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While not accessible to seagoing vessels even in colonial
days, the tributary streams of the area were navigable for
shallow-draft boats far above present day limits. The
Patapsco was open to Elk Ridge Landing, six to seven miles
above the present head of navigation (Scharf, 1881; USACE,
Annual Report, 1931). The navigable part of the Middle
Branch was about four miles long, and Curtis Bay and Creek
were open for about six miles. The natural water depths
of the North and Middle Branches were about 17 ft at mean
low water, and the original controlling depth in Curtis
Bay was 20 ft (USACE, Annual Report, 1914). Today the
prevailing depths in these areas are less than about 15,
10, and 15 ft, respectively.

By the mid-18th century, silting of the Harbor was a
recognized problem. One early ordinance forbade the
deposition of soil on marshes to extend private property
without construction of a retaining wall of logs or stone
(Owens, 1941). The first dredging of the Harbor dates to
about 1780; mud was dug up with a makeshift arrangement of
scoops and pulleys and deposited on adjacent wetlands.
This served the land needs of the growing town as well,
and buildings spread over the newly created fastlands
(Owens, 1941).

Baltimore became a Port of Entry in the 1780s. To further
development of the Port a tax was levied against entering
cargo, and the money given to the "Wardens of the Port,"
a committee responsible for improving and maintaining the
waterways. Gradually the shorelines were altered signifi
cantly; a shallow bay near Fell's Point was filled and
built upon, as were the "hook" at Pell's Point and the
marshes at Jones Falls. Bends in the river were filled,
cutoff channels were dug, and stone retaining walls con
structed to help control flooding (Owens, 1941). Steiger's
Marsh and Harrison Marsh had virtually disappeared by the
end of the century. A writer in 1818 noted:

"... it will be found that not one-
third of the surface of the basin,
covered with navigable water in 1752,
remains open; and that the extent of
basin which is left is now more
shallow by five to ten feet than it
was twenty-five years ago. . . the
water has shoaled to the exclusion
of ship navigation above Fell's
Point" (cited in Scharf, 1881).
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The history of federal participation in navigation improve
ments in Baltimore Harbor dates back to 14 December 1826
when the U.S. House of Representatives passed a resolution
directing the Secretary of the Navy to report on the survey
of the Harbor that had been carried out under the direction
of Master Commandant Clayton on 4 November 1826. The first
federal appropriation for navigation improvements in the
Harbor came a decade later in 1836 when Congress appro
priated $20,000 to "deepen the Harbor of Baltimore" (USACE,
Annual Report, 1916). No project dimensions were specified
with the initial appropriation, but in 1852, the law was
revised and dimensions were fixed to provide a channel
22 ft deep and 150 ft wide to deep water in Chesapeake Bay.
The upper channel, from Fort McHenry to below Fort Carroll,
was 6 NM long, and was naturally 19 to 21 ft deep at mean
low water. The lower section of the channel, from 1.5 mi
below Fort Carroll to approximately 4 mi past North Point,
was 9 NM in length and 16 to 18 ft deep naturally (Scharf,
1881).

Little of the authorized work was actually done prior to
the Civil War, and only the lower reaches of the channel
had been completed by 1860 (U.S. Engineer Office, Baltimore,
1886). In 1872 the project was again revised and divided
into three sections (from north to south): the Fort
McHenry, Brewerton and Craighill channels. Dimensions were
increased for a complete channel 400 ft wide at the lower
end tapering to 250 ft wide at the upper end, with a uni
form depth of 24 ft (USACE, Annual Report, 1916). This
dredging was completed in 1874 (U.S. Engineer Office,
Baltimore, 1886). In 1881 it was realized that the
Brewerton section was subject to continuous shoaling by
sediments carried into Chesapeake Bay by the Susquehanna
River (USACE, Annual Report, 1916). This led to relocation
of this section to a shorter route. The project dimensions
were increased that year to provide an entire channel 27 ft
deep and 600 ft wide. It was believed by the Corps of
Engineers (Craighill, 1874; cited in USACE, Annual Report,
1916) that "constant and careful use ... by screw-
steamers" would maintain and improve the channel depth.

Further improvements to the project were authorized by
Congress in 1896. These specified a channel 30 ft deep,
600 ft wide at the bottom, and 1,200 ft wide at the angles
between sections. In 1892 and 1896 Curtis Bay and Middle
Branch, respectively, were also adopted as federal naviga
tion projects. Dimensions for the Curtis Bay section, as
modified in 1902, specified a channel 30 ft deep and 250 ft
wide, from the main ship channel (Fort McHenry section) to
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the wharves in South Baltimore Harbor. This work was
completed in 1904. Specifications for the Middle Branch
included a channel 27 ft deep and 100 ft wide from the
main ship channel to Eutaw Street, with a turning basin
400 ft square (USACE, Annual Report, 1921). This channel
had previously been dredged by the City to a depth of 15 ft
(USACE, Annual Report, 1931). The federal improvements
were completed in 1905.

Commercial shipping interests in Baltimore constantly urged
improvements to the channels over the last half of the 19th
century. The City provided much of the money for the
dredging and was responsible for the first improvement of
the inner Harbor (Northwest Branch), and its connection to
the main ship channel (USACE, Annual Report, 1915). In
1867 the Wardens of the Port were replaced by a Harbor
Board, and it was largely through the efforts of this
committee that the project was so often improved by the
federal government.

Since 1896, further improvements to the three projects
(later incorporated into one) have been authorized by
Congress twelve times. Depths of 35, 37, 39, 42, and 50 ft
in all or parts of the main ship channel were specified in
1905, 1930, 1945, 1958, and 1970, although Congress has not
appropriated any money for the last authorization and no
improvement dredging has been done under it. This calls
for a main ship channel from Chesapeake Bay to Fort McHenry
50 ft deep and 800 ft wide, a 50 ft deep and 600 ft wide
Curtis Bay channel, a Northwest Branch (east) channel 49 ft
deep and 600 ft wide and a Northwest Branch (west) channel
40 ft deep and 600 ft wide. Included in the project are
three turning basins (and other anchorages) the shallowest
depth of which being 40 ft and the narrowest width 950 ft
(USACE, Annual Report, 1974).

The initial improvement dredging of the inner Harbor was
done by local interests and the Town and City of Baltimore.
As mentioned above, this work dates to the 18th century.
The last improvement of the inner Harbor by the City
occurred after World War I. This produced 2.7 x lO^yds3 °*
spoil which were placed behind bulkheads. In 1931 the City
of Baltimore constructed an airport for which about 10 x
106ydss of spoil from federal dredging were used as fill.
Local interests have been responsible for the creation and
maintenance of docks and waterfront channels. Although
figures for the total amount of dredging done by City and
local interests are not available, it is probable that most
spoil created by this dredging, for maintenance and
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improvement, was placed on land within City limits well
into the 20th century. In recent years most spoil produced
by private dredging—which frequently reaches several
hundred thousands of cubic yards per instance—has almost
certainly been dumped in the upper Bay.

Channels in Main Body of Upper Bay

The Approach Channel to the C 6 D Canal. Rapid economic
growth of the Port of Baltimore was not only responsible
for constant improvement of its Harbor and channels, but
also was the ultimate cause of federal takeover of the
Chesapeake and Delaware (C & D) Canal in 1919, its subse
quent transformation to a sea level ship canal, and its
enlargement. Massive improvements to this route, author
ized by Congress in 1935, included creation of an approach
channel in the Elk River in the upper Bay 27 ft deep and
250 ft wide (USACE, Annual Report, 1974). This work was
performed by the Philadelphia District of the Army Corps
of Engineers, whose jurisdiction into Chesapeake Bay
extends only as far as the seaward end of this channel.

Improvement dredging to create the approach channel
occurred in federal fiscal years FY 1937-38. This work
resulted in a channel approximately 11 NM long, and pro
duced over 24 x 10'yds' of spoil, all of which were disposed
of on land near Pearce Creek, at the mouth of the Elk
River.

Maintenance dredging from FY 1938-63 generated at least
8 x 108yds3 of spoil, or an average of about 300,000 yds3
yearly. The disposal areas for this spoil are not identi
fied in the annual reports.

Improvement dredging of the approach channel was again
authorized in 1954, and fixed dimensions of the channel
at 35 ft deep and 450 ft wide, and also included an
anchorage in the Elk River 1,200 ft wide and about 3,700 ft
long. This new-work dredging was in progress from FY 1964-
68, and resulted in over 19 x 10cyds3 of dredged spoil, of
which probably half were dumped overboard in the upper Bay
in sites which run parallel to the approach channel. No
further improvement work to the approach channel has been
authorized by Congress since 1954.

Maintenance dredging of this channel since FY 1964 has
produced over 2 x 10sydsJ of spoil, or about 170,000 yds3/yr
on average. It is probable that about one-half of this was
also disposed of overboard in the sites mentioned above.
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Creation and improvement of this channel has produced over
43 x 106yds3 of dredged spoil; maintenance dredging over
its lifetime approaches about 10 x 10eyds3. Although exact
figures on overboard disposal of spoil from this channel
are not available, it is likely that a minimum of 10 x
10syds3, and perhaps as much as 20 x 106yds3, have been
dumped in the upper Bay since FY 1937. It is estimated
that future maintenance dredging requirements for this
channel will be at the rate of 150,000 - 200,000 yds3/yr.

The Connecting Channel from Baltimore to the C & D Approach
Channel. In 1945 Congressional authorization for improve
ment dredging for Baltimore Harbor and its channels
included for the first time the construction of a connect
ing channel, 27 ft deep and 400 ft wide, from the Cutoff-
Brewerton Angle of the main ship channel to deep water in
Chesapeake Bay, Figure 5. The purpose of this connecting
channel was to improve access to the Canal through the
upper Bay. This dredging was done in 1947 and produced
about 5 x 106yds3 of spoil, all of which were dumped over
board in deep water outside of the channel.

In 1958 further improvement authorization for the entire
Baltimore project specified enlargement of the connecting
channel to 35 ft deep and 600 ft wide. The connecting
channel was extended to include three disconnected sections
leading through the upper Bay to the C & D Canal approach
channel, Figure 5. Hopper dredging for this purpose did
not begin until 1968, and only 2 x 106yds3 of spoil were
removed from the channel, leaving most of the improvement
work undone (R. Cucina, USACE, personal communication,
October, 1976). This spoil was also dumped overboard in
deep water in the upper Bay. The present depths of the
entire connecting channel are from about 25 to 30 ft.
Further enlargement to this channel was not included in the
last Congressional improvement authorization in 1970, and
the Baltimore District of the Corps of Engineers has
tentatively scheduled improvement dredging to the 1958
standard for the early 1980s (R. Cucina, personal communi
cation, October, 1976).

The exact amount of material removed from the connecting
channel since its creation for maintenance is unknown.

No maintenance dredging has been done in the sections of
the channel created in 1968. About 1 x 10'yds3 were
removed by hopper dredge from the original section of this
channel from FY 1962-67. Almost all of this spoil was
deposited in the Kent Island dump site. Some maintenance
dredging of the aame section occurred in the 1950s, but the
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amounts removed and the disposal areas used in the upper
Bay are unknown.

Some Summary Statistics on Dredging in Upper Chesapeake
Bay

Dredging in the Baltimore District of the U.S. Army Corps
of Engineers. A graphical summary of the volumes of
material dredged by the Army Corps of Engineers from
Baltimore Harbor, its main ship channels and the connecting
channel, in successive five year periods from 1870-1975 is
presented in Figure 6. The figure clearly shows that most
of the material dredged from these areas has been for new
work. A plot of the cumulative volume of material dredged
from these areas over the period 1869-1976 is presented in
Figure 7. These data show that over 180 x 106yds3 of
material have been dredged from the entire Baltimore
project area since 1869, and that approximately 130 x
10*yds3, or more than 70% of it, have been for new work.
In the last 30 years, about 70 x 106yds3 of material have
been dredged from these areas, of which 51 x 10$yds or
about 70%, have been for new work. Examination of U.S.
Army Corps of Engineers records indicates that almost all
of the total volume dredged by the Corps since 1869 has
been disposed of in a variety of open water sites in the
upper Chesapeake Bay. Historically, the material dredged
from the inner Harbor has either been disposed of overboard
within the Harbor, or much more frequently it has been
placed on adjacent wetlands and fastlands. Sediments
dredged from the outer Harbor, from the approach channels
to the Harbor, and from the connecting channels off the
mouth of the Harbor and in the upper Bay above Pooles
Island have been disposed of overboard in areas paralleling
the channels or on the Kent Island dumping grounds.

Since FY 1946 about 37 x 106yds3 of spoil have been removed
by the Corps of Engineers from Baltimore Harbor and its
main ship channel for improvement. No improvement dredging
has been done in this area of the Baltimore project to
enlarge the channels to the 1970 authorized dimensions and
the last new work dredging in this area was completed in
FY 1966. Most of this dredging was done in the three
sections of the main ship channel: Fort McHenry,
Brewerton, and Craighill. Thirty million cubic yards of
this spoil were disposed of overboard, usually in spoil
areas which run parallel to the main ship channel. Over
6 x 106yds3 were dumped in the Kent Island site in the
upper Bay, and about 300,000 yds3 from the Harbor area
were placed on shore.
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Dredging for maintenance of the Harbor and main ship
channel by the Corps of Engineers since 1946 has produced
at least 16 x 106yds3 of spoil. About 6 x 106yds^ of this
were placed at the Kent Island dump site, the remainder
being disposed of overboard in various sites in the upper
Bay. At least most, and perhaps all, of this maintenance
work was performed by hopper dredges.

The areas of this part of the Baltimore project which
require the most frequent maintenance dredging are the
angles between sections of the main ship channel.
Shoaling in the Harbor itself is far less severe. The
main ship channel, particularly the angles, requires
yearly maintenance dredging. In FY 1975 and 1976, for
instance, a total of about 1.5 x 106yds3 of spoil were
removed from these areas, and a conservative estimate of
maintenance dredging requirements for Baltimore Harbor and
the main ship channel is 500,000 yds3/yr (R. Cucina,
personal communication, October, 1976).

Dredging in the Philadelphia District of the U.S. Army
Corps of Engineers— the Approach to the C & D Canal.
Figure 8 shows the cumulative volume of material dredged
from the approach to the C S D Canal between 1937, when
the first dredging was conducted, and 1976. The data do
not include material dredged from the Canal itself. The
total volume of material dredged over this 40-year period
is nearly 55 x 10*yds3, of which only about 10 x 10'yds3
were maintenance. Certainly more than 10 x 108yds3, and
perhaps as much as 20 x 10syds3, were disposed of over
board. The remainder was placed on fastlands bordering
the Bay.

Economic Importance of the Port of Baltimore

According to a 1973 economic impact study of the Port of
Baltimore on Maryland, carried out by the University of
Maryland (Hille et al., 1975), the Port of Baltimore is
the most important economic component of the State of
Maryland, having a total impact of about $2.5 billion
each year. The total direct impact is greater than
$740 million each year while the total indirect impact is
approximately $1.8 billion. Direct impacts are those
that arise directly from the traffic handled by the Port
and include: vessel disbursements, crew expenditures,
surface transportation, insurance and banking, and port
services. Indirect impacts are those which are dependent
on the Port but not directly related to the traffic
handled by it. These include such categories as port-
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related primary metals processing, other port-dependent
processing, shipbuilding, repair and dismantling, and
government expenditures. The study showed that of the
direct impacts, the most significant contribution came
from the inland surface movement of cargoes which
approached $370 million. Primary metals processing, whose
total contribution exceeded $900 million, was the most
significant of indirect impacts.

The report points out that in 1973 the Port directly
employed 65,000 people and that port-related employment
added another 104,000 jobs. This total indicates that
about 10% of all jobs in Maryland are ultimately dependent
on the Port.

In 1973, Maryland had a Gross State Product (GSP) of
$25.1 billion. Of this total, the Port accounted for
$2.5 billion, or nearly 10% of the overall GSP. In 1973
the Port was responsible for $317.3 million of tax
contributions to the State, county, and local governments
of Maryland. Baltimore City received $115.1 million (36%)
of this total, Baltimore County $86.9 million (27%), the
State $82.5 million (26%), and $32.9 million (10%) went to
other local subdivision governments. According to the 1973
economic impact study, the Port of Baltimore is "the
ultimate source of a significant proportion of the total
goods and services produced in the State of Maryland. Its
impact on the economy of the State is immense."

The importance of the Port of Baltimore to the City of
Baltimore and to the State of Maryland is clear. But,
fisheries and recreational uses of the upper Bay are also
economically important, although their values are more
difficult to assess. And if communion with nature is one
of man's ultimate sources of happiness as Dubos (1968)
suggests, then one can not adequately measure the
recreational and aesthetic value of an estuary in dollars
and cents. The justification for dredging and spoil
disposal must be assessed not only in terms of the value
of the shipping to the economy but also in terms of the
extent of the impacts of these activities on the environ
ment and the biota of the upper Bay—their conflicts with
other uses.

Dredging-Related Research

Large amounts of money have been spent on dredging-related
research in the Chesapeake Bay. Over the past ten years
alone, the State of Maryland has contracted for about
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$3 million of dredging-related research and has spent a
large amount of money on in-house projects (F. Hamons,
personal communication, October, 1976). There has also
been a substantial amount of federally-supported research
related to dredging problems in the Chesapeake Bay. These
research projects have covered a variety of field studies
including: physical behavior of dredged materials during
and subsequent to disposal; effects of suspended sediment
released during dredging and disposal on plankton
(including ichthyoplankton), fish and water quality;
effects of dredging and disposal on benthic communities;
effects of enlarging the Chesapeake and Delaware Canal on
the distribution of salinity in the upper Bay; and the
sources and distribution of metals and halogenated hydro
carbons in the upper Bay. There have also been a number
of laboratory studies to assess: effects of suspended
solids on a variety of estuarine organisms; uptake by
shellfish of contaminants adsorbed to fine particles; and
the affinity of particles for contaminants.

As pointed out previously, since 1946 more than 70 x
10*yds3 of material dredged from the Harbor, its approach
and connecting channels, and from the approach to the
C & D Canal have been disposed of in open water sites in
the upper Chesapeake Bay, most by overboard methods.

The most comprehensive field investigation of the acute
(gross) effects of dredging and overboard spoil disposal
on the environment and biota of the upper Chesapeake Bay
v/as conducted by scientists of the University of Maryland's
Chesapeake Biological Laboratory between November, 1965,
and November, 1968. The last time there was any signifi
cant dredging in the connecting channel in the upper Bay
and in the approach to the C & D Canal was between 1964
and 1967. Most of the material was disposed of overboard
through a submerged pipe with a right angle elbow and
deflected off a plate parallel to the sea surface and
located at a depth of about 6 ft—3 ft below the point of
discharge. The disposal area was to the west of the
channel.

The studies were designed to determine "gross effects"
which were defined by Cronin (1970) to:

"include those relatively large-scale
effects which can be detected by the
methods used in each project. These
were designed to test for any massive
mortalities, population reductions at
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the sites tested, or indications of
direct and lethal damage to individual
organisms."

These investigations showed that the effects of the
discharge plume on water quality—suspended sediment
(turbidity), dissolved oxygen and nutrients—were local
and did not persist after dredging was halted for any
reason. According to Biggs (1970b), the maximum linear
extent of the turbid plume detectable with transmissometers
was about 17,000 ft, and it usually did not exceed
9,000 ft. An increase in turbidity over background levels
was never measured more than one tidal excursion from the
source, and the areal extent of the plume was confined to
an area of less than 1.5 NM2. The total surface area of
the segment of the main body of the upper Bay from
Tolchester to Turkey Point is approximately 120 NM2.
Shape and orientation of the plume were highly variable
because of the vigorous tidal currents, 1 to 2 knots, and
whenever dredging was stopped the excess turbidities
dissipated to background levels within one to two hours.

Biggs (1970b) documented the distribution of dissolved
oxygen within the turbid plume and in surrounding waters
and reported

"the data indicate that there was
little or no oxygen sag except
near the discharge site. Dissolved
oxygen did decrease about 1 ppm
(from 10 ppm to 9 ppm) within the
first 600 m down current of the
discharge site on 25 October 1967."

Flemer (1970) studied the acute effects of the turbid
plumes on the phytoplankton of the upper Bay and observed
that there were no gross effects. He regarded short-term
effects of reduced light levels but noted that the effects
were temporary. In the same report Goodwyn (1970)
recorded the absence of any gross effects of the dredging
and disposal operations on the zooplankton of the area.

Dovel (1970) concentrated his attention in the upper Bay
dredging study on fish eggs and larvae. He pointed out
that his field studies were far from the ideal experiment
one could design to assess the gross effects of dredging
and disposal on fish eggs and larvae and recommended that
proper controlled laboratory experiments should be
conducted. Such studies were subsequently done by Schubel
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and Wang (1973), Schubel et al. (1974), Auld and Schubel
(1974), Morgan et al. (1973), and Sherk et al. (1975).
Despite the limitations that Dovel points out concerning
his field studies, they did fail to show any "gross
effects as a result of dredging and spoil disposal
activities."

In his studies of adult fish, Ritchie (1970) sampled the
upper Bay from Tolchester to Turkey Point at monthly
intervals from.July, 1965, through June, 1968, with an
otter trawl to document the distributions of fish in time

and space in the upper Bay. He also placed fish of four
different species—hogchocker, white perch, striped bass,
and channel catfish—in cages in the disposal area to
assess the effects of increased concentrations of suspended
sediment on these fish. Gills of the exposed fish were
examined microscopically to assess any damage to the
epithelial cells of the gill filamental lamellae. From
these and other associated investigations Ritchie conducted
he concluded:

"in summary, no gross effects, either
beneficial or detrimental, of the
shallow water overboard disposal in
the upper Chesapeake Bay on the
species of fish available for study
were detected and/or related to the
disposal."

As one would expect, the most significant and persistent
effects of the dredging and disposal operation in the
upper Bay were on the bottom dwelling organisms, the
benthos. Pfitzenmeyer (1970) reported that shortly after
disposal there was a 71% reduction in the density (number/
area) of benthic organisms in the disposal area and that
there was a "marked reduction" in the species diversity
index. There was also a marked decrease in the species
diversity index in the dredged area—the channel—after
completion of the operation. The reported increase of 51%
in the number of individuals in the dredged area may be
due to the recruitment of the worm S. viridus, or as
Pfitzenmeyer points out, it may not be meaningful because
the density of organisms was very low and highly variable.

Recovery of benthic communities in the dredged and the
disposal areas began soon after the project was completed
and within one and one-half years the benthic communities
of both areas were approximately at pre-dredging
conditions.
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In summary, the most comprehensive study of acute effects
of overboard spoil disposal in the upper Chesapeake Bay
failed to document any significant and persistent
deleterious effects on water quality or on the biota. An
assessment of these and other data and of the collective
recommendation of each of the scientists that participated
in this study indicates that major dredging and overboard
disposal operations should probably be conducted during
fall (October, November) or late winter and early spring
(January through March) to ensure minimum impact on
benthos, fish eggs and larval and adult fishes. According
to Flemer et al. (1968), "October and November would be the
time when dredging and spoil disposal would have the least
effect on the biological components of upper Chesapeake
Bay." It has not been established, however, that opera
tions carried out during other seasons would have any
significant or persistent adverse effects on the biota.

Cronin et al. (1976) investigated the physical effects of
hopper dredge disposal on the Kent Island dumping grounds,
and more recently Cronin et al. (in press) studied the
effects of barge disposal in the outer Harbor. Both
studies indicated that any demonstrable effects of dis
posal on water quality were local and did not persist.
Investigators from the Chesapeake Biological Laboratory
are documenting the effects of disposal on the benthic
communities of the outer Harbor (W. B. Cronin, personal
communication, November, 1976), but these data are not
available for our review.

The only persistent effect of open water disposal that has
been reported in the upper Chesapeake Bay is the inter
ference of spoil deposits with drift nets used by many
commercial fishermen in that area (F. Hamons, personal
communication, November, 1976).

Laboratory experiments (Schubel and Wang, 1973; Schubel
et al., 1974; Auld and Schubel, 1974; Sherk et al.,
1975; Morgan, 1973) designed to assess the effect of
different concentrations of suspended sediment on a
variety of estuarine organisms indicate, in our opinion,
that the excess concentrations of suspended sediment
associated with dredging and disposal activities do not
represent a demonstrable threat to the fauna of the upper
Bay.

Studies have not been conducted that permit an unequivocal
assessment of any chronic biological effects that might
result either from exposure of organisms to spoil and

106



Schubel & Williams

38

associated contaminants for long periods, or from expo
sures to relatively subtle, but persistent, changes of the
physico-chemico milieu resulting from dredging and spoil
disposal. There is little justification—except perhaps
to mollify the public—for repeating extensive studies
of acute effects with future dredging projects. Some
monitoring will be required for social-political reasons
but it should be limited. Considerably more attention
should be directed at the much more difficult questions
of assessing chronic effects, and of developing an
effective dredged spoil management plan.

While no significant or persistent deleterious environ
mental effects have been documented as a result of open
water disposal of material dredged from the main shipping
channel of the upper Chesapeake Bay overboard disposal is
not the most effective method to minimize the frequency
of dredging required to maintain the connecting channel in
the upper Bay and the approach channel to the C & D Canal.
Preliminary observations by Biggs (1970) indicated that a
significant amount (more than 10%) of the dredged material
placed in the overboard disposal area in 1966 could not be
accounted for 150 days after completion of the project.
This is not surprising. Schubel's research (1968a,b; 1969;
1971) on sedimentation processes in the upper Chesapeake
Bay has clearly shown that sediments naturally or inten
tionally deposited on the flanks of the Bay, particularly
to the west of the channel, are actively resuspended by
wind waves and tidal currents and that there is a signi
ficant non-advective transport of fine suspended material
toward the channel. The sedimentation rate in the channel,
and therefore the frequency of dredging, could be reduced
by confining the dredged material in nearshore areas or
on fastlands, or by open water disposal in deeper areas
of the Bay farther seaward in the estuary. The relative
merits of the several methods of disposal, including the
benefit/cost ratios, have not been adequately assessed.

Based upon a critical examination of all the pertinent
published data and on our own experience, we conclude
unequivocally that past dredging and spoil disposal
operations have not had any demonstrable persistent
deleterious effects on water quality or on the biota of
the upper Bay. We also conclude that major dredging and
disposal projects can, with proper planning and management,
be carried out in the future with predictable and
acceptable risk.
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Recommendation: The Need for a
Regional Dredged Material Management Plan

"The Port of Baltimore has long been recognized as
Maryland's greatest economic asset" (Hille et al., 1975).
If Baltimore is to remain a major port its channels must
be maintained at least at their current project depths.
Once the decision has been made to "preserve" the Port of
Baltimore, a decision that has been implicit for about
200 years, it would seem reasonable to expect that a
strategy would have been developed to ensure the mainte
nance of its channels. This has not been done. The
recurrent maintenance dredging projects have frequently
been delayed for one or more years since the 1960s. These
delays have resulted in inconvenience, hazards to naviga
tion, and a loss of revenue, all without the development
of a workable dredged material management plan to avoid
repetition of the problem.

Sedimentation processes and the resultant dredging prob
lems in the upper Chesapeake Bay and its tributary
estuaries are generic, and can therefore be effectively
solved (managed) only through a decision that establishes
a rule, a principle. To be effective, the decision must
have built into it the action to carry it out, and a feed
back mechanism to assess its effectiveness in a recurrent

fashion. This "action" should be a regional dredged
material management plan.

Scientists at the Marine Sciences Research Center of the

State University of New York are developing a regional
management plan for dredging and spoil disposal in the
upper Chesapeake Bay with support from the State of
Maryland, the U.S. Environmental Protection Agency, and
the Rockefeller Foundation. The plan will include:

• designation and ranking of various areas for
disposal of different "types"—quantities and
qualities—of dredged material;

• recommendations as to time of year and
methods of dredging and spoil disposal to
minimize any deleterious environmental
impacts;

• assessment of possible creative uses of
dredged material in this region. These
might include:
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a. combining spoil disposal with
shell mining,

b. construction of recreational

islands,
c. use of dredged material to

intentionally alter topog
raphy, and consequently
circulation to improve
productivity.

The plan, which will be based largely on existing data,
will include a set of maps delimiting different "types"
of sites—overboard, diked, etc.—for different "types"
of spoil—different quantities and qualities. The areas
will be ranked in terms of their assimilative capacities
without suffering persistent and significant ecological or
aesthetic damage. The map and plan will be based upon:

I. Ecological considerations
A. Acute

B. Chronic

II. Economic considerations
A. Transport costs for different sites inside

and outside Chesapeake Bay
B. Capacity of various sites and of this

segment of the Bay to receive dredged
materials before experiencing persistent
and significant aesthetic or ecological
damage

C. Proximity to possible shell mining sites
III. Social-political considerations

A. Proximity to recreational areas used for
water-contact sports and shellfish-
finfish areas

B. Proximity to "political" (governmental)
boundaries

IV. An assessment of the methods and times of
disposal and their relative impacts. Recommenda
tions will be made as to the most desirable times
of year, and methods of disposal to minimize
impact.

While we are convinced that a dredged spoil management
plan can be developed that will be scientifically defensi
ble, we are less sure that it will be politically
acceptable. Still, such a plan is long overdue.
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IMPACTS OF COASTAL DREDGING INSAN PEDRO BAY, CALIFORNIA

Robert R. Weir

Port of Los Angeles

My remarks today are concerned with the impacts of recent California conservation
and environmental planning and coastal zone management legislation affecting California

ports in general and the San Pedro Bay ports of Los Angeles and Long Beach in particu
lar. My remarks are intended to emphasize the fact that environmentalists must consider
developed ports as a unique element in a coastal zone and must develop standards for
such prime national economic bases which are different from standards for pristine,
undeveloped coastal areas.

The attached enclosures to my remarks illustrate the historical development of the
ports of Los Angeles and Long Beach in San Pedro Bay, California.

Enclosure 1 — The general Southern California area served by the ports—an area of
150 cities and about 7 million people.

Enclosure 2 - San Pedro Bay in 1872 when it was a lighterage area.
Enclosure 3 - San Pedro Bay in 1976.
Enclosure 4 — The 1990 proposed development plan for San Pedro Bay.
Enclosure 5 — The 1976 configuration superimposed on the 1872 configuration.

Coastal zone conservation legislation has been passed in many states and is under
preparation in many others. The California Coastal Act of 1976 will become effective on
January 1st, and is the end result of an initiative act that went into effect in 1972 en
titled, 'The California Coastal Zone Conservation Act of 1972". The 1972 Act set up a
state commission and six regional coastal commissions granting the commissions develop
ment permit power in the coastal zone and charged them with preparing a coastal plan to
be codified by the legislature to protect and manage the Coast. The 1972 Act, in its
general provisions, stated that:

" —the permanent protection of the remaining natural and scenic resources
of the coastal zone is a paramount concern to present and future residents of
the state and nation; that in order to promote the public safety, health, and
welfare and to protect public and private property, wildlife, marine fisheries,
and other ocean resources, and the natural environment, it is necessary to

preserve the ecological balance of the coastal zone and prevent its further
deterioration and destruction; that it is the policy of the state to preserve,
protect and, where possible, to restore the resources of the coastal zone for
the enjoyment of the current and succeeding generations; —"
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Based on this and similar language, the commissions and their staffs, in drawing up
theircoastal plan, concluded andpublicly stated that they were not mandated to consider
the economic consequences of their recommendations for legislation to protectand man
age the coastal zone. Needless to say, this conclusion came under fire with the first
drafts of the plan and remained under increasingly heavy fire right down to the final
passage of the coastal act. Environmentalists dominated in the commissions and prevailed
in all of the plan proposals to the point that polarization of opposing forces from busi
ness, labor, and other state and local government agencies became so strong that the
original coastal plan bill was amended over 300 times and then was voted down in com
mittee. With even further amendments, the plan was shifted to a skeleton bill as an
amendment and was finally passed by the Legislature, conditioned on the passage of two
other amending bills. The final bill barely passed, and there was little resemblance be
tween the provisions of the coastal plan and the bill first introduced andthe one finally
passed. An example of this lengthy process was in the treatment of dredging and filling
in the coastal zone in generaland in the major ports in particular.

The drafters of the Coastal Plan began with the premise that dredging and filling
coastal waters was an intolerable devastation of the coast, and any continuance of this
type of development would have an adverse and irreversible effect on the natural envi
ronment of the coast. Their approach to dredging and filling can best be characterized
as almost a nameless horror that was destroying the natural coastal environment for all
time. While there were some concedingcomments that in some situations dredging and
filling might be required, the final provisions of the plan would have made such activities
virtually impossible. It was like being in favor of motherhood, but making pregnancy
illegal. In treating dredging and filling, absolutely nodistinction was made between long-
established ports, developed by dredging and filling, and the pristine areas of the coast.
The California coast is 1100 miles long-major ports occupy less than 2% of this area
and San Pedro Bay ports less than %of 1%-yet the proposed standards and prohibitions
were to apply without regard to where they were undertaken. It was as logical assaying
that if a restricted speed of 25 mph in a school zone was proper and needed, then that
should be the speed limit everywhere.

It is interesting to note that in the actual findings of fact and statements contained
in the final plan, no conclusive evidence was produced to support the fear of dredging
and filling which led to the prohibitive legislative provisions recommended in the plan.

Dredging was found to have the following adverseimpacts:
- It disrupts and adversely affects the marine environment.
- It changes watercirculation patternsintroducing newconditions that

some species cannot tolerate.
- It causes turbidity and placestoxicants in solution.
- 11 destroys bottom life.
- It destroys tidal mudflats, salt marshes, wetlandsand estuarineareas.
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Fillingwas found to have the following adverse impacts:
— It destroys bottom life and the biological productivity of coastal water areas.
— It changes water circulation patterns.
— There are adverse impacts on marine organisms in fill sites.

The plan was silent on qualifying these adverse impacts (many of them transtitory
and many others unquantifiable) against the positive economic impacts on man's environ
ment resulting from dredging and filling to accommodate deep-draft ships and changes
in cargo volume and form.

In order to avoid or at least completely minimize the need for dredging and filling,
the plan and recommended legislation went to great lengths to describewhat they termed
"less environmentally damaging alternatives". Briefly, these alternatives and their sup
porting logic to prove that dredgingand fillingwere not needed were as follows:

— Develop other energy sources such as solar and thermal sources. Legislate
energy conservation and consumption levels in homes and businesses, and

restructure energy utility rates. Through these measures, less crude oil would
have to be imported; and therefore, channels would not have to be dredged
for the large-size tankers.

— Require higher berth utilization at existing port facilities by mandating mul
tiple-company use, thus eliminating the need for filling port waters for new
berthing facilities.

— Use LASH vessels more in California ports because use of these vessels, who
can anchor in existing deep water and send barges into existing port facilities,
would effectively eliminate the need for any dredging.

— Distribute commodity flows and ship traffic between ports through a state
agency to insure maximum utilization of existing facilities, thus precluding
dredging and filling.

— Review existing port areasand increase the efficiency of ports by intensifying
use, and preclude competition between ports because that results in over
building and unnecessary port developments, particularly dredging and filling.

There is not time to examine the naive and simplistic premises which the environ
mental staffs used to arrive at these conclusions. It is sufficient to say that they evidenced
no understanding of how the maritime industry functions. The conclusion was that
dredging and filling was not only damaging, but completely unnecessary in ports, and
they then worked back with convoluted logic to prove it.

Recommendations for legislative codification concerning port dredging and filling
were:

— No facilities (i.e. channels or terminals) to be built that would accommodate

tankers larger than 150,000 DWT (later changed to tankers having a draft in
excess of 60 feet).
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- No dredging or filling to be permitted until all existing facilities were used
efficiently and to maximum capacity. (It must be noted that no standards or
guidelines were established to determine these conditions except that the state
agency administering the plan would make this determination.) The logic here
was like saying you can't build a modem auto parking area because you have
underutilized livery stables.

- No dredging or filling to be allowedif any other port in the region had any sur
plus facility capacity.

- The state coastal agency to have jurisdiction over the need for any facility,
including dredging and fill projects.

- Coastal waters could only be diked and filled for new or expanded facilities
meaning that new land could not be created by fill and thereby create valua
ble waterfront land, unless the port had a user for such land under contract.

- Permitted dredging was to be planned, scheduled and carried out to avoid dis
ruption to fish and bird breeding and migrations, marine habitats and water
circulation.

- And finally, as if all of theseconstraints were not enough,there wasa proposed
regulation that would have completely prohibited filling coastal waters and
would have inhibited dredging by forcing expensive deep-water offshore dis
posal of spoils. The regulation required that whenever coastal waterwasdiked
and filled, an equivalent compensation area of one to one, or an areaof equal
or greater biological productivity, was to be created to replace the filled area
and that the replacement activity was to be commenced before the fill project
could be started. If no such replacementarea was available adjacent to or in the
area of the fill, then the area would have to be purchased and excavated and
turned over to another public agency.

In the Port of Los Angeles,we quantified what this would cost. We are just about to
have our Main Channel dredged from 35 feet to 45 feet by the Corps of Engineers, and
our plans call for a fill area in coastal waterin the outerharbor of about 183acres, repre
senting an open-land area adjacent to deepwater which is in demand andbadlyneeded.
There are now 183 acres of existing land within the Port's boundaries which could be
excavated to provide 183 acres of new coastal waters.So, under this regulation, the Port
would have been required to buy this much coastal land elsewhere, pay for the excava
tion and disposal of soil and turn it over to some other public agency. Assumingthat we
were lucky and an equivalent productive area was found to be on a one-to-one basis (al
though the regulation did not suggest how equivalency was to be arrived at), we deter
mined that in order to buy 183 acres of coastal landoutside of the Port, excavateall the
soil and dispose of it someplace inland, prepare a couple of EIR's, and pay the legal fees
and sell the necessary revenue bonds, the restoration would cost us about 53 million
dollars. To avoid equivalentreplacement, the offshore disposal costs to a permitted site
about 28 miles from the port would add about 41 million dollars to a 13.6 million dollar
project
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The replacement project over the 20 years of bond amortization would cost us
about 115 million dollars for 183 acres that didn't even belong to us. Needless to say, no
port could afford this even if it were legally possible to spend its revenues in this manner.
That proposed regulation was strenuously objected to by California ports for almost a
year and was not modified to exclude ports until the final weeks before passage of the
legislation. The proponents of this regulation did not amend it on the merits of its elimin
ation, but only because of the possibility of port opposition to the bill in the Senate
which might easily have resulted in no coastal conservation legislation. This particular
regulation can lead to the conclusion that its proponents considered coastal water to be
more environmentally and productively valuable than coastal lartd-a philosophy not
elsewhere expressed nor elaborated on. In the proposed legislation, the word "feasible"
frequently appeared. However, the following definition was originally incorporated into
the bill: " 'Feasible' means practicable, based on a case-by-case analysis, taking into ac
count short-term economic, social and technological constraints as weighed against the
long-term benefits of strict and immediate compliance with the provisions of this divi
sion." If you can figure that out, let me know how you would similarly define "infeasi-
ble". Fortunately, Webster's definition was substituted in the final legislation.

After a great deal of negotiating with the proponents of this extreme legislation, the
ports were able to get more reasonable regulations for ports in the Act as finally passed.
Reasonable amendments became possible because of the environmentalists desire to get
coastal conservation legislation passed this year rather than because of the merits of
modifying their original regulations.

The recently passed Act, as if affects dredging and filling, contains the following:
— The equivalent replacement area requirement for filled area in ports was deleted.
— Permitted dredging was to be planned to minimize, rather than avoid, disrup

tion to fish and birds, etc.
— Restriction on facilities based on tanker size and draft were deleted.

— Filling was to be permitted to develop waterfront land independently of a
stipulated use.

— No existing facility utilization factors to be used to restrict dredging and filling.
— Dredging and filling development not contingent on facility availability in

another port in the region.
— Multi-company use of facilities not mandated.
— State agency to have no jurisdiction over facility need.

One outstanding conclusion that has to be carefully considered from now on by
environmentalists, port authorities and other maritime interests is the relationship of the
natural environment and the economic environment The natural and economic environ

ments in the coastal zone are not mutually exclusive but are, in actuality, inseparable.
Man's environment, which contributes to his welfare and the quality of his life, is a
blended combination of the economic and natural environments. Man's first demand on

his environment is for his livelihood, and his second is for his pleasure.
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In considering the resources of a coastal zone, there isa point where thequantified
values of eachof these environmentsaffecting the publicwelfare must be weighed against
each other in order to make the most optimum contribution to that welfare. When the
cumulative economic value generated in the relatively small portareas in the total coastal
zone are compared with the cumulative value of the natural environment's losses in those
areas, these losses are relatively infinitesimal. Therefore, the policies, regulations and
standards used to protect and preserve the economic environment of the relatively small
port areas in the coastal zone must be entirely different from those which are to be
applied to protect and preserve the natural environment of the remaining areas of the
coastal zone.

The port areas lying within the coastal zone are dedicated by law in California to
the economic environment of commerce, navigation and fisheries; and as such, they
cannot be equated to the larger pristine areas of the coastal zone, norshould they be con
strained by the policies and regulations primarily based on the needed protection, preser
vation and restoration of the natural environment in such other coastal areas. Within the
port areas, the satisfaction of the economic needs and demands obviously far outweigh
the impact on the relatively small port-occupied areas of the total state coastal marine
environment.

The value of the ports as economic resources, compared to their value as natural
environmental resources to the public welfare, can be easily measured by considering
the following supposition. Suppose that of all the coastal zone areas lying within the
boundaries of existing ports were to suddenly disappear, where would the greatest loss
to the public welfare occur? Would it bein the loss of biological productivity on land and
in coastal waters and wetlands, or would it be in the loss of the economic productivity
of those areas? The answer is obvious: The relative loss of the natural environment would
be infinitesimal compared to the catastrophic economic loss. This isanexaggerated exam
ple, but the relativity it illustrates is valid and critically important to the public welfare
when ports, as coastal resources, areevaluated.

The greatest threat to the economic welfare of portsandto the economy and public
welfare which they support is the threat of obsolescence of its facilities-ranging from
channels to specific facilities. Obsolescence of a port'scapital-intensive facilities is caused
by changes in any of the various elements of the maritime industry which it serves. Thus,
changes in vessel draft, size or carrying characteristics, cargo form, cargo handling and
storage methods and cargovolumes are the major factors which createdemands on ports
to deepen channels; to expand, modify or convert existing facilities; to shift port users
from old to new facilities; and to create new land areascompatible in configuration and
location to ship and cargo service requirements. If ports are unable to planand execute
developmentsand changes to meet these demands expeditiously, their facilities will rapid
ly become obsolete and underutilized becauseof the lack of demand for outmoded facili
ties or the inability of new deep-draftvessels to use existing or expanded facilities located
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along shallow channels. The growth of new deeper-draft vessels, many of which are subsi
dized by the federal government replacing older, shallow-draft vessels in foreign and
domestic waterbome commerce, is a well-established fact and represents the greatest
threat to overall port obsolescence.

The history of port development is a history of changes to avoid obsolescence as the
maritime industry has changed. An analysis of port facilities at any given time will gener
ally always indicate that some facilities or areas are or are becoming underutilized. The
analysis will also generally indicate that demand for these facilities has declined or
stopped because ship and cargo types and forms have changed and made them inefficient
or unusable, and therefore, obsolete. The analysis will also indicate that ports are always
in the planning and development process to anticipate and avoid the obsolescence of
their facilities.

The criteria for port development are simply established as the need for a port to
expeditiously respond to port users' demands for facility changes to accommodate
changes in ships and cargo forms, types, and flows in order for the port to make required
accommodations, and in that manner, preclude the threat of obsolescence to their exist
ing facilities. The protection against obsolescence is the protection of the port's continu
ing contributions to the public welfare.

The California coastal plan singled out dredging and filling for imposing unreason
able restraints on these iwo activities without recognizing their critical importance to port
development; nor did it recognize that the present value and contribution of port re
sources to the public welfare has been due solely to the use of these two development
tools since the inception of the California ports. No case has been made, nor has one
even been suggested, that previous port dredging and filling has adversely affected the
public welfare, or detracted from the value of ports as a primary coastal resource. The
loss of the relatively small biologically productive area of the natural environment
through this historical process of dredging and filling has resulted in the off-setting gains
in the economic environment on a ratio of uncalculable thousands to one. No case has

been made which concludes that this ratio has or will be reversed. No greater case exists
supporting this than in reviewing the historical development of the completely man-made
ports of Los Angeles and Long Beach in San Pedro Bay where waterbome commerce
through the two ports in 1975 was over 62 million tons with a value of 16.5 billion
dollars, representing 57% of all California waterbome commerce. The California plan
policies on dredging and filling are considered proper for coastal areas outside of the
boundaries of existing ports. Dredging and filling for ports has two sound values con
tributing to the public welfare which far outweigh the minimal and transitory adverse im
pacts on the small areas of the coast's natural environment found in ports: (1) Dredging —
accommodates new deep-draft vessels in deeper channels, turning basins and berthing
spaces; protects, preserves and adds economic value to existing port resources; and
(2) Filling — the best method of controlled and contained disposal of dredging spoils
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creating, at the same time, new land which is a needed, usable, man-made resource and
asset adding significant economic value to an existing coastal resource.

The problem of state versus federal jurisdiction and interest with particular refer
ence to dredging in established ports poses some very basic and critical problems in draw
ing up state coastal zone conservation legislation. The question that will have to be ul
timately answered in state legislation and control is this: Are deep-draft approaches,
channels and turning basins in ports, which accommodate foreign and domestic ship
ping and waterbome commerce and national defense needs, unequivocally more in the
national interest than in the interests of the various states? A recent ruling by a panel of
federal judges invalidated a State of Washington law that prohibited the passage of tank
ers of more than 125,000 DWT through Rosario Strait in Puget Sound. The state passed
the law as an environmental protection measure, but the federal judges ruled that the
state's restrictions were preempted by federal regulation in the field, were violative
of the commerce clause, and invaded the foreign affairs powers of the United States.
In connection with this type of problem, there is still another question to be considered:
Can a state law restrict the dredged depths in its established ports as a means of denying
the use of the port to deep-draft U.S. and foreign shipping in the interests of its own
presumed environmental protection?

In our arguments with the proponents of the California plan, particularly with the
60-foot draft tanker restriction, we asked them if they would object to facilities such as

channels and terminals to accommodate a large movement of a dry-bulk cargo in large

vessels requiring 70-foot depths in a port. They said probably not. We then asked them if
they would deny port entrance to a tanker drawing 65 feet in a port having 70-foot
depths, and they said no, but stated that they would deny the construction of a wharf,
terminal and berthing area to accommodate it What becomes immediately obvious is
that the proponents of the tanker restriction were proposing what would amount to a
selective naval blockade of the California ports as a means of controlling large movements

of energy supplies to inland areas beyond their jurisdiction and as a means of control
ling large tankers operating on the high seas also beyond their jurisdiction. The 60-foot
restriction was removed from the legislation, as it was obvious that the restriction was not

based on protecting the coastal zone's ecology.

Over and above federal interest and jurisdiction over foreign and domestic commerce
is the necessity of adequate ports for national defense. Many of the ships in both the
U.S. merchant fleet, built under government subsidy, and the fleets of our potential allies,
as well as new ships on order for both fleets, have deep drafts which preclude their using
many U.S. ports. For example, 60% of the existing tankers in world fleets and 82% of
new tankers on order are unable to use ports with maximum depths of 35 feet; 38% of
new tankers on order worldwide and 27% on order in U.S. shipbuilding yards are unable
to use ports with a maximum depth of 50 feet.
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If U.S. ports cannot accommodate a significant part of deep-draft merchant fleets
under the U.S. flag and under the flags of our potential allies, then our national defense
strategy has been frustrated to that extent For purposes of national defense, it is as
important to insure that all major U.S. ports should have depths to accommodate deep-
draft merchant vessels as it is to subsidize their construction and to count on being able
to use such merchant vessels for national defense without having them restricted to a
limited number of deep-draft ports in the future.
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