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Introduction

The 80 km Lake Huron shoreline within the Saugeen River watershed from
Southampton to Point Clark, Ontario consists of sedimentary bedrock
overlaid by glacial deposits including till, relict post-glacial beach and
dunes, and boulders (Figure 1). A review of sediment sources and
alongshore transport indicates the importance of post-glacial deposits for the
maintenance of nearshore sediments, which are essential for beach and dune
sustainability.

From 1954 to 1990, industrial, urban and rural residential development
alongthe shoreline in the area has increased from 8% of land cover to 22%
(Lawrenceand Nelson, 1992). Cottage communities have been established
at numerous sites, increasing the number of seasonal residences in the area.
Continued construction and development efforts along the shoreline have
resulted in the disruption of natural sediment sources, especially beaches
and dunes. Shoreline protection and harbor facilities have also impacted
alongshore sediment transport patterns.

Land use planning and shoreline management initiatives need to recognize
the protection of alongshore sediment processes as a basis for ecosystem
protection and enhancing economic opportunities. The study is used as a
basis to develop a sediment management strategy in order to balance
development with a need for conservation ofsediment supplies. The results
are discussed in reference to the ongoing preparation of a shoreline
management plan and implications for other coastal regions with similar
sediment conditions.

Study Area

The Lake Huron shoreline from Southampton to Point Clark is comprised
of bedrock or clayey glacial deposits, with pocket beaches consisting of
sand and gravel deposits (Figure 1). The bedrock geology consists of
Guelph Formation (dolomite) of Silurian age, which is exposed at the
surface at Douglas Point. Glacial till exposures occur inland from Poplar
Beach and north of Kincardine. St. Joseph till is described as a clayey silt
till with low stone count and represents the Port Huron glacial advance,
estimated to have occurred 13,000 years ago (Cowan and Pinch, 1986).
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Inland the landscape consists of post-glacial lake deposits, with sand and
clay till exposures (Lawrence et al., 1992). The study area is located in the
physiographic region of southwestern Ontario classified as the Huron slope,
which consists of a clay plain of post-glacial lake deposits overlying a clay
till and gently slopes westward forming theshoreline bluffs (Chapman and
Putman, 1984). Land uses include rural residential development, including
seasonal cottages, several urban communities, the Bruce Nuclear Power
Complex at Douglas Point, and agriculture (Lawrence and Nelson, 1992).

The climate is continental with January and July average temperatures of -
4 and 22°C. The Lake Huron water mass has a moderating effect on
temperatures, also resulting in increased local snowfall, and an average
annual precipitation of 900mm (Reinders, 1989). Ice begins to form along
the shoreline by mid-December and persists until early April, with peak
cover of40 to 70%, inhibitingwave generation and sediment transport along
shore (Saulesleja, 1986). Mean annual wind speed is 10km/hr, with highest
wind speed in January and the most frequent winds from the northwest
and southwest (Environment Canada, 1982).

Shoreline Physiography

The study areais a highlyindented rockyshoreline, with beaches contained
between headlands (Boyd, 1981). The majority of beach sand and gravel
deposits are relict post-glacial lake deposits. Pocket beaches occur at
Inverhuron, MacGregor Point, Port Elgin and Southampton. Sand
movement is restricted to within the bays, with no extensive new supply of
sediment from riverine, offshore or updrift sources. Alongshore sediment
transport is from north to south (Philpott, 1988). The largebeaches at Port
Elgin and Southampton are thought to have been created by relict glacial
deposits, forming depositional profiles between resistant headlands
(Reinders, 1989).

Glacio-lacustrine and beach sand and gravels extend from Southampton to
Port Elgin (Figure 1) (Cowan and Pinch, 1986). The shoreline consists of
Late Wisconsinian beach sand and gravel with lag resting on till deposits.
Extensive post-glacial beach sandand gravel deposits with glacio-lacustrine
clay and silt deposits are located inland from Port Elgin south to
MacGregor Point.

Post-glacial lakes forming during the retreat of the Laurentide ice sheet,
20,000 years ago, laid down extensive beach sediments. The Lake
Algonquin beach comprises anerosional bluffcut intothe St. Joseph tilland
extends from inland of MacGregor Point, south to Point Clark, at an
elevation of 203 m above sea level (Harrow, 1988). The Lake Nipissing
beach is primarily an erosional bluff, at an elevation of 190 m and is
fronted by thin sand deposits (Cowan and Pinch, 1986). Relict Lake
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Nipissing sand and gravel dunes and beach deposits are located inland at
Inverhuron Bay and north of Point Clark (Figure 1).

The nearshore beach profiles at Port Elgin and Douglas Point are described
by Boyd (1981) as having a gentle slope and are mostly comprised of sand
and silt, with active offshore sand bars. Boyd (1981) estimated that these
beaches experienced net volume increases of 18 and 7 nrVyear respectively
from 1973 to 1980. Inverhuron and Poplar Beach are characterized by thin
sand lens overlying boulder till deposits or bedrock. With shallow
nearshore profiles, due to limited offshore erosion of the material, these
beaches show little change.

From McRae Point to Kincardine, the shoreline is irregular, consisting
mainly ofbedrock with cobble, gravel, and sand deposits between headlands
(Figure 1) (Reinders, 1989). Recent beach deposits, sand dunes and relict
beach ridges are noted in the backshore zone (Lawrence et at., 1992). South
of Kincardine, the shoreline is characterized as a dynamic beach and dune
system with offshore migrating sand bars (Figure 1). Offshore boulders,
stretches of cobble stone beaches, and a wetland/marshes occur in several
locations. Modern beach and dune deposits have formed from Poplar
Beach south to Point Clark. Just north, and in the lee of the Point Clark
headland, the shoreline consists a course sand and gravel beach, with
cobbles and boulders offshore. Amberley Beach consists of a wide sandy
beach, with a gentle sandy nearshore profile.

Shoreline Processes

Fetch lengths for the study area suggest the dominant influence of north
and northwest waves. The northwest fetch is longer than the west allowing
larger waves to be generated by storms and causing high transport rates
during storm events (Philpott, 1988). As a result, the large frequency of
northwest winds, combined with the open water fetch length in this
direction will allow for the development of north and northwest waves, with
larger periods (4 to 6 seconds) and significant wave heights in excess of 1.5
m.

Examination of wave hindcast frequency distribution tables completed by
Philpott (1988) indicate the presence of the northwest waves. The 35-year
hindcast (1952 to 1987) shows that 41.6% of the total hourly frequency are
northwest waves. Of the individual wave classes, the long period classes (5
to 7 seconds, 0.9 to 2.1 m waves) are noted in the northwest waves, as a
function of the fetch. Wave heights from all directions have been recorded
less then 3 m for 95% of the monthly mean records (Saulesleja, 1986).

There exists limited alongshore littoral drift due to low sediment supply
(Boyd, 1981; Reinders, 1989). Nearshore transport is generally north to
south caused by the predominate north and north-west waves (Figure 1).
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North of Douglas Point, no alongshore sediment transport occurs because
of limited sediment supply (Reinders, 1989). In the northern section of the
shoreline, coarse glacio-lacustrine sediments areextensive andare likely the
primary source of the sand present at the modern Lake Huron shore,
perhaps transported from inland sources by local streams (Boyd, 1981). At
PortElginand Inverhuron, large crescentic bayhead beaches form between
smaller headlands created by resistant bedrock outcrops.

South from McRae Point to Point Clark (Figure 1) sediment transport is
north to south, with small amounts of sediment supplied from streams and
creeks. The total littoral transport along this shoreline has been estimated
at only 449 nrVyear, most coming from the Pine and Penatangore Rivers
(Reinders, 1989). Beach erosion is limited, with some losses inland to dune
formation. Sand deposits at Lurgan Beach, Bruce Beach, and PoplarBeach
have formed as the stony till shelf offshore protects these features from
wave erosion. Rates of offshore platform and nearshore till erosion, along
this shoreline are at present unknown.

A stony till shelf extends offshore at PointClark acting as a natural barrier
to any sediments from the north and northwest (Reinders, 1989). Waves
from the north direction are most commonly affected by the Point Clark
headland and offshore platform. In particular, the larger waves refract
around the point into the lee of the headland Sediment transport appears
to be south, with a pocket of northward transport in the lee of Point Clark
(Reinders, 1989). A large amount of sediment would be diverted offshore
and deposited in deeper water. When combined with the insignificant
amount of sediment coming towards Point Clark from the north, it can be
stated that very little sediment passes around the point.

Further south, in the lee of the boulder till promontory of Point Clark, the
shoreline is at first characterized by narrow beaches with sand and gravel
and considerable boulders offshore. The beaches rapidly increase in width
as sediment supplied either from the south, or encircling around the
headland from the north, has led to the establishment of wide sandy beaches
with discontinuous foredune development at Amherley Beach.

Management Implications

The distribution of shoreline (coastal) sediments is an important factor in
the location, frequency, andmagnitude of flooding anderosion as beach and
dunes provide important natural barriers to these processes. In addition
many beach and dunes areas serve as significant natural habitats and are
serve as important economic resources supporting beach use and cottage
development.

Beach and dune erosion during high water levels has caused some concerns
at Southampton, Port Elgin, and Inverhuron. At Inverhuron beach/dune
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erosion rates for the period 1973 to 1980 have been estimated at 0.78 m/yr
(Boyd, 1981). South from Kincardine to Point Clark, beach erosion has
been estimated as high as 0.20 m/yr (Boyd, 1981). Occurring during
primarily high water levels, beach erosion causes a hazard to encroaching
development and scarping of dune and till terraces lining the backshore
beach zone.

Lake Huron experiences a variety of cycles of fluctuating water levels: long
term, seasonal, and short term. Continuous reliable measurements taken
at stations around the Great Lakes basin since 1860 indicate the presence
of long term irregular cycles of water levels, with variations of up to 1.5 m
from the mean, seasonal variations in the order of 0.34 m, and short term
fluctuations as a result of storm surge, seiches and wave runup which can
account for as much as a 1 m increase (International Joint Commission,
1989). The inland extent of the 1:100 year flood plus wave uprush and
storm surge, has been delineated by Environment Canada (Figure 1).
Flooding is also frequent at several locations including Baie due Dore,
McRae Point, Kincardine, and Point Clark.

An understanding of shoreline sediment dynamics will be essential to the
development of management and conservation practices in the study area.
The Saugeen Valley Conservation Authority is currently preparing a
shoreline management plan (SMP) to address the wide range of issues and
concerns along the Lake Huron shoreline within its jurisdiction (Lawrence
et a/., 1993). Included within the plan is a requirement for information
related to natural processes that contribute to shoreline flooding and erosion
(Lawrence, 1995). The SMP should also contain specific mechanisms to
protect and conserve post-glacial relict sediment deposits and ensure
uninterrupted alongshore transport processes.

Increasing seasonal cottage development, urban growth, and industrial
expansion in many shoreline sites threatens continued sediment supply from
these sources. Of particular concern is the encroachment of intensive land
use activities along the shoreline located south of Port Elgin, at Inverhuron,
and south of Kincardine. For example, residential development south of
Port Elgin has increased from 18 to 36% in land cover area since 1954
(Lawrence and Nelson, 1992). This development is occurring in areas prone
to shoreline flooding and erosion and which contain significant biotic habitat
(Lawrence et a/., 1992).

Areas of management concern, reflecting land use pressures in areas
containing important sediment deposits, are identified in Figure 1. The
limited additional sediment from riverine systems and adjacent shoreline
areas results in a natural system dependent on relict post-glacial deposits.
Once removed they can not be naturally replaced and artificial nourishment
would not be economically feasible. The construction of any shoreline
protection structures, such as groynes or breakwalls, should require the
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preparation of environmental impact assessments in order to determine the
potential impact on alongshore sediment transport.

This study provides an example of the need to develop specific management
responses to shoreline development and conservation of essential natural
processes in areas where sediment supply is limited. In these areas
calculation of sediment budgets and the evaluation of the impacts of land
uses, shoreline protection structures, and harbor facilities will be necessary.
Any long term strategies for shoreline (coastal) management will require a
full and proper regard for the sources, distribution, transport, and
deposition of sediments that are essential for dune and beach maintenance.

Conclusions

Conservation of post-glacial sediments and protection of alongshore
sediment transport in the study area are necessary in order to maintain the
natural processes leading to beach and dune deposits. These features
provide important values to attract further economic development and
protect shoreline development from flooding and erosion during high water
level events. The development of a shoreline management plan by the
Saugeen Valley Conservation Authority will need to include regulatory or
participatory mechanisms to ensure that future construction activity does
not remove essential sediment sources.

This study has provided an example of the potential to consider the
management of shoreline sediment dynamics in developing land use and
resource planning initiatives. In other coastal regions, sediment budget
studies should be completed in areas where sediment supply or transport
processes are under threat. This information should be considered an
essential component of coastal zone management practices and incorporated
into environmental assessment procedures.
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Figure 1. Lake Huron-Saugcen Shoreline: Sediment Dynamics Southampton
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ESTIMATES OF THE CONTRIBUTION OF ESTUARINE

SHORELINE EROSION TO NONPOINT SOURCE

POLLUTION OF COASTAL WATERS:
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ALBEMARLE-PAMLICO ESTUARINE SYSTEM*
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Introduction

Section 6217 of the 1990 Coastal Zone Management Act requires states with
federally-funded coastal programs to increase state authority over several
land uses. "Enforceable policies" must be developed to control nonpoint
pollution sources causing "significant" impacts to "coastal waters." The
U.S. Environmental Protection Agency (EPA) developed guidance for
coastal states that identifies several sediment sources for which management
measures might have to be implemented, including: agriculture, forestry,
construction, forestry, dam operation, and eroding streambanks and
shorelines.

In North Carolina, little published information is available describing the
sediment contributions to coastal waters from eroding streambanks and
shorelines. State water quality reports have identified suspended sediments
as a cause of coastal water quality impairment only in one area along the
southern estuarine coastline. This impact was estimated at 163 acres, or
less than one percent of the total impaired acreage of coastal waters in 1991.
By contrast, fecal coliform, dioxin and chlorophyll a were major causes of
estuarine water quality impairment (62,788; 41,380; and 72,273 acres,
respectively) during that reporting year. Development of public policies to
control nonpoint sources of pollution must be cost-effective, and based on
sound identification of sources and measurements of their impacts. The
EPA guidance indicates that "where streambank or shoreline erosion is a
nonpoint source pollution problem, [they] should be stabilized." The EPA
estimated costs for shoreline and streambank stabilization practices ranging
from $0.05 - $57.40 per foot for vegetative stabilization practices and from
$60.00 - $961.00 per foot for structural stabilization practices.
Implementing the streambank and shoreline stabilization management
measure could prove very costly.

1This study and all subsequent puhlished muti-riuls were financed by funds provided by the Office nf
Ocean and Coastal Resnurces Management, National Oceanic and Atmuspheric Administration through
Section 6217 nf the Coastal Zone Management Act <<r 1972. pursuant to Award NA47OZ0123.
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The N.C. Division of Coastal Management decided to determine whether
estuarine shoreline erosion was a major source of sediment for the
Albemarle-Pamlico Estuarine System (APES), the state's largest estuarine
system. If estuarine shoreline erosion is significant, then further
investigation might be warranted to determine the sediment contributions
of streambank erosion in the upstream reaches of the state's river basins.
In contrast to coastal waters, sediment is reported as the most common
cause of freshwater impairments in North Carolina. Sediments are also
known to provide a substrate for the storage, resuspension and release of
pollutants which can have serious effects on fresh and coastal waters. Thus,
streambank and shoreline erosion upstream of coastal waters actually may
be of integral concern to coastal water quality.

Objective and Study Area

The objective of this study was to determine the percentage of silt and clay
in the bank sediments of the Neuse and Pamlico River estuaries in order to

estimate the contribution of estuarine shoreline erosion to the suspended
load of the APES. The Neuse and Pamlico River estuaries are located in
east central North Carolina and are part of the larger APES. Both
estuaries empty into the Pamlico Sound. The estuaries have no free
connection to the Atlantic ocean, but the Pamlico Sound has a connection
to the Atlantic through four inlets in the Outer Banks (Figure 1).

Four types of bank morphology are recognized in the APES: bluffs, high
banks, low banks, and marsh shorelines. Bluffs are composed of sand, silt,
and clay and extend 20 ft or higher above mean water level. Bluffs erode
slowly because the slumped materials retard erosion by protecting the base
of the bluff; thus, wave energy is directed at the slumps and not the bluff.
The slumps provide the estuary with a steady stream of sand, silt, and clay
creating a wide beach with shallows that can extend several meters into the
estuary. Beaches below bluffs are littered with fallen trees and other
vegetation. The wide beach, fallen vegetation, and extensive shallows
absorb incoming wave energy and retard further erosion. The erosion rate
for the bluffs is relatively slow for the volume of sediment that is removed.

High banks (greater than 5 ft and lower than 20 ft) are also composed of
sand, silt, and clay. As with bluffs, high banks are undercut by wave
actionwhich causesslumping. The same erosion-retarding forces that affect
bluffs alsoaffect high banks. In the study area, many of the bluff and high
bank faces were riddled with gullies created by runoff from the top of the
bank down to the beach. This presumably weakens these formations,
making them more susceptible to undercutting. Such erosion was most
prevalent where the top surface was not heavily vegetated. The recurrence
interval for slumping is unknown, but probably varies with the intensity
and frequency of causative events.
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Low banks rise from 1 to 5 feet above mean water level and are also
composed of sand, silt, and clay. Although low banks have the highest
erosion rate of all bank types in the APES (except marsh banks), relatively
little sediment is contributed to the estuary from eroding low banks. Thus,
the beaches in front of low banks are narrow. Narrow beaches are

ineffective wave absorbers, therefore, the low banks are not well protected
from wave energy. Vegetation or structures which retain sands retard, but
do not stop, erosion. Fringes of emergent marsh grasses can assist in
absorbing the energy of storm waves, as can a fringe of cypress trees with
their extensive root systems and broad, fluted bases. Despite the mat of
roots found at the cypress fringe, this study noted that some low banks were
undercut below the root mat. Dead cypress trees extend several meters
from the low banks of the Neuse and Pamlico River estuaries, indicating
where the shoreline once was.

Marsh shorelines occur where lands adjacent to the estuaries are less than
one foot above mean water level and the water is brackish to salty.
Marshes become increasingly common eastward along the Pamlico and
Neuse River estuaries. Marshes are dominated by cordgrass (Spartina) and
black needlerush {Juncus). As the grasses die, the decaying organic matter
is transformed into thick beds of peat. Marsh surfaces consist of a mat of
decaying organic matter and roots which is wave-absorbent and relatively
resistant to erosion. The underlying peat, however, is relatively easy to
erode. Thus, during low tide, marshes are undercut and large blocks of
marsh eventually break off into the estuary.

The Neuse River estuary contains more high banks and bluffs than the
Pamlico River estuary (Table 1). Several variables affect the rate of any
shoreline's erosion, including: fetch, water depth and bottom slope, hank
height, bank composition, width of sand beach, vegetation on and in front
of the bank, shoreline geometry, shoreline orientation and the proximity to
boat wakes. Much shoreline erosion is directly related to high energy wave
conditions. The amount of recession at a location is variable over time and

depends on the type, direction, intensity, duration, and frequency of
storms, as well as tides, currents, and waves.

Sampling and Data Acquisition

In the summer of 1994, sediments samples were obtained from the estuarine
shorelines of the Neuse (n=21) and Pamlico (n=19) Rivers in areas
accessible by automobile (Figure 1). Although this limited the number and
location of samples, it provided an order of magnitude estimate of bank
contributions and an opportunity to assess the value of this technique. In
addition to the banks of the Pamlico and Neuse River estuaries, samples
were taken from major tributary estuaries such as the Pungo River estuary.
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To collecta representative sample of each bank type, samples were collected
with a quarter cup scoop every 30 vertical inches for banks over 5 ft and
every 12 vertical inches for banks lower than 5 ft. Theoretically, the
greater frequency of sampling in the higher banks would account for the
possibility of greater variability in the sediments. By contrast, the low
banks and marshes had relatively little variabilityso they were sampled with
less frequency. The samples from each location were homogenized, taken
back to a laboratory, and air-dried. The air-dried samples were broken up
by hand and split into quarters to reduce them to manageable size. One
quarter of each samplewas weighed (dry) and then wet-sieved on a 63 /»m
sieve (230 mesh). The portion of the sample remaining on the sieve was
oven-dried at 80 degrees C for 24 hours. The dry sample was weighed to
determine the amount of sediment lost through the sieve. The sediment that
passed through the sieve is the silt and clay portion of the sample. The
difference between the original sample weightand the sand remaining in the
sieve was the weight of the silt and clay within the sample.

The annual amount of silt and clay contributed to estuarine waters from
shoreline erosion was estimated by using the U.S. Natural Resources
Conservation Service's (formerly the Soil Conservation Service, SCS)
Shoreline Erosion inventory (1975) and the estimated percentage of silt and
clay for each segment of shoreline examined. The average density for
quartz and feldspar silt grains and clay-sized clay minerals closely
approximates the density for quartz, 2.65 g/cm3. Using this density (with
no consideration of void space) and the total volume of sediment lost for
each segment of shoreline (according to the SCS study), the percentages of
silt and clay were converted to tons. By dividing the total tons lost by the
number of years encompassed by the SCSerosion study (25 - 32 years), we
derived estimates of the silt and clay contribution of each segment. Table
2 provides the data used in these calculations for the Pamlico River estuary.

Results and Discussion

Virtually allof thesediment carried byrivers feeding the APES isfinesand,
siltand clay. The bed load of the APES consists of approximately 62.5-125
urn of finesand, while the suspended loadsconsists ofsilt (2.0-62.5 urn) and
clay (<2 um). Very littlecoarse grained (>2 mm) sediment is brought to
the estuaries. The Neuse river carries an annual total sediment load of
235,000 ton/yr and the Pamlico river carries 208,000 ton/yr (Table3).

The sand and gravel fraction of the bottom sediment of the Neuse and
Pamlico River estuaries and the Pamlico Sound is derived predominantly
from erosion of the estuarine banks. The Soil Conservation Service (1975)
estimated that the shoreline of the Neuse River estuary, from New Bern
eastward, contributes 736,563 total tonsof sediment per year to the APES;
the shoreline of the Pamlico River estuary contributes 325,992 tons of total
sediment per year (Table 4, Column 3). Thisstudyestimated that the silt
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and clay fractions contributed by the shoreline of the Neuse River estuary
is a minimum of 289,291 tons per year, and the silt and clay contributed by
the shoreline of the Pamlico River estuary is at least 109,858 tons per year
(Table 4, Column 4). Over 50 percent of the sediment contributed by
estuarine bank erosion is larger than silt and, therefore, does not remain in
suspension during normal flow and fair weather conditions.

The Neuse River estuarine shorelines contribute an estimated 524,291 tons
of silt and clay per year to the APES (from Table 4: Column 2 plus
Column 4). More than half of the silt and clay contributed to estuarine
waters by the Neuse River estuary is due to erosion of the estuarine
shoreline: Neuse River 45 percent (235,000 tons/yr) and Neuse River
estuary 55 percent (289,291 tons/yr). By comparison, the shoreline of the
Pamlico River estuary is a rather small silt and clay contributor to the
APES; the Pamlico-Tar River and the Pamlico River estuary shorelines
contribute an estimated 317,858 tons of silt and clay per year to the APES
(Table 4, Column 2 plus Column 4). The river component is 66% (208,000
tons/yr) and the shoreline component is 34% (109,858 tons/yr) of the total
silt and clay fraction contributed to estuarine waters.

The total sediment (sand, silt and clay) contributed by the estuarine
shorelines is greater than that contributed by the rivers. Almost all the
sand found in the APES originates as a result of estuarine shoreline erosion,
because only the silt and clay component of river sediment is carried as
suspended load (Table 3) and deposited in the APES.

Due to the difficulties of obtaining samples by automobile, the data collected
for this study are only a rough estimate. However, the high erosion rates,
coupled with large reaches of high banks and large amounts of silt and clay
in estuarine bank sediments indicate that these estimates of shoreline
contribution are probably a lower limit. This study indicates that shoreline
erosion in the estuarine portions of two, major coastal river basins is a
significant contributor to the sediment load of the APES. Supporting data
from other studies indicate that the upstream, freshwater portions of these
coastal rivers are carrying a significant load of silt and clay sediments.
These upstream reaches are worthy of study to determine the sources of the
suspended sediment load and to determine if the streambank erosion
component is significant.

Lisa C. Huff

N.C. Division of Coastal Management
P.O. Box 27687

Raleigh, NC, USA 27611-7687

Ph (919) 733-2293
Fax (919) 733-1495
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Table 1. Types and percentages ofbanks in the Neuse and Pamlico River estuaries.

Bank Type % along the Neuse
River Estuary

•* along the Pamlico River APES shoreline erosion
Estuary rate Ift/yr)

bluft" 2.5

high bank 5.2

tow bank 27.5

swamp forest 0.5

marsh 64.3

1.0

3.9

23.2

1.4

70.5

2.1

1.9

2.6

2.1

3.1

Table 2. Data for the PamlicoRiver Estuary. Silt and clay content estimated by the author. Total
silt and clay contribution to estuarine water calculatedusing the volume of shoreline lost (SCS, 1975)
and multiplying by the estimated density of the silt and clay minerals (Klein and Hurlbut, 1977).

Sample % silt Reach Ave. Ave. Ht Length of Years Erosion Sed. Ave. amt.
and width of bank shoreline rate yield per reach
clay lost (m) (m) segment (m/yr) (tons/yr) (tons/yr)

(m)

15-94 52.47 10 16.00 4.24 9656.06 32 0.50 31361.43

16-94 44.09 10 16.00 4.24 9656.06 32 0.50 26351.70 28856.57

14-94 74.46 9 17.62 0.49 10138.87 32 0.55 5922.16 5922.16

17-94 28.69 11 16.79 1.43 6598.31 32 0.52 4158.14 4158.14

18a-94 15.06 12 9.72 1.71 8690.46 32 0.30 1983.61

18-94 56.78 12 9.72 1.71 8690.46 32 0.30 7477.41 4730.51

10-94 47.41 13 16.92 1.13 7724.85 32 0.53 6378.49 6378.49
U-94 62.14 16 35.51 0.73 2735.88 32 1.11 4031.72 4031.72

12-94 40.44 9 29.96 0.79 6276.44 32 0.94 5502.64 5502.64

1-94 0.27 7 7.16 0.85 17219.98 32 0.22 25.53 25.53

2-94 33.15 4 18.20 0.94 9977.93 32 0.57 5191.87 5191.87

3-94 14.44 2 23.65 1.40 7885.79 32 0.74 3447.99 3447.99

4-94 35.17 1 14.23 0.73 47314.71 32 0.44 15819.88

5-94 77.33 1 14.23 0.73 47314.71 32 0.44 34785.25

9-94 61.62 1 14.23 0.73 47314.71 32 0.44 27718.55 26107.90

6-94 64.09 3 22.86 0.55 23496.42 25 0.91 22071.89

7-94 10.72 3 22.86 0.55 23496.42 25 0.91 3692.63

8-94 60.25 3 22.86 0.55 23496.42 25 0.91 20748.87 15504.46

Total Shoreline (miles) = 216.70

Total miles examined = 116.10

Length of eroding shoreline = 194.30 (m)
Total estimate of silt and clay (last column) (tons/yri
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Table 3. Water and sediment input into the APES from the Neuse and Pamlico Rivers.

Variable Neuse River

Area drained (km2) 14,504

Freshwater discharge (m3/s) 172.6

Sediment discharge (tons/yr) 235,000

Pamlico River

11,137

152.8

208,000

Table 4. Estimated sediment contribution from the Neuse and Pamlico river and estuary.

River System

Neuse

Pamlico

River Sediment

Yield (tons/yr)

235,000

208,000

Total Estuarine Shoreline Total Silt and Clay from
Sediment Yield (tons/yr) Estuarine Shoreline

(tons/yr)

736,563

325,992

289,291

109,858
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Figure 1. Location of sample points and study area.
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A COASTAL COMMUNITY AT RISK

EVALUATING FLOODING AND EROSION HAZARDS

Rameshwar Das

Town of East Hampton, NY

East Hampton is the easternmost municipality on the fishtail South Fork of
Long Island. The Town has 110 mi of diverse coastline, divided between a
northern bay shore with enclosed harbors, bluffs, beaches and salt marsh,
and a south shore with direct exposure to the Atlantic Ocean. Coastal
topography also varies immensely. On the north shore 100-ft high morainal
bluffs descend to narrow beaches and creeks and harbors are fringed by
expanses of salt marsh. Along the south ocean shore clay "hoodoo" bluffs
at the eastern promontory of Montauk Point give way to broad sandy
beaches and dune systems and a low coastal plain with coastal ponds.

Over the past five years East Hampton has been engaged in drafting a Local
Waterfront Revitalization Plan (LWRP) under the federal Coastal Zone
Management Program, with supervision from New York State's coastal
program in the Department of State. Unlike some states coastal zone policy
in New York is developed locally and adapted to local conditions, within
state policy guidelines. East Hampton elected to research and write its plan
through its own planning department rather than contract it out, which has
further maintained the LWRP's community orientation.

The flooding and erosion sections of the LWRP have been given renewed
impetus by a series of winter nor'easters and near misses by hurricanes that
have caused substantial beach erosion. Storm damage has stimulated
concern and a spate of applications by waterfront homeowners in East
Hampton and neighboring towns for structural protection shoreward of
their homes. The planning and zoning boards of the towns have viewed
these proposals with skepticism because of previous damage to beaches from
shore armoring, but are being pressured by lawsuits and threats of lawsuits
to approve them. The boards are asking for more guidance, which the
LWRP endeavors to provide.

Shoreline problems with flooding and erosion are only apparent when
manmade development interferes with coastal processes. In "The Beaches
are Moving," a popular classic of coastal lore, Kaufman and Pilkey portray
the conceptual dilemma thus: "Those who live near the shore choose to say
that a shoreline moving with the water toward their house is 'eroding.' ...
Most geologists speak of beaches retreating. Barrier islands are said to
migrate. Beach erosion, geologically speaking, is not usually a permanent
loss, but a strategic retreat. ... Beaches are not stable, but they are in
dynamic equilibrium. ... Dynamic equilibrium is not stability ... but a net
balance among many changes." In her poetic book, "The Thin Edge, Coast
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and Man in Crisis," Anne Simon (1978) says, "For us, shifting sands is a
convenient cliche1 but an inconvenient reality. We do not accept it. We call
it erosion and engage the United States Army Corps of Engineers to fight
it."

Coastal development in East Hampton has a long history. The community
was settled in 1648, but neither the colonial settlers nor the aboriginal native
Americans who preceded them lived on the shore, except for summer
fishing camps. It was too cold, too exposed, too precarious. The first
resort "cottages" along the beach were constructed in the late 1800s, and
those remaining are still some of most imposing homes in East Hampton.
Another incremental phase of resort construction occurred in the early
1900s with the advent of rail service to Montauk and the boom of the 1920s,
but it wasn't until the post-World War II boom that building really took
off. Zoning was introduced in 1957. Before then coastal development and
its location on the shore was largely unfettered. Coastal setbacks were
introduced by the Town in the 1970s when the flood and erosion risks to
some of the earlier development began to be apparent. There was another
building boom that extended from about 1962-87, ending with the 1987 drop
in the stock market.

The storm damage of recent years may be more the rule than the exception.
There are anecdotes of huge hurricanes and winter storms in the 1600 and
1700s. A1635 account by Governor William Bradford of Plymouth Colony
in Massachusetts records "a mighty storme of wind & raine, as none living
in these parts, either English or Indeans, ever saw." It was accompanied
by a 20-foot storm surge and winds that "blew downe many hundred
thouwsands of trees." Anecdotal accounts by the settlers on Long Island
record storms throughout the 1700s and 1800s, including a "tremendous
gale" in 1723,a hurricane in September 1782, the Christmas Storm of 1811,
the Great September Gale of 1815 which was characterized as the "worst
and most destructive hurricane ever known in these parts," and the Great
Blizzard of 1888, among others.

Hurricanes and severe storms are by no means infrequent visitors to Long
Island. The NOAA/National Hurricane Center records show 26 tropical
cyclones or hurricanes hitting Long Island since 1886. Winter nor'easters
have numbered at least 65 in the last century, with 9 classed as severe and
1 extremely severe (March 1962). Recent severe nor'easters include the
Halloween Storm of October 1991, and the winter nor'easters of December
1992, March 1993, and December 1994. Twentieth century records are
marked by the hurricane of September 21, 1938, "The Atlantic Express,"
which made landfall at Westhampton and killed more than 700 people along
the east coast, devastating beaches and property. (The Weather Channel
wasn't there to warn us.) East Hampton has been hit by numerous other
hurricanes and storms since (an unnamed hurricane in 1944, Carol and
Hazel in '54, Donna and Edna in the early 1960s), but none packing nearly
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the loss of life and property as the 1938 storm. The 1938 hurricanewould
havebeen a Category 2, or possibly 3, on the present Saffir/Simpson scale
of five, with sustained winds of 95 mph.

It's interesting to note the how the storm history interacts with building
activityon the coast. Most of the development on the shorehas been after
the 1938 hurricane, and between the 1962 nor'easter and the most recent
series of storms. The immediate post-war boom and the mid-1960s to early
1980s building boom coincidewith lull periods in storm activity. Many low-
lying areas, barrier beach areas, and high bluffs with water views saw a
great deal of construction in this period. Only now are we taking a hard
look at the problems posed by this heedless development and trying to
formulate sensible policy for the future.

First, what are the problems? Beach loss and shoreline retreat that
threatens property is certainly the most egregious. Storms cause probably
70% of the shoreline erosion (at least on the ocean shore), but other coastal
processes, littoral drift, sea-level rise, the interference of manmade
structures, dredging, and stabilization of inlets, etc. are also changing the
shoreline. When portions of the northern bay shore were developed in the
1950s and early 1960s there were few if any restrictions on what property
owners could construct to protect their homes.

Permits were granted for a hodge-podge of hard structures that sprouted
along the populated shorelines, from bulkheads, gabions, and more recently
rock revetments, to groins of timber and concrete, docks that have acted
like groins, andallmanner of experimental or homemade constructions like
sta-pods, dolos, walls of beach stone, and old concrete paving riprap. On
some shorelines a domino effect of downstream scouring and beach loss
became the norm; hard structures travelled in a chain reaction from one
parcel to another, until shore armoring was continuous and fronting
beaches vanished.

Along the ocean where there is generally an abundant windborn sediment
supply, homeowners have generally used soft solutions like snow-fence and
beach grass planting to trap sand and build dunes. This was fortunate
because elsewhere in the Hamptons experience with hard structures in the
high-energy ocean environment has been disastrous. A groinfield in
Westhampton along the barrier beach is illustrative, causing the loss of
dozens of homes, years of acrimonious litigation, and leaving government
with an open-ended obligation to maintain a beach regularly threatened by
overwash.

The clamor for protection of upland property from receding shorelines has
triggered an at times acrimonious debate over property rights versus the
protection of beaches and other public resources. In East Hampton the
beaches were part of the land patent granted to the original town trustees
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by the King of England for the "commonality" of all the citizens. The
town's beaches are the linchpin of its summer resort economy, and even
though public access is limitedin someareas and beaches may beabused by
summer traffic and 4-wheeI beach drivers, they remain a vital resource.
Along whole sections of the shoreline citizens are becoming acutely aware
of the consequences of erosion protection structures where beaches have
vanished in front of them.

In seeking to evaluate and manage present and future flooding anderosion
problems in the Local Waterfront Revitalization Plan, the town has used
mapping tools from several different sources, and is undertaking several
projects toacquire more data and assess risks. The standard NFIP FIRM'S
are used to determine flood zones, corresponding with local implementation
in a Flood Hazard Overlay District. Federally designated barrier beaches
under the Federal Coastal Barrier Resources Act (CoBRA zones) help in
identifying areas prone to flooding and erosion and inappropriate for new
development. New York State supplies aerial photo "maps" establishing an
inland boundary for State Coastal Erosion Hazard Areas (generally covering
only the primary dune or bluff), under a 1983 law that requires a state
permit for activity within these areas, a capacity rarely enforced by the
State Department of Environmental Conservation. A relatively recent
addition are maps from the Army Corps utilizing the SLOSH model (Sea
Lake and Overland Surge from Hurricanes) which is designed to delineate
a worst case scenario for storm surge inundation given a direct hit from
various categories of hurricanes.

The town's Natural Resources Department has also begun its own beach
monitoring program, now inasecond year pilot phase, toestablish surveyed
baselines and beach profiles for determining erosion rates. The pilot
program is examining erosion hotspots on several typical shorelines,
compiling a database that will serve as referents for years to come. The
town expects to either contract or gain in-house capacity to perform
historical shoreline change analysis, to differentiate between the short term
"noise" of interannual onshore and offshore sediment shifts and long term
erosion rates. Along some sections ofocean beach studies have documented
seasonal changes of more than 200 ft inbeach width. In thenot too distant
future the available mapping, shoreline change analysis, and beach profiles
will be overlayed with aerial photographs in a GIS system.

In the meantime the town is also conducting an on-the-ground risk
assessment survey of waterfront construction, with evaluations to bemade
available to individual homeowners, building inspectors, planners and
emergency response teams. An aerial video inventory of the entire Town
shoreline was conducted in late 1994, with the aid of a National Guard
helicopter unit; similar aerial surveys are envisioned on a periodic basis and
following major storm events.
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How does all this data translate into policymechanisms and future actions?
In the short term the LWRP advocates modifying permit requirements and
standards for erosion protection, emphasizing soft approaches in most
areas,while permitting existingstructures to remain in place,or be replaced
in-place in-kind. The report proposes a prohibition on hard structures in
the high-energy environment of the AtlanticOcean beaches. A system of
natural resource special permits relating to beach, bluff and wetland
setbacks and construction near the water is already in place but is proposed
to be strengthened.

The erosion monitoring project is expected to allow eventual designation of
local erosion hazard zones. In conjunction the town will likely consider
adoption of a local law to implement the State CoastalErosion Hazard Act.
Proposed changes in the NFIP at the national level will be implemented in
the town's Flood Hazard Overlay District. Results of the risk assessment
survey will be used by various town agencies and find their way into
emergency response plans for storm events.

Public education is clearly a vital component of changing attitudes to coastal
planning and siting of development. Several measures are proposed as
future projects. Educating through local cable access programs, expert
forums, manuals and brochures for homeowners, workshops for town
officials such as building inspectors, and involved professionals in the
insurance and real estate business, are all envisioned.

Over the long term a Hurricane Damage Mitigation Plan is proposed as a
follow-up step to complement the risk assessment and erosion monitoring
programs. This study will further assess vulnerable areas and
infrastructure in the town, propose redevelopment plans for the aftermath
of a catastrophic storm event, and prepare for buy-outs of inappropriately
sited development using the town's bonding authority and Stafford Act
disaster relief funds.

Further long-term attention must be given to monitoring and responding to
the potential effects of global warming and accelerating sea-level rise. If
sea-level rise occurs within even the low end of the estimated range within
coming decades, erosion and coastal flooding may increase dramatically
from present rates. If hurricane frequency and severity increases, either
from global warming or a resumption of normal activity following the
current lull, breaches in coastal barriers and storm damage may become
more common occurrences.

All of these prospects, from policy recommendations to changing natural
phenomena, will prove extremely challenging within the context of local
politics, government regulations and planning procedures, and the litigious
arenas of our society. Will we manage to do the right thing? Faced with
the pressures of coastal development and profitable real estate markets, can
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we respond with good planning, develop community consensus and provide
sufficient protection for our natural resources?

Rameshwar Das

Town Waterfront Advisory Committee
East Hampton Planning Department
300 Pantigo Place, Suite 105
East Hampton, NY, USA 11937

Ph (516) 324-2178
Fax (516) 324-1476
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