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APPENDIX C

SHORELINE EROSION INVESTIGATION

The following discussion on shoreline erosion and its effect
on Pea Patch Island was taken directly from the January 1996
report entitled "Delaware River Main Channel Deepening Project,
Design Memorandum Report and Supplemental Environmental Impact
Statement, Appendix B, Modeling Efforts/ Hydraulic Analyses"
(U.S. Army Corps of Engineers, 1996). The ship generated wave
analysis was completed in the Spring, 1997. -

Potential shoreline erosion due to the proposed deepening of
the Delaware River Main Channel was evaluated in the PED study
phase. The purpose of the work was to determine if the channel
deepening would ‘induce erosion in areas which presently
experience none, or increase shoreline erosion in areas where it
is already a problem. The problem was addressed through the
application of a 2-dimensional hydrodynamic model of the entire
Delaware estuary, with emphasis on the portion of the estuary
with several historic shoreline erosion areas.

The shoreline erosion analysis was conducted using RMA-2V, a
module of the TABS-2 numerical modeling system. RMA-2V is a two-
dimensional finite element hydrodynamic model which has been
applied in a wide range of estuarine and fluvial hydraulic
investigations within the Corps of Engineers and by others. A
complete description of the development and verification of the
model of the Delaware Estuary is provided in Appendix B-1C in the
above referenced report. The original purpose of the 2-D model
development was to provide boundary condition currents for the
ship simulation model. However, the model grid scale and
coverage, combined with model geometrics representing the
existing 40 ft and proposed 45 ft deep channels, made the model
ideal for determining if the channel deepening led to current

velocity changes, and thus to increased shoreline erosion
potential.

Five shoreline locations within Delaware Estuary were
evaluated in this analysis. Two of the sites, Pea Patch Island
and Oakwood Beach, have existing or historic erosion problems.
The other three sites have relatively stable shorelines and were
selected to determine if the proposed channel deepening would
cause current velocity changes which could lead to erosion. The
five sites are indicated on Figure 1. Pea Patch Island is
located at River Mile 61, and its eastern shoreline ranges from
as little as 200 feet up to about 1200 feet from the west edge of
the existing navigation channel. The island is utilized as a
historic site by the State of Delaware for the Fort Delaware
State Park. The eastern shoreline adjacent to the navigation
channel has been the site of persistent erosion over the past
several decades, and is unprotected by erosion control works.
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The Oakwood Beach site is located on the New Jersey shoreline at
approximately RM 58. The shoreline at this site ranges between
3000 and 8000 feet from the east edge of the navigation channel,
due to changes in the alignment of the channel and shoreline.
Oakwood Beach has also suffered from shoreline erosion for at
least several decades, but most of its bay frontage has been
stabilized in position by a patchwork of locally constructed
bulkheads and seawalls. Army Creek, Kelly Point, and Elsinboro
Point were the three non-eroding control sites selected in the
vicinity of the known ercsion problem areas.

The analysis was conducted by selecting several model nodes
at each of the five sites. The first model run (Base) utilized a
60-hour (5 tide cycle) spring tide boundary condition data set
with the existing 40 ft channel in place. Model-predicted
velocity and head values were saved at each of the selected
nodes, and incorporated into a spreadsheet. A second model run
(Plan) was made, with the only change being the deepening of the
navigation channel from 40 to 45 feet. Velocity and head data
were saved at the same nodes as in the Base run, and also
incorporated into the spreadsheet. Sample model output in
spreadsheet format is included in Table 1 for the 40 ft channel
at Node 1325, Pea Patch Island. Table 2 contains the model
output for Node 1325 for the 45 ft channel alternative. Data
from the Plan condition (45 ft channel) were subtracted at each
time step from the corresponding values for the Base condition,
and tabulated and plotted.

The comparison of Base and Plan velocities showed that the
largest predicted changes at any of the five sites were on the
order of 0.1 ft/sec, with most of the differences computed to be
closer to "zero" ft/sec. Figures 2 and 3 present plots of model-
predicted velocities at Pea Patch Island for the 40 ft and 45 ft
channel geometrics. Figure 2 shows the velocity comparison at
the shoreline (Node 1325), and Figure 3 shows the velocity
comparison at model node adjacent to the navigation channel. The
close correspondence of the velocity plots for the 40 ft and 45
ft channels is evident. Figure 4 is a plot showing the
difference in velocities at Node 1325 at Pea Patch Island, with
difference values consistently less than 0.1 ft/sec. Figures 5
through 8 present velocity plots for the 40 ft and 45 ft channel
alternatives respectively at Oakwood Beach, Elsinboro Point, Army
Creek, and Kelly Point. Comparison of the predicted veloc1t1es
for the 40 ft and 45 ft channel geometrics at these locations
shows negligible velocity differences attributable to the
deepened channel. Based on a review of velocity and head
comparisons at the five sites investigated, it was concluded that
the channel deepening will have a negligible effect on current
velocities and water levels at shoreline locations adjacent to
the channel, and there will be no shoreline erosion induced or
exacerbated by the channel deepening.



VESSEL GENERATED WAVES.

The potential role of ship generated waves on shoreline
erosion was also evaluated specifically for the problem area at
Pea Patch Island. 2As described above, the curved eastern
shoreline of the island ranges from as little as 200 feet up to
about 1200 feet from the west edge of the existing navigation
channel. The objective of this investigation was to determine if
vessels using the deepened (i.e. , 45 ft) channel would generate
larger waves than presently occur with the ex1st1ng 40 ft
channel. Procedures and equations presented in "Bank Protection
for Vessel Generated Waves" (Robert Sorensen, 1986, Lehigh
University Imbt Hydraulics Laboratory Report IHL- 117 86) were
utilized for this evaluation.

The principal variables considered in this analysis include
vessel shape characteristics, vessel draft, vessel speed, sailing
direction, and distance from the shoreline. The analysis assumed
that tankers, due to their size, speed, and number of transits,
constituted the critical class of vessels for this analysis.
Further, based on data developed for the economic analysis of the
proposed deepening project, it was assumed that the critical
vessel was the same ship for the 40 and the 45 ft channels, with
the vessel simply loaded to a five-foot deeper draft in the case
of the 45 ft channel. : '

The results of the this analysis indicated that maximum wave
heights at the shoreline of Pea Patch Island would increase only
4% for the case of the design vessel loaded to a five foot
greater depth, with the other variables (speed, distance from
shore, and sailing direction) held constant. It is concluded
here, in the absence of a full understanding of all the physical
factors which contribute to the shoreline erosion problem of Pea
Patch Island, including naturally high tidal current velocities
and existing ship waves, that the predicted vessel generated wave
height increase of 4% associated with vessels loaded to five-foot
greater draft is negligible with respect to overall Pea Patch
Island shoreline erosion problem.




Time history node data generated by FastTABS.

geometry file name == untitled.geo
solution file name == delextdy.sol
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TABLLE

(continued)
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TABLE 2
SIODE 1325 (PEA PATCHISTAND) MODIL Ot
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Time history node data generaled by FFast TABS.
geometry file name == untitied.g=0

solution file name == delplanidyn.sol
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Fipure 2.

Comparison of Velocities
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Comparison of Velocities
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Comparison of Velocities
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