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ABSTRACT
Man's ever increasing activities in the Elizabeth River, i.e.
dredging, disposal of dredged material and waterfront development,
have drastically altered the river floor, reshaped the shoreline and
changed the circulation. Long-continued dredging of shipping
channels, which is fostered by coal export, larger ships, and
military needs, has moved 220 million cu yds of sediment since 1870.
As a result channel depth has increased 1.8 fold, and maintenance
dredging rates have doubled about every 35 years. Open water
disposal released 40 million cu yds into Hampton Roads and lower
Chesapeake Bay. Landfill buried tributary creeks, moved the
waterfront into the river and reduced the river area by 27%. As a
consequence of reduced area and greater channel depth, current
velocity has diminished and near-bottom salinity likely increased.
These conditions induce faster sedimentation that in turn, creates a
need for greater maintenance dredging and hence, greater disposal.
The dredge and fill cycle, therefore, is self-perpetuating. The
long-term trends of channel deepening, enlargement, and landfill, are
expected to continue in response to larger ships, military needs and
projected sea-level rise.
INTRODUCTION
Ever since Europeans settled along the Elizabeth River in the
I600's, man's activities have reshaped the shoreline, altered the
river floor, used and abused the river in different ways. Formerly
the river had numerous tributary creeks, extensive marshlands and
beaches fronting Hampton Roads. Today, after 100 years of
accelerated development, many creeks and marshlands are buried and
the beaches are replaced by bulkheads and shipping facilities. The
objective of this study is to show that the present status of the
river is a product of past activities. Not all large changes are of
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recent origin. Instead, they were small at first and have continued
piecemeal over many decades. Since the changes are permanent and
additive, the large-scale problems we face today are caused by
cumulative effects of small changes over a long time. To gain
evidence for this idea we addressed the question: How has the kind,
the rate and magnitude, of change shifted with time in response to
man's activities? Understanding the causes and effects allows us to
predict what future changes are likely to occur.
INFORMATION SOURCES AND METHODS
Charts of the U. S. Coast and Geodetic Survey dated 1853, 187273, 1908 and 1982 provide information to determine shoreline and
bathymetric changes after adjustment to a common vertical datum, and
reduction or enlargement, to a common scale in a Map-0-Graph unit or
by photography. Data on the amount and location of material dredged
was derived from extensive files and annual reports of the U.S. Army
Engineer District, Norfolk. These data consist of: (1) project
records of federal, Corps controlled, anchorages and channels, and
(2) permit records of non-Corps projects, both federal and private
controlled, anchorages, berths and channels. ~e location of
material dredged was obtained from Corps survey charts which were
prepared from surveys before and after dredging as well as at other
times. Dredging projects are categorized as: (I) "new work," which
removes undisturbed old material to enlarge a channel, or to increase
its controlling depth, and (2) "maintenance dredging," which removes
material accumulated in a previously dredged channel. Figure 1 shows
the distribution of dredged areas, i.e. Corps and non-Corps
controlled.
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Figure 1. Distribution of dredged
channels and areas, Corps and nonCorps controlled. Note, the extent
and names of various channel reaches
were redefined at various dates.
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HISTORICAL BACKGROUND
The trends of dredging and filling have proceeded with growth of
the cities of Norfolk and Portsmouth and the changing patterns of
maritime trade, industry and military activities. Man's activities
in the river evolved through four stages:
(I)

(2)
(3)
(4)

Colonial agriculture and early port development, 1625-1785
Port expansion, 1785-1880
Large-Scale development, 1880-1955
Modern development, 1955-1982

Settlement of the river began in the early 1600's as part of the
plantation tobacco economy in the region. Norfolk, founded as a town
in 1682, was just a local shipment point. There was no need for a
port in the region because most planters shipped direct to Europe
from their own wharves. By 1725, however, trade with the West Indies
and Europe, and the interchange of goods in the North CarolinaChesapeake Bay region, fostered port growth together with development
of ship repair and shipbuilding facilities. The wharves were built
toward the main channel at first, but as trade expanded in the
1700's, interwharf shores were filled for docks, thus moving the
waterfront into the river. In 1802, 12 wharves existed at Norfolk
near Town Point (Wertenbaker, 1962).
With the coming of steamboats about 1820, much trade by-passed
Norfolk going to New York, Baltimore and Richmond, but this was
partly offset by expanded trade through canals connecting the river
with North Carolina and the Roanoke Valley. Construction of a naval
shipyard at Portsmouth about 1812, generated much activity, including
expansion of waterfront facilities along the Southern Branch of the
Elizabeth River. As Norfolk and Portsmouth grew, expansion shifted
into creeks and marshland which were used for disposal of refuse,
ship ballast stones, construction debris and oyster shell. Small
streams were converted into sewers and large creeks into canals.
When railways reached the river from southwest Virginia coal
fields in 1880, and steamboats were improved to transport coal,
large-scale development followed. By 1889 transhipment facilities
were completed at Portsmouth, Berkley, Eastern Branch, Sewells Point,
Pinner Point and West Norfolk. Pier slips were dug out and access
channels dredged from the river to the slips. These facilities
brought more ships and larger ships with deeper drafts than in
earlier decades. More open water anchorages were required and with
increasing ship draft, deeper channels were necessary to provide safe
passage over shoals through the river and to the piers. This trend
is still in progress today.
DREDGING TRENDS
Channel Depth
channel began
Point and off
comprehensive

and Size. The first effort to deepen the main shipping
in 1872 with dredging of entrance shoals off Sewells
Town Point, Norfolk. By 1876 Congress authorized a
25-foot channel for 10 miles from Sewells Point to
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Norfolk and Portsmouth. This was the first stage in a series of
dredging projects by which the shipping channel was deepened between
1880 and 1968. Figure 2 shows how the natural irregular profile of
the channel floor was progr essive ly smoothed and lowered by removing
shoals and filling holes. Although each increment of dredging was
relatively small, over 100 years the overall increase in depth 1s
great, i.e. 1.8 times greater than the original average depth.
When channels are dredged deeper, they are also often
l engthened, enlarged and straightened relative to their predredged
condition. Whereas the first comprehensive pro ject (1880-1889)
extended 10 miles, today, dredged channels extend throughout the
river and into certain tributary creeks, a network that penetrates
landward 27 miles from the mouth. Today's channels, which are
regularly dredged, occupy about 2.9 s q miles or 25% of the original
river area. As evident in Figure 1, much larger proportions of the
original river floor have been dredged in narrow reaches of Southern
Branch than elsewhere. Furthermore, dredging has increased the fluid
volume of the river from about 184 million cu yds in 1872 to 276
million cu yds in 1982, a 50% increase of its original volume.
Amount of Dredged Material. When the main channel was deepened to 21
and 25 feet between 1872 and 1911, repetitive maintenance dredging
was infrequent and produced less than 0 . 5 million cu yds per year on
the average. When the channel was deepened to 30 feet in 1906- 1911,
the rate of maintenance dredging during the next two decades
increased more than two-fold (Fig. 3). Dredging rates reached a peak
in 1940 when 6.6 million cu yds were removed from the Norfolk Harbor
Reach as a World War II emergency effort. In addition, deepening the
channel from 30 to 38 feet removed an additional 7 million cu yds and
improving pier slips removed 2 million cu yds. During post-War
years, maintena nce dredging rates in Norfolk Harbor Reach fluctuated
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Figure 2 . Change in the longitudinal channel profile along the
Elizabeth River with time and stages of deepening between 1853 and
1968. Lowermost step-wise profile, dashed, is the controlling depth
for a proposed project (U. S. Army, 1979).
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from about 0.3 to 2.8 million cu yds annually. These variations
reflect changes in sedimentation rate as well as available funds for
dredging that fluctuate with economics and political pressures.
Whereas dredging rates in the Norfolk Harbor Reach persisted at a
substantial level between 1960-1980, rates in the Elizabeth River
Reach and Southern Branch diminished slightly (Fig. 3).
When the dredging rates are averaged by decade over 100 years
and considered as function of channel volume, a statistical ly
significant correlation is disclosed (Fig. 4). As channel size,
mainly depth and width, increased, maintenance dredging rates also
increased. If channel size is increased by the proposed 5 to 10-foot
deepening, the historical trends predict dredging rates in the
subsequent decade will increase to an average of about 2.2 million cu
yds per year, an increase of 50% compared to rates between 1963-1982.
This trend implies that as channels are dug deeper and larger, faster
rates of sedimentation are induced. In turn, this creates a need for
dredging greater amounts of maintenance material as well as larger
amounts to dispose of. Dredging, therefore, is self-perpetuating.
Distribution of Dredged Material . Sediment deposited in the river 1s
not distributed uniformly on the shipping channel floor but mainly
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Figure 3. Temporal trends of annual maintenance dredging rates
averaged by decade for Norfolk Harbor reach (right scale) and
Southern Branch (left scale) between 1873 and 1982. One megaton (M,
or million ton) is equivalent to about 3.64 million cubic yards.

Figure 4. Maintenance dredging rate as a function of channel size
(volume) betwee n 1883 and 1982 . Rates represent average annual rate
by decade in Norfolk Harbor reach. Linear regression line, dashed,
excludes anomalous data of World War II, 1935-1952.
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accumulates in shoals along lower margins of the channel (Fig. 5A) as
well as in pier slips and berths. These zones are favorable for
sediment accumulation because they are less energetic than the
central channel that is churned by ships or tidal currents. As shown
in Figure 5B, the distribution of average annual amount of dredged
material by volume, is greatest in the Norfolk Harbor reach.
Landward from Lambert Point in th e 40-foot channel, the dredged
quantities drop abruptly and then decline further in the Southern
Branch. A similar distribution is displayed for average dredged
rates (Fig. 5C) and for sedimentation rates, which are estimated from
the dredge rates. Review of historical distributions (e.g. Fig. 3)
indicates that while maintenance dredging rates have changed
drastically with an increase in channel size, the location of maximum
dredged rates in the Norfolk Harbor Reach has remained essentially
the same. This reach is close to a major supply of sediment that
enters the river from Hampton Roads via landward flow through the
lower salt layer . Alternately, it enters via the upper layer over
shoals north of Craney Island .
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Figure 5. Distribution of maintenance dredged material in the
Elizabeth River. (A) approximate location of shoals, black, (B)
average dredged amount, by volume , (C) average annual dredged rate,
and (D) average sedimentation rate on shoals in the channel which is
derived from the dredging rates over a 10-year period . Data based on
bathymetric changes compiled by Berger et al. (1985) and adjusted to
agree with total "credited" dredged amounts of Corps of Engineers
annual reports.
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DISPOSAL TRENDS
Once dredging is performed, either new work or maintenance, it
becomes necessary to dispose of enormous amounts of material . Where
then, does it all go?
Open Water Disposal . From 1872 to 1889 dredged material from the
main shipping channel reportedly was dumped near sites where it was
dredged, i.e. deep holes of the river and on shoals around Craney
Island and the Lafayett)!- River mouth. Lacking space within the
river, sites were subsequently moved about as its successors were
fill ed up. Between 1893 and 1919 over 10 million cu yds were dumped
outside the river in lower Chesapeake Bay, an area east of Fort Wool
called the "Rip Raps" (Fig. 6). From 1918 to 1940 an es timated 7
million cu yds were dumped in a broad area off Lynhaven Bay . The
Lynhaven site was restricted by amphibious training activities,
therefore, dumping was moved toward Thimble Shoals channel in 19411942. This site was discontinued, however, because of adverse
effects on the shipping channel. During World War II and until 1951,
20 million cu yds were dumped in lower Hampton Roads (Fig. 6), a deep
water site where material is subject to redistribution by relatively
fast currents . Recognizing the problems of open water disposal and
need for long-term disposal capacity, the Corps of Engineers
constructed in 1954-1957 a four square mile enclosed disposal basin
located north of Craney Island (Fig. 6). Use of the Craney Island
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Figure 6. Historic d i sposal areas in open water areas and the Craney
Island disposal basins. Dotted and hachured patterns key the
disposal area to the channel from which the material was reportedly
derived.
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disposal area ended open water dumping of dredged material from the
river, but 58 years of prior dumping left behind an estimated 40
million cu yds in lower Chesapeake Bay and Hampton Roads.
Landfill. In the 1870's the "Common Council" of Norfolk requested
that dredged material from the river be used to fill lowlands within
the city. Land reclamation was needed not only to improve drainage,
and thus alleviate the menace of yellow fever, but to provide more
space to expand the city. Filling began about 1878 in small creeks
and in bordering marshlands along the waterfront at Norfolk and
Portsmouth. By 1908 large areas were reclaimed for coal transhipment
facilities at Pinner Point and Lambert Point as well as for the
Jamestown exposition at Sewells Point (Figs. 7, 8). Accelerated
activity during World War I created piers, docks and associated
landfill for an army base near Tanner Point, for a naval base at
Sewells Point, and for bulkheads and pier slips in Southern Branch
near the Portsmouth Naval Ship Yard (Fig. 7). Intense naval activity
during World War II produced large-scale changes including pier
construction and land reclamation at Sewells Point, dredging and
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Figure 7. Landfill history. Zones of fill between 1853-1908 (black)
and 1908-1982 (dotted). Data based on shoreline changes from old
U.S.C. and G.S. charts. Main shipping channel, dashed.
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filling on east side of Willoughby Bay and filling of two large
creeks for an airfield. Additionally, much dredged material was
disposed behind dikes on the original Craney Island and adjacent
lowlands west of the island. After 1957 most dredged material was
disposed in the Craney Island disposal basin. This basin extends the
river mouth 2 miles seaward. When filled to capacity it will add
another increment of reclaimed land to the river shoreline.
In sunnnary, little is left of the original shoreline. Filling
has proceeded piecemeal over 100 years, first here, then there. The
general pattern is: (1) initial fill around the original urban hubs,
(2) lat er, fill in seaward zones as Sewells Point, and then (3)
centralized fill in the Craney Island disposal basin. The cumulative
effect of filling over many years is to move the shoreline into the
Elizabeth River, thus narrowing the river and reducing its surface
area. Altogether about 27% of the original river area has been lost.
DREDGE AND DISPOSAL BUDGET
Although most changes produced by dredging and disposal occur in
small increments, they are mainly permanent changes. Therefore, it
remains to size up the amount of dredged material, determine the
cumulative amount over 100 years and compare the amount with the
disposal amount reported or estimated. Table 1 provides relevant
data for the total cumulative amount in various categories.
Of the total dredged material, 220 million cu yds, 168 million
cu yds is accounted for. The apparent deficit of disposal material,
53 million cu yds, or 24% of the total amount dredged may be caused
by: (1) incomplete records showing where dredged material was
disposed and how much, (2) lack of detailed bathymetric surveys of
disposal sites, (3) incomplete surveys or measurements of landfill
volume, (4) unknown contribution of other material, other than
dredged material, to the measured landfill volume, (5) apparent
"loss" of material by current dispersal, or by settlement and
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Figure 8. Evolution of landfill in the Sewells Point-Ta.nner Point
area. Based on shoreline changes from old charts and reports. (A)
1853-1933, (B) 1933-1982.
~
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sediment consolidation. By applying simulated consolidation rates
for material in the Craney Island disposal basin (Palermo et al.,
1981) to landfill, 15% of the deficit is accounted for.
The cumulative amount of dredged material (Table 1), reveals the
enormous amount of sediment moved from a relatively small river. For
comparison, the amount dredged from the Elizabeth between 1956-1982,
which averages 3.7 million cu yds per year or about 1.1 million tons
per year, is equivalent to the average 64% of the annual river input
of sediment, 1.7 million tons per year, transported by the James
River at Richmond. Dredging and disposal therefore, are major
geologic processes.
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HYDRODYNAMIC EFFECTS
As landfill reduced the river surface area between 1853-1982,
the intertidal volume of water, or tidal prism, also diminished, an
estimated 24% of the original prism. Consequently, maximum tidal
currents through the mouth are weakened, an estimated 17% of the
natural velocity. Hydraulic model tests of a proposed 5 to 10-foot
channel deepening (Richards and Morton, 1983), showed that maximum
flood and ebb current velocities near the bottom, diminished at a
majority of points, by 0.10 to 0.39 fps. Additionally, near-bottom
salinity increased 0.5 to 4.0 °/oo and stratification intensified.
Although the depth changes tested were relatively small, it is likely
that the trend of lower velocity and higher salinity is part of a
large long-term trend produced by successive increases of channel
depth. The hydrodynamic effects enhance sediment trapping in the
river and thus induce faster sedimentation as well as better
retention of pollutants. Sedimentation rates in undredged tributary
rivers of lower Chesapeake Bay are about 0.2 cm per year. By
comparison rat~s in t~e Elizabeth are 15 to 195 cm per year, an
increase of 10 to 10 fold (Table 2).

175

FUTURE TRENDS
The cycle of dredge-fill-sedimentation will continue. Dredging
is the means by which maritime commerce and military activities are
maintained. Without dredging the port could not remain competitive.
The main site of sedimentation and dredging may be expected to remain
the same. The site of disposal however, will change after the Craney
Island disposal basin is filled to capacity in about 30 years.
Future disposal activity may either continue to centralize the
material adjacent to, or within, the river; alternately it may move
the site seaward. As containerization of cargo reduces the need for
dockside loading, old dock facilities will be rebuilt and modernized.
Therefore, fill around old piers and docks will continue to move the
waterfront into the river. Because containerization requires large
open storage areas, reclamation will shift to lowlands landward of
the river.
As man's activities are also changing global climate, the longterm rise of sea level will accelerate. Today's rates in Hampton
Roads, which include subsidence, are about 9 inches per century.
Hoffman et al. (1983) project global rates will increase 3 to 17
times during the 21st century and reach a level 2 to 12 feet higher
than now by the year 2100. To offset flooding, existing and future
waterfront areas on the Elizabeth will require higher elevation.
Dredged material is a likely asset to provide the needed elevation.
Rising sea level however, increases water depth. It remains to be
seen if the accelerated rise of sea level will keep pace with or
exceed the trend of larger and deeper draft ships and hence alleviate
increasing dredging rates. Table 2 compares the physical changes,
past, present and proposed.
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Table 2,

Summary of physical changes in the Elizabeth River.
1

2

Feature

Paet

Present

Pronoaed

Hean Channel
Depth, ft.

19

35-45

40-55

Channel
Length, mi.

10

27

27

Channel
Width, ft.

200-400

250-1, 500

250-1,500

3,394

3,850

6

Channel 6 3
Volume,10 !t

900lO

Maintenance 6 3
Haterial,10 ydo

0

3.7

4.3

Sedimt>ntation
Rate, cm/yr

0.2

15-195

19-240

River Sijrf,cc
Area,10 ft

325

239

{LJ

3

~atural or orisinial co~dition, 1853-1880;
District, Norfolk,1979; Averaae,1963•1982.
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