging and pipeline
disposal to create wetlands in fringing areas.

Prineipal Findings, Conclusions, and Recommendations

1. Most of the sediment accumulating in the
Baltimore Harbor Approach Channels comes from erosion
of the drainage basin of the Susguehanna River and
from erosion of the shoreline of Chesapeake Bay.

2. The sediments in the Baltimore Harbor
Approach Channels are not measurably different in
their physical and chemical characteristics and con-
taminant levels from sediments presently at the Kent
Island dump site or in areas adjacent to the channels.
The data available (Table 6a) suggest that the con-
taminant levels of sediment in the Baltimore Harbor
Approach Channels may be elevated above contaminant
levels found in sediments of the trough south of
the Bay Bridge. However, because of differences in
analytical techniques used to evaluate the contami-
nant levels in these areas, the differences may nct
be significant. Further analysis of sediment from
both areas (Baltimore Approach Channels and the

trough) should be performed by a single laboratory,
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especially for metals and CHCs. Analysis for
contaminants must be performed also at potential
fringing area disposal locations.

3. This portion of Chesapeake Bay is normally
subject to large fluctuations in amkbient turbidity,
dissolved oxygen, temperature and salinity. Proc-
esses controlling these normal background conditions
must be considered in planning, executing, and
regulating dredging and disposal operations.

4. Naturally-deposited sediments and dredged
materials are resuspended and dispersed in this
region of Chesapeake Bay by tidal currents, turbu-
lence due to wind waves and ships' wakes, and the
long-term estuarine circulation. These processes
are most effective in shallow waters and least
effective in the deep trough of the central Bay.
Enclosing proposed disposal areas within structures
that nearly reached to the water surface would
significantly reduce sediment resuspension and the
dispersion of sediment from the disposal site.

5. It is unlikely that sediment-associated
metals in dredged materials from the Baltimore
Harbor Approach Channels will be made more avail-
able to benthic or water column biota during or
subsequent to disposal operations.

6. Sediment-associated organic compounds,
such as chlorinated hydrocarbons, deserve parti-
cular attention because of high toxicity at low
concentrations, significant potential for release
from sediment, public concern, and the scarcity of
data. We recommend that additional analyses of
sediment from all proposed disposal options be
made, and that the distribution coefficient of
CHC compounds between sediment and water be
routinely determined for each dredging project.

7. With the possible exception of the
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.release of chlorinated hydrocarbon compounds, the
physical and chemical effects of the discharge
plume from dredging and disposal operations are
normally small and have no long-term effects on
organisms or environmental guality. We believe
the large effort currently spent to monitor DO,
turbidity, and metals during disposal operations
might better be expended in monitoring possible
releases of chlorinated hydrocarbons.

8. Depletion of dissolved oxygen by dredg-
ing and disposal is a local, transitory phenomenon
in shallow waters, and is unlikely to have a
measurable effect on dissolved oxygen levels in
near-bottom waters in the trough south of the
Bay Bridge.

9. Benthic communities in subaqueous
dredged material disposal sites recover to near-
normal abundances within one to two years.
Community diversity may take somewhat longer to
recover to pre-disposal levels. Recovery of
benthic abundance and diversity is expected to
be guicker in the deep trough in the central
Bay than in shallow waters of the upper Bay.

10. Containment of dredged materials or
utilization of disposal sites far from the
channels can be expected to decrease the fre-
quency of dredging required to maintain the
Baltimore Harbor Approach Channels. Submerged
containment will also significantly reduce the
potential for release of sediment-associated
contaminants to the water column subsequent to
disposal.

11. The deep trough in the central Bay
appears to be an attractive site for disposal
of uncontaminated sediments. There are, however,

several questions that should be answered before
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the trough is considered as a disposal site.

a. To what extent is the trough used by
over-wintering f£ish? At what levels
in the water column do they congregate
and in what concentrations?

b. To what extent is the trough used by
blue crabs as an over-wintering area?
What parts of the trough do they utilize?

c. To what extent would disposal in the
trough alter its characteristic proper-
ties?

12, Because of the possibility of oxidizing dredged
materials and reducing the strength of the sediment-
contaminant association, creation of new wetlands has
significant potential for release of metals and other

contaminants to nearby waters and to organisms.
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CASE STUDY 2. BALTIMORE HARBOR APPROACH CHANNELS

Our second case study was for material dredged from
the Baltimore Harbor Approach Channels.

The Baltimore Harbor Approach Channels are shown in
Fig. 21. The rationale for the steps we followed in assess-
ing dredging/disposal options for this project are given in
Schubel et al. (1979). The steps are shown schematiéally
in Fig. 2.

Step I. VWater GQuality Certificate

Since the Baltimore Harbor Approach Channels are collec-
tively an authorized U.S. Army Corps project, dredging of
them requires only a Water Quality Certificate. Under sec-
tion 10 of the Rivers and Harbors Act of 1899 (33 U.S.C.

S401 et. seqg.) the U.S. Army Corps of Engineers is charged
with the responsibility of evaluating requests to make physi-
cal alterations in the navigable waters of the United States.
A dredging operation is such a physical alteration. The
District Office serves as a clearing house for other Federal,
State, and local agencies concerning the environmental
effects of a proposed action. The primary Federal agencies
reviewing applications for physical alterations to areas
under the aegis of the Baltimore District are the U.S.
Environmental Protection Agency, the U.S. Fish and Wildlife
Service of the Department of the Interior, and the National
Marine Fisheries Service of the Department of Commerce.

The decision to issue a Water Quality Certificate is
based on an evaluation of the probable impact of the proposed
activity on the public interest. That decision should reflect
the national concern for both protection and utilization of
important resources. The benefit which reasonably may be
expected to accrue from the proposal must be balanced
against its reasonably forseeable detriments. All factors

which may be relevant to the proposal are to be considered;
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among those are conservation, economics, aesthetics, general
environmental concerns, historic values, flood damage pre-
vention, land use classification, navigation, recreation,
water supply, water gqguality, and in general, the needs and
welfare of the people. No permit will be granted unless 1its

issuance is found to be in the public interest.
Step II. Characterizction of Material to be Dredged

The State of Maryland requires that certain tests be
made to characterize materials proposed for dredging and
to characterize materials in the proposed disposal area.
These tests are listed in Table 5 which also indicates
which of the tests have been conducted for sediments in the
Baltimore Harbor Approach Channels and in selected disposal
areas. Characteristics of the materials accumulating in
the Baltimore Harbor Approach Channels and in selected

disposal areas are summarized in Table 6.

i Ttagtion of Potential

n
g/Disposal Options

We evaluated five dredging/disposal options:

(1) hydraulic dredging and pipeline disposal, or
bucket dredging and slow disposal, overboard in areas
adjacent to the Channels,

(2) hydraulic dredging and pipeline disposal in con-
fined, submerged areas adjacent to Channels

(3) bucket dredging and hopper barge disposal at the
Kent Island Dump Site

(4) bucket dredging and hopper barge disposal in the
trough south of the Bay Bridge at Annapolis

(5) hydraulic dredging and pipeline disposal in
fringing areas to create wetlands.

The availability of data for comparative tests of

sediments in the five potential disposal sites is summarized
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in Table 4; the data themselves are summarized in Table 6.
Important characteristic properties of each of the five
disposal options are summarized in Table 7. The data

recorded are typical values.

Step IV. Assessment of Potential

Dredging/Disposal Options

The short-term and long-term environmental and ecologi-
cal effects of each of the dredging/disposal options we
evaluated are summarized in Table 8. We did not attempt to
evaluate the socio-economic factors (Step IVc, Fig. 2).

With respect to environmental and ecological effects
during disposal, there is little to choose among at least
four of the five disposal alternatives. The exception may
be wetland creation. Water column effects during disposal
are local, temporary and small for all five options. 1In
all five cases, dispcsal would result in the immediate
burial of most of the benthic organisms. The only potential
ecological effect Juring disposal we identified which we
could not assess with existing data was the uptake of
chlorinated hydrycarbons (CHCs) by plankton, benthos, and
nekton.

The potential environmental and ecological effects
subseguznt to disposal are of greater concern because of
their greater uncertainty. The principal problems with
contaminants are not with metals as is commonly supposed.
All available evidence indicates that metals in dredged
materials do not pose a significant threat to the environ-
ment, to the biota, or to human health if the materials are
kept in a geochemical environment similar to that f£rom
which they were dredged. According to Turekian (1974) "The
best~-informed conclusion must be that, as far as metals are
concerned, what has been deposited with the dredge spoil
has little chance of leaching out of the sediment. The

problems of polluted dredge spoil dumping are thus more
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concerned with mobilized toxic organic compounds and changes
in the physical character of the substrate than with the
potentially toxic heavy metals."

Since metals and other contaminants may be taken up by
benthic organisms, particularly by those that burrow into
the sediment, appropriate choice of disposal areas can
minimize any potential problems. 'A disposal area should be
selected which minimizes the number of benthic animals that
are harvested directly from the disposal area, and which
minimizes the number of benthic organisms that serve as
food for animals that are harvested from that area or from
other areas of the Bay. The deep trough south of the Bay
Bridge has fewer benthic organisms per unit area than any
of the alternative disposal areas we evaluated. The benthic
population is essentially eliminated every summer because of
the nearly anoxic conditions that recur annually.

~

Conclusions and Recommendations

We considered five dredging/disposal options for main-
tenance material dredged from the Approach Channels to
Baltimore Harbor: (1) dredging and disposal overboard in
areas adjacent to the Channels, (2) hydraulic dredging and
pipeline disposal in confined, submerged areas adjacent to
Channels, (3) bucket dredging and hopper barge disposal at
the Kent Island Dump Site, (4) bucket dredging and hopper
barge disposal in the trough south of the Bay Bridge at
Annapolis, and (5) hydraulic dredging and pipeline disposal
in fringing areas to create wetlands.

Based on our evaluation of existing data on environ-
mental and ecological effects subsequent to disposal, we
rank the five disposal alternatives in the following order
of decreasing acceptability (1) deep trough south of Bay
Bridge, (2) submerged, confined overboard adjacent to
channels, (3) Kent Island Dump Site, (4) overboard adjacent

to channels, (5) wetland creation.
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On environmental and ecological grounds, there is
little basis for selecting between the first twc choices
and perhaps among the first four. Disposal in a confined,
submerged area has the disadvantages that a structure would
be needed to retain the material and it could interfere
with other uses of the area and pose a hazard to navigation.
Disposal at the Kent Island Dump Site is somewhat less
deisrable than the first two choices because of the some-
what greater chance of movement of the material and the
potential for uptake of contaminants by important benthic
organisms--oysters and clams.

Disposal overboard in areas adjacent to the Channels
increases the probability--relative to the first three
choices--of dispersal and of release of some contaminants
to the overlying water. Its principal disadvantage, however,
is that much of the material would return to the channels
and, hence, the frequency of dredging would be greater than
for any of the first three options. No persistent undesir-
able environmental or ecological effects have been documented
from overboarding material dredged from these channels.

- We consider that use of materials dredged from the
Baltimore Harbor Approach Channels for wetland creation is
the least desirable of the alternatives we examined because
of the substantially increased probability of mobilization
of contaminants. This conclusion would be altered only if
a convincing case could be made for the need for wetland
habitat.

The deep trough appears to be an attractive site for
disposal of uncontaminated dredged materials. There are,
however, a number of guestions that should be answered
before any disposal occurs. These were stated in Case Study
1 and are repeated here for emphasis.

(1) What is the distribution of over-wintering blue
crabs in the trough in space and in time?

(2) Would disposal of dredged materials substantially

increase the mortality of these crabs?
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(3) What is the distribution of over-wintering finfish |
in the trough in space and in time?
(4) Would disposal of dredged materials from scows
disturb these populations of over-wintering fish?
If the deep trough south of the Bay Bridge at Annapolis
were to be designated as a disposal area for material
dredged from the Chesapeake and Delaware Canal Approach
Channel, the approved period for dredging and disposal, the
"dredging window," for these channels might have to be
adjusted. |



6L

Table

Parameter

Volatile Solids
Chemical Oxygen Demand
Hexane Extractables
Total Organic Carbon
Zinc

Mercury

Cadmium

Copper

Chromium

Lead

Total Keldjahl Nitrogen
Total Phosphorous
Chlorinated Hydrocarbons

Particle Size

5. Comparative tests required by State of
Maryland's Department of Natural Resources
for materials proposed for dredging and
for materials in proposed disposal areas.
An X in the Table indicates that published
data exist.

Areas
Approach Adjacent Kent Island
Channels to Channel Dump Site Trough
X X
X
X X X
X
X X X
X X
X X X X
X X X X
X X X X
X X X
X X
X
X X X
X X X
o ® ® | [ )

Fringing

Areas
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Table 6. Characteristics of sediments accumulating in the Baltimore Harbor Approach Channels and in
three potential disposal areas--the areas adjacent to the channels,

and the Trough south of the Bay Bridge at Annapolis.

for fringing areas.

the Kent Island Dump Site,

There are no published sediment data

Material to

Areas Adjacent

Kent TIsland

Trough south of

Property be Dredged to Channels Dump Site Bay Bridge
Concentrations in PPM Dry Mass
*Chromium —— 102 55 25 90 85
*Copper 51 84 63 (20) (24) (12)
*Lead -— 127 126 27 33 34
*Zinc 327 538 385 ——— e -
Manganese 1522 1547 1953 === s ———
Nickel 45 33 47 26 43 43
*Cadmiuin <1 1 <1 e i i
*Mercury e 6.53 0.04 ——— ——— -——-
*PCB 0.06 0.09 o s
*Chlordane 0.002 0.003 e ——=
*DDT 0.008 0.009 - ol -
*Kepone ND ND e B
* - State of Maryland required test.
~--— - Data not available. v
( ) - Value substantially exceeded by those in materials to be

dredged from Baltimore Harbor Approach Channels.
ND - Not Detected.
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Table 6 (Continued)

Material to

Areas Adjacent

Kent Island

Trough south of

Property be Dredged to Channels Dump Site Bay Bridge
Physical Properties, Percent Mass
Water i —k S 66.8
*Volatile Solids —— e e 8.4
*Sand 12.9 12.9 7.2 19.3
*Silt 52.8 52.8 56.1 55.0
*Clay 34.3 34.3 36.7 25.7
Montmorillonite Trace Trace Trace Trace
Kaolinite 10 10 10 10
Chlorite 20 20 20 20
Illite 50-60 50-60 50-60 50-60
*Carbon e i 3.2 1.3
?Nitrogen i ains —-——— ———— 0.2
*Phosphorus e —— —-—— ——
*Oxygen Demand e —— - -
*0ils and Greases 0.15 0.15 e i
* - State of Maryland required test.
- —-~-- - Data not available.
( ) - Value substantially exceeded by those in materials to be
dredged frowm Baltimore Harbor Approach Channels.
ND - Not Detected.



Table 6, Sources of Information

1. Metals, CHCs, volatile solids, oils and greases,
'and water content data for Baltimore Harbor Approach
Channels and adjacent areas.
Cronin, W.B., M.G. Gross, W.R. Taylor, R.C. Whaley,
W. Boicourt, and J.R. Schubel.. 1976. Investi-
gations of dredging operations, Brewerton Channel
Cut-0Off Angle--Patapsco River mouth disposal site,
10 April 1976 - 26 May 1976. Chesapeake Bay
Institute, The Johns Hopkins University, Open
File Rept. 10, 50pp. + appendices.
2. Metals data £for Kent Island Dump site.
Villa, O. and P.G. Johnson. 1974. Distribution
of metals in Baltimore Harbor sediments. Environ-
mental Protection Agency Tech. Rept. 59,
Annapolis, Md., Field Office, Region III, NTIS
EPA-903/9-74-012.
3. Clay mineral data.
Hathaway, J.C. 1972. Regional clay mineral facies
in estuaries and continental margin of the United
States East Coast. Pages 293-317 <n B.W. Nelson
(ed.), Environmental Framework of Coastal Plain
Estuaries. Geological Society of America Mem.
133.
4., Sediment grain size data.
Ryan, J.D. 1953. The sediments of Chesapeake Bay.
Maryland Devartment of Geology, Mines, and Water
Resources, Bull. 12, 120pp.
5. Data for trough.

See sources enumerated for Table 2.
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TABLE 7
BALYTHORE HARBOR APPROACH CHANNELS.

Confined,
Submerged Disposal
Adjacenl Lo
_ Channels

Arcas Adjacenl Lo

Property __ Channels

Distance frowm
Dredging Activily
Type of bDredying

Hydraulic or bucket Hydraunlic

Type of Disposal Pipcline or scow Pipeline

(R)

Freg, of Maint. dredging Unchanged Decreased
Depth of Disposal Arca 3-6 m 3-6 m
NDissolved Oxygen | Sunmer 2 ml/y 2 me/e

of Near Bottom

Waters Winter T my /e T me/e
salinity of I Svwmmaer 12°/00 12°/00

tear Bottom

Waters Winter 11°/00 L1°/00
Temperature of Summer 254C¢ 259¢

Hear Bottom b

Watcrs Winter jec jocC
Turbulence (5 Itigh Low*
Amount of Scediment

m arqe X

Rosuspunsiun“) lavrge szl |
Depth of Faphotic)Summet 1.5 m 1.5 m

Zonc Winter 3.0 m 3.0 m

Abundance of

Benthic High High
Organisms

lmpor tance of Area Lo Fish
Spawning & Harscory Low l.ow
Over-wintering Hegligible Hegligible

*Attoer enclosare of disposal arca with a submerged dike

()

See Appendices at end of report for documentation.

® & ® ® Y

TAfter completion of marsh

CHARACTERISTIC PROPERTIES OF Tl FIVE DREDGING/DEISPOSAL ALTERNATIVES

Dredging/Disposal Allernative

Kenl Island
Cbump Site

Bucket
Scow or Hopper
hecreased
12-15
3 me/e <

7 mL/L

12°/00

L1°/00
25 %¢
4°C

L.ow

smaller

5.0 w

L.ow

how
High

Scow or

Trouyly South
of Bridge

Bucket

Decreasaod

30 m
1 my/¢
T wmv /¥
20°/00

19°/00

Smallest

2.0 m

5.0 m

lL.ow

Low
High

NA: Nol Applicable

FOR
THE VALUES ARE CONSTDERED TYPTCATL

ltopper

HWetland Creatic

An Fringing Arc

Hydraulic
Pipeline
Decreased

Tntertidalt

N/A

N/A

N/N

Moderate

Small, after
VogelLation

surrace

Low inittatly;
recolonization

High
Low
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TABLE 8. ENVIRONMENTAL AND ECOLOGICAL EFFECTS OF DREDGING/DISPOSAL
ALTERNATIVES FOR BALTIMORE HARBOR APPROACH CHANNELS.
a. Environmental Effects During Dredging/Disposal
Operations
Dredging/Disposal Alternative
Areas
Adjacent Confined, Submerged Trough South
to Disposal Adjacent Kent Island of Wetland
Channels to Channels Dump Site Bay Bridge Creation
Possible Effect Intensity of Effect
Increased ‘furbidity Temporary Temporary and Local Temporary Temporary Temporary

(1)

of Water Column

Increased Contaminant

Releases to Water

v
Column( )

1. Metals

2. Nutrients
3. CHCs

Oxygen Depletion
(W)

of Water Column

()

and Local

Negligible
Negligible
Possible

Temporary

and Local

Negligible
Negligible
Possible

Temporary and Local

Sec Appendices at end of report for documentation.

and Local

Negligible
Negligible
Possible

Temporary

and Local

and Local

Negligible
Negligible
Possible

Temporary

and Local

and Local

Negligible
Negligible
Possible

Temporary

and Local
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8b Bcological Effccts buring bLredging/bDisposal Operations

Dredging/Disposal Alternative

Confined, Submerged
Areas Adjacent to Disposal Adjacent Kent Island Trough South Wetland
Channels Lo Channels bDump Sile of Bay Bridgye  Creation

Possible Lffect Intensity of Effect

Increased Turbidity(x)
1. Phytoplankton {(suppres- ‘femporary & local Tewmporary & local; YPemporary & local; fTemporary & local Negligible;
sion of photosynthesis) negligible ncegligible negligible negligible new habitat
2. tooplanktion Hegligible Negligible Negligible Negligib]e Negligible;
new habitat
3. Nekton (clogyging of Neygligible Negligible Negligible Negligible Negliqgible;
4ills, etc.) new habitat
4. Benthos (cloygying of Negligible Negligible Negyligible Negligible Negligible;
gills, cte.) new habitat
5. Rooted aquatic plants Megligible Negligible Negligible . Negligible Pfossible
Swothering of uCnthos(Y) May be completle; May be conplete; May be complete; May be complete; May be complote
temporary temporary Lemporary tewporary new habitat
Lxclusion and/or Attrac- Fither; temporavy Either; Lemporary Either; temporary Either; temporary Lither; new
Ltion of fish (4 ' & local & local & local & local habitat
UpLake of ConLuminants(AA)
1. McLals
(a) Benthos Negligible Negligible Negligible Negligible Negligible
(L) Plankton Negligible Neygligible Negligible Negligible Negligible
(c) Hekwon Nealigible Negligible Negligible Negligiblce Negligible
2. CHCs
{a) Beunthos Possible Possible | Possible Possiblco Pussible
(h) PlankLon Possible Possible Possible Possible Possible
(¢) Nekton Possible Possible Possible Possible Poussible
[ R s e it i A e S T i s e e

Sce Appendices at end of report for documcntation.




Table 8c Environmental Effects Subsequent to Disposal

Dredging/Disposal Alternative
Confined, Submerged

98

Areas Adjacent Disposal Adjacent Kent Island Trough South of Wetland
to Channels to Channels Dump Site Bay Bridge Creation
Possible Effect Intensity of Effect
Increased Turbidity in
BB i g .. - . -
Water Column*( ) Negligible Negligible Negligible Negligible Negligible**
Increased Contaminant
Releases to Water
Column*(cc)

1. metals Unlikely Very unlikely Very unlikely Very unlikely Likely

2. nutrients Probable, Probable, Probable, Probable, Probable,

but small but small but small but small but small

3. CHCs Possible Possible Possible Possible Possible

Oxygen Depletion of Undetectable Undetectable Undetectable Undetectable New habitat

Water Column*(DD)
Movement of Dredged Likely Negligible Negligible Negligible Negligible**

. (less than
Material After
1 Kent Island)
. (ER)

Disposal

Effect of Changes in
P

Bottom Topography( F)

1. circulation Negligible Possible Negligible Negligible Definite,
localized;
new habitat

2. uses (fishing Negligible Probable Negligible Negligible Definite;

and boating new habitat

*For marshland creation, read to {of, in) nearby open waters.
**After stabilization with marsh plants.
( Vsee Appendices at end of report for documentation.
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T

Arcas Adjacent
._to Channels

Pussible BEfect

Time for recovery of

benthos(Gb)

1. Biomass

2. Diversity

Increasced uptake by

. R 4 11T}
Organl sms

1. Mctals
(a) Benthos
(b) Plankton

(c) Nekton

(d) bmergenl and
submeryenl grasses

CBCs

(a) BentLhos

(b) Plankton

(¢) Nekton

(d) Emecirgent and
submergent grasses

e

sce Appendices al end of report tov
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CASE STUDY 3. THE ANALYSIS

Our third case study was for the Baltimore Harbor
channels, Fig. 22. We evaluated five disposal options:
(1) dredging and overboard disposal in areas adjacent to
the channels by one of the following combinations: hydraulic
dredging and pipeline disposal, or bucket dredging and pipe-
line disposal, or bucket dredging and scow disposal,
(2) Hydraulic dredging and pipeline disposal in confined,
submerged areas adjacent to channels, (3) a combination of
hvdraulic dredging with pipeline and scow disposal techniques
to create an island, either inside or outside the harbor,
(4) a combination of hydraulic dredging and scow or pipeline
disposal in nearshore fringing areas to create or extend
wetlands, and (5) a combination of hydraulic or bucket

dredging and disposal at an unspecified upland site.
Principal Findings, Conciusions, zand Recommendations.

1. Most of the sediment accumulating in the
Baltimore Harbor Channels comes from erosion of the
drainage basin of the Susguehanna River and from
erosion of the shoreline of Chesapeake Bay.

2. The sediments in the Baltimore Harbor
Channels are highly contaminated with metals, PCBs,
and oils and greases. Close examination of the
extensive data available for metals (Table 10 and
Refs.) and more limited data for CHCs suggest that
Inner Harbor sediments (Fort McHenry Channel) are
significantly more contaminated than Outer Harbor
(Brewerton Channel) materials.

3. With the exception of CHCs, which may be
solubilized during disposal operations, the poten-
tial disposal options for Baltimore Harbor materials
are not limited by the possible release oi contami-

nants during disposal operations. Because our ability
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to predict the possible remobilization of contami-
nants in the period subsequent to disposal is
limited by lack of information, great care should
be exercised in the choice of disposal option.

4. Oxidation of reduced dredged materials
significantly enhances the possibility of solubili-
zation of metals to the water column.

5. Resuspension and dispersal of dredged
sediment, by increasing surface area available for
exchange with water, significantly increases the
rate of dissolution of contaminants, including CHCs.

6. Although the characteristics of artificial
islands reguired to physically contain the dredged
sediment probably have been adequately addressed,
much more study is needed of the possible geochemi-
cal consequences of subaerially exposing previously
reduced sediment in artificial islands. Such studies
must account for the motion and oxidizing ability of
rainwater and runoff, on the surface of the island
and groundwater in its interior. Present geo-
chemical theory of sediment suggests that these
waters have significant potential to act as vectors
of dissolved contaminants to nearby waters.

7. Confining highly contaminated dredged
materials underwater minimizes oxidation and
resuspension, limiting the potential release of
contaminants.

8. Confinement of highly contaminated materials
underwater at the base of an island may be acceptable
if studies can demonstrate convincingly that develop-
ment of a local oxygenated water table will not occur
and that there will be no motion of groundwaters
through the structure.

9. Upland disposal, because of the high
probability of oxidation of the dredged sediment,
is highly likely to result in mobilization of

contaminants by runoff and groundwater.
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CASE STUDY 3. BALTIMORE HARBOR CHANNELS

The third and final case study we made was for material
drecged from Baltimore Harbor Channels. Baltimore Harbor
Channels are shown in Fig. 22. The rationale for the steps
we followed in assessing the dredging/disposal options are
described in Schubel et al. (1979) and shown schematically
in Fig. 2.

S

<t

ev I. VWater Quality Certificate Application

Since the Baltimore Harbor Channels are collectively an
authorized U.S. Army Corps project, dredging requires only a
Water Quality Certificate. Under Section 10 of the Rivers
and Harbors Act of 1899 (33 U.S.C. S401 et. seg.) the U.S.
Army Corps of Engineers is charged with the responsibility
of evaluating requests to make physical alterations in the
navigable waters of the United States. A dredging operation
1s such a physical alteration. The District Office serves
as a clearing house for other Federal, State, and local
agencies concerning the environmental effects of a proposed
action. The primary Federal agencies reviewing applications
for physical alterations to areas under the aegis of the
Baltimore District are the U.S. Environmental Protection
Agency, the U.S. Fish and Wildlife Service of the Department
of the Interior, and the National Marine Fisheries Service
of the Department of Commerce.

The decision whether to issue a Water Quality Certificate

is based on an evaluation of the probable impact of the pro-
posed activity on the public interest. That decision should
reflect the national concern for both protection and utiliza-
tion of important resources. The benefit which reasonably
may be expected to accrue from the proposal must be balanced
against its reasonably forseeable detriments. All factors
which may be relevant to the proposal are to be considered;

among those are conservation, economics, aesthetics, general
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environmental concerns, historic values, f£lood damage preven-
tion, land use classification, navigation, recreation,'water

supply, water quality, and in general, the needs and welfare

of the people. No permit will be granted unless its issu-

ance is found to be in the public interest.

Stepr II. Characterization of Material

to be Dredgea

The State of Maryland requires that certain tests be
made to characterize materials proposed for dredging and to
characterize materials in the proposed disposal area. These
tests are listed in Table 9 which also indicates which of
the tests have been conducted for sediments in Baltimore
Harbor Channels and in the disposal areas we selected for
analyses. Characteristics of the materials accumulating 1in
Baltimore Harbor Channels and in the disposal areas we con-

sidered are summarized in Table 10.

€5}
ot

tep III. Identijfication of Potential
7

Dredging/Disvosal Optione

We evaluated five dredging/disposal options:

(1) hydraulic dredging and pipeline disposal or bucket
dredging and scow disposal, overboard in areas adjacent to
the channels,

(2) hydraulic dredging and pipeline disposal in con-
fined, submerged areas adjacent to channels,

(3) a combination of hydraulic dredging with pipeline
and scow disposal techniques to create an island, either
inside or outside the harbor,

(4) a combination of hydraulic dredging and scow or
pipeline disposal in nearshore fringing areas to create or
extend wetlands,

(5) a combination of hydraulic or bucket dredging and
disposal at an unspecified upland site.
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The availability of data for comparative tests of sedi-
ments in potential disposal sites is summarized in Table 9;
the data themselves are summarized in Table 10. Important
characteristic properties of the potential disposal sites
are summarized in Table 11. The data recorded are‘typical

values.

Step IV. Ascsessment of Poitential

Dredging/Dispcsal Options

We assessed the probably short-term and long-term
environmental and ecological effects of each of the five
dredging/disposal options using existing data, Table 12. We
did not attempt to evaluate the socio-economic factors (Step
IVe, Fig. 2).

With respect to environmental and ecological effects
curing dredging and disposal, there is little to choose among
at least three of the five alternatives. Wetland creation
and island construction may be exceptions, but even for these
any adverse effects during dredging and disposal are expected
to be transitory and small. All available data indicate that
water column effects during dredging and disposal are local
in extent, temporary, and small. In every disposal alterna-
tive we examined, except upland, disposal would result in
the immediate burial of most of the benthic organisms. The
only potential effect during dreding and disposal which we
identified which we could not assess with existing data was
the uptake of chlorinated hydrocarbons (CHCs) by plankton,
benthos, and nekton.

The potential environmental and ecological effects
subsequent to disposal are of greater concern because of
their greater uncertainty and their greater potential for
adverse impact. It is ironic that we have less information
to predict the environmental and ecological effects of dis-
posal of materials dredged from Baltimore Harbor than we do

for materials dredged from Baltimore Harbor Approach Channels
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and particularly for those materials dredged from the
Chesapeake and Delaware Approach Channel. This is a matter

of concern since much of the material dredged from Baltimore
Harbor is contaminated while materials dredged from the other
two projects are not. The potential for adverse environmental
and ecological effects are far greater for materials dredged
from Baltimore Harbor than for materials dredged from either
of the other projects we considered.

Metals in dredged sediment are not the principal environ-
mental problems as is commonly supposed. All available
evidence indicates that metals in dredged materials do not
pose a significant threat to the environment, to the biota,
or to human health if the materials are kept in a geochemical
environment similar to that from which they were dredged.
According to Turekian (1974) "The best-informed conclusion
must be that, as far as metals are concerned, what has been
deposited with the dredge spoil has little chance of leaching
out of the sediment. The problems of polluted dredge spoil
dumping are thus more concerned with mobilized toxic organic
compounds and changes in the physical character of the sub-
strate than with the potentially toxic heavy metals."

Since metals and other contaminants may be taken up by
benthic animals, particularly by those that burrow into the
sediment, appropriate choice of disposal areas can minimize
any potential problems. A disposal area should be selected
which minimizes the number of benthic animals that are
harvested directly from the disposal area, and which mini-
mizes the number of benthic animals that serve as food for
animals that are harvested from that area or from other areas
of the Bay.

Conclusions and Recommendaiions
We considered five dredging/disposal options for main-

tenance material dredged from Baltimore Harbor Channels:

(1) dredging and overboard disposal in areas adjacent to the
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channels, (2) hydraulic dredging and pipeline disposal in
confined, submerged areas adjacent to channels, (3) a combina-
tion of hydraulic dredging with pipeline and scow disposal
technicgues to create an island either inside or outside the
Harbor, (4) a combination of hydraulic dredging with pipeline
or scow disposal in nearshore finging areas to create or
extend wetlands, and (5) a combination of hydraulic or bucket
dredging and disposal at unspecified upland disposal sites.

Based on our evaluation of existing data on environ-
mental effects we rank the five disposal alternatives in the
fellowing order of decreasing acceptability: (1) hydraulic
dredging and pipeline disposal in confined submerged locations
adjacent to Harbor channels, (2) overboard disposal adjacent
to Harbor channels in unconfined locations, (3) marsh crea-
tion, (4) island construction, (5) upland disposal. On
environmental and ecological grounds the first two alterna-
tives are more acceptable than the latter three. Disposal
of Harbor sediments at submerged locations within the harbor
is much less likely to cause the release of associated con-
taminants than the latter three alternatives, each of which
involves subaerial exposure of the dredged sediment. Dis-
posal within a confined, submerged structure is preferable
to unconfined overhoard disposal because confinement will
minimize disturbance of the dredged material, decrease the
likelihood of mobilization of contaminants, and limit the
return of the dredged material to the channels. This will
reduce the frequency of maintenance dredging reguired.

We consider those options~-island construction, marsh
creation, and upland disposal--that result in subaerial
exposure of the dredged material less desirable than sub-
merged disposal because of the higher probability of release
of the sediment-associated contaminants to surrounding water
or groundwater. If the exposed part of the island were
constructed entirely of uncontaminated sediments, and if the
island were surrounded by an impermeable dike, many of our

objections would be removed.
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For contaminated materials dredged from the Harbor, dis-
posal options should be selected which minimize the movement
of the particles; the mobilization of the contaminants from
the particles; and the uptake of contaminants by organisms,
including people. Construction of containment/island disposal
facilities is one approach to the problem. Another method is
burial beneath the Bay floor and capping with clean material.

Construction of a large disposal island/containment
facility is an essentially irreversible decision. It
represents a permanent sacrifice of a segment of the Bay for
this purpose. Because of this, and also because of the
expense involved, construction of such a facility should be
undertaken only after careful analysis and thorough assess-
ment of the full range of alternatives. Environmentally and
ecologically, the most compelling argument for construction
cf an island/containment facility is to isolate contaminants
from the environment and the biota, including people.
Environmental conditions should be selected which minimize
both movement of the contaminated particles themselves and
the release (mobilization) of the contaminants f£rom the
particles and their movement in solution. This indicates
that to maximize containment of the contaminants, the con-
taminated particles should be confined by barriers and kept
submerged beneath the surface of the Bay at all stages of
the tide. If contaminated materials are deposited above the
water surface a number of potential problems must be care-
fullyv evaluated. These include: (1) contaminant movement in
groundwater, (2) release of contaminants by pumping action
resulting from alternate wetting and drying of the materials,
(3} uptake of contaminants by plants, and (4) release of
contaminants in runoff.

Since construction of an island/containment facility is
expensive and permanently sacrifices a segment of the Bay,
the underwater storage capacity of such a facility should be
reserved for contaminated materials.

There will be a continuing need to find a site suitable



for disposal of contaminated materials dredged for mainte-
nance of Baltimore Harbor channels. A proper facility would,
in our opinion, be one designed and managed to accept only
contaminated materials until it had been filled nearly to the
water surface and one large enough to accomodate materials
generated over a relatively long period of time, at least
several decades. If such a facility were to be used for
construction of the proposed 50 foot channel, materials that
would be dredged should be assessed for their contaminant
levels. 1If, as we expect, the more deeply-buried materials
are uncontaminated, openwater disposal should be considered
for these materials, reserving the containment facility for
contaminated sediments. If it is desirable to extend the
dredged material above the water surface to create an island,

this should be done with uncontaminated materials.
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Table 9 Comparative tests required by State of Maryland's
Department of Natural Resources for materials
proposed for dredging and for materials in pro-
posed disposal areas. An X in the Table indicates
that data exist. Wetland and upland disposal
sites have not been included in the Table.

Overboard
Areas
Baltimore Adjacent
Harbor to
Parameter Channels Channels Trough
Volatile Solids X
Chemical Oxygen Demand
Hexane Extractables X X
Total Organic Carbon X
Zinc X X
Mercury X X
Cadmium X X X
Copper X X X
Chromium X X X
Lead X X X
Total Keldjahl Nitrogen X
Total Phosphorous
Chlorinated Hydrocarbons X X
Particle Size X

98



Table 10 Characteristics of sediments accumulating in Baltimore Harbor Channels and disposal areas
adjacent to Channels.

SEDIMENT CIHARACTERISTICS

Fort McHenry Disposal Brewerton
Fort McHenry Channel Brewerton Channel Adjacent to Channel Adjacent to Channel

Concentrations in PPM Dry Mass

*Cr
*Cu
*Ph
*7Zn
Mn
Ni

434
562
270
612
780

139
107
117
503
1754
36

520
271
241
933
328

188
132
262
982
1191

66

*Cad 1.5 1.3 3.2 2.5
*Hg 1.39 0.52 0.95 0.73
*PCB 2.7 0.06 - s
*Chlordane — ——s —— —
*DDT - - ——- —-—
*Kepone o - ——— ———

Water - S s - ———
*Volatile Solids —— . P, —
*Sand ——— —— ——