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Abstract: Wallops Island, a barrier island on Virginia’s eastern shore, is
home to NASA and commercial rocket launch facilities, along with
significant U.S. Navy and regional infrastructure. A succession of beach
protection measures have had limited success in mitigating the island’s
chronic shoreline erosion problem, which has now reached a critical state.

This report describes the modeling effort and technical details that have
gone into the development of a comprehensive storm damage reduction
project for the island that does not negatively impact adjacent shorelines.
The plan incorporates a tiered approach with a beach fill as the first line of
defense, reducing storm damage for up to 30 year return interval events.
The fill, combined with a rehabilitated and extended rock seawall, increases
the level of protection to include up to approximately 100 year return
interval storm events. Flood protection is provided on a structure-by-
structure basis.

Alternatives examined in detail included a plan with a terminal groin and
one with a detached breakwater, although the recommended alternative
includes no sand retention structure. Sand volumes needed for initial and
renourishment fills are presented. The shoreline impacts from mining
offshore borrow sites and from extending the rock seawall are also
examined.

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes.
Citation of trade names does not constitute an official endorsement or approval of the use of such commercial products.
All product names and trademarks cited are the property of their respective owners. The findings of this report are not to
be construed as an official Department of the Army position unless so designated by other authorized documents.

DESTROY THIS REPORT WHEN NO LONGER NEEDED. DO NOT RETURN IT TO THE ORIGINATOR.
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Unit Conversion Factors

Multiply By To Obtain

cubic yards 0.7645549 cubic meters

feet 0.3048 meters

miles (U.S. statute) 1,609.347 meters

miles per hour 0.44704 meters per second
square miles 2.589998 E+06 square meters
square yards 0.8361274 square meters
tons (2,000 pounds, mass) 907.1847 kilograms

yards 0.9144 meters
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1.1

1.2

Introduction

Problem statement

The National Aeronautics and Space Administration’s (NASA’s) Goddard
Space Flight Center’s Wallops Flight Facility (WFF), located on Virginia’s
eastern shore, was established in 1945 and is NASA’s principal facility for
managing and implementing suborbital research programs. The facility is
divided into two parts: a main base, located on the Delmarva Peninsula, and
Wallops Island, a coastal barrier island that houses a series of launch
facilities and support buildings. Almost all of the facilities and rocket launch
pads on the island occupy a sandy strip of land less than 1000 ft (300 m)
from the Atlantic Ocean, with most less than half that distance. The current
replacement value of the infrastructure on the island is approximately

$800 million. Separating Wallops Island from the mainland is a series of
open bays and coastal salt marsh roughly 2 miles (3 kilometers) wide, which
is a southern extension of Chincoteague Bay.

The shoreline at Wallops Island has experienced chronic erosion for at
least the last 150 years. At present, a rock seawall protects much of the
facility. Most of the seawall has no exposed beach fronting it, and several
sections of the seawall are in a deteriorated condition.

Study objectives

The U.S. Army Engineer Research and Development Center’s (ERDC)
Coastal and Hydraulics Laboratory (CHL) has been working with the U.S.
Army Engineer District, Norfolk (CENAO) to develop a comprehensive
solution to the shoreline erosion problem that will provide substantial
storm damage protection to the infrastructure on Wallops Island and at
the same time avoid any significant negative impacts to Assawoman
Island, the shoreline immediately south of Wallops Island. This report
documents the data collection, numerical modeling, and technical analysis
undertaken to support the design of storm damage reduction project
alternatives for the site.
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2.1 Location

Description of the Study Area

Wallops Island, Virginia is a barrier island located on the Atlantic coast of
the Delmarva Peninsula about 90 km north of the mouth of Chesapeake
Bay, as shown in Figures 2-1 and 2-2.
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Figure 2-1. Location of Wallops Island on the Virginia eastern shore of the Delmarva

Peninsula.
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Figure 2-2. Wallops Island, VA study site.

Wallops Island is bounded on the east and southeast by the Atlantic
Ocean. To the northeast is Fishing Point, a recurved spit which forms the
southern end of Assateague Island. To the north are Chincoteague Inlet,
Chincoteague Bay, the town of Chincoteague, VA, and the mainland base
for WFF. To the west, Wallops Island is separated from the mainland by a
series of marshes and tidal creeks which are a southern extension of
Chincoteague Bay. The mainland in the vicinity is comprised mainly of
rural farmland. South of Wallops Island is Assawoman Inlet (now closed)
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2.2

and Assawoman Island, a National Wildlife Refuge managed by the U.S.
Fish and Wildlife Service. A string of undeveloped barrier islands extend
further south, down the coast to the mouth of Chesapeake Bay. Virginia’s
Atlantic coast shoreline on the Delmarva Peninsula is one of the longest
stretches of undeveloped shoreline on the east coast of the U.S. The only
public road access to the entire Virginia shoreline is at the Assateague
Island National Seashore, located east of the town of Chincoteague.

History of shoreline change along Wallops Island
2.2.1 1940s and 1950s

In 1945, the National Advisory Committee on Aeronautics (NACA, the
precursor to NASA) began using Wallops Island, VA as a launch site for
experimental rocket research. This research mission at Wallops Island
continues to the present.

Due to concern about storm damage to facilities being constructed on the
island, a seawall was first erected in 1945-1946. The original seawall was
made of interlocking 18 ft sections of sheet pile, driven approximately

12 feet into the ground. The Beach Erosion Board of the USACE first studied
the problem of beach erosion at Wallops Island in April-May 1946. They
documented that the shoreline had receded 500 ft since 1851 and recom-
mended that a groin field be installed when the high water line came within
50 feet of the seawall. Figure 2-3 shows the Wallops Island shoreline in
January 1946 looking north. Assawoman Inlet is at the extreme bottom of
the photograph.

Figure 2-4 shows the erosion and storm damage to the Wallops Island
Association Clubhouse at the north end of the island in May 1949.

Figure 2-5, taken in October 1956, shows a portion of the exposed seawall.
In May, 1956, the Beach Erosion Board again inspected the beach at
Wallops Island and recommended that 8 groins be installed at 400 ft
intervals along 2,800 feet of beach. These groins are seen in Figure 2-6,
which was taken in December 1959. This figure also shows the causeway
connecting Wallops Island to the mainland, which was constructed in 1959.
The seawall was extended further to the north in 1960. The above
information and Figures 2-3 through 2-7 are from Shortal (1978).
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Figure 2-4. Wallops Island north end erosion damage, May 1949.
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Figure 2-5. Wallops Island seawall, October 1956.

Figure 2-6. Wallops Island, December 1959, showing groin field extending southward from
the newly built causeway.

2.2.2 1960s through 1980s

Figure 2-7 shows failed sections of the sheet pile seawall following the Ash
Wednesday storm of March 6-8, 1962. This nor’easter caused extensive
damage along the eastern seaboard from New York to North Carolina and
is considered one of the ten worst storms in the United States in the 20th
century. The damage at Wallops Island was estimated at $1,000,000.

The storm also breached the south end of the island at the location of the
present Unmanned Aerial Vehicle (UAV) runway and connected Hog
Creek (Figure 2-3) directly with the ocean. This breach was mechanically
closed with a large rectangular fill, as shown in the 1965 photo, Figure 2-8.
The southern edge of this fill section is the location of the present day
South Camera Stand.
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Figure 2-8. Mechanically filled section of the south end of Wallops Island following an Ash
Wednesday Storm breach.

A total of 47 groins had been built along the Wallops Island shoreline by
1972 (Morang, Williams, and Swean 2006). The groins were constructed of
wood as illustrated in the Shore Protection Manual (1984) and Basco
(2002) (Figure 2-9). Most of the groins ranged in length from 120 ft (30 m)
to 400 feet (120 m) and the spacing between them varied from 200 to 650 ft
(60 to 200 m) (Table 2 in Moffatt and Nichol 1986). In the 1960s and early
1970s the groins functioned well, as shown in Figure 2-10, and were
considered a success.
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Wallops Island, Virginia {1964)
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Figure 2-9. Wallops Island wooden groins, from SPM, pg 6-77.

The seawall was extended, augmented, and repaired several times in the
1950s through the 1980s (Table 1 in Moffatt and Nichol 1986). In addition
to the steel sheet pile, portions of the seawall were constructed using
wooden bulkheads, concrete aprons, and rock rubble mounds. There is
little evidence that the groins were regularly maintained, and there is no
record of any beach nourishment being placed in the groin field. By the
1980s, the groins showed signs of serious deterioration, as shown in
Figure 2-11. Moffatt and Nichol (1998) concluded that the lack of periodic
nourishment was the principal reason for the failure of the groins.
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Figure 2-10. Wallops Island groin field in 1969.

Assawoman Inlet was formerly a small, natural inlet at the southern tip of
Wallops Island (Slingerland 1983). Most photos and shorelines through
the early 1980s show a small, but open, inlet. However, photos and
shorelines from the 1990s on show the inlet as being closed. Today, the
inlet’s former location is marked by a series of overwash fans.

WFF attempted several different measures to control the shoreline erosion,
including two experimental beach barrier projects, which were initiated in
the mid 1980s. Moffatt and Nichol (1989) evaluated these and concluded
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that both types of experimental shore protection structures failed to provide
any significant protection. Figure 2-12 (from Morang et al. 2006) shows
“Beach Prism” sand retention units that are badly misaligned following an

April 1988 storm.

Figure 2-12. Experimental beach protection barriers.
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2.2.3 1990’s to the present

In the mid 1990s, NASA built the current rock seawall generally in the same
location as the previous seawalls (Figures 2-13 and 2-14). The wooden
groins were mostly removed at approximately the same time, although
several short sections of wooden pilings still remain in place. Photos from
the 1990s generally show a small section of beach remaining in front of the
seawall. This rock seawall has substantially halted the shoreline retreat,
although the sub-aerial beach has disappeared, except at the northern end.
Further, the sub-aqueous beach seaward of the seawall has continued to
erode, as discussed in Chapter 6. The rock seawall has suffered damage by
undermining and stone displacement. Because the wall is porous, storm
waves frequently penetrate it, causing flooding and eroding sand on the
landward side. See further discussion of the rock seawall in Chapter 3.
Figure 2-15 shows waves from Hurricane Dennis overtopping the rock
seawall in September 1999. NASA has made frequent repairs to the seawall
since the mid 1990s (Morang, Williams, and Swean 2006). In 2006, NASA
placed a temporary geotextile tube along the beach south of the seawall, as
shown in Figures 2-14 and 2-16. Large waves have occasionally damaged
portions of this tube. In mid November 2009, a substantial nor’easter
caused island flooding and substantial damage to the geotextile tube
(Figure 2-17).

. 5 et e

| L i, i e 1

Figure 2-13. Remnants of wooden, steel sheet pile, and concrete seawalls can all be
found within and adjacent to the rock seawall in the vicinity of building Y35B.
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Figure 2-14. Rock seawall in 2007 looking north along Wallops Island.

Figure 2-15. Rock seawall during Hurricane Dennis, September 1999.
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3 Al 5 T
Figure 2-16. 2007 oblique aerial photo looking south from near the south end of Wallops
Island, Va. From bottom to top the shoreline shows the geotextile tube and the overwash area
that was previously Assawoman Inlet.

d

Figure 2-17. Damage to the south end of Wallops Island caused by the November 2009
nor’easter.
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2.3

Shoreline change

Like most of the Atlantic coast beaches on the southern Delmarva peninsula
(Richardson and McBride 2007), the beach at Wallops Island has been in a
state of chronic erosion for at least the last 150 years, as evidenced by an
analysis of a series of measured shorelines. These shorelines are shown in
Figure 2-18. The 1849, 1857/1858, 1909/1911, 1933, and 1983 shorelines are
taken from the U.S. Coast and Geodetic Survey charts. The 1994 shoreline
was digitized from a rectified aerial photograph. The 1996 and 2005
shorelines were obtained from LIDAR surveys.

In Figure 2-18, distances are in miles. The figure has the same orientation
and origin as the GENESIS (GENEralized model for SImulating Shoreline
change) grid discussed in Chapter 5. The origin is located near the Dynamic
Balance Facility Building on Wallops Island. In this figure, Wallops Island
extends horizontally from -1Y2 miles to +4 miles. The dominant direction of
wave approach for this section of coastline is from the northeast (left) and
sediment transport is generally to the south (right), though a significant
transport reversal occurs on Wallops Island (discussed below and in
Chapter 5).

Panel A of Figure 2-18 shows the 1849 and 1857/1858 shorelines. At this
time, the shoreline was much straighter as Fishing Point spit had not
formed. The inlet shown in 1849, which is now called Assateague Channel,
has shifted to the southwest in the 1857 shoreline, suggesting that the
main direction of longshore sediment transport was to the south.

By 1909/1911, Figure 2-18, Panel B, Fishing Point had started to form.
Assateague Channel had shifted further to the southwest. The Wallops
Island shoreline had retreated by approximately 75 meters (250 ft). By
1933, Fishing Point had formed a distinct hook, but it had not grown
enough to redefine the mouth of Chincoteague Inlet.

By 1983, Figure 2-18, Panel C, substantial changes had occurred. Fishing
Point had grown to the extent that the tip of it and the northern shoulder
of Wallops Island had started to re-define the location of the throat section
of Chincoteague Inlet. Some aerial photographs from the 1980s show the
existence of an emergent ebb shoal. However, these points were still well
over a mile apart.
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Figure 2-18. Wallops Island shoreline changes between 1849 and 2005.
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2.4

The northern end of Wallops Island was now sheltered enough by Fishing
Point that it had started to accrete, which was a change from earlier
decades, as shown in Panel C (see also Figure 2-4). Because the mouth of
Chincoteague Inlet was still so wide, it is likely that a substantial portion of
the accretion at the northern tip of Wallops Island was due to a transport
reversal on Wallops Island, caused by Fishing Point blocking waves from
the northeast. The rest of Wallops Island and Assawoman Island were still
experiencing substantial erosion.

By 1996, Figure 2-18, Panel D, Fishing Point and the northeastern
shoulder of Wallops Island had both grown enough that the mouth of
Chincoteague Inlet was less than a half mile wide, and substantial inlet
bypassing (from Fishing Point to Wallops Island) had started to occur.
This is supported by the fact that CENAO began dredging Chincoteague
Inlet in 1995. Subsequent dredging of the inlet channel has been required
at intervals ranging from one to three years (Morang, Williams, and Swean
2006). On Wallops Island, the area of accretion at the northern tip had
extended further to the south; though the southern part of the island
continued to erode.

Figure 2-18, Panel E shows the 2005 shoreline. The dashed portion of this
shoreline at the northern end of Wallops Island was not covered in the
LIDAR survey. Instead, this shoreline is inferred from limited GPS
readings taken in 2007. The northern end of Wallops Island has continued
to strongly accrete, both as a result of sediment bypassing of Chincoteague
Inlet and northward net transport along the northern end of the island.
Today, the beach at the northern tip of Wallops Island contains a series of
trapped shallow sloughs. These are the result of ebb shoal bar bypassing
and welding to the inlet’s downdrift shoreline. These shoals form in the
channel and migrate westward, where they weld onto the northern tip of
Wallops Island.

Future shoreline trends

The discussion in this section is an extrapolation of present shoreline
behavior into the future. It is not intended to be an exact quantitative
prediction of rates or timelines for future events, but rather a regional
framework which can provide context to help interpret the results of the
numerical modeling effort presented in later chapters.
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As shown by the growth of Fishing Point in Figure 2-16 and the closure of
Assawoman Inlet, the shoreline in the vicinity of Wallops Island is dynamic,
and substantial changes will likely continue to occur on decadal time scales,
as compared with more typical beaches.

2.4.1 Growth of the southern tip of Fishing Point

The development and growth of the cape called Fishing Point over the last
100+ years has captured sand that would have otherwise been available to
nourish Wallops Island and the islands further south along the Virginia
eastern shore. This is a dominant reason why these shorelines are all
experiencing substantial erosion. The shoreline at Fishing Point is
continuing to evolve. Figure 2-19, from the National Parks Service website:
http:/ /www.nps.gov/ asis/ planyourvisit/ upload/ historicseashore.pdf, sShows the growth of the tip
of the island through 2002. This growth has not slowed in recent years. The
National Park Service has measured the Assateague Island shoreline
multiple times yearly since 1997. Figure 2-20 shows their shoreline location
data through the spring of 2009 for the very southern tip of Assateague
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! i Toms Cove Hook Area —1549.59
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Figure 2-19. Shoreline changes at the southern end of Assateague Island.
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Figure 2-20. Changes in shoreline position at the very southern tip of Assateague Island
(Fishing Point) between 1908 and 2009.

Island and shows that the tip of the island is continuing to grow to the
southwest at a rate of approximately 150 ft (50 meters) per year. If this
trend continues over the 50-year life of the shore protection project on
Wallops Island, the tip will grow to the southwest by about 1.5 miles

(2.3 km). This will more strongly shelter the Wallops Island shoreline from
ocean waves approaching from the northeast, and will shift the transport
divergent nodal point which is currently on the north end of Assawoman
Island to the south by roughly that amount. The nodal point and the
Wallops Island sediment budget are discussed in Chapter 5.
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2.4.2 Narrowing of the Tom’s Cove isthmus

Another shoreline change feature shown in Figure 2-19 is a narrowing
strip of land separating Tom’s Cove from the Atlantic. The rate at which
the isthmus is narrowing makes it likely that there will be numerous
storm-induced breaches between Tom’s Cove and the Atlantic during the
50-year lifetime of this project. The first breach in this area occurred as a
result of a November 2009 nor’easter (Figure 2-21). These breaches may
close rapidly or they may cause a permanent or semi-permanent inlet(s) to
form. Any new inlet would compete with Chincoteague Inlet for the tidal
prism of Chincoteague Bay.

Figure 2-21. Looking south along Assateague Island at the breach into Tom’s Cove caused by
a November 2009 nor’easter.

The beach fill project on Wallops Island will mine sand offshore of the
south end of Assateague Island to obtain fill material. It is critical that this
mining operation be done in a way that will have minimal impact on the
sediment transport rate along this portion of the Assateague Island
shoreline, so as not to exacerbate the breaching potential. Mining of the
offshore shoals is discussed in Chapter 8.
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2.4.3 Sea level rise

Sea level rise is currently occurring on a world-wide basis, and current
USACE guidance (USACE 2009a) projects it to continue to occur at an
increasing rate, although there is large uncertainty in what future rates will
be. By the Bruun rule (Bruun 1962), small changes in sea level can be
expected to have dramatic effects on shoreline position, with increasing
sea levels causing shoreline retreat.

The shoreline at Wallops Island will certainly experience the effects of
future sea level rise, and in this report we have followed current USACE
policy to account for its impacts. This has primarily been done by
providing an additional sediment volume during each renourishment
event that would raise the level of the entire beach fill by an amount
necessary to keep pace with the projected rise rate (Chapter 6).

Concerning the shoreline change trends discussed above, sea level rise will
work to reduce the rate of southwesterly growth of Fishing Point and the
accretion on the north end of Wallops Island (Bruun rule). It will increase
the frequency of shoreline breaches in the Tom’s Cove area. However,
while sea level rise may be the most dominant mechanism affecting
shoreline change on many beaches world-wide in the coming decades, at
Wallops Island the impact may not be as great as some of the other effects
discussed above.
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3.1

Field Investigations

This section of the report includes a discussion of several recent field
investigations in the Wallops Island area that have provided needed data
for this study. Most of these investigations were performed in support of
the present storm damage reduction project.

Beach profile measurements

Beach profile data (wading plus fathometer) were collected for this project
by the Norfolk District in 2007. These profiles consisted of 25 long lines
and 67 intervening short lines, as shown in Figure 3-1.

Figure 3-1. Locations of measured profiles.

Profile lines were spaced at 500 foot intervals. For most lines, rod and
transect data collection started approximately 100 feet to the west of the
existing rock seawall and terminated at the seaward foot of the seawall.
Bathymetric data were collected utilizing a survey vessel equipped with a
depth finder. The data extended seaward to approximately 1000 feet east of
the seawall with every fourth survey line being extended to approximately
the 30 foot Mean Sea Level (MSL) contour. Elevations in this report are all
referenced to MSL. See Appendix D.
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3.2

Onshore and nearshore sediment survey

Norfolk District personnel collected a total of 170 grab samples from the
subaerial and subaqueous portions of the active beach. On the beach at
Wallops Island five samples were taken on each of seven transects between
the top of the berm and the mean low water elevation. Four transects were
taken at the north end of Wallops Island and the remaining three were
taken at the south end, near the former Assawoman Inlet. The remaining
samples were taken along twenty five hydrographic survey lines that ran
perpendicular to the shoreline. Sampling was performed at minus 5, 10,
15, 20, 25, and 30 feet depth where practical. These samples were
analyzed, and the native beach composite mean diameter was determined
to be between 0.20 and 0.21 mm. A D5, value of 0.20 mm was applied to
characterize the native beach material in the modeling effort.

Additional sediment samples were obtained from 16 cores taken at the
north end of Wallops Island in 2009 (USACE 2009b) at the locations
shown in Figure 3-2. Surface samples were extracted from all 16 cores. In
addition, samples were extracted at a 2 ftdepth for eight of the cores and at
a 4 ft depth for the remaining eight cores. These were sieved using
standard methodology.

Figure 3-2. Locations of 2009 North Wallops Island sediment cores.
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The sieve results were then mathematically combined to obtain average
sand distributions at 0, 2, and 4 ft depths, and these were further combined
to produce a composite distribution (Figure 3-3). From these distributions,
median, mean, and standard deviation values were calculated using the Folk
method (Table 3-1). This additional analysis fully supported the
characterization of the native sediment material on Wallops Island as
having a 0.2 mm median grain size.

Grain Size in mm
16 8 4 2 1 05 0.25 0.1250.0625
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Figure 3-3. Average grain size distributions from 2009 north Wallops Island sediment cores.

Table 3-1. Grain size data for combined samples, Wallops Island north

end.

Median Mean Median Mean St Dev
Depth (ft) | Dyso Migs0) Dso Mso oy

Phi units Phi units mm mm Phi units
0 2.358 2.358 0.195 0.195 0.468
2 2.375 2.375 0.193 0.193 0.529
4 2.266 2.160 0.208 0.224 0.591
Composite |2.342 2.337 0.197 0.198 0.505
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3.3

Offshore borrow site survey and sediment characteristics

In May 2007 and December 2007, the Norfolk District supervised
subsurface investigations offshore of Wallops Island, Virginia. The purpose
of the investigations was to determine if suitable sand size materials were
located offshore that could be mined economically and transported to the
shoreline on the Wallops Flight Facility. The work was performed in two
phases with the first exploration program examining an area covering
approximately 230 nautical miles immediately offshore of the project area
and possible sites to both the north and south of the project area. The
second phase was a more detailed examination of potential areas found
during the first survey. The second attempted to define the vertical and
lateral extent of potential borrow areas. Details of the surveys and sediment
analysis are discussed in Alpine Ocean Seismic Survey (2007 and 2008).

3.3.1 May 2007 survey

During May 2007, forty vibracores were taken immediately offshore of
Wallops Island, Virginia. The purpose of this exploration program was to
identify any areas that may contain suitable beach quality materials which
may be located near the project area. The program initially concentrated
on areas in close proximity to Wallops Island. However, borings collected
immediately offshore of the project area generally contained sediments
that were unsuitable for beach fill. There was substantial scatter in the
median grain size of these sediments, but most had a Dso < 0.20 mm.

This survey also investigated Porpoise Banks, located southeast of Wallops
Island. Six borings performed in this area indicated that this area lacked
suitable borrow material.

Four shoals located northeast of Wallops Island off the southern end of
Assateague Island were also investigated. These included Chincoteague
Shoal, Blackfish Bank, and two unnamed shoals, referred to as Site A and
Site B. All four of these shoals were found to contain beach quality
sediments.

3.3.2 December 2007 survey

Chincoteague Shoal lies within the three-nautical-mile jurisdiction of the
Commonwealth of Virginia and additional time and cost would be involved
in obtaining permits for the mining of its resources. Since suitable nearby



ERDC/CHL TR-11-9 26

sites were found outside the three-mile limit, Chincoteague shoal was not
further investigated in the December 2007 survey. Rather, in December,
forty one borings were concentrated on Blackfish Shoal, and on Sites A
and B. These potential borrow sites are shown in Figure 3-4.

Blackfish Bank
Site'Al

Offshore Borrow Area

Figure 3-4. Location of potential offshore borrow sites.

3.3.3 Vibracore sediment analysis

In the laboratory, the vibracores were split and then photographed,
described and the major sandy sediment units were delineated. An
example core is shown in Appendix A. The sediments were then analyzed
using standard methodology. Two (upper and lower) or three (upper, mid,
and lower) sediment samples were obtained from each core. In addition, a
composite sediment sample was obtained from the entire length of each
core. These samples were sieved with a RoTap type machine and the
results were plotted. The plotted sieve results were used to obtain mean,
median, and standard deviation values using the Folk method.

Analysis of the vibracores collected at Blackfish Bank indicates that the
Bank holds at least 25 million cubic yards of beach quality material having a
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median sediment diameter of about 0.35 mm. However, there is opposition
to the use of this site by local fishermen. In addition, the analysis described
in Chapter 8 of this report indicates that mining this shoal would have
greater shoreline impacts than mining either Offshore Site A or B.
Therefore, this site has been removed from further consideration.

Volumetric analysis indicates that Site A contains approximately 68 million
cubic yards, and site B contains approximately 132 million cubic yards of
material. These volumes are substantially in excess of the estimated

10 million cubic yards of fill material needed over the lifetime of the project.
Mean, median, and standard deviation values of the sediment from the
cores obtained at these two sites, along with the locations of these cores, are
listed in Appendix A of this report.

The average depth for the upper core sections is 5.5 ft, and for the composite
core sections is 12.2 ft. Since the depth to which these shoals might be
mined is not known and is expected to vary over the shoal, both the upper
and the composite core data were considered in developing a median grain
size for the fill material which is a needed parameter in the numerical
modeling work. The median grain sizes were ranked from smallest to largest
as shown in the histogram (Figure 3-5). This figure shows the data
separated by site and depth as well as the four data sets combined. The
median values for these curves range from D5o= 0.29 mm to 0.34 mm.

In addition, the sieved core results were mathematically combined to
produce average upper and average composite curves for Site A and Site B.
The statistics for these average curves are given in Table 3-2, and the
sediment distribution curves are shown in Figure 3-6.

Table 3-2 shows that the average median grain diameter for Site A, the
preferred location, is about 0.32 mm. Table A1 lists the median grain dia-
meters for the “upper” and “composite” samples for Site A. These 20 Dsos
range from a minimum of 0.218 mm to a maximum of 0.683 mm, and have
a mid value of 0.34 mm. Thus, the most likely median grain diameter for the
sediment at Site A is in the range of 0.32 mm to 0.34 mm. However, there
are relatively few cores available to characterize the sediment in this two
square mile area, and an overestimate of the true grainsize value would lead
to an underestimate of the volume of initial fill material needed for the
project. The consequences of this are discussed in Chapter 6. Therefore, to
be conservative, a smaller median grain diameter, 0.29 mm was chosen for
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Figure 3-5. Distribution of median grain sizes from offshore samples.

Table 3-2. Grain size data for combined samples, offshore borrow sites.

Borrow Median Mean Median Mean St Dev
Location Depth Dys0y Migso) Dso Mso Oy

Phi units Phi units mm mm Phi units

) Upper 1.615 1.411 0.326 0.376 0.926

SteA Composite | 1.675 1.517 0.313 0.349 0.903

. Upper 1.703 1.573 0.307 0.336 0.862

Stte 8 Composite | 1.825 1.765 0.282 0.294 0.838

modeling purposes. Fully 34 of the median grain diameters (Table A1) are
this value or larger. The statistical likelihood of the true median grain
diameter of the material at Site A being less than 0.29 mm decreases rapidly
with decreasing grain size. However, an additional margin of safety was
incorporated into the Overfill volume (Chapter 6) to allow for the D5, of the
fill material to be as low as 0.27 mm.

Condition survey of the rock seawall

This section has been extracted from a site visit report to Wallops Island,
VA on 28 October, 2008. The purpose of the site visit was to determine if
the existing seawall provided sufficient protection to the facility until such
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Figure 3-6. Grain size distributions of combined cores.

time as the nourishment project is completed, to determine if and how the
seawall should be included as a component in the storm damage reduction
project, and to determine necessary repairs to the seawall. A previous 1999
USACE site visit report is provided in Appendix B of this study.

3.4.1 Geotextile tube section at south end of seawall

Although the geotextile tube was partially exposed along its entire length,
the geotextile tube section appeared to be in good shape. (See Figures 2-14
and 2-16 for geotextile tube location.) At the extreme southern end, the top
half of the tube was exposed where there was some flanking around the end,
but more typically about 25 percent of the tube was exposed along the
southern portion of the tube (Figure 3-7). The amount of exposed geotextile
tube increased in the northern portion to one-third to one-half of the tube’s
height (Figure 3-8). The front face of the tube was exposed down to the
scour apron at the northern end of the tube on both the seaside and the
landward side (Figure 3-9) but no scouring beneath the apron was
observed. A repair to the geotextile tube was evident near the northern end.
Here, a second section of geotextile tube was lying adjacent to the main
barrier and gave the appearance that the two bags had been stacked and
that the upper bag had been pushed off the top to landward (Figure 3-10).
There was substantial washout in this section behind the geotextile tube, but
the tube itself is stable.
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Figure 3-7. Looking north from southern portion of geoeotextile tube.

Figure 3-8. Near the middle of the geotextile tube section, looking north.
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Figure 3-9. Scour apron exposed on landward side of geotextile tube at northern end of
structure.

Figure 3-10. Short geotextile tube behind the north end of main tube.

Along the crest of the geotextile tube for its entire length, the sand was
hard packed (comparable to concrete) without any give. There were
several areas where the tube was not completely full, leaving a depression
in the sand within the tube and the fabric stretched tautly over the top of
the depression. These depressions were typically not more than a foot or
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two across and did not appear to be a problem. No significant rips or tears
in the fabric were noted.

3.4.2 Seawall condition

The northern end of the seawall is in an area of sand accretion and is
fronted by a wide beach. This portion of the seawall is in good condition.
The rest of the seawall is considered to be in a failed condition along much
of its length due to reduced crest elevation (Figure 3-11) and/or an overly
steepened seaward face. Point measurements taken during the site visit
indicated that the crest elevation in the undamaged areas was about 14 ft,
with a seaside face estimated to have a slope of 1:2 (vertical: horizontal).
Crest elevations in damaged areas were as low as 8 ft, and in some areas
the seaward face was steeper than 1:1 (Figure 3-12). By comparison, the
seawall designed by Moffatt and Nichol (1998) (referenced in Morang,
Williams, and Swean 2006) had a 14 ft crest elevation and a seaside face
with 1:3 slope.

North of radar gun tower Y-110 is a large area of washout behind the
seawall. Material has washed out from under a concrete apron causing the
concrete to crack with rocks sliding seaward (Figure 3-13).

Figure 3-11. Area of decreased crest elevation on seawall.
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Figure 3-12. Steep seaside face on seawall.
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In some areas, the remains of earlier seawalls constructed of timber piles
(Figure 3-14) or steel sheet pile (Figure 3-15) were seen within or adjacent
to the rubble-mound seawall. In sections, wave action moves freely
through the seawall causing scour on the landward side (Figure 3-16).
Large scour areas behind the seawall were found along approximately

50 percent of the length of the seawall, with the scour areas as much as 6 ft
below the surrounding land area. Some of these scour holes have been
filled with rubble, and the rubble repairs are working effectively at halting
the localized scour (Figure 3-17).

3.4.3 Structure stability

Morang, Williams, and Swean (2006) state that the seawall was constructed
with 60 percent 2- to 3-ton stone. If a median stone weight of 2.5 ton is
assumed, the Hudson equation (see the sample equation in Appendix C for
the equation and assumptions) indicates a 1:2 slope should be stable against
an 8 ft incident wave height or 7 ft wave height if the slope is 1:1.5. The
Hudson equation is not intended for slopes steeper than 1:1.5. In places, the
seaward face of the seawall is even steeper, appearing to be less than 1:1. It
is therefore assumed that waves as small as 6 ft may cause localized damage
to the seawall, while waves larger than 8 ft may cause damage along much

Figure 3-14. Remnants of concrete apron and timber pile wall.
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Figure 3-15. Remnants of concrete apron with steel sheet pile wall.

Figure 3-16. Water flowing through seawall by wave action.
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Figure 3-17. Rubble pile behind seawall, presumably to fill scour hole.
of the structure. According to the Wave Information Study (WIS) hindcast
(available online at<http://frf.usace.army.mil/cgi-bin/wis/atl/atl_main.html>) for station
179 (37.75 N -75.33 W, depth 18 m), waves greater than 3 m (10 ft) have
been hindcasted during every year of the data base (1980-1999). The
seawall designed by Moffatt and Nichol (1998) called for 3.5-ton stone on a
1:3 slope, which should be stable against wave heights of 10 ft.

3.4.4 Structure runup

Wave runup on a structure is commonly given in terms of either maximum
runup (Rmax) or 2 percent runup (Ru.y, the elevation that is exceeded by

2 percent of the waves). From a practical standpoint, the two may be used
interchangeably. Runup on this seawall is difficult to estimate because the
structure has no core or underlayer and water running up the face of the
structure will pass through the seawall. Some general comments may be
made by making a few assumptions. Looking at the WIS hindcasts for
Station 179, most waves of 6- to 8-ft wave height have a peak wave period of
7 to 9 sec. Using the example calculation given in Appendix C, an 8 ft wave
height with an 8 sec peak period will have a 2 percent runup of 13.2 ft above
the still water level (SWL) for a typical seawall. Mean high water is at

+2.7 ft. Assuming two feet of storm surge, the seawall would have to have a
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core elevation of +18 ft to prevent runup from overtopping the seawall
during a fairly moderate storm.

3.4.5 Seawall repair assessment

An analysis was conducted of the stone requirements for a minimal
seawall repair to raise low portions of the wall to +10 ft and to provide a
1:1.5 seaward slope. Additional analyses were undertaken to determine the
stone requirements needed to raise the seawall to +12 and +14 ft and
provide a 1:2 seaward slope. Details of the present seawall condition were
obtained from a 2005 LIDAR survey of the Wallops Island shoreline
collected by the Joint Airborne LIDAR Bathymetry Technical Center of
Expertise (http://shoals.sam.usace.army.mil/).

3.4.6 Analysis for +10 ft crest elevation

Two-foot interval contour lines along the seawall were generated from the
LIDAR data. Determining areas of low crest elevation was accomplished
simply by panning along the image of the structure and visually identifying
gaps in the contour lines. Similarly, areas with a steep seaside face were
visually identified by noting where the contour lines became close
together. Figures 3-18 through 3-26 identify the locations of the areas
identified with low crest elevation and the areas with steep seaside face.

Crest elevations over much of the structure were at +14 ft or higher. Areas
where the crest was less than +10 ft were identified. Small localized areas
of reduced crest elevation were ignored. Although no specific criteria were
applied when selecting areas sufficiently long enough to be of concern, the
final areas selected were 30 ft or more along the crest. Table 3-3 lists the
areas of reduced crest elevation, identifying the beginning and end of the
section where the crest is below + 10 ft. Table 3-3 also lists the length
(measured along the crest) of each section and the range of elevations
within that section.

Normally, raising the crest of an existing structure involves not only raising
the crest but recovering the entire seaward and landward sides to maintain
the desired slopes. Because the areas with the lowest crest elevation on this
seawall were flattened from a higher crest elevation, there is sufficient width
on the existing crest so that the crest can be raised at least to +10 ft without
having to extend the raised crest out to the landside and seaside toes. The
amount of stone to raise each of these areas to +10 ft was estimated by
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Figure 3-22. Steep slope areas 5 and 6.
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Figure 3-23. Steep slope areas 7, 8, and 9.
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Table 3-3. Areas of concern due to low crest elevation.
Tons of

Crest Rock to VA State Plane 4502, meters

Elev. Raise South End North End
Area |Range |(Length |Elevation
No. (ft) MSL |(ft) to+10ft | Easting Northing Easting Northing
1 6-10 39 39 3765516.5 |1171170.7 |3765524.7 |1171179.3
2 8-10 30 15 3765675.6 |1171364.9 |3765681.7 |1171371.9
3 8-10 47 23 3765714 1171413.7 |3765722.8 |1171424.9
4 8-10 107 53 3766849.4 |1172853.5 |3766869.8 |1172878.8
5 6-10 557 552 3767198.1 |1173284.5 | 37673115 |1173411
Total 780 682

assuming the existing crest elevation is the middle of the crest elevation
range shown in Table 3-4, using a 10-ft crest width, assuming a unit weight
of stone of 165 pounds per cubic foot, and estimating a structure porosity of
40 percent. Total weight required for all five areas is estimated at 680 tons.

3.4.7 Analysis for steep seaward face

There were many areas where the contour lines indicated seaside slopes
steeper than 1:1.5. If the seawall were to remain as the primary means of
protecting the infrastructure, the seaside slopes should be flattened at
least to 1:2. However, guidelines for this analysis were that a new beach fill
would act as the primary means of defense in about 3 yrs, and the goal of
this analysis was to identify areas that could potentially suffer major
damage within the next 3 yrs.

After repeated examination of the contour data, 13 areas were selected as
primary “areas of concern.” Each area showed a vertical drop of at least 6 ft
(4 contour lines) with a slope of 1:1 or steeper over a length of more than 10
ft along the crest. Table 3-4 lists the areas of concern including their length,
their upper and lower critical elevations, the width of the steep slope areas,
crest length of the area of concern, the front face slope, state plane
coordinates of the southern and northern ends of each area, and the volume
of rock needed for repair. Because the steepness of the structure face varies
along the face of the structure within each area, the slope listed in Table 3-4
is considered representative of the steep areas. In some areas, only portions
of the area are excessively steep; Table 3-4 therefore lists the percentage of
the length of the area for which the slope is unacceptably steep.



48

ERDC/CHL TR-11-9

*SU01109S-S5040 Fuowe PapIAIp AjusAs ‘YISUs| JO 1u8dIad 09 SEM UISOUOD JO Bale |B10] G Baly JO USYE) 8J9M SUOI109S-SS040 a|di|n|A 910N

'€8C 86G |elo]]
6'9¢C 91 COOE.LTT| 89699.E €66CLIT| C9699.¢ T 00T S c (0% 14 €T
70T GL'GT 696C.TT| 6£699.E 996C.LTT| LEG99.El €90 00T S 14 T €T T
9'qT 6 08LC.LTT| C6L99.LE| CLLCLTIT| S8.L99.¢ T 00T ] 14 CcTl ge 17
c9 9 €G/C/TT| 01199.¢| 8V.C/.TT| S9199.¢ G/.°0 00T 9 9 VT TC oT
LT €e'g 699C.LTT| €0.L99.El €99C.LTT| 86999.¢l €80 ac S 9 Ccl 9c 6

ST GET LE9CLTT| 11999.¢| TE9C.LTT| T.L999.€ G/.°0 00T 9 14 cT lC 8
L'T€E 9'GC | €8GCLTT| G€999.El TLGCLIT| SGC999.¢ L0 (0]°] L c Ccl (0]°] L

(4 GET LIVCITT| ¥9999.¢€l V.vC/.TT| 09G99.€ G.°0 00T 9 14 cT ST 9
6'¢C 197 190 CcTl 14 8 14’ 9G
v'e c S0 T € 8 14" pg
6.C c 9ot 9'0) Ccl 9 14 14’ oG
LT¢C 9'¢CT 8°0) cT ] 14 VT qg
6.C c 9ot 9'0) Ccl 9 14 14’ eg

EEVC.ITT| 9OT999.LEl €9EC.LTT| COV99.€ 06¢ e
9'6€ ce OLVT.LTT| V9LG9LEl OLVTLTT| 6SGLG9.LE G0 00T 14 c (0% ac 1%
8LT 8T 060T.TT| LS¥S9.l€| G8OTLTT| €GVS9.LE S0 00T 14 14 T 0c €
'8 [SYA°]” CEOTLTT| OTP99LEl 6C0TLTT| 80VS99.LlEl €90 Gl S 14 CcTl 142 c
8TT 8'8C 9T60.TT| 8TE€S9.El OT60.LTT| ETEG9.LE 90 €€ 9 4 cT °14 T
08 uw_wmwm OT+ oy DUUMON|  Bupseq Sujpon)  Bunses con 9 TSWO) TS Q) W
ado|s G T'T pu3 YuoN puz yInos|  adojg yipim|  Jnouo)|  Jnojuo) "'ON eauy

o0y 10} ealy sio ‘ 40 Jusdied adojg JoMOoT Jaddn Wwaue

JO suo|| 19W ‘Z20G1 dueld S1elS YA

*2do|s opIseas daa]ls A|[9AISSBOXD 0} ONP UIBDUOI JO Sealy “{-€ 9|qel




ERDC/CHL TR-11-9 49

The amount of stone required to improve each section is also included in
Table 3-4. The amount of stone listed is considered a minimum, and is
intended only to flatten the slope below +10 ft to 1:1.5. The calculations
assume the slope will only be flattened to elevation +10 ft, and assume that
there is a stone base below the lower contour line on which the flatter
slope can be built, rather than extending the slope down to the toe. For
example, if Table 3-4 shows a reach where the +12 ft contour line is
separated from the +2 ft contour line by 5 ft (1:0.5 slope), a rock base is
assumed at +2 ft sufficient to support a 1:1.5 slope up to +10 ft, and the
difference between a 1:0.5 slope and a 1:1.5 slope up to +10 ft is calculated.
Stone weight calculations assume a unit weight of 165 pounds per cubic
foot and a 40 percent porosity.

Areas 3 and 4 are only 20 and 25 ft in length, respectively, but both areas
indicate an 8 ft drop in elevation at a slope of 1:0.5 over the entire length
of each area. These appear to be the most critical areas. A portion of Area 5
also shows a slope of 1:0.5, but slope is above +8 ft and therefore of less
concern than Areas 3 and 4.

The total weight of stone required for all areas in Table 3-4 is estimated at
285 tons. The total weight of stone required to both adjust the seaward
slope and to raise the low crests is 960 tons.

3.4.8 Analysis for +12 ft and + 14 ft crest elevation

Unlike the analysis for a crest elevation of +10 ft, which consisted of
simply filling in low areas along the crest, raising the crest to +12 ft or

+14 ft would require reshaping the seawall side slopes to obtain a stable
structure. Thus, for the +12 ft and +14 ft crest elevation analyses, the stone
requirements were estimated by comparing a design profile to the existing
profile at selected cross-sections along the seawall. This type of analysis
accounted for both low elevation and steep seaward face seawall repairs.

A design profile for the Wallops Island seawall was selected with crest
width of 10 ft at crest elevation either +12 ft or +14 ft. The landward side
slope was 1:1.5. On the seaward side, a 1:2 slope was used from the crest
down to elevation +6 ft. Normally, the 1:2 slope would continue to the
seabed or to a toe berm, or the lower slope might be flattened to 1:2.5 or
1:3. However, because the proposed project will have a sand berm at
elevation +6 ft and the lower slope should never be exposed, the design
slope was steepened to 1:1.5 below elevation +6 ft.
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Sixteen seawall profiles were taken from the LIDAR data at 1,000 ft
intervals along the seawall. Locations of these seawall cross-sections are
shown in Figure 3-27. The same cross-sections were used for the +12 ft
and +14 ft analyses. +12 ft and +14 ft design profiles were overlain on each
of these existing cross-sections and the deficits for each were calculated.
Where the existing profile exceeded the design profile, negative volumes
were also calculated.

o 1,000 Faod
L

Photo: MAIP 2008

Figure 3-27. Locations of analysis cross-sections for seawall repair to +12 and +14 ft.

The +12 ft results indicated that 19,600 cu yds of stone would be needed to
raise the existing profile to the +12 ft design profile. However, this analysis
also indicated that the seawall currently has 15,600 cu yds of rock that is
above the design profile. Assuming a stone weight of 165 pcf and a porosity
of 40 percent, yields the results that 26,200 tons of rock are required to
raise the existing profile to the design, and 20,900 tons of rock are in the
existing profile above the design profile. In other words, the 26,200 tons
required to meet the design profile could be met by adding just 5,300 tons
of new stone and taking the remaining 20,900 tons from the seawall in
areas where the existing profile is higher than the design profile. These
quantities are shown in Table 3-5.
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3.5

Table 3-5. Stone requirements for +12 and +14 ft seawall repair

Crest Stone Stone Stone Stone

Elevation | Required Available Difference | Required Available Difference
(ft) MSL | (cu yds) (cu yds) (cu yds) (tons) (tons) (tons)

12 19,600 15,600 4,000 26,200 20,900 5,300

14 26,300 3,900 22,400 35,100 5,200 29,900

The +14 ft analysis showed that 26,300 cu yds of stone would be required
to raise the existing profile to the design profile, and that there are

3,900 cu yds available where the existing profile is higher than the design
profile. Converted to tonnage, that is approximately 35,100 tons of stone
required with 5,200 tons on the seawall above the design profile.

Experimental placement of Chincoteague Inlet dredge material
on Wallops Island shoreline.

The Norfolk District has been dredging Chincoteague Inlet since the mid-
1990s, placing the material in an offshore disposal site that is approximately
4,000 feet offshore of Wallops Island. The disposal site, having an area of
1,000 feet by 3,000 feet, is shown in Figure 3-28. The amount of material
dredged is shown in Table 3-6 (Morang, Williams, and Swean 2006).

In 2002, the District partnered with NASA to place dredge material from
the inlet channel along the Wallops Island shoreline (Figure 3-29.) rather
than in the offshore disposal site. The material was taken from the ocean
bar portion of the project which lies just south of the westward tip of
Assateague Island. The intent was to demonstrate the ability to place
material along the shoreline from a hopper dredge, to determine the
behavior of the material once placed along the shoreline, and to determine
if this placement scenario could be a long term alternative.

For the project, the estimated nodal point along Wallops Island was the
outfall for the dredge pipe running from the mooring and pump-out buoy.
Contract DACW65-02-C-0042 was awarded to B+B Dredging for the
maintenance of the project and placement of material along the shoreline.
The project was constructed during the period of September 22, 2002 to
October 23, 2002 for a final cost of $2,054,260.44. The volume of material
removed, as calculated from bathymetric surveys, was 91,292 cubic yards.
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Figure 3-28. Offshore disposal site for Chincoteague Inlet dredge material.

Table 3-6. Chincoteague inlet dredging history.

Total

Price Cost

Dredge |Yardage |Per Mob and | Beach Per

Date Dredge Days (yd3) Yard Demob Work Total Cost | Yard
Mar-06 |Atchafalaya 70,000 [$4.99 [$234,817 $584,117 $8.34
Mar-05 [Currituck  [10 12,455 $102,505 [$8.23
Oct-02 |Northerly |26 91,292 [$14.32 [$163,260 [$592,226 [$2,062,787 |$22.60

Island

Dec-99 |Atchafalaya (13 85,000 [$4.50 [$210,000 $592,500 [$6.97
Aug-98 |Mermentau |17 72,592 [$3.15 [$120,000 $348,665 $4.80
Nov-97 |Mermentau (34 122,889 [$3.87 [$275,000 $750,580 ($6.11
Jul-96 |Mermentau |30 120,079 [$3.58 [$150,000 $579,883 [$4.83
Apr-95 |Mermentau [22 120,835 [$3.72 [$270,000 $719,506 [$5.95

Notes: All operations by hopper dredge.
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Figure 3-29. Site location map for experimental dredge placement.

The material from the project consisted mainly of fine sand. The outfall of
the dredge pipeline was originally submerged at the start of the project
and attached at the estimated nodal point to the toe of the seawall. Surveys
and observation showed several feet of scour directly adjacent to the toe of
the seawall. During the course of construction, a small beach head was
created, but not enough dry beach area was created to necessitate
movement of the pipe outfall, nor was there need for any equipment to
spread the material.

Three surveys were performed along the Wallops Island shoreline to detect
the placement and movement of material in the area. A before placement
survey was performed in September 2002, an after placement survey was
performed in November 2002, and a monitoring survey was performed in
April 2003.

Comparison of the before placement survey and the after placement surveys
generally showed that initial material was distributed along the seawall face
and likely filled in a portion of the scour area that had been previously
created in front of the seawall out to about 300 ft offshore (Figure 3-30).
Comparison of the after placement survey and the monitoring survey
(Figure 3-31) generally show that the material had moved away from the
seawall face and joined nearshore bars along with generally diffusing
throughout the area. Due to the high cost and modest benefits, the process
has not been repeated during more recent inlet dredging events.
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Figure 3-31. Comparison of post-placement surveys.
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4.1

4.2

SBEACH / EST Modeling and Levels of
Storm Damage Protection

Application of SBEACH and GENESIS modeling

Following the methodology described in the Coastal Engineering Manual
(CEM, Part 5, Chapter 4; (Gravens et al. 2006)), the procedure applied in
this project has been to develop a target beach profile along the shoreline
that would provide an appropriate level of erosion, flooding, and storm
damage protection to the facilities on Wallops Island, and then to augment
this profile with sufficient advanced nourishment so that, at a minimum,
the target profile would be maintained throughout the renourishment
cycle. The computer models SBEACH (Storm-induced BEAch CHange) and
EST (Empirical Simulation Technique), which are discussed in this
chapter, were applied to relate profile characteristics to levels of protection
from storm damage. The computer models STWAVE (STeady-state
spectral WAVE model) and GENESIS (GENEralized model for SImulating
Shoreline change), which are discussed in later chapters, provided
estimates of longshore sediment transport rates throughout the study area
and determined the volumes of advanced nourishment necessary to
maintain the target profile through the end of the renourishment interval.

All SBEACH / EST and the STWAVE / GENESIS modeling work was
performed at CHL on PCs using the CEDAS (Coastal Engineering Design
and Analysis System, version 4.03) package of models. A description of
this software package can be found at the website: <http://www.veritechinc.com>.

SBEACH setup
4.2.1 Model description and approach

SBEACH is an empirically based numerical model for simulating two-
dimensional cross-shore beach change (Larson and Kraus 1989, 1991, 1995;
Larson, Kraus, and Byrnes 1990; Wise, Smith, and Larson 1996). The
model’s intended purpose is for predicting short-term profile response to
storms. A fundamental assumption of SBEACH is that profile change is
produced solely by cross-shore processes, resulting in a redistribution of
sediment across the profile with no lateral gain or loss of material by
longshore transport.



ERDC/CHL TR-11-9 56

When a storm erodes a beach, the sand is usually not lost from the system.
Rather, it is moved offshore, frequently into one or more bars. Low wave
conditions after the storm will slowly move this material back onshore,
rebuilding the berm. The discussion in this chapter addresses the question
of how much sand must be placed in a berm and dune to provide adequate
protection from storms.

Prior to running the model, input data in the form of representative
nourished beach profiles and time series of storm waves and water levels
were developed. Other input data included sediment grain size, depth of
closure, and default model configuration parameters. The primary
SBEACH output was a final (post-storm) profile for each input profile for
each storm variant. These profiles are the basis for inputs to EST.

4.2.2 Storm events

Forty-one hurricanes and tropical storms that impacted the study area
between 1856 and 2003 were selected for the historical storm database.
Thirty-nine extra-tropical storms (nor’easters) that occurred between 1954
and 2003 were also included. These storms, listed in Tables 4-1 and 4-2,
were culled from a dataset that was developed to analyze shoreline
responses to a project in Chesapeake Bay (Melby et al. 2005). Eleven
hurricanes and four nor’easters were removed from the Chesapeake Bay
dataset because they were found to have negligible impact at Wallops
Island.

4.2.3 Characterization of storm water levels

The storm-induced water elevations were calculated with ADCIRC
(ADvanced CIRCulation model) as described in Melby et al. (2005). The
ADCIRC grid covered the eastern seaboard from North Carolina to New
Jersey and included Chesapeake and Delaware Bays. Water elevation data
were obtained from the ADCIRC output (node 7566), just offshore of
Wallops Island.

The ADCIRC storm surge results included the historical astronomical tide
in the water level time series. Since future storms will strike the coast at
random times relative to the tide cycle, the historical tide was removed
and replaced with 12 different tidal curves to make 12 variants for each
storm. The historical astronomical tidal data was obtained from the
<http://tbone.biol.sc.edu/tide/> website.
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Table 4-1. Hurricanes and tropical storms database.
HURDAT Reference SBEACH Start SBEACH End Max Wind
Number Storm Name Name Year Date:time Date:time speed (mph)
0031 unnamed H-0031_ 1856 8/19:0000 8/21:1200 50
0064 unnamed H-0064_ 1861 9/26:1800 9/29:0600 70
0067 unnamed H-0067_ 1861 11/01:1200 11/04:0000 70
0078 unnamed H-0078_ 1863 9/17:0600 9/19:1800 60
0165 unnamed H-0165_ 1876 9/17:0000 9/19:1200 80
0172 unnamed H-0172_ 1877 10/03:0000 10/05:1200 100
0187 unnamed H-0187_ 1878 10/22:0600 10/24:1800 920
0190 unnamed H-0190_ 1879 8/17:1200 8/20:0000 100
0202 unnamed H-0202_ 1880 9/08:0600 9/10:1800 70
0269 unnamed H-0269_ 1888 10/10:1800 10/13:0600 85
0302 unnamed H-0302_ 1893 6/15:1800 6/18:0600 85
0310 unnamed H-0310_ 1893 10/12:1200 10/15:0000 105
0312 unnamed H-0312_ 1893 10/21:1800 10/24:0600 50
0316 unnamed H-0316_ 1894 9/26:1800 9/30:1800 105
0317 unnamed H-0317_ 1894 10/08:1800 10/11:0600 105
0336 unnamed H-0336_ 1897 10/24:0000 10/28:0000 55
0347 unnamed H-0347_ 1899 8/14:1800 8/20:0600 105
0351 unnamed H-0351_ 1899 10/30:0000 11/02:0000 85
0384 unnamed H-0384_ 1904 9/13:1200 9/16:0000 85
0409 unnamed H-0409_ 1908 7/29:1200 8/02:0000 85
0492 unnamed H-0492_ 1923 10/22:0000 10/25:0000 60
0562 unnamed H-0562_ 1933 8/20:1800 8/24:1800 105
0567 unnamed H-0567_ 1933 9/14:1800 9/17:1800 105
0588 unnamed H-0588_ 1935 9/04:1200 9/07:0000 140
0605 unnamed H-0605_ 1936 9/17:0000 9/19:1200 105
0671 unnamed H-0671_ 1944 9/13:0600 9/15:1800 120
0755 BARBARA H-0755B 1953 8/13:0000 8/16:0000 95
0776 HAZEL H-0776H 1954 10/14:0600 10/16:1800 120
0780 CONNIE H-0780C 1955 8/10:0600 8/14:0600 125
0787 IONE H-07871 1955 9/18:1200 9/21:0000 105
0830 BRENDA H-0830B 1960 7/28:1800 7/31:0600 50
0832 DONNA H-0832D 1960 9/10:1800 9/13:0600 140
0937 DORIA H-0937D 1971 8/26:1800 8/29:0600 55
1030 BRET H-1030B 1981 6/29:1200 7/02:0000 60
1070 GLORIA H-1070G 1985 9/25:1200 9/28:0000 125
1077 CHARLEY H-1077C 1986 8/15:0000 8/19:0000 70
1175 BERTHA H-1175B 1996 7/11:1800 7/14:0600 100
1179 FRAN H-1179F 1996 9/04:1200 9/08:1200 105
1196 BONNIE H-1196B 1998 8/26:0000 8/30:0000 100
1214 FLOYD H-1214F 1999 9/15:0000 9/17:1200 135
1264 ISABEL H-1264I 2003 9/17:0600 9/21:0600 140
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Table 4-2. Nor'easters database

SBEACH Start SBEACH End Maximum Wind
Reference Name | Year date:time Datettime speed (m/s)
N540121 1954 1/21:1200 1/24:0000 18.4
N561024 1956 10/24:0600 10/30:1800 14.3
N571002 1957 10/02:0600 10/06:1800 13.7
N581019 1958 10/19:1200 10/22:1200 16.7
N620305 1962 3/05:0600 3/08:1800 16.3
N621126 1962 11/26:0000 12/05:1200 14.5
N660126 1966 1/26:0600 2/01:0600 15.8
N690119 1969 1/19:1800 1/22:1800 12.5
N720524 1972 5/24:0000 5/28:0000 14.0
N721004 1972 10/04:0600 10/08:1800 13.0
N741130 1974 11/30:1800 12/05:0600 14.6
N750628 1975 6/28:1800 7/02:0600 14.8
N771029 1977 10/29:0000 11/03:0000 12.4
N780426 1978 4/26:0000 4/28:1200 14.7
N801226 1980 12/26:1800 12/31:1800 13.2
N810819 1981 8/19:0000 8/23:1200 12.3
N830210 1983 2/10:1800 2/15:1800 134
N840328 1984 3/28:1200 3/31:1200 15.8
N840926 1984 9/26:1200 10/03:0000 131
N841010 1984 10/10:1200 10/15:0000 14.8
N851028 1985 10/28:1200 11/06:1200 13.6
N861129 1986 11/29:1800 12/04:0600 12.8
N880411 1988 4/11:1200 4/14:1200 14.8
N890307 1989 3/07:0600 3/11:0600 13.6
N910107 1991 1/07:0000 1/12:0000 13.4
N910418 1991 4/18:0000 4/21:1200 14.4
N911028 1991 10/28:0000 11/01:0000 14.6
N911108 1991 11/08:0000 11/10:1200 18.2
N930312 1993 3/12:1200 3/15:1200 13.8
N941012 1994 10/12:0000 10/16:1200 131
N961003 1996 10/03:1200 10/10:0000 124
N970601 1997 6/01:0000 6/08:0000 12.0
N971014 1997 10/14:0600 10/21:0600 121
N980510 1998 5/10:1200 5/15:0000 12.2
N990428 1999 4/28:1200 5/04:1200 12.5
N990829 1999 8/29:1200 9/07:0000 14.2
NO00528 2000 5/28:1200 6/01:0000 15.0
N030408 2003 4/08:0000 4/12:1200 121
NO30908 2003 9/08:0600 9/12:1800 13.9
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The 12 tidal variants were generated with a 12 hour period (semi-diurnal)
sine wave with three different amplitudes and four phases. Amplitudes were
designated S (= spring), I (= intermediate), and N (= neap). Values applied
were a spring amplitude of 0.714 m (2.34 ft), an intermediate amplitude of
0.535 m (1.76 ft), and a neap amplitude of 0.363 m (1.19 ft). See Appendix D
for tidal and datum information. Tidal phases were randomized by
synchronizing the peak of the tide with the peak of the storm surge and by
then shifting the peak of the tide phase by 90, 180, and 270 degrees
(designated 1, 2, 3, and 4, respectively).

An example of these tide plus storm surge curves for storm N801226 are
shown in Figure 4-1. This figure shows the ADCIRC generated storm surge
in panel A with the historical astronomical tide removed. Panels B through
E show the four storm surge plus spring tide curve storm variants (S1
through S4, respectively).

4.2.4 Characterization of storm waves

Wave data at Wallops Island were available for all storms from 1980-1999
in the form of WIS hindcasts from WIS Atlantic station 178. These data
were transformed to 6 meters of water depth using the Phase 3 transforma-
tion routine within CEDAS. Wave data for the other storms used surrogate
data from the storm wave data that were available. Wave data were matched
to storms having similar maximum water levels and then time shifted so the
maximum wave height occurred at the peak of the storm surge.

An example of the Phase 3 transformed wave height and wave period data
for storm N801226 is shown in Figure 4-2. Each of the 12 water level
variants for a storm used the same wave data.

4.2.5 Characterization of the beach profile

There is no exposed beach along much of the seawall (the southern part).
However, by comparing profiles north and south of the seawall (primary
comparison parameters were berm height, foreshore beach slope, sub-
aerial profile volume, and subaqueous profile shape), it was determined
that a single idealized profile could represent the nourished profile along
the 3.7 mile (6.0 km) length of the project.
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Figure 4-1. Example Spring tide plus surge water level curves for Nor'easter N801226.
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Figure 4-2. Example wave height and wave period for Nor'easter N801226.

The beach profiles described in chapter 3 were analyzed along with initial
SBEACH modeling results to develop three idealized “potential” nourished
profiles that were used in the SBEACH modeling effort (Figure 4-3). All
elevations are referenced to MSL. The three profiles differ in the width of
the berm and the presence and size of the dune. The three profile
alternatives were designed to be placed adjacent to the seaward face of the
rock seawall (the rock seawall extends landward (to the left) from Distance
zero in Figure 4-3). However, the rock seawall (non-eroding surface) was
not modeled.

e The Bo3o profile represents a modest project with no dune and a 30 ft
berm width. Since this profile lacks a dune, it does not provide flood
protection.

e For the Bo7o0 profile, the seaward sloping face of the dune rests against
the seawall. The distance from the seawall to the seaward shoulder of
the berm is 70 ft, of which 40 ft is under the dune and 30 ft is exposed
berm width.

e The B100 profile has a 20 ft dune crest plus the seaward sloping dune
face. The distance from the seawall to the berm shoulder is 100 ft, of
which 60 ft is under the dune and 40 feet is exposed berm width.
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Figure 4-3. Sub-aerial profiles for Alternatives considered.

For the idealized profiles, the upland elevation (based upon profile data) is
set at 77 ft. (All elevations in this discussion are relative to MSL, see
Appendix D). The dune elevation of 14 ft is based upon initial modeling
results (of storm surge elevations and amount of erosion of dune crest), and
is the design elevation of the rock seawall. The dune slope (1:5) is a fairly
common choice for a stable engineered dune. The berm height (+6 ft) and
foreshore slope (0.073:1=tan (4.17°)) are based upon measured beach
profiles. Below MSL an actual long profile from the south end of the project
(profile 4) was applied. A full profile is shown in Figure 4-4.

The differences in these three profiles are largely necessitated by
differences in the dune. The Bo30 profile represents a minimal fill project
without a dune. The Bo70 profile has the same amount of exposed berm
width (30 ft) as the Bo30 profile, and represents a minimal fill project that
includes a dune. The dune in the Bo70 profile is only a partial dune (the
seaward face of a dune) as it rests against and is supported by the seawall.
The B100 profile has a somewhat wider exposed berm (40 ft) in addition
to the seaward face and central portion of a dune. However, this B100
dune is still incomplete as it lacks rear slope. Instead, support is supplied
by the seawall.
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Figure 4-4. Representative profile.

4.2.6 Characterization of the depth of closure

Multiple beach profile datasets were not available to determine a “pinch-
out” depth for the depth of closure. Rather, a Closure Depth of 13 ft (4 m)
was determined largely upon profile shape information. The profiles all
start to become much more nearly flat at this depth and begin to diverge
substantially from an equilibrium profile, as shown in Figure 4-5. The
GEN Cell 17, 50, and 87 Profiles are representative of the northern,
central, and southern portions of the project site. As the Wallops Island
shoreline has been experiencing chronic erosion for many decades, a
reasonable interpretation for the flatness in the profiles is that this is the
depth to which the erosion has cut. In addition, this Depth of Closure
value is not greatly different from estimates obtained using the formulas of
Hallermeier (1978) or Birkemeier (1985). On the 0.29 mm equilibrium
profile, this depth of closure is 600 ft (183 m) seaward of the shoreline.

This depth of closure is substantially less than the value (-28 ft) given in
Morang, Williams, and Swean (2006). However, the value given in that
report was not calculated for Wallops Island, but was taken from the
closest site available where the calculation had previously been made, in
this case Sandbridge, VA. In discussions with the senior author of that
report, he concurred with the methodology presented here.
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Figure 4.5. Divergence of Wallops Island profiles from an equilibrium profile for depths
greater than 4 meters (13 feet).

While this value appears reasonable, it is recognized that it is shallower
than many other U.S. east coast values. An underestimate of this value can
lead to an underestimate in the required amount of beach fill material.
Uncertainty in this value is discussed in Chapter 6 and additional material
is included in the fill estimates specifically to compensate for uncertainties
in this and other quantities.

4.2.7 SBEACH model runs

The SBEACH model was not calibrated for the Wallops Island site prior to
data runs being made, because the appropriate pre- and post-storm profiles
were not available for the site. Instead, the default model parameters were
applied. This was considered to be justified as one of the primary sites used
to develop the SBEACH default parameters was on Assateague Island,
which is immediately north of the project site (Wise, Smith, and Larson
1996). All of the configuration values for this model are listed in Table E-1 of
Appendix E.

Initial model runs indicated that the Bo70 profile provided optimal storm
protection. As discussed below, the beach is only one component of the
defenses in this storm damage reduction project (the other two being the
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rock seawall and interior flood barriers). The philosophy of this tiered
approach is that the beach fill alone will provide protection against
smaller, more frequent storms, leaving the seawall intact to protect against
the largest storms expected over the life of the project.

The Bo3o profile lacks a dune and initial model results showed that storm
waves would impact the seawall at intervals more frequent than the
renourishment events. Thus, potential damage to the seawall would be an
ongoing issue. The B100 profile provided superior storm damage protection
as compared to the Bo70 profile, but at greater expense, and the additional
protection would be, in essence, provided by the rock seawall. At an
estimated cost of $10/yd3, the B100 design condition would add an
additional $5.3 million dollars to the cost of the initial fill placement beyond
the cost of the Bo70 design condition. Based upon this initial screening,
only a limited amount of modeling was conducted using the Bo30 and B1oo
profiles.

EST setup

EST (Empirical Simulation Technique) is a statistical numerical analysis
procedure designed to simulate multiple life-cycle sequences of a non-
deterministic multi-parameter system to determine frequency of
occurrence relationships (Borgman et al. 1992, Scheffner et al. 1996,
Scheffner et al. 1999). The program generates frequency response
information for each output parameter.

The model requires input vectors that describe the process forcing
functions (the storms), output vectors that define the parameters to be
modeled (the post-storm profile responses), and configuration
parameters. The following standard nine EST input vectors were
developed for each of the 960 storm variants.

=

The peak of the storm surge.

The duration of storm surge (length of time the storm surge exceeded
0.3m).

The average value of surge over the storm’s duration.

The tidal amplitude (spring, average, or neap).

The tidal phase at peak surge (high, mid, or low tide).

The slope of tide at peak surge.

The peak wave height.

N

N oo Hw
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8. The duration of storm waves (length of time the wave height exceeded
1m).
9. The average value of wave height over the storm’s duration.

A FORTRAN program extracted a variety of response vectors from the
suite of SBEACH post-storm profiles, which were directly imported into
EST. EST model configuration parameters are listed in Appendix E.

Profile responses to hurricanes and nor’easters

While there is a great deal of similarity, nor’easters and hurricanes can
impact the beach profile differently because of differences in these types of
storms. Hurricanes that occur at the latitude of Wallops Island are
typically fast moving storms, usually producing substantial coastal impacts
for something on the order of a day or less. However, because of the low
central pressures and high wind speeds, they can generate large storm
surges (substantially elevated water levels). In contrast, nor’easters can
cause impacts over longer time scales (several tidal cycles), but usually do
not produce extremely high storm surges. These trends are shown in
Figures 4-6 and 4-7, which use data taken from the historical storm sets
listed in Tables 4-1 and 4-2. Figure 4-6 shows the storm surge heights
(with tides removed) with the data ranked from highest surge height to
lowest, for hurricanes (black) and nor’easters (red). Figure 4-7 shows the
distribution of storm times, as defined by the hours that the surge height
exceeded 0.3 m for each of the 12 variants for each storm. The average
hurricane storm time was 23 hours; the average nor’easter storm time was
48 hours.

These differences affect the way the storms impact the beach profile.
nor’easters, with their lower water levels but longer durations, can produce
considerable berm erosion while leaving the dune relatively intact.
Conversely, a hurricane can have less impact on the berm, but a greater
impact on the dune. Examples of these differences are shown in

Figures 4-8 and 4-9. These figures are SBEACH pre- (black) and post-
(red) storm profiles. The pre-storm profiles were model inputs; the post-
storm profiles are model predictions. Figure 4-8 shows a nor’easter that
has severely eroded the berm, but has left the dune essentially untouched.
Figure 4-9 shows a hurricane that has done less damage to the berm but
has started to erode the dune. Where there is no change in the profile, only
the final (red) profile line is visible.



ERDC/CHL TR-11-9 67
25
1\
E
£1s
2
F
£
RS
-
05
]
0 T — — —T— —T— —T— —T— —
0 5 10 15 20 25 30 35 40

Rank

‘+ Hurricanes —#— Nor'easters ‘
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Figure 4-7. Distribution of storm surge durations for hurricanes and nor’easters.
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Figure 4-8. SBEACH Profile Response for Storm N621126S3 (Nor'Easter).
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Figure 4-9. SBEACH Profile Response for Storm H-190_S1. (Hurricane).
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4.5

BO70 profile response to storms

Figures 4-10 through 4-14 are EST frequency response plots that show the
predicted response of the Bo70 profile to the suite of storms that are based
upon the combined historical data set of hurricanes and nor’easters.

4.5.1 Berm response

Figure 4-10 shows the return period intervals for storm-induced berm
recession. This plot shows the landward distance that the berm crest
elevation will be reduced by 1 foot. This is equivalent to the recession
distance of the 5 ft contour, since the modeled berm crest is flat. This plot
shows that a storm that produces 30 ft of berm cutback can be expected to

G0

—  95% Confidence Band
kMedian
+/-15.00

5,0 f contour recession (ft)
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Figure 4-10. Return period of berm recession.
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Figure 4-11. Return period for recession of the +2 ft contour.

occur with a return period on the order of 8 years. A storm producing 40 ft
of horizontal berm erosion has an estimated return period of 40-50 years.
The entire seaward face of the berm shows approximately the same
behavior. The return period for the recession of the 2 ft contour is shown
in Figure 4-11.

4.5.2 Dune response

Figure 4-12 shows the frequency response for dune lowering. This figure
shows that storms that are less than 30-40 year return interval events do
not impact the +14 ft dune crest.
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Figure 4-12. Return period for dune crest lowering.

Unlike a berm, the dune is not expected to recover following storm
damage, at least not on the time scales of typical renourishment cycles.
Rather it is expected that such damage will require mechanical repair at
the time of the next renourishment. Therefore, damage to the dune should
be an infrequent event. Figure 4-13 shows the frequency response for
recession of the 9 ft contour. This elevation is a little less than half way up
the dune face. Figure 4-13 shows that storms that start to cause dune
erosion can be expected to have a 20-30 year return interval.

4.5.3 Storm surge

Figure 4-14 shows return periods for upland flooding in the absence of a
dune. These elevations can be thought of as the mean water elevations at
the height of a storm. Wave crest elevations would be on top of these
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Figure 4-13. Return period for recession of the 9 ft contour.

elevations. Assuming that upland elevations at Wallops Island are of the
order of +7 ft (MSL), in the absence of a sand dune, storms with return
periods on the order of 15 years can be expected to produce flooding. Note
that the rock seawall has a design height of +14 ft and can be expected to
significantly reduce wave heights; however, it will do little to reduce
flooding because of its porosity.

Storm damage reduction level of protection

Following discussions with NASA personnel, a storm damage reduction
project that provided significant defense against a design target of a
100-year return interval event was agreed upon. The project consists of
three principal components. These include the beach fill project, the rock
seawall, and flood barriers and/or other flood protection schemes for
individual buildings on the island.
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Figure 4-14. Storm surge return period.

The beachfill project is intended to be the first line of defense. Based upon
the analysis presented above, a fill project based upon the Bo70 profile
and a 5-year renourishment interval will, by itself, provide damage
protection from a storm that, on average, is likely to occur only once every
30 years.

Although the dune and berm portion of the beach fill will be substantially
degraded during a 100-year return interval storm event, the fill will
remain largely in place and provide a shallow water surface for storm
waves to break upon, thus reducing wave energy at the seawall. Provided
that degraded portions of the rock seawall are repaired with a seaward
slope of at least 1:1.5, the seawall will be able to withstand waves up to 7 ft
in height (see Chapter 3). As a 7-ft wave will typically break in a depth of
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about 9 ft, the limited depth over the berm will cause waves of that height
to first break seaward of the seawall. The seawall should therefore survive
a 100 year storm event with minimal damage.

In the presence of a 100-year storm event, the largest incident waves will
break offshore, smaller waves will break on the remaining portions of the
beach fill, and most of the remaining wave energy will be dissipated at the
rock seawall. Although wave runup will carry over the structure, waves
generated by the runup will be minimal and the primary potential damage
to infrastructure landward of the seawall will be from flooding rather than
from direct wave impacts.

As shown by Figure 4-14, during a 100-year storm event, the mean water
elevation at the seawall will be approximately +10 ft. Infrastructure is
vulnerable to flooding from water coming through the seawall, from water
flanking the ends of the project, and from flooding from the bay. Wave
heights on the landward side of the seawall are expected to be on the order
of a foot. All of the recently constructed facilities on Wallops Island have
been designed to accommodate flooding elevations of +12 ft. As part of this
project, NASA officials will continue to routinely monitor all structures on
the island to make sure that each maintains its +12 ft flood protection
strategy.

To protect existing and future proposed facilities on Wallops Island, the
length of the project needs to extend from the northern end of the rock
seawall (3767988.32 Easting, 1174124.21 Northing) to the south end of the
geotextile tube at the south camera stand (3764244.61 Easting,
1169509.68 Northing), a distance of 19680 ft (5998 m). Horizontal
positions are referenced to NAD83, Virginia State Plane South, 4502,
meters. See Appendix D.
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5.1

STWAVE/GENESIS Setup and Model
Calibration

STWAVE

The longshore sediment transport formula used in GENESIS requires wave
height, period, and direction information at the seaward edge of the surf
zone (the breaker line.) Wave data for this study were available in the form
of WIS hindcasts several miles offshore in nominal 20 meter water depth.
The numerical model, STWAVE, (STeady-state spectral WAVE model) was
used to transform representative offshore waves to a near-breaking depth,
where the shoaled wave data were handed off to GENESIS.

The STWAVE model described in this chapter was applied in conjunction
with GENESIS to simulate the sediment transport and shoreline evolution
along Wallops Island. STWAVE was also used to evaluate the wave
refraction effects of mining offshore shoals to supply sediment for the beach
fill. This application is discussed in Chapter 8. The STWAVE grid domain
used in this chapter is named the Wallops Island domain. The two STWAVE
grid domains used to examine the offshore borrow sites (Chapter 8) are
termed the Fishing Point Coarse Grid and the Fishing Point Fine Grid
domains.

5.1.1 Model description

STWAVE is a computationally intense, half plane, steady state spectral
wave model that requires a two-dimensional uniform rectilinear grid to
transform waves from the offshore region to a near-breaking depth (Resio
1987, 1988a, 1988b; Smith 2001). It solves the complete radiative transfer
equation (Jonsson 1990) that includes both propagation effects
(refraction, shoaling, diffraction, and wave-current interactions) and
source-term effects (wave breaking, wind inputs, and nonlinear wave-wave
interactions). As input, the model requires some basic configuration data,
a uniform rectilinear bathymetry grid, directional wave spectra at the
seaward boundary of the grid, and optionally, wind and current data.
Wind and current data were not used in this application.
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5.1.2 Model grid

The required bathymetry data were obtained from the National Ocean
Survey (NOS) hydrographic surveys that are available in electronic format
from the GEOphysical DAta System (GEODAS, version 4.0) developed by
the National Geophysical Data Center. GEODAS is an interactive database
management system for use in the assimilation, storage, and retrieval of
geophysical data. Bathymetric surveys collected in the 1960s through the
1990s were used where available, with earlier survey data used to fill gaps
in the more recent bathymetry coverage.

The STWAVE grid is shown in Figure 5-1. This figure is oriented so that land
(bright green) is at the bottom and offshore is at the top. The elevation scale
on the right-hand side of the figure is in meters. The shoreline is the white
line running from A to B. C shows the location of Fishing Point and D is at
Chincoteague Inlet. (The gap in the shoreline representing Chincoteague
Inlet is not modeled.) The black grid running from E to F along Wallops
Island shows the location of the GENESIS X-axis within the STWAVE grid.
The STWAVE save stations are shown by the light blue line in shallow water
offshore of the GENESIS grid. This grid was used to propagate waves from
the nominal 20 meter depth to the save stations.

The grid runs for 10 miles (16 km) alongshore from about the middle of
Tom’s Cove in the north (at A) to the middle of Assawoman Island in the
south (at B) and runs 12 miles (19 km) offshore to approximately the

20 meter contour. Grid cells were 240 ft (73.152 m) on a side. The
bathymetry offshore of Wallops Island varies from being nearly featureless
immediately offshore to a complex set of shoals offshore of Fishing Point.
These shoals are also shown in Figure 3-2. The STWAVE model domain was
extended sufficiently far to the north to insure that these shoals were
included in the analysis. Datums for this bathymetry are discussed in
Appendix D. The necessary set of bathymetry grid parameters are listed in
Appendix E.

5.1.3 Wave climatology

Waves are the dominant driving mechanism in longshore sediment
transport and are a primary environmental forcing input to STWAVE and
GENESIS. A 20-year hourly hindcast (1980-1999) of wave heights, periods,
and directions was obtained from WIS station 178, located at 37.75° N,
75.25° W, in 20 meters of water depth near the offshore boundary of the
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Figure 5-1. STWAVE grid for Wallops Island, VA.

STWAVE grid. Comparisons between the WIS hindcast data and measured
wave data can be found at the above website and in Tracy (2002) and Tracy
and Cialone (2004). Wave direction data from this WIS station were
referenced to the local shore normal direction of 129 deg azimuth as shown
in Figure 5-2. Positive wave angles are those approaching the coast from the
northeast (from the left for a person standing on the beach looking
offshore).

Following a phase 3 transformation to remove offshore directed wave
energy, the 20-year WIS wave hindcast (175,320 hourly wave records) was
characterized by binning the data into nine significant wave height bins,
eight peak spectral wave period bins, and twelve vector mean wave
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directions at the peak spectral frequency bins, as shown in Figure 5-3. This
figure is a histogram of WIS station 178 wave heights, periods, and
directions shown as percent occurrence (the numbers above each bin). The
numbers below the bins are the average bin values and the bin boundaries.
Bright blue bins indicate those occurring most frequently and gray, least
frequently. Figure 5-4 is the corresponding block diagram of wave height
versus wave direction. These figures show that average wave heights are
around 0.8 meter, average wave periods are 6-7 seconds and the
predominant direction of wave approach is from the left of shore normal
(from a northeasterly direction).

Of the 864 possible bin combinations (12 wave angles * 8 wave periods * 9
wave heights), the 20-year WIS hindcast populated 661 of the bins with at
least an hour of data. STWAVE was run to transform the wave data in these
661 bin combinations from a 20 meter water depth to a near breaking
depth. Model wave parameters are listed in Appendix E.

GENESIS
5.2.1 Model description

GENESIS (GENEralized model for SImulating Shoreline change) is a
shoreline change model that simulates longshore sand transport and the
resulting change in shoreline position (Hanson 1987; Hanson and Kraus
1989; Gravens, Kraus, and Hanson 1991). One of the GENESIS assumptions
is that when erosion or accretion occurs, the entire profile shifts landward
or seaward, without changing profile shape, so that only one cross-shore
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Figure 5-4. STWAVE block diagram of wave height vs. wave angle.

point at each grid cell needs to be tracked. Thus, it belongs to a class of
models known as one-line models, and the grid is one-dimensional, running
the length of the shoreline in the study area. At each alongshore grid cell,
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the model applies the transformed wave data supplied by STWAVE to
calculate breaking wave heights and angles, and applies this information to
calculate the temporally and spatially varying local longshore sediment
transport rate. Other inputs include configuration data, shoreline positions,
and structure locations. GENESIS can predict shoreline change in a diverse
variety of situations involving almost arbitrary numbers, locations, and
combinations of groins, jetties, detached breakwaters, seawalls, and beach
fills.

5.2.2 Model grid

A GENESIS grid was laid out as shown in Figure 5-5. For ease of
interpretation, Table 5-1 shows the location of several prominent shoreline
features referenced to the GENESIS grid. The grid origin is located at
3768396.5200 Easting, 1174969.9500 Northing (in STWAVE cell (264,
83)), which is 3120 feet (951 meters) north of the north end of the rock
seawall (and in the front yard of building V50). The horizontal datum used
in this study is NAD83, State Plane Virginia South, 4502, meters. See
Appendix D. This location is south of the main shoals of Chincoteague
Inlet, though not completely away from the inlet’s influence. It is on the
accreting part of the beach, to the north of any expected project beach fill
or sand retention structure. The grid runs southward along an azimuth of
219° for 29,040 feet (8851.392 meters), ending about a mile (1.6 km) south
of Assawoman inlet. This location is south of the expected project con-
struction and far enough south to model project impacts along the north
end of Assawoman Island. The grid contains 121 cells, each 240 feet
(73.152 m) long; the same cell length as the STWAVE grid. A complete list
of grid parameters is given in Appendix E.

Figure 5-6 covers the extent of the grid, and shows the land (green) / water
(blue) boundary along with the rock seawall and geotextile tube indicated
as hard features (yellow line).

To model the behavior of the detached breakwater, a second grid, having a
finer resolution was set up. Each of the cells in the original grid was divided
into four cells, so the fine resolution grid had a total of 484 cells, each 60 ft
(18.288 m) long. The smaller cell width necessitated the use of a shorter
model time step; so for this grid, a 15 minute, rather than a 1-hour time step
was used. The grid origin and orientation remained the same as for the
regular grid. These parameters are listed in Appendix E.
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Table 5-1. Infrastructure Location along GENESIS baseline.

Approximate location on GENESIS

baseline

Cell Wall
Feature Building # # feet meters
GENESIS Grid origin; NASA Dynamic Balance Facility, Center Bldg V50 1 0 0
NASA Dynamic Balance Facility, South Bldg V045 3 480 146
Unpaved road access to beach 6 1200 366
North end of Seawall; North end of beach fill project 14 3120 951
Navy Surface Combat Systems Center, SSD Facility V024 17 3840 1170
Navy Aegis Engineering and Training Complex V021 31 7200 2195
Water Tower WO055 36 8400 2560
Navy Surface Combat Systems Center WIETC Facility V003 37 8640 2633
Raised Viewing Stand W036 39 9120 2780
Blockhouse 3 WO020 42 9840 2999
Vehicle Assembly North Building WO065 46 10800 3292
Raised Viewing Stand w115 49 11520 3511
Tower X080 50 11760 3584
Flagpole at seaward end of Causeway 56 13200 4023
Camera Stand X065 57 13440 4097
MRL Launcher Facility Y039 64 15120 4609
Blockhouse 2 Y030 65 15360 4682
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Approximate location on GENESIS
baseline
Cell Wall
Feature Building # # feet meters
Arc Launcher Facility YO35B 66 15600 4755
Red and white Tower Y085 67 15840 4828
Vehicle Assembly South Bldg Y015 68 16080 4901
Blockhouse 72065 70 16560 5047
50K Launcher Facility 2071 72 17040 5194
Prior site of Launch Pad OA 74 17520 5340
Camera Stand, South End of Rock Seawall 7040 76 18000 5486
Pad OB, MARS launch facility 80 18960 5779
UAV Runway 89 21120 6437
South Camera Stand; South End of beach fill project 95 22560 6876
Approx middle of Assawoman Inlet (closed) 100 23760 7242
South end of future possible NASA development on Assawoman Island 104 24720 7535
South end of GENESIS Grid 122 29040 8851

Figure 5-6. GENESIS grid showing Rock Seawall and Geotextile Tube. The 1996 and 2005
shorelines touch most of the seawall but not the geotextile tube.
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5.2.3 GENESIS calibration

Calibration of the GENESIS model consisted of initiating the model with a
measured shoreline, and during a run having it evolve the shoreline to
approximate a second measured shoreline, which was collected at a later
date. The 1996 and 2005 measured shorelines were selected for calibration.
The results of this calibration are shown graphically in Figures-7. Note that
there is about a 10:1 distortion in offshore to alongshore distance scales,
which exaggerates the differences in the model comparison, but allows it to
be seen. Figure 5-8 shows the difference in the 2005 measured and the final
model shoreline (measured minus modeled) and the average yearly
difference. The model reproduced the change rate in the 1996 to 2005
shorelines to an accuracy of better than three ft (1 meter) per year at all
locations.

During calibration, various values for K1 and K2 (the principal model
calibration parameters) were tried; however, the default values were found
to give satisfactory results and were adopted. Lateral boundary conditions
were based upon shoreline change rates obtained from the 1996 and 2005
profiles. For calibration and most model runs, the waves used to drive the
model were a 5 year set of average wave conditions. These are described

1500 \
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Figure 5-7. GENESIS calibration showing Initial (1996), Final (2005 GENESIS), and Measured
(2005) shorelines.
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Figure 5-8. Difference in 2005 Measured and GENESIS modeled shoreline.

further in the sensitivity section below. The use of a regional contour was
found to improve the comparison between the final model and final
measured shorelines. Figure 5-9 shows the 5 meter contour obtained from
the bathymetry, the 5 meter contour obtained from the beach profiles, the
2005 shoreline (shifted 700 meters seaward) along with the Regional
Contour which was applied (shown in blue). This contour was obtained by
iteration. It is similar to the other contours shown in Figure 5-9, but is
smoother and more flattened on the ends. A complete set of model
configuration parameters are given in Appendix E.

5.2.4 Sensitivity

The 20 years of WIS data for station Atl-178 were analyzed on a year-by-
year basis to determine simple sediment transport rates using the method
described in Gravens (1989). Wave data were assembled in 5 year blocks
using the following criteria: Ave - the 5 years whose net sediment transport
rates were nearest to the 20 year average net rate. Max - the five years with
the maximum gross transport rates. Min - the five years with the minimum
gross sediment transport rate, N - the 5 years with the maximum net
amounts of northerly transport, and S - the five years with the maximum
net amounts of southerly transport. The years selected for each 5-year block
are shown in Table 5-2.
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Table 5-2. Years selected for each 5-year block.

Year

Ave

Max

Min

N

S

1980

1981

1982

1983

X*

1984

1985

1986

1987

1988

X*

X*

1989

1990

X*

1991

1992

X*

X*

1993

1994

1995

1996

X*

1997

1998

1999
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These five different wave data blocks were used to drive the GENESIS
model. The calibration results presented above (along with much of the
modeling discussed below and in the next chapter) were produced using
the Ave wave block. GENESIS results using the other four wave blocks,
along with the measured 2005 shoreline are shown below in Figure 5-10.

1500

1000

Offshore Distance (ft)

0 T T T T T
0 5000 10000 15000 20000 25000

Alongshore Distance (ft)

|— 2005 Meas — Max — Min — North — South |

Figure 5-10. Comparison of the 2005 measured shoreline with GENESIS shorelines driven
with the Max, Min, North, and South wave blocks.

There are not large differences using these different driving conditions.
The largest is for the Southward wave set, showing additional erosion just
south of the seawall. This would not be unexpected. It is noted that the
2005 measured shoreline falls within the envelope of these four modeled
shorelines.

5.2.5 Verification

Once the GENESIS model was calibrated, it was verified by running the
model using a second set of measured profiles. Since the 2007 shoreline
was the only other available recent shoreline, the 2005 shoreline was used
as the initial shoreline and the 2007 shoreline was used as the final target
shoreline for verification. The 2007 shoreline does not extend over the
complete GENESIS grid, so the comparison, shown in Figure 5-11, is
truncated at both ends. The 2007 measured shoreline (pink) does not
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Figure 5-11. Comparison of Initial (2005), Final (GENESIS modeled) and Measured (2007)
Shorelines, showing only the portion of the shoreline where there is 2007 data.

agree as well with the 2007 GENESIS verification shoreline (blue) as with
the calibration (Figure 5-7). However, the 2007 measured shoreline does
fall almost completely within the envelope of the Max, Min, North, and
South shorelines that were run using the 2005 shoreline as the initial
shoreline. Since these runs were only two years long, two year wave blocks
containing the maximum value years were used to drive the model. The
years used are shown by asterisks in Table 5-2.

STWAVE results

The presence of Fishing Point greatly affects the wave patterns seen on the
shore at Wallops Island. Wave energy coming from the northeast is largely
blocked by Fishing Point, whereas wave energy coming from the southeast
arrives at the beach with little change (see Figures 1-2, 5-1, e.g.). An
example of this is shown in the STWAVE output given in Figure 5-13. This
figure shows the near breaking wave heights that occur along the beach at
Wallops Island for a 4 second, unit height offshore wave that approached
the coast from a variety of angles. Positive angles are those coming from
left of shore normal (the northeast); negative angles are those coming
from the southeast (see Figure 5-2). Waves coming from the southeast
have roughly the same height everywhere along the shoreline, but waves
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Figure 5-12. Comparison of the 2007 measured shoreline with GENESIS shorelines driven

with the Max, Min, North, and South wave blocks.
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Figure 5-13. Example of nearshore wave heights along the beach at Wallops Island.
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coming from the northeast have dramatically decreasing height (and thus
energy) the further north they are along the shoreline. This means that
they have less ability to transport sand to the south. This wave sheltering
from Fishing Point and the offshore shoals is the primary reason that there
is a transport reversal on Wallops Island.

The point is further illustrated in Figure 5-14. This figure shows wave
heights everywhere within the STWAVE grid for one of the four cases shown
in Figure 5-13, the case for a unit high, 4 second, wave having an deep water
(pre-refracted) angle of +60°. The offshore direction of this wave is shown
by the black insert arrow at the top of the figure. Colors on the figure and
scale are referenced to an offshore wave height of 1 unit. The lines on the
figure are lines of constant wave height. Seaward of the shoals in the vicinity
of Fishing Point, there is little change in wave height. However, near shore
along Wallops Island, there is a strong gradient in the wave height, with the
height decreasing to the north.
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Figure 5-14. Example of wave heights throughout the STWAVE grid.
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5.4

GENESIS results -Wallops Island sediment budget

Longshore sediment transport rates vary from year to year primarily
because of yearly variations in the input wave field. To determine the
average transport rate along Wallops Island, the 20-year WIS wave data set
was broken into 20 different four-year blocks (1980-1983, 1981-1984, etc.).
GENESIS was run using each of these blocks and the model estimated net
transport rates during the 4th year were averaged. This average net trans-
port rate is shown in Figure 5-15. The sign convention assigns transport to
the right (South) as positive and to the left (North) as negative. This figure
indicates that for average transport conditions, there is a divergent nodal
point on the north end of Assawoman Island, with net southward transport
to the south of that point and net northward transport to the north. The

95 percent confidence limits indicate that for most years, the varying wave
conditions shift the divergent point along the shoreline within about a
7000 ft window (a mile and a half).
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Figure 5-15. Wallops Island sediment budget.

The GENESIS results presented in Figure 5-15 were used to produce the
more typical schematic sediment budget representation shown in

Figure 5-16. In this figure, the numbers 20, 40, and 60 represent thousands
of cubic yards of transport per year, as per Figure 5-15.
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Extant of Grid

Figure 5-16. Wallops Island Sediment Budget. Numbers are the average net transport rate in
thousands of cubic yards per year.

Figure 5-17 shows an example of distinct northward transport within the
northern end of the groin field along Wallops Island. It was taken in 1994
and shows several relatively un-deteriorated groins along the north end of
Wallops Island. This is in an area of shoreline accretion.

Figure 5-17. Groins field on Wallops Island showing transport direction to the north.
Photo taken 20 March 1994,
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These results show moderate agreement with the Moffat & Nichol (1986)
(M&N 1986) sediment budget, which is discussed in Morang, Williams
and Swean (2006). This earlier budget also shows the north end of
Wallops Island as accreting and the south end as eroding. In addition, net
transport rates are of comparable magnitude. The main difference is that
the M&N 1986 budget shows a divergent nodal zone which is north of the
causeway, and in addition, a convergent nodal zone near the north end of
the seawall. The differences in the budgets can be attributed to the
different methodologies used to develop them and to the different time
periods on which they are based. Because of the continuing growth of
Fishing Point (Figures 2-19 and 2-20) along with the southwestward
migration of the offshore shoals (Wikel 2008) it is to be expected that the
divergent nodal zone along Wallops Island should be shifting to the south.

Figure 5-18 shows the average gross transport rate along Wallops Island.
This figure shows gross rates of the order of 400,000 yd3/yr south of the
seawall, rates of the order of 100,000 yd3/yr in front of the seawall, and
rates on the order of 350,000 yd3/yr north of the seawall.
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Figure 5-18. Average yearly gross transport rates along Wallops Island.
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6.1

Beach Fill Design Alternatives

The appropriate amount of beach fill is the anticipated minimum amount
(the minimum target fill) needed to provide defense from storm damage
plus an additional sacrificial amount (the advanced fill) that is expected to
be removed by longshore transport between renourishment events. This
approach, described in the Coastal Engineering Manual (CEM, Part 5,
Chapter 4 (Gravens et al. 2006)), strives to ensure that the minimum
amount of fill remaining at the project site just before renourishment is
still adequate to provide storm damage protection. The volume needed for
the minimum target fill is based upon the profile developed in Chapter 4
through SBEACH modeling. The amount of advanced fill is determined by
GENESIS modeling of different project designs (alternatives). The
derivation of both of these volumes is discussed below.

Minimum target fill for storm damage protection

The Minimum Target Fill volume was derived by summing several
component volumes: the volume needed to bring the shoreline to an
equilibrium condition (the Seawall Deficit volume), plus the volume
needed to advance the shoreline seaward to achieve the Bo70 profile
described in Chapter 4 (the Berm volume), plus the Dune volume for the
Bo7o profile.

6.1.1 Characterization of the seawall deficit volume

The rock seawall has halted the shoreline retreat along its length. However,
as is typical, this has come at the cost of removing material below the
waterline (steepening the profile) in front of the seawall. Profiles at both
ends of the study area do not show this sub-aqueous sediment deficit.
Figures 6-1 through 6-3 compare an equilibrium profile (shown in red) that
is based upon the native beach grain size (D50 = 0.20 mm) to profiles at
three locations. Figure 6-1 shows the profile at GENESIS cell 17, which is
near the north end of the project site 3840 feet (1170 m) south of the
GENESIS origin. The beach in front of the seawall at this location is
accreting and is in a healthy condition. Figure 6-2 shows the profile at
GENESIS Cell 50, near the center of seawall at a distance 11760 ft

(3580 meters) south of the GENESIS origin. This location is 1200 ft (366 m)
south of Building W-65. The profile here shows the greatest sediment
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Figure 6-1. Comparison of healthy profile at north end of seawall with 0.20 mm Equilibrium

profile.
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Figure 6-2. Comparison of eroded middle of seawall beach profile with the 0.20 mm
Equilibrium profile.
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Figure 6-3. Comparison of healthy GENESIS Cell 87 profile with the 0.20 mm Equilibrium
profile.

deficit. Figure 6-3 shows the profile for GENESIS Cell 87, which is at the
south end of the study area near the middle of the geotextile tube and
20640 ft (6290 meters) south of the GENESIS origin. The shoreline here is
retreating but there is a sub-aerial beach and the position of the shoreline is
not constrained by the geotextile tube. Figures 6-1 and 6-3 show that the
native beach equilibrium profile is a reasonable approximation of the
profiles north and south of the seawall, and that these profiles have no
substantial deficit of material. However, there is a substantial deficit of
material on the Figure 6-2 profile, as, to a lesser extent, there is along most
of the rock seawall.

Figure 6-4 shows these deficits in plan view for all the profile lines. Calcula-
tions for these deficits are based upon a D5, = 0.29 mm equilibrium profile,
the median diameter of the borrow site material. In Figure 6-4, surplus
(positive values for profile elevation minus 0.29 mm equilibrium profile
elevation) is shown in green and deficits (negative values) in red. The scale
across the bottom of the figure shows the amount of the differences. The
profile lines in this plan view run between the shoreline and the depth of
closure. The black line in this figure shows the location of the rock seawall.
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Figure 6-4. Locations of deficits in profile elevations. Note there is approximately a 10:1
distortion in the offshore to alongshore scales.

Before beach nourishment can advance the shoreline seaward, material
must be provided to restore the profile to an equilibrium condition along
the portions of the seawall where it is needed. In this report, this volume is
termed the Seawall Deficit Volume. Volumes were calculated by
interpolating the beach profile elevations into each GENESIS cell and
comparing those profiles with a Dso = 0.29 mm equilibrium profile. Then,
the volumes needed in each GENESIS cell were summed along the length
of the project. Based on the 2005 profiles, the Seawall Deficit Volume for
this project is estimated at 684,000 yd3 (523,000 m3).

The Seawall Deficit estimate is based upon the beach fill material having a
median grain size (Dso) of 0.29 mm. If, for any reason, the fill material that
is placed on the beach has a finer grain size (for instance, by switching to an
alternate borrow site), then additional material will need to be provided to
compensate for the change in the underwater portion of the equilibrium
profile. The difference in a 0.29 mm and a 0.20 mm based equilibrium
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profile is shown in Figure 6-5. The orange area between the two profiles
represents the additional needed material. Table 6-1 lists the additional

volume of material required if the fill material has a D5 less than 0.29 mm.
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Figure 6-5. Equilibrium profiles for 0.20 mm and 0.29 mm grain sizes.

Table 6-1. Profile adjustment volumes based upon fill grain

size.
Median grain size (mm) Profile Adjustment Volume (yds3)
0.29 0
0.28 62,000
0.27 127,000
0.26 200,000
0.25 292,000
0.24 393,000
0.23 501,000
0.22 619,000
0.21 748,000
0.20 889,000
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6.1.2 Characterization of berm and dune volumes

Berm volumes were calculated for each GENESIS cell by multiplying the
berm width (determined to be 70 ft (21 m) in Chapter 4) by the height
between the berm elevation (+6 ft (1.83m)) and the depth of closure
elevation (-13 ft (-3.96m)) by the cell width (240 ft (73.152 m)). These
were summed to determine the total berm volume. Dune volumes were
also calculated for each GENESIS cell and summed over the project length.
Adjustments were made to cells at the south end of the project that did not
have a rock seawall. The total berm and dune volumes needed for this
project are 964,000 yd3 and 255,000 yd3, respectively (737,000 m3 and
194,000 m3).

6.1.3 Characterization of overfill volumes

The median grain diameter presently on the beach at Wallops Island is in
the vicinity of Dson = 0.20 mm = 2.32 ¢, and the sediments are moderately
well sorted with a typical standard deviation of o4n = 0.5, where the
subscript “n” is applied to the native material. The median grain diameter of
the proposed offshore borrow material (subscript “b”) is approximately Dsop
= 0.29 mm = 1.79 ¢. These sediments have standard deviations of o4» = 0.5
to 0.9. As discussed in the CEM (Section V-4-1-e-3-i and Figure V-4-9 on
page V-4-26), this implies that the beach fill sediments will be within the
stable region and the appropriate overfill multiplier is 1.0.

Another issue to address in considering the Overfill Volume is the
inclusion of a margin of safety in the design to help insure project success.
There are two areas of greatest concern. The first is the grain size of the fill
material. The project design analysis has been based upon the fill material
having a D5, of 0.29 mm. This value was derived from sediments obtained
from cores taken at the two most likely offshore borrow sites (Site A, and
Site B; see Chapters 3 and 8). The average and the median of the D5os are
in fact both coarser than 0.29 mm. However, these statistics are derived
from a very limited dataset. Ten cores were obtained from Site A and six
cores from Site B. Both sites cover two square miles. As shown in

Table 6-1, the consequences of over-estimating the true fill grain size
would lead to a significant underestimate of the appropriate underwater
volume of fill material needed for the initial nourishment. However, the
probability of the true grain size being less than 0.29 decreases rapidly
with decreasing grain size.
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If the true median grain size at the borrow site is as small as that
represented by the smallest /4 of the core sample Ds0s from both shoals,
Figure 3-5 shows that it would be near 0.27 mm, rather than the 0.29 mm
value used for modeling purposes. Applying this value to Table 6-1, an
Overfill Volume of 125,000 yds3 was chosen. The preferred location, Shoal
A (Chapter 8) has a larger median grain size than Shoal B. As discussed in
Chapter 3, 34 of the sediment samples from Shoal A had median grain
sizes of 0.29 mm or larger.

While an overestimation of the median grain size of the fill material would
have a significant impact on the volume of fill material needed on the
underwater portion of the profile, there would be fewer impacts to the above
water portion of the profile. These would be mostly limited to the portion of
the profile between mean sea level and the berm crest (the foreshore slope),
and this portion has been modeled in a conservative manner. This portion
of the profile is exposed to wave action during the higher portions of the tide
cycle and can be expected to reach an equilibrium slope based upon grain
size in a manner similar to the underwater (below mean sea level) portion of
the profile (steeper slopes for larger grain sizes). However, the Dean
Equilibrium Profile Theory, which was applied for the underwater portion,
is normally only applied up to an elevation of mean sea level. For this
project, the foreshore slope was modeled as a straight line with a slope of
tan (4.17°). This value was obtained as an average of foreshore slopes taken
from existing profiles measured north and south of the seawall. The native
beach material at Wallops Island is about 0.2 mm, and the foreshore slope
is naturally adjusted for that grain size. The grain size of the fill material is
expected to be substantially larger than this; and thus following
nourishment, the foreshore slope will likely be steeper than at present. A
steeper foreshore slope would require less fill material between the berm
crest and the depth of closure than is called for in the present design, and
therefore the present design is considered to be conservative.

The other area of concern was the depth of closure value of 13 ft used in
the analysis. Though the methodology used seemed defensible, given the
lack of multiple profile data sets, the resulting value is low compared to
other east coast sites. If the overfill volume chosen above is not needed to
compensate for an overestimation of the fill grain size, it would provide
sufficient additional material to adjust the depth of closure to over 15 ft.
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6.1.4

Characterization of sea level rise volumes

The most recent USACE guidance on sea-level rise (SLR) (USACE 2009a,
pg 2, section 6b), which is an update of earlier guidance (USACE 2000),
requires a project assessment using Low, Intermediate, and High rise
rates. The Low rate of SLR should be based upon the historic rate, the
Intermediate rate upon Curve I of the National Research Council’s (NRC)
1987 report Responding to Changes in Sea Level: Engineering
Implications, and the High rate upon NRC (1987) Curve III.

The total rate of historical SLR (1.12 ft/100 years) at Wallops Island was
obtained by taking the average of the rates from three nearby tide gage
locations: Lewes, DE, Solomons Island, MD, and Portsmouth, VA. These
stations have local trends from long term tide gage records (shown in

Table 6-2) as evaluated by Zervas (2001). The locations are about

equidistant from Wallops Island and are in widely different compass

directions.

Table 6-2. NOAA Tide Stations used to obtain total SLR rate at Wallops Island, VA.

Distance
from
MSL Trend and | wallops Direction from

Station First Year Standard Error | Island, VA Wallops Island,
Name Latitude Longitude Year Range (mm/yr) (miles) VA (degrees)
Lewes, DE 38°46.9'N |75°07.2'W |1919 |81 3.16 0.16 |68 16°
Solomons 38°19.0'N |76°271'W 1937 |63 3.29 0.17 |63 301°
Island, MD
Portsmouth, [36°46.7'N |76° 181'W |1935 |53 3.76 0.23 |86 212°
VA

Following NRC (1987), Knuuti (2002), Rosati and Kraus (2009), and
USACE (2009a), the increase in sea level at a future date above the current

level can be estimated using the equation:

where:

Rise=(e+M)(t,—t,)+b(t; —t)

(e + M) is the total historical rise rate
=0.0112 ft/yr for Wallops Island
t. is the future date minus year 1986,

t; is the project start date (2010) minus year 1986, and

b is a set of coefficients given in NRC (1987)

(6-1)
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bcurven = 9.2 X107 ft/yr2
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b(curve 1)

Figure 6-6 shows the projected rate of SLR at Wallops Island for the 50-year
project life as obtained from Equation 6-1 for the Historical rate and for the
three NRC (1987) curves. This figure shows that the NRC (1987) Curve III
predicts a 2.25 ft (0.69 m) SLR at Wallops Island by the end of the project
lifetime (2060). This 2060 SLR amount is four times the amount of SLR
predicted by the historical (Low) amount (0.56 ft, 0.17 m) and 2.2 times the
Curve I (Intermediate) amount (1.01 ft, 0.31 m).

2.5 7

Sea Level Rise (ft)

Year

| — Histarical — - - Curve | Curve |l — —=Curve |ll —8&53% of C |II|

Figure 6-6. Projected Wallops Island, VA SLR, as based upon NRC (1987) curves.

For project planning purposes, it was decided to choose a target fill volume
which was based upon 85% of the 2060 Curve III amount, but to add that
volume in constant increments (for ease of planning). This equates to a
1.91 ft (0.58 m) of SLR in 2060 calculated as a constant rise rate of 0.037 ft
(0.011 m) per year. This target value was chosen because it predicts a year
2060 rise that is about 80% of the difference in the historical and the
Curve III amounts and about 70% of the difference in the Curve I and the
Curve III amounts. This 85% line is also shown in Figure 6-6.
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There is no USACE guidance that mandated the use of 85% (or any other
percent) of the 2060 Curve III amount. It was chosen for planning purposes
to be greater than that predicted by the Low and Intermediate estimates and
a little less than the High estimate. This procedure was considered to
conform to USACE guidelines and to be appropriately conservative.
However, the guidance is flexible enough that other procedures could have
been equally well justified.

In the early years of the project, the amount of fill being added would
exceed the amount necessary to match the Curve III amount with the cross
over point being about halfway through the project lifetime (in the 28th
year, 2038). Because this procedure uses a constant rise rate instead of a
parabolic increasing rate (described by Equation 6-1), this procedure
places about 94% as much SLR sand on the beach as would be placed by
following Curve III throughout the project lifetime.

The project plan to account for SLR is to add an appropriate additional
amount of material at each planned 5-year renourishment interval. This
SLR volume is the amount of material needed to elevate the entire profile
(from the back of the dune seaward to the depth of closure) by (5 years *
0.037 ft/yr =) 0.186 ft (0.057 m). A schematic representation of this is
shown by the blue area in Figure 6-8, below. For the Wallops Island
project, the projected SLR volume needed at each 5-year renourishment
interval based upon the 85% curve is 112,000 yd3 (86,000 ms3). The total
SLR volumes needed for the nine renourishment events based upon the
85% curve along with the Low, Intermediate, and High curves are given in

Table 6-3.
Table 6-3. Wallops Island SLR volumes.
Percent of the
2060 SLR (ft) | Total volume of fill (yds3) 85% volume
above 2010 needed for all renourishments | planning
SLR rate estimate level to account for SLR estimate
Low - based upon historical rate 0.56 304,000 30%
Intermediate - based upon NRC (1987) | 1.01 507,000 50%
Curve |
Planning - based upon 85% of Curve Ill | 1.91 1,008,000 100%
in yr 2060
High - based upon NRC (1987) Curve | 2.25 1,067,000 106%
I}
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By compensating for SLR at each renourishment interval, the volume of
material placed can be adjusted to match the amount of actual SLR, as
obtained from the monitoring data, which could be greater or less than the
predicted amount. It should be pointed out that the main usefulness of the
SLR rate discussed here is to provide one of the component values needed
to calculate the total volume of beach nourishment material that is
expected to be needed over the project lifetime. It is not intended that this
value actually be used at the time each renourishment occurs. Rather, it is
intended that the volumes needed at renourishment will be primarily
based upon an analysis of the data collected from the on-site project
monitoring program.

6.1.5 Summary of components common to all alternatives

Figures 6-7 and 6-8 show a conceptual representation of the components
of the initial and renourishment Bo7o fill profiles, respectively. In these
figures, Brown represents existing material (beach and upland sediments
and rock seawall), Tan represents the Seawall Deficit Volume, Green
represents the Berm Fill Volume, Yellow represents the Dune Volume,
Pink represents the Advanced Fill Volume, and Light Blue represents the
Sea Level Rise Volume. The amount of initial and renourishment advanced
fill varies with the alternative chosen and is discussed below. The rest of
the volumes are listed in Table 6-3. In this table, the row titled “Minimum
Target Fill Volume for Storm Damage Reduction” is the sum of the

» «

“Seawall Deficit”, “Berm”, “Dune”, and “Overfill” volumes.

Table 6-3. Volumes for BO70 beach fill components.

Volume Component yd3 Ave yd3/ft
Seawall Deficit 684,000 34.8

Berm 964,000 49.0

Dune 255,000 13.0
Overfill 125,000 6.4
Minimum Target Fill Volume 2,028,000 103.2

for Storm Damage Reduction

Sea Level Rise 112,000 5.7

Note: This table does not provide either the total initial or the
total renourishment fill volumes. For those volumes, see Table
7-1.
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Figure 6-7. Conceptual schematic of initial fill placement.
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Figure 6-8. Conceptual schematic of renourishment fill placement.
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6.2

6.3

Beach fill alternatives

In consultations among NASA, CENAO, and ERDC personnel, a large list
of beach fill alternatives were initially screened. Most of these were
removed from further consideration because either they did not provide
adequate storm damage protection or they were less cost effective than
similar designs. One example of each of three classes of alternative was
retained for more complete analysis and optimization. These three
alternative classes were:

1. A beach fill with no south end sand retaining structure.
2. A beach fill with a south terminal groin.
3. Abeach fill with a south detached breakwater.

In addition to the features listed in Table 6-3, the three alternatives all
have the common features listed in Table 6-4. Another important feature
that all three alternatives have in common is that they all decrease the rate
of erosion on the northern end of Assawoman Island.

Table 6-4. Common features for all alternatives.

Project Length 19,680 ft ‘ 6000 m
Project North End North end of Rock Seawall
Project South End South Camera Stand
Minimum Target Berm Width 70 ft 21.3m
Minimum Target Width from Seawall to MSL 152 ft 46.3m
Target Renourishment Interval 5 years

Project Lifetime 50 years

Projected Number of Renourishment Cycles in Project Lifetime 9

Modeling of advanced fill volumes

Following calibration and the modeling of existing conditions, the
alternatives were modeled with GENESIS. Specifically, the model was used
to address the question of how the shoreline of a particular alternative
evolved over the time period between renourishment events. The fill
volumes for each of the alternatives protrude different distances seaward of
the present shoreline and the general tendency of most fill projects,
including this one, is for the longshore sediment transport to move sedi-
ment along the coast away from the project site in both directions. The
modeling consisted of iteratively including differing amounts of advanced
fill to determine the optimal amount so that the volume left at the time of
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renourishment was sufficient to provide adequate protection from storm
damage. Including a south terminal groin or a south detached breakwater
changed the transport patterns, so the optimal designs of these features
were obtained through additional iterations. The amount of renourishment
advanced fill was determined by calculating the volume needed to return
the beach to the initial advanced fill condition. This is a more conservative
approach than running GENESIS for a second (and third, etc.) 5-year
interval to iteratively determine the renourishment advanced fill volume.

For the modeling effort described above, the wave block used to drive the
model was generally the average year block described in the Sensitivity
Testing section of Chapter 5. Once an acceptable solution was obtained
using this wave set, the model was run 20 times using each of the twenty
4-year wave data blocks described in the Sediment Budget section of
Chapter 5. This created 20 sets of output (for each model year) that could
be averaged and for which 95% confidence intervals could be calculated.
The modeling results for each alternative are presented below.

Alternative 1 - No sand retention structures

Alternative 1 has no sand retaining structures and thus requires the
greatest initial and renourishment advanced fills. GENESIS modeling
yielded an Advanced Initial Fill Volume of 1,039,000 yd3 and an Advanced
Renourishment Fill Volume of 694,000 yds3 for this alternative.

Figure 6-9 shows the net longshore sediment transport rate during Year 5
(ust prior to renourishment) along with 95% confidence limits for this
alternative. In comparing this figure to Figure 5-15 (the pre-project condi-
tion) it is seen that the divergent nodal point is shifted approximately a
mile to the north and that maximum transport rates substantially exceed
present conditions.

Figure 6-10 shows how net transport rates vary from year to year. Although
it is intended that renourishment should occur at the end of year 5, this
analysis was carried out to year 14 without renourishment to help determine
if adverse impacts occur to adjacent beaches if renourishment intervals are
postponed or cancelled. This figure shows that substantial accretion occurs
adjacent to both ends of the project through year 2. At the south end of the
project, over time, the transport rate asymptotically approaches a constant
rate that is in excess of the current conditions (Figure 5-15). Accretion
occurs at the north end of the project although the rate decreases over time.
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Figure 6-9. Net longshore transport rate for Year 5, Alternative 1.
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Figure 6-10. Net transport rates over time for Alternative 1.
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Figure 6-11 shows the gross longshore sediment transport rate during Year 5
(just prior to renourishment) along with 95% confidence limits for this
alternative. In comparing this figure to Figure 5-18 (the pre-project condi-
tion) it is seen that Alternative 1 gross rates at both ends (away from the
seawall) slightly exceed those of the present condition. Gross rates varied
little from year to year.

Figure 6-12 shows the shoreline position at year 5 along with the 95%
confidence intervals. This figure shows that the in many places the shoreline
has retreated to near the minimum shoreline for storm damage protection,
and thus, this is intended to be shortly before renourishment. Figure 6-13
shows shoreline positions for years 2 through 14. By year 12, all of the fill
has been removed from the south end of the project; however, by year 14,
there is still fill in front of the seawall.

Alternative 2 - South terminal groin

Alternative 2 has a south terminal groin as a sand retaining structure.
GENESIS modeling yielded an Advanced Initial Fill Volume of 810,000 yd3
and an Advanced Renourishment Fill Volume of 619,000 yds for this
alternative.
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Figure 6-11. Gross transport rate for Year 5, Alternative 1.



ERDC/CHL TR-11-9

109

2.000 -

1.800

1,600
1,400

1,200

1.000

800

600

400

Offshore Distance from Baseline (ft) .

200

10,000 15,000 20,000 25,000
Distance Alongshore (ft)

5.000

—— Present shoraling

—— Minimum shoraline —Year & shoréling + 05% conf

Figure 6-12. Shoreline position for Year 5, Alternative 1.
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Figure 6-13. Shoreline positions over time for Alternative 1.
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The guidance found in ASBPA (2008), Kraus, Hanson, and Blomgren
(1994), National Research Council (1995), and Basco, (2002) was followed
in the design of the south terminal groin. The groin parameters are given

in Table 6-5.
Table 6-5. South terminal groin design.
Descriptive Location South Camera Stand
Landward Coordinates 3764244 Easting | 1169509 Northing
Groin Length seaward of Present Shoreline 431 ft 131 m
Groin Length seaward of Advanced Fill Shoreline 164 ft 50 m
Permeability 0.2

Figures 6-14 through 6-19, show transport rates and shoreline positions
for the south terminal groin alternative (Alternative 2). They are
comparable to Figures 6-9 through 6-13 for the no-structure alternative.
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Figure 6-14. Net longshore transport rate for Year 5, Alternative 2.
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Figure 6-16. Gross transport rate for Year 5, Alternative 2.
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Figure 6-17. Shoreline position for Year 5, Alternative 2.
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Figure 6-18. Shoreline positions over time for Alternative 2.
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Figure 6-19. Net longshore transport rate for Year 5, Alternative 3.

6.6 Alternative 3 - South detached breakwater

Alternative 3 has a south detached breakwater as a sand retaining

structure. The design and modeling of a detached breakwater followed the
guidance in Chasten et al. (1993), Basco (2002), Hanson and Kraus
(1989), and Gravens, Kraus, and Hansen (1991). GENESIS modeling
yielded an Advanced Initial Fill Volume of 733,000 yd3 and an Advanced

Renourishment Fill Volume of 561,000 yds3 for this alternative. The
breakwater design parameters are given in Table 6-6.

Table 6-6. South detached breakwater design.

Distance

Number of Segments 1

Descriptive Location Offshore of South Camera Stand

North End Coordinates 3764531 Easting 1169310 Northing
South End Coordinates 3764477 Easting 1169237 Northing
Breakwater length 300 ft 91m

Distance Offshore of Advanced Fill shoreline | 750 ft 229 m

Distance Offshore of Present shoreline 1014 ft 309 m

Ratio of Breakwater Length to Offshore 0.4
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Figure 6-19 through 6-23 show transport rates and shoreline positions for
the detached breakwater alternative (Alternative 3). They are comparable to
Figures 6-9 through 6-13 for the no-structure alternative and Figures 6-14

through 6-18 for the groin alternative.
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Figure 6-20. Net Transport rates over time for Alternative 3.
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Figure 6-21. Gross Transport rate for Year 5, Alternative 3.
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Figure 6-22. Shoreline position for Year 5, Alternative 3.
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Figure 6-23. Shoreline positions over time for Alternative 3.
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7.2

Wallops Island Storm Damage Reduction
Project Design

During the development of this study, the complete storm damage
reduction project has evolved to include the following components:

e Rehabilitation of the present rock seawall.

e A southern extension of the rock seawall.

e An initial beach fill along 19,700 feet (6,000 m) of shoreline.

e Depending upon the alternative chosen, the project may include a sand
retention structure in the form of a south terminal groin or a detached
breakwater or neither.

e A flood damage analysis of the Wallops Island infrastructure.

e A beach fill monitoring program.

e Scheduled beach renourishments at 5-year intervals.

Seawall maintenance

This topic is covered in Chapter 3 of this report. This task is critically
important to the existing rock seawall being able to survive and perform as
expected during a target 100-year storm event, as discussed in Chapter 4.
Following initial beach fill placement, the seawall is not expected to be
exposed to wave attack except during infrequent, large storm events.
However, following such events, it is expected that the seawall will be
inspected and repaired as necessary.

Seawall extension

There is significant infrastructure on Wallops Island that is south of the
southern end of the rock seawall, primarily Building Z41 and Launch Pad
0B, the MARS facility. The only storm protection these facilities currently
have is the geotextile tube and a low riprap wall. The present rock seawall
will be extended up to 1400 meters (4600 ft) to the south. This will provide
these structures with the same level of protection as the other facilities on
the island. The details of the seawall extension design will be provided by
USACE personnel at NAO.
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Initial beach fill

The initial beach fill will provide a minimum beach width that is sufficient
to provide storm damage protection along 19,700 feet of beach between the
northern end of the rock seawall and the southern end of the present
geotextile tube. This fill will be placed so that there will be a 6 ft high berm
extending a minimum of 70 ft seaward of the rock seawall with an
equilibrium profile that extends seaward to the depth of closure. The profile
will also include a 14 ft high dune at the seawall. As discussed below, for
budgetary reasons, this initial fill will be partially placed in project year two
and completed the following year. Initial fill volumes for each of the three
alternatives are given below in Table 7-1.

Table 7-1. Total initial and renourishment volumes for alternatives.

Alt 1, No sand retention | At 2, South Terminal Alt 3, South Detached
Structures (yd3) Groin (yd3) Breakwater (yd3)
Minimum Target Fill 2,028,000 2,028,000 2,028,000
Volume
Advanced Initial Fill 1,093,000 810,000 733,000
Volume
Staged Placement 78,000 78,000 78,000
Loss Volume
Total Initial Fill Volume | 3,199,000 2,916,000 2,839,000
Advanced 694,000 610,000 591,000
Renourishment Fill
Volume
Sea Level Rise Volume | 112,000 112,000 112,000
Total 806,000 722,000 703,000
Renourishment
Volume
# Renourishment 9 9 9
Events
Project Lifetime 10,453,000 9,414,000 9,166,000
Volume

Sand retention structure

Depending upon the alternative chosen, the project may have a south
terminal groin or a south detached breakwater. These are discussed in
Chapter 6. The sand retention structure will be designed by USACE
personnel at NAO.
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7.6

7.7

7.8

Flood vulnerability analysis

As discussed in Chapter 4, the beach fill project and the rock seawall will
provide significant protection to the infrastructure on Wallops Island from
the direct impact of wave attack. However, flooding is still expected to
pose a problem. NASA has ongoing measures in place to analyze and
reduce the flood damage potential for each structure on Wallops Island.
NASA intends to maintain this program for existing and future
infrastructure.

Beach monitoring program

A beach monitoring program will be established to collect data on a
regular schedule through the lifetime of the project. These data will be
analyzed and relied upon to determine the amount and timing of beach fill
renourishments. They will also be used to monitor any negative impacts of
the project on Assawoman Island.

Scheduled beach renourishments

The storm damage reduction project has a design renourishment interval
of 5 years. The design renourishment volume varies depending upon the
alternative chosen and is based upon average longshore transport rates.
However, it is intended that the timing and volume of each renourishment
should be based upon the analysis results of the monitoring program
rather than some predetermined volume and schedule. While it is
intended that the initial fill material will come from an offshore borrow
site, renourishment fill material is expected to be derived from a
combination of the offshore borrow site and material on the beach at the
north end of Wallops Island that is being backpassed to the project site.

Implementation schedule

WFF does not expect to receive sufficient funding to implement all of the
initial components of the project in a single FY. Instead, the initial
components have been staged to be accomplished over a three-year time
span. The order in which construction will occur has been carefully
considered. If the expected funding in Year-2 or Year-3 is postponed or
cancelled, the already constructed portions of the project must be viable
projects in themselves that do not have negative shoreline consequences
either to Wallops Island or to its neighbors. This, and other issues, has
dictated the following sequence for the initial project construction.
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By phasing the construction in the manner described, only Year-3
activities will be dependent upon the beach fill alternative chosen. The
alternative chosen has no other impacts prior to the time of the first
renourishment.

7.8.1 Year-1 activities

e Rehab and repair of the existing seawall.
e Construction of a 1500 ft southern seawall extension.
e Initiation of the monitoring program.

7.8.2 Year-2 activities

e Partial initial beach fill (discussed below).
e Continuation of the monitoring program.

7.8.2 Year-3 activities

e Completion of initial beach fill.

e Construction of the south terminal groin, the detached breakwater, or
neither, depending upon the alternative chosen.

e Continuation of the monitoring program.

Discussion of 2-year initial fill placement

It is understood that requiring two dredging events to place the initial fill
will incur additional costs. These include not only the cost of an additional
dredge mobilization, but also the cost of the portion of the fill that is
transported out of the project site between dredging events. These costs
are accepted as being unavoidable due to budget constraints.

It is expected that, in Year-2, funding will be available to place approxi-
mately 1.2 million yd3 of fill material. The volume needed to restore the
underwater area in front of the seawall to its equilibrium condition is
approximately 914,000 yds. The Year-2 fill material will be placed to
accomplish this with the remainder of the material (286,000 yd3) placed
mainly in the center of the project site. By placing the majority of the Year-2
fill in the center of the project site, GENESIS modeling has indicated that
the one-year end losses of that material are approximately 78,000 yds.
These calculations were made for average wave conditions; a stormy year
would be expected to have higher losses.
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There are several consequences to the project in addition to the need to
replace this 78,000 yds3 Staged Placement Loss Volume. The first is that
the project site will not obtain the full extent of the storm damage
reduction protection until the third year of the project life. However, on
the plus side, it is not anticipated that the first renourishment will be
required until project year 8.

Initial and renourishment fill volumes

Table 7-1 summarizes the initial and renourishment volumes required for
each of the alternatives. As listed in this table, the Minimum Target Fill
Volume is the sum of the Seawall Deficit, Berm and Dune volumes listed in
Table 6-2. The Advanced Initial Fill Volume varies with alternative and is
discussed in Chapter 6. The Staged Placement Loss Volume comes about
as a result of not completing the initial fill in a single year, as discussed in
the paragraph above. Advanced Renourishment Fill Volumes are discussed
with each Alternative in Chapter 6. Sea Level Rise Volume is discussed in
Chapter 6 and is listed in Table 6-2.

Recommended alternative

The recommended alternative is Alternative 1, the no sand retention
structure alternative. The other two alternatives do retain more sand within
the project site and, based upon current estimates, have lower overall
projected costs, but these benefits are marginal. Because the groin or
breakwater would be located in the vicinity of a sediment transport nodal
point, they are less effective sand retaining structures than they would
otherwise be. The modeling results for the three alternatives (Figures 6-8
through 6-24) do not show substantial differences in project performance.

In the authors’ professional judgment, the benefits of Alternatives 2 and 3
do not outweigh the potential risks involved. As has been shown numerous
times, sand retention structures placed within the surf zone have the
potential for unintended consequences. While best practices have been
followed in their design for this project, their behavior cannot be known
with certainty. Flaws in the project design, uncertainty in future funding
sources, extremes in seasonal wave patterns, or any of other numerous
unexpected events all have the potential for causing this project to not
perform as expected.
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It is recommended that the other two alternatives be considered as
adaptive management strategies. After initial project construction and
monitoring has occurred, modification of the project design may be
deemed necessary. These alternatives (2 and 3) should be kept as options
in such an eventuality.
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8 Impact to Assateague Shoreline of Mining
Offshore Shoals for Beach Fill Material

This section of the report assesses the potential impacts that mining of
offshore shoals will have on the adjacent beaches. As material is removed
from these shoals, the water depth changes. Since wave refraction is a
function of the water depth, removal of material can affect the longshore
sediment transport on adjacent beaches significantly. (See, for example,
Combe and Soileau 1987.) The analysis presented here closely follows the
Minerals Management Service guidelines presented in Kelley, Ramsey,
and Byrnes (2001), referred to as MMS-2001-098 (available on the web at:
http://www.mms.gov/itd/pubs/2001/2001-098.pdf).

The procedure used here was to refract offshore waves over the existing
bathymetry into near-breaking depths. Then, the same offshore waves
were refracted over bathymetry that had been modified by an appropriate
increase in the depth in the borrow area(s). Both sets of resulting near-
breaking waves were used to drive a sediment transport model, and the
two sets of sediment transport results were compared. The amount of
difference in the sediment transport for the two conditions was related to
natural variation in the wave climate to determine if it was significant.

Deepwater (20+ meter depth) wave information was obtained from WIS
data, and the numerical model, STWAVE, was used to transform these
waves over the bathymetry to near-breaking depths. As discussed below,
this procedure was only a slight modification of that presented in Chapter
5 to investigate the longshore sediment transport at Wallops Island.
However, for this application, the full longshore sediment transport
modeling capabilities of GENESIS were not required, since the main
emphasis was on the differences in the sediment transport rate, rather
than the rate itself. This is in accordance with the procedure described in
MMS-2001-098. However, the same basic longshore sediment transport
relationship that is used in GENESIS (the CERC (Coastal Engineering
Research Center) formula) was also applied here in a simpler context.
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8.1 Borrow sites

As introduced in Chapter 3, three offshore sites were proposed as potential
locations for obtaining beach fill material. Designated BlackFish Bank, Site
A, and Site B, these are located offshore of the south end of Assateague
Island in the vicinity of Fishing Point, as shown in Figure 8-1. Their
location coordinates are given in Table 8-1. Coring analysis indicated that
each of the sites held enough borrow material to satisfy the beach fill
requirements of the project over its lifetime as given in Table 7-1.

Offshore Borrow Area

S | D Bammow Sia
. 0 o5 2 3 4
| Q e —— —

Figure 8-1. Offshore borrow site locations.

The bathymetry offshore of much of the Delmarva Peninsula is extremely
complex. McBride and Moslow (1991) indicate that the density of sand
ridges in this area is greater than anywhere else in the country. Wikel
(2008) discusses the dynamics of these shoals and their southwestward
migration. The potential borrow sites are all located on separate sand
ridges. Like other ridges in the area, these ridges trend from Northeast to
Southwest, and the crests generally get deeper on further offshore ridges.
Chincoteague Shoal is another sand ridge complex that is inshore of the
three potential borrow sites. Because it is large and shallow, it greatly
modifies the nearshore wave climate, and helps to reduce the shoreline
impacts of mining activities that would occur on any of the shoals further
offshore.
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8.2

Table 8-1. Coordinates of the potential borrow sites.

BlackFish Bank Site A Site B

Latitude (°N) Longitude (°W) | Latitude (°N) Longitude (°W) | Latitude (°N) Longitude (°W)

37.8414167 75.2835667 37.8437167 75.2268833 37.8631167 75.1387333

37.8845667 75.2196000 37.8693500 75.1859500 37.8819167 75.1012167

37.8802000 75.2152333 37.8614000 75.1796667 37.8746000 75.0887833

37.8358167 75.2771000 37.8338833 75.2205833 37.8541667 75.1297167

Easting Northing Easting Northing Easting Northing

3783053.94 1172186.16 3788031.43 1172612.75 3795708.67 1175037.19

3788514.55 1177166.28 3791532.18 1175581.71 3798932.63 1177240.66

3788915.34 1176695.22 3792115.68 1174719.29 3800055.10 1176468.51

3783644.04 1171584.39 3788623.51 1171541.16 3796536.98 1174072.73

The three borrow sites are differently shaped, but are all nearly the same
size of 2.0 mi2 (5.2 km2). Blackfish Bank is the closest to shore, at a little
over 5 miles (8.5 km), and the shallowest, with a minimum depth of -13 ft
(-4 m). Site A, on an unnamed shoal, is approximately 7.5 miles (12 km)
from the nearest shoreline and rises to a depth of -25 ft (-7.6 m). Site B, on
another unnamed shoal, is the furthest offshore at a distance of over 11
miles (18 km) and the deepest, with a minimum depth of -29 ft (-8.8 m).

STWAVE model grids
8.2.1 Coarse and fine grids

MMS-2001-098 recommends that a fine grid be used for the beach in the
immediate vicinity of the borrow area and a coarser grid be used to look at
transport rates on more distant portions of the beach. Since the grid used
to model the sediment transport on Wallops Island (Chapter 5) only
covered a portion of the needed bathymetry, two new grids, designated the
Fishing Point Coarse and Fishing Point Fine Grids, were established for
this analysis. The locations of the grids are shown in Figure 8-2; the
Coarse grid in green and the Fine grid in pink. In this figure, the Wallops
Island grid (in blue, discussed in Chapter 5), the borrow sites (in lime,
orange, and blue green), and two WIS stations (in black) are also shown
for reference. The two Fishing Point grids shared the same offshore
boundary. They also had the same orientation; the onshore direction is
300° (clockwise from North). This is slightly different than the Wallops
Island Grid, whose onshore direction is 309°.
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p Fishing Point
/  Fine Grid

Fishing Point Coarse Grid

Figure 8-2. Location of STWAVE grids.

Bathymetry data were needed as input to the two STWAVE grids. These
data were obtained from the same National Ocean Survey (NOS) source as
described in Chapter 5.

8.2.2 Fishing Point coarse grid description

The coarse grid covers 75 km (46.6 miles) of shoreline from Wachapreague
Inlet, in the south, to a location near the Tingles Island Camping Area
(part of Assateague Island State Park), which is 17.4 km (10.6 miles) north
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of the Maryland / Virginia state line. The grid stretches 30 km (18.6 miles)
in the offshore direction. The cell size of the coarse grid is 200 m in both
the cross-shore and alongshore directions. The full grid parameters are
listed in Appendix E, Table E-8. The bathymetry covered in this grid is
shown in Figure 8-3. In this figure the near-shore save stations are shown
in light blue. The color depth scale is given in meters. This grid was used to
propagate waves from the nominal 20 meter depth at the right-hand side
of the grid to the save stations near the shoreline along the left-hand side.

8.2.3  Fishing Point fine grid description

The fine grid covers the south end of Assateague Island from the south tip
at Fishing Point northward for 20 km (12.4 miles) to a point which is 3 km
(2 miles) south of the Virginia / Maryland state line. The grid stretches
22.5 km (12.8 miles) in the offshore direction. The cell size of the fine grid
is 40 m in both the cross-shore and alongshore directions. Measuring in
the alongshore direction from the south end of the coarse grid, the fine
grid starts at 35,000 m (115,000 ft) and ends at 55,000 m (180,000 ft).
The full grid parameters are listed in Appendix E, Table E-9. The
bathymetry covered in this grid is shown in Figure 8-4.

8.24 Cell distribution within the borrow areas

A factor limiting the cell size of the coarse grid was the distribution and
minimum number of grid points within the borrow sites. Table 8-2 shows
that there were over 100 coarse grid cells within each of the borrow sites.
While this is adequate to represent the bathymetry changes, the long
slender shape of the BlackFish Bank borrow site was a concern. The
distribution of these cells within the borrow sites is shown in Figure 8-5,
and it is seen that BlackFish Bank is modeled by a minimum of only three
grid cells in the cross-shore direction along several transects. This was
considered a minimum number to properly resolve the refraction effects as
waves transited the site. Sites A and B, being roughly the same size as
BlackFish, but less elongated, had a more generous minimum number of
5 and 7 cells in the cross-shore direction, respectively. Thus, a 200 meter
cell spacing was considered the maximum allowable for the coarse grid.
This issue was not a concern for the fine grid because, with 40-meter cell
spacing, it had a density of grid points that was 25 times as great as the
coarse grid.
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Figure 8-3. Fishing Point coarse grid bathymetry.
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Figure 8-4. Fishing Point fine grid bathymetry.

Table 8-2. Grid points within borrow areas.

Borrow Area BlackFish Bank Site A Site B
Grid Size Coarse Fine Coarse Fine Coarse Fine
Total points in borrow 134 3372 129 3239 132 3229
Cross-shore min pts 3 16 5 27 7 35
Cross-shore max pts 5 22 7 32 8 36
Along shore min pts 12 58 17 85 13 70
Along shore max pts 14 69 18 89 15 73

BlockFesh Bank

Geaward Grd Boundary

Figure 8-5. Portion of the STWAVE Coarse Grid showing cell locations within the borrow sites.
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8.2.5 Dredging modifications to the borrow sites

It is anticipated that a borrow site may be mined several times to supply
material for the initial beach nourishment and each of the renourishments.
Referring to Table 7-1, the maximum amount of fill material that would be
required by the project over its lifetime would be of the order of 10 million
cubic yards. The maximum change in wave refraction would occur once
the entire volume was removed. Therefore, to determine the maximum
impacts, wave refraction over the present bathymetry was modeled, as was
wave refraction with 10 million cubic yards removed from each of the
borrow sites.

How material would be dredged from the borrow areas is not known ahead
of time. For this study, two material removal schemes were modeled. The
first method was to remove the highest points within a borrow site down to
an elevation that provided an adequate volume of material. This method,
termed the Plane Method, would have the effect of turning rounded hills or
ridges into one or more flat mesa tops while leaving lower slopes and
adjacent valleys unchanged. The second method, termed the Contour
Method, was to remove the same depth of material from all points within
the borrow site. This would have the effect of lowering the contour
everywhere within the borrow site by a constant amount.

It is not assumed that either of these schemes would be adopted by a
dredging contractor. Rather, the first method was assumed to be the one
that would have the greatest shoreline impacts, and the second would have
more modest shoreline impacts. The actual dredging would likely produce
shoreline impacts that fall somewhere between the results for these two
scenarios.

The effects of these two methods on each of the borrow sites is shown
graphically in Figures 8-6 through 8-8. These figures are histograms that
rank all of the elevations within the borrow site from highest to lowest for
each of the three sites. The blue line represents the present distribution of
elevations. The pink line shows the distribution of elevations if the site
were Planed, and the lime green line, if the site were Contoured. Table 8-3
lists the highest elevation remaining within the borrow site if the site were
Planed and the constant amount the profile would need to be lowered if
the site were Contoured. These values were calculated based upon the
removal of 10,000,000 yards3 of material from each borrow site.
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Figure 8-7. Histogram of Site A depths for mining alternatives.
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8.2.6

Thus, 14 different bathymetry grids were developed for this analysis, as
shown in Table 8-4. STWAVE was run using each of these grids.

Figure 8-8. Histogram of Site B depths for mining alternatives.

Table 8-3. Borrow area characteristics.

Borrow Area Blackfish Site A Site B
Current Minimum Depth (ft) 135 25.0 29.0
Current Maximum Depth (ft) 51.3 70.2 64.5
Plane Depth (ft) 315 45.6 46.3
Contour Depth Change (ft) 4.7 4.8 4.9

STWAVE grid summary

Table 8-4. STWAVE bathymetry grids.

Coarse Grid

Fine Grid

As Is Bathymetry

Blackfish, Planed

Blackfish, Contoured

Site A, Planed

Site A, Contoured

Site B, Planed

Site B, Contoured

X[ X | X[ X| x| X| X

X[ X | X[ X| x| X|Xx
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8.3

STWAVE wave climatology

For this analysis, wave data were obtained from a 20-year hourly hindcast
(1980-1999) of wave heights, periods, and directions from WIS station 177,
located at 37.75° N, 75.08° W, in 25 meters of water depth. This station is
seaward of WIS station 178 used in the analysis presented in Chapters 4 and
5 and seaward of the seaward edge of the two Fishing Point grids, as shown
in Figure 8-2.

These wave data were prepared for model use as described in Chapter 5,
except as noted. As the grid orientation differed by 9° from the Wallops
Island grid (to be better aligned with the shoreline orientation over the
whole grid), the shore normal direction was 120°. The 20-year WIS wave
climatology (175,320 hourly wave records) was characterized by binning the
data into four peak spectral wave period bins, and twelve vector mean wave
directions at the peak spectral frequency bins, as shown in Figure 8-9.
Figure 8-9 shows the wave heights partitioned into nine bins for ease of
comparison with Figure 5-3. However, for this analysis only one wave
height bin, which contained all the heights, was used. The 47 period / angle
bin combinations that were used are shown in Figure 8-10.

STWAVE was run using each of the 14 grids listed in Table 8-4 for the
47 bin combinations to transform the wave data from the offshore
boundary of the grids to a near-breaking depth at the save stations.
STWAVE model configuration parameters for these runs are listed in
Table E-10 in Appendix E.

Percent Docurrence

Waren Period (as] Win Direction [Seg)

Wiaren Halght Im)

Figure 8-9. STWAVE wave height, period, and angle bins.
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Figure 8-10. STWAVE block diagram of wave height vs. wave angle.

Sediment transport modeling

Following the STWAVE refraction analysis, sediment transport rates were
calculated at each of the alongshore save station locations for each of the
14 grids for each hour in the wave record. Using the appropriate wave bin
for each hour, the wave height, period and direction at the save station
were obtained. These data were then transformed to breaking depth data
using the methodology described in Gravens (1989). Then a longshore
sediment transport rate was calculated using the CERC formula (Rosati,
Walton, and Bodge 2006). Repeating this procedure for the 20 years of the
WIS data produced 20 yearly sediment transport rates for each shoreline
location.

The significance of the offshore borrow site mining was determined using
the methodology described in MMS-2001-098. The 20 yearly rates were
averaged to obtain an overall average longshore sediment transport for each
alongshore location. This was done for each of the 14 grids. For the
transport rates calculated using the As Is bathymetry conditions, the yearly
transport rates were combined into five 4-year groups and an average was
calculated for each group. The five averages were then used to calculate a
4-year standard deviation (4Yr St Dev). If this standard deviation is less
than the magnitude of the difference between the average As Is transport
rate and the average rate calculated for a mined grid at even a single
location (ratio >1 at any location), the MMS guidelines indicate that the
shoreline impact is unacceptably large for that offshore shoal mining
scenario.



ERDC/CHL TR-11-9

134

8.5

8.6

Sediment transport rate results

At each shoreline location, an impact factor was calculated using the
formula:

Factor = Abs(A—B,) (8-1)
(4Yr St Dev)
where:
A = the 20-yr average transport rate calculated using the “As Is”
conditions, and
B; = the 20-yr average transport rate derived from one of the

altered bathymetries.

Any factors that exceeded 1 would indicate an unacceptably large shoreline
impact.

The transport rate analysis results are shown in Figures 8-11 through 8-13
for BlackFish Bank, Site A, and Site B, respectively. The left-hand panel of
each figure shows the shoreline, the offshore bathymetry, and the borrow
site. The fine grid results are displayed for the area between the pink lines;
the coarse grid results are displayed outside of those lines. The center
panel of each figure shows the factor number for each shoreline location
that is the result of material being Planed from the borrow site. The right
hand panel shows the same curve, but based upon the borrow material
being removed by Contouring.

The BlackFish Bank Planed analysis yielded three locations where the
Factor exceeded one. The Factor did not exceed one in any of the other
analyses. (The coarse grid analysis included the region covered by the fine
grid. These coarse grid data results are not shown, but in general values
were less than those for the fine grid results, and at no location on any
coarse grid did the factor exceed one.

Discussion

Removing material from the borrow sites by Planing was included in the
analysis, not because this was expected to be the methodology used in actual
dredging operations but, because it was assumed this would help readily
identify less acceptable borrow site locations. By any of several measures, it
is clear that the BlackFish borrow site would have a greater shoreline impact
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Figure 8-11. Impact factor results for BlackFish Bank borrow site.

than either of the other two borrow sites. This is seen in Table 8-5, which
shows the number of locations on the six graphs above where the Factor
calculations (equation 8-1) exceed 1.0, 0.75, 0.5, and 0.25.

The fact that dredging BlackFish Bank would have a greater shoreline
impact than dredging either of the other two shoals is hardly surprising. It
is expected that borrow sites in the shallowest water and closest to shore
will have the greatest shoreline impacts. Deeper shoals have less ability to
refract waves, and greater distances to the shoreline allow the refraction
effects to diffuse over a broader area, thus making a less significant impact
at any one location. In addition, because Blackfish Bank and particularly
Chincoteague Shoals are large shallow nearshore features (Figure 8-1),
they exert a significant influence on the wave refraction by causing waves
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Figure 8-12. Impact factor results for borrow Site A.

approaching from any direction to tend to align with the bottom contours.
Thus, their existence helps to reduce the shoreline impacts that would be
caused by mining shoals further offshore.

As discussed in MMS 2001-098, comparing the change in the transport
rate caused by dredging to the natural wave variability (as represented by
the 4-year Standard Deviation) is a superior method of determining
dredge site acceptability when compared to other schemes that have been
proposed. However, it is not perfect. Removing offshore borrow site
material does not increase the variability in the longshore sediment
transport rate so much as it introduces a constant bias in that rate. That is,
the quantities in the numerator and denominator of Equation 8-1 are
related, but are not the same statistical type. The numerator is the
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Figure 8-13. Impact factor results for borrow Site B.

Table 8-5. Number of Equation 8.1 exceedence locations.

1.0 0.75 0.50 0.25

Plane 3 12 36 111
BlackFish

Contour 0 0 0 25

Plane 0 2 3 19
Site A

Contour 0 0 3 15

Plane 0 1 3 43
Site B

Contour 0 0 2 13

difference of two means, while the denominator is a standard deviation. It
is not clear that a value for this factor of < 1 equates to a negligible long
term shoreline impact.
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The dynamic nature of this area was discussed in Chapter 2 along with the
expected continuing occurrence of over-washes and inlet breaches in the
Tom’s Cove region of Assateague Island during the life of this project. One
of the major goals of the National Park Service’s management of Assateague
National Seashore is to keep its state as natural as possible. Therefore, it is
important to minimize any offshore mining effects on the shoreline
sediment transport. This modeling effort has shown that the major
shoreline impacts from mining any of the proposed borrow sites will be
generally in the Tom’s Cove area.

Therefore, it is strongly recommended that BlackFish Bank be removed
from further consideration as a potential borrow site for this project. It is
easily possible that additional modeling could show that a limited amount
of material could be removed from that shoal without exceeding MMS
guidelines. Indeed, this analysis has shown that the entire 10,000,000 yd3
could be removed by the reasonable method of Contouring without
exceeding MMS guidelines. However, that misses the point that this
analysis has shown that this is a marginal site, and that other, more
desirable, options are available.

The analysis has shown that Sites A and B are acceptable by MMS
guidelines, and that they have fewer potential shoreline impacts than the
BlackFish Bank site. In comparing Site A with Site B, this analysis has
shown that the overall level of shoreline impact is roughly equivalent for
the two sites (Table 8-5). However, comparing Figures 8-12 and 8-13, it is
seen that Site B produces somewhat larger impacts along the narrow
Tom’s Cove shoreline than Site A. This fact, in addition to other factors not
considered in this chapter (Site A is closer to Wallops Island than Site B
and thus has lower transportation costs, Site A sampled grain sizes are a
little coarser than Site B (Figure 3-3, and Appendix A), no significant
cultural artifacts were found at either site, similar biological organism
densities were found at both sites), all support the selection of Site A as the
recommended offshore borrow site.
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9 On-shore Mining of the North End of
Wallops Island for Beach Fill

A partial alternative to the offshore borrow sites exists on the north end of
Wallops Island. The beach in this area is rapidly accreting, and the rate is
expected to substantially increase as a result of the adjacent fill project.
The potential borrow area is shown schematically by the red triangle in
Figure 9-1.

Onshore Borrow Area
Buildings [ | Borrow Site
Wallops Is Project Boundary

9 o 1,000 2,000 a.ﬂugm

Figure 9-1. General area of on-shore borrow site at the north end of Wallops Island.

The exact limits of the borrow area are intentionally undefined at this time
as they will undoubtedly vary between mining events in response to: the
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9.1

9.2

volumes and patterns of accretion, the varying suitability of the sediment,
Chincoteague Inlet dynamics, changes in vegetative cover, and biological
factors, among others.

Sediment budget

It is not possible to develop a comprehensive sediment budget for the
north end of Wallops Island because of the lack of available data. It is clear
that the area received sediment from further south on Wallops Island and
from Fishing Point. The area also undoubtedly loses material to the
interior shoals of Chincoteague Inlet.

GENESIS modeling has shown that, on average, approximately

40,000 yds3/yr arrives in this area by longshore transport from further
south along the Wallops Island shoreline (Chapter 5). Once the beach fill is
placed, that volume is expected to increase to 100,000 to 150,000 yds3/yr
for any of the alternatives.

From the pattern of shoreline accretion, it is clear that substantial
amounts of beach material cross Chincoteague Inlet from Fishing Point to
the north end of Wallops Island. Large ebb shoals migrate westward across
the inlet and weld onto the shoreline, causing the very large bulge in the
shoreline. However, these are episodic events and their rate is not well
documented. Additional material is dredged from the inlet channel and
deposited in an offshore disposal site (Chapter 3, Table 3-3).

Since almost all inlets have been shown to be sediment sinks (e.g., Dean
and Walton 1975), it is assumed that Chincoteague Inlet sequesters sand
from both adjacent beaches in its flood shoals; however, the rates are not
known. What is clear is that the north end of Wallops Island is accreting.
Therefore, more sand is being delivered to this area than is leaving.

Site suitability

Obtaining fill material from this area is an attractive alternative for several
reasons:

e There are a very limited number of structures on the island north of the
seawall and none of these would be negatively impacted by mining the
beach area. NASA has no plans for new construction in the area.
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e The recycling of project fill material is an encouraged USACE policy,
where practical, because it will reduce the volume of new fill material
needed (and thus the overall disturbance to the environment) over the
lifetime of the project.

e Limited analysis (discussed in Chapter 3) has shown that the native
material has a D5, in the range of 0.25 mm and is suitable as fill.

e Obtaining fill from the site would be cost effective when compared with
the costs from offshore sources. This process would most likely be
accomplished with large earth moving equipment (pan/scraper) or off
road dump trucks in the subaerial (dry) portion of the beach. NOTE:
this is just an approximate area not the exact borrow area.

If the initial fill placement is made from offshore sources, the material
being transported north to this site will have an expected median grain
size of 0.29mm. This will mix with the native material producing sediment
with a Dso finer than 0.29mm. The beach fill volume calculations were
based upon the fill material having a D5, of 0.29mm. The use of finer
material will require a one-time additional volume to adjust the beach
profile. Assuming the resulting mixture has a D5, of 0.25 mm, the one-
time profile adjustment volume would be 292,000 yds3. For other D5,
sizes, see Table 6-1.

Plan

It is anticipated that the initial fill material will be derived from an
offshore borrow site (Chapter 8). The monitoring program will provide
detailed information on grain sizes and available volumes on the north end
of Wallops Island during renourishment events. Therefore, individual
event decisions can be made for whether none, some, or all of the required
renourishment volume should be obtained from this adjacent onshore site.
For planning purposes, it is reasonable to assume that 50% of the overall
needed renourishment volume will be derived from the onshore site.
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10.2

Shoreline Impacts from Seawall
Extension

As discussed in Chapter 7, an extension of the southern end of the rock
seawall is planned for Year 1 of the project, and the first beach fill
placement is planned for Year 2. This section of the report assesses the
potential impacts to the shoreline that may occur during the time interval
between the construction of the seawall extension and the initial beach fill.
The shoreline along the south end of Wallops Island is eroding. The fact
that sand would be sequestered behind a seawall extension that would
otherwise have eroded will lead to the potential to exacerbate the erosion
on the adjacent shoreline.

The extent of this exacerbated erosion during the initial implementation of
this project is the focus of this chapter. This is a temporary condition.

Once the initial beach fill is in place, the model results presented in
Chapter 6 indicate that the shoreline south of the project (south end of
Wallops Island and north end of Assawoman Island) will stop eroding and
start accreting.

GENESIS modeling conditions

The shoreline response was examined by running the GENESIS model
described in Chapter 5. For this application, the 2005 shoreline (the most
recent complete shoreline available) was used in the model as the initial
shoreline. As this modeling effort was intended to represent the time
before any sediment placement, no beach fills were included in the model
runs. As the preferred alternative has no sand retention structure at the
south end of the project, no groin or detached breakwater were included in
the modeling.

NASA’s current plan is to construct a 1500 ft southern extension onto the
end of the current rock seawall. This would provide the MARS launch
facility with seawall protection. However, NASA is exploring funding
possibilities to extend the seawall further to the south up to 4600 ft, the
location of the south camera stand and the southern end of the beach
restoration project. To represent various potential designs, seawall exten-
sions of 1500, 3000, and 4600 ft were modeled as shown in Figure 10-1,
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Figure 10-1. Potential seawall extensions modeled in this study.

and shoreline responses for these cases were compared to the zero
extension (“as is”) condition. Because of model grid spacing and other
considerations, the actual seawall extension distances modeled were closer
to 1680, 3120, and 4560 ft, respectively, but these distances are referred to
by their nominal 1500, 3000, and 4600 ft lengths.

The results presented below are based upon average shoreline values.
These model results were obtained by driving the model with 20 different
4-year wave blocks, and averaging the results, as described in Chapter 5.
The 95% confidence intervals were also calculated from the 20 shoreline
realizations.

The cross-shore location of the seawall relative to the shoreline has a
dominant effect on the extent of the adjacent shoreline impacts. If the
seawall is placed far enough landward of the shoreline, erosion will not
reach the seawall and the seawall will cause no adjacent shoreline impacts.
Initial modeling was done to determine appropriate cross-shore seawall
locations. The most significant impacts occur when the seawall is placed
along the initial model shoreline. It was determined that only minimal
impacts would occur if the seawall were located 10 yards (9.1 m) landward
of the shoreline. Therefore, these two cross-shore seawall placements (at
shoreline and 10 yards inland) were fully modeled and their results are
presented below.

NASA is committed to the project schedule outlined in Chapter 7 with the
seawall construction occurring in Year 1 and the initial beach fill in Year 2.
However, since federal funding cannot be assured for the out-years of
multi-year projects, the modeling also looked at the effect of delays in
implementation of the beach fill after a seawall extension was constructed.
While any delay is unlikely, if one were to occur, it would most likely mean
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that there was a 2-year time period between seawall extension
construction and beach fill placement. Longer delays, which seem a
remote possibility, were lumped into a generic 10-year period between
seawall construction and beach fill placement. Therefore, the modeling
looked at 1-year, 2-year, and 10-year shoreline impacts. Except as noted
above, the GENESIS modeling parameters are provided in Appendix
Tables E5 and E7.

Modeling results
10.2.1 Shoreline change

Figure 10-2 shows model predictions of shoreline positions for the portion
of the GENESIS grid that is south of the existing seawall, a distance of
about 2 miles (see Figure 5-5). Each shoreline is an average of the results
of 20 model runs that were driven with the 20 different four-year wave
blocks discussed in Chapter 5. This figure is for a 1500 ft extension built at
the shoreline. Similar plots for 3000 ft and 4600 ft extensions at the
shoreline are shown in Figures 10-3 and 10-4. At this resolution, little
difference can be seen in the shoreline position for seawalls built at the
shoreline and 10 yds inland.
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Figure 10-2. Modeled shoreline positions south of the existing seawall at 1, 2, and 10 years
comparing the no extension condition to a 1500 ft seawall extension at the shoreline.
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Figure 10-3. Modeled shoreline positions south of the existing seawall at 1, 2, and 10 years
comparing the no extension condition to a 3000 ft seawall extension at the shoreline.
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Figure 10-4. Modeled shoreline positions south of the existing seawall at 1, 2, and 10 years
comparing the no extension condition to a 4600 ft seawall extension at the shoreline.
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To minimize clutter, the 95% confidence interval shorelines are not
included in these figures. It should also be noted that there is about a 5-to-1
vertical to horizontal distortion in these figures.

10.2.2 1-Year, 1500 ft extension

Figure 10-5 covers the same shoreline location south of the existing
seawall as Figures 10-2 through 10-4. This figure shows the predicted
difference in the shoreline position after 1 year for a 1500 ft seawall built at
the shoreline. In this figure, the Average (blue) line shows the difference in
the two blue lines (dashed and solid) in Figure 10-2. In this figure it can be
seen that the greatest increase in the erosion (13.2 ft (4.0 m)) occurs
immediately south of the end of the 1500 ft seawall and that the difference
asymptotically decreases to zero to the south. Within the first 1500 ft, the
seawall has stopped the erosion, so this difference shows up as a positive
quantity. However, this positive value should not be interpreted as
accretion; it is a decrease in erosion when compared to the no seawall
extension condition. This pattern - a decrease in erosion at the seawall
extension and a maximum increase in erosion just south of the end of the
extension with an asymptotic decrease to zero further to the south - occurs
in each of the conditions which were modeled.
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Figure 10 5. One year shoreline difference between 1500 ft seawall extension at the
shoreline and no seawall extension.
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Figure 10-6 shows the same results as Figure 10-5 except that the seawall
is placed 10 yards landward of the shoreline. Placed at this location, the
seawall causes substantially less negative impacts to the south of the
extension (max about 2.4 ft (0.7 m)).
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Figure 10 6. One year shoreline difference between 1500 ft seawall extension 10 yards
landward and no seawall extension.

10.2.3 1-Year, 3000 ft extension

Figures 10-7 and 10-8 show the same conditions as Figures 10-5 and 10-6,
respectively, except that these are for a 3000 ft seawall extension. In
Figure 10-7, the Average (blue) line shows the difference in the two blue
lines in Figure 10-3. Again, there is much less impact from the seawall that
is 10 yds inland from the shoreline. The maximum increase in erosion is
20.1 ft (6.1 m) in Figure 10-7, but only 3.7 ft (1.1 m) in Figure 10-8.

10.2.4 1-Year, 4600 ft extension

Figures 10-9 and 10-10 show the same conditions as above, except that
these are for a 4600 ft seawall extension. The seawall at the shoreline,
Figure 10-9, shows a maximum erosion increase of 27.5 ft (8.4 m) while
the 10 yd landward seawall has a more modest maximum erosion increase
of 4.3 ft (1.3 m).
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Figure 10-7. One year shoreline difference between 3000 ft seawall extension at the
shoreline and no seawall extension.
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Figure 10-8. One year shoreline difference between 3000 ft seawall extension 10 yds
landward and no seawall extension.
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Figure 10-9. One year shoreline difference between 4600 ft seawall extension at the

shoreline and no seawall extension.
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landward and no seawall extension.



ERDC/CHL TR-11-9

150

10.3

10.2.5 2-Year and 10-year shoreline changes

The modeling results for the 2 year and 10 year ft shoreline differences
show the same patterns as the 1 Year differences above. Impacts were
largest immediately south of structure and the seawall placed 10 yards
landward of the shoreline had significantly milder impacts than the
seawall placed at the shoreline. The maximum erosion differences were
not substantially larger than for the 1 year results. However, the impacts
did extend further south as the longer time periods allowed the effects to
diffuse down the coast. The 2 Year and 10 Year shoreline difference figures
corresponding to Figures 10-5 through 10-10 are included in Appendix F.

It should be noted that the model requires that the shoreline change rate
be specified at each end of the model. That has the effect of forcing the
shoreline differences to zero at the 10,800 distance in these figures. For
many of the figures shown above, the shoreline differences pinch out to
zero well to the north of this point, and those are valid model predictions.
However, some of the figures, particularly those for the 4600 ft seawall
extension and those for the longer time periods show the differences being
forced to zero at the 10,800 ft distance. These should be considered model
artifacts and not representative of the true distance that impacts could
extend onto Assawoman Island.

Discussion

Table 10-1 shows the 1-year average deficit volumes. The column labeled
“South of Extension” is equivalent to the areas in Figures 10-5 to 10-10
between the blue lines and the zero line that are between the end of the
extensions and 10,800 ft. The areas are converted to volumes by
multiplying by the vertical distance between the top of the berm and the
depth of closure. The column labeled “South of Assawoman Inlet” is
equivalent to the more restrictive area between the blue line and zero that
is between the point labeled Assawoman Inlet and the 10,800 ft distance.
The first column represents the total negative impacts while the second
represents the negative impacts to Assawoman Island. These volumes can
be compared to the total 1-year volume change within the 10,800 ft
distance (equivalent to the “no action alternative”) of 96,000 yds3. This
number is equivalent to the area between the orange line and the dashed
blue line in Figures 10-2 through 10-4. Because of the caveat discussed in
the preceding paragraph, these numbers should not be used for planning
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purposes. Rather they are meant for internal comparisons to show the
relative magnitudes of the impacts for the different scenarios.

Table 10-1. 1-Year seawall extension deficit volumes (yd3).

South of Extension South of Assawoman Inlet
1500 ft Seawall at Shoreline 22,000 1,000
Extension Seawall 10 yds Inland 4,000 0
3000 ft Seawall at Shoreline 32,000 5,000
Extension Seawall 10 yds Inland 5,000 0
4600 ft Seawall at Shoreline 45,000 22,000
Extension Seawall 10 yds Inland 16,000 6,000

Table 10-2 shows the relative magnitude of the shoreline impacts in a
different way. It shows the average shoreline change rate at Assawoman
Inlet. These values were calculated by dividing the 10-year shoreline
changes at Assawoman Inlet by 10. The “Ave” column under “Total
Shoreline Change Rate” is equivalent to the distance between the orange
line and the various green lines in Figures 10-2 through 10-4 at
Assawoman Inlet divided by 10. The columns under “Shoreline Change
Rate Attributed to Construction” are equivalent to the distance between
the zero line and the various colored lines in Figures F-7 through F-12 at
Assawoman Inlet divided by 10.

Table 10-2. Average shoreline change rate (ft/yr) at Assawoman Inlet.

Shoreline Change Rate
Total Shoreline Change Rate Attributed to Construction
Min Ave Max Min Ave Max
No Seawall Extension 9.3 -10.3 -11.3
1500 ft Extension
. 9.8 -10.9 -12.0 0.4 0.6 0.7
at Shoreline
1500 ft Extension
9.4 -10.5 -11.7 0.0 -0.2 0.4
10 yds Landward
ftE i
3000 ft Extension 94 109 |-124 |01 05 1.2
at Shoreline
3000 ft Extension
9.1 -10.5 -12.0 0.4 0.2 -0.8
10 yds Landward
4 ftE i
600 ft Extension 97 117|137 |01 1.4 27
at Shoreline
4600 ft Extension
9.4 -11.4 -13.5 0.2 11 2.4
10 yds Landward
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The most important result of this analysis is that construction of a seawall
extension will have only modest negative impacts of the adjacent shoreline,
particularly if the seawall is set back at least 10 yards from the shoreline. As
seen in Table 10-2, the average shoreline change rate at Assawoman Inlet
attributed to the construction will be less than the variability in the change
rate caused by yearly changes in the wave climate. That is, stormy years are
expected to cause greater shoreline change than the seawall extension will
in years of normal waves.

Not surprisingly, the smallest impacts are caused by the shortest seawall
extension and the shortest time interval between extension construction
and beach fill placement. It is expected that any negative impacts can be
redressed at the time of placement and that following beach fill placement,
this area will accrete rather than erode.
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11 Conclusions and Recommendations

The most important conclusion from the analysis described in this
document is that it is feasible to design a project that provides a significant
level of storm damage reduction to the facilities on Wallops Island, while
at the same time does not negatively impact Assawoman Island to the
south.

The storm damage reduction project is designed as a three tiered defense,
including a beachfill, the rock seawall, and flood protection. The beachfill
is expected to provide the majority of the defense against smaller, more
frequent storms. The rock seawall is intended to provide damage reduction
against the largest storms expected over the lifetime of the project. While
the seawall is expected to reduce upland wave damage, flooding can still be
an issue. To provide a high level of protection, NASA personnel need to
continue to address flooding concerns for each structure on the island.

Modeling of the beach’s response to storms (SBEACH modeling in Chapter
4) has indicated that the beach fill should provide a minimum 70 ft wide
berm with a 14 ft high dune. This defense should run from the end of the
seawall at the north to the south camera stand, a distance of 19,000 ft.

The rock seawall is in need of maintenance, as discussed in Chapter 3. It is
recommended that repairs be made at low elevation locations to raise the
seawall to +12 or optimally +14 ft MSL and at steep seaward-facing slopes
to create a 1:2 slope or a 1:1.5 slope if repairs are quickly followed by a
beach nourishment that covers the seawall. Repairs should be made by
keying armor stones into the existing matrix or by rebuilding the wall
where necessary. These repairs are similar to those recommended in
Moffat and Nichol (1998) and Morang, Williams, and Swean (2006). Any
future storm damage will need to be addressed as appropriate.

Due to the porosity of the seawall, the continued development of scour
holes behind the seawall is expected until the beachfill is in place. It
appears that placing rubble in the scour holes has been effective at halting
the scour. The seawall should be extended south as far as the South
Camera Stand, if possible.
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The components of the initial fill (Chapter 6) should include a seawall
deficit volume, a berm volume, a dune volume, an overfill volume and an
advanced nourishment volume. The components of the renourishment fill
should include the advanced fill volume and a sea-level rise volume.

From a large initial list, three final alternatives are presented in this report
that have gone through an extensive optimization process. These all have
similar performance characteristics, and any of the three are expected to
satisfy the project requirements. As discussed in Chapter 7, concerns about
unintended consequences have led to the selection of Alternative 1, the no
sand retention structure alternative as the recommended alternative.

The offshore borrow sites are analyzed in Chapter 8. It is recommended
that the Blackfish Bank site be removed from further consideration as a
source of project fill material because of the potential to negatively impact
the Assateague Island shoreline in the vicinity of Tom’s Cove. MMS
guidelines indicate that the other two sites are equally acceptable
alternatives. However, because of the location of the shoreline impacts,
distance to the project, borrow site grain size, and other considerations,
Site A is the recommended alternative, though Site B is still acceptable if
needed. Anything that can be done to reduce the amount of total fill taken
from these sites will lessen their shoreline impacts.

Chapter 9 discusses the potential of the north end of Wallops Island as an
alternative borrow site. It is recommended that the initial fill be obtained
from an offshore site, but that as much of the renourishment fill as
practical be obtained from the onshore site.

As discussed in Chapter 10, the seawall extension should be constructed a
minimum of 10 yards landward of the shoreline. A monitoring program
should be initiated as soon as it is practical. Analysis of the data collected
will be the primary tool to monitor the behavior of the project and identify
any problems. These data will also be used to determine when renourish-
ment should take place and the amount of material needed. They will also
be used to determine the amount of material available from the north end
of Wallops Island.
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Appendix A: Vibracore Sediment Data

Table Al. Grain size data from borrow Site A.

Core # Position Depth (ft) Mean (mm) | Median ¢ St Dev
(mm)
WIVC-29 Upper 0-3.7 0.382 0.342 0.69
Mid 3.7-7.2 0.382 0.344 0.63
Lower 7.2-11.3 0.46 0.406 0.82
Composite 0-11.3 0.39 0.339 0.77
WIVC-30 Upper 0-4.1 0.599 0.49 0.93
Mid 4.19.5 0.493 0.457 0.76
Lower 9.5-15.6 0.423 0.403 0.67
Composite 0-20.2 0.503 0.454 0.85
WIVC-54 Upper 0-5 0.695 0.616 1.225
Mid
Lower 5-11.4 0.785 0.616 1.25
Composite 0-11.4 0.901 0.683 1.55
WIVC-55 Upper 0-5.6 0.366 0.342 0.5
Mid 5.6-9 0.451 0.366 0.675
Lower 9-13.4 0.347 0.342 0.425
Composite 0-13.4 0.392 0.342 0.55
WIVC-56 Upper 0-6.1 0.354 0.33 0.48
Mid
Lower 6.1-10 0.254 0.259 0.425
Composite 0-10 0.308 0.287 0.5
WIVC-57 Upper 0-4 0.243 0.241 0.44
Mid 4-8 0.246 0.241 0.425
Lower 8-12.5 0.231 0.233 0.365
Composite 0-12.5 0.243 0.241 0.44
WIVC-58 Upper 0-4 0.302 0.297 0.425
Mid 4-8 0.282 0.287 0.275
Lower 8-13 0.273 0.277 0.325
Composite 0-13 0.279 0.287 0.36
WIVC-61 Upper 0-5 0.218 0.218 0.45
Mid
Lower 5-9.5 0.221 0.233 0.475
Composite 0-9.5 0.218 0.218 0.45
WIVC-65 Upper 0-2 0.399 0.349 0.575
Mid 2-5 0.342 0.33 0.4
Lower 5-8 0.354 0.33 0.45
Composite 0-8 0.372 0.342 0.475
WIVC-66 Upper 0-1.8 0.47 0.349 0.89
Mid 1.85 0.241 0.241 0.5
Lower 5-9.2 0.27 0.259 0.59
Composite 0-9.2 0.386 0.287 1.075
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Table A2. Grain size data from borrow Site B.
Core # Position Depth (ft) Mean (mm) | Median ¢ St Dev
(mm)

WIVC-67 Upper 0-5 0.324 0.33 0.325
Mid 5-10 0.475 0.406 0.775
Lower 10-15.5 0.416 0.366 0.715
Composite 0-15.5 0.394 0.354 0.645

WIVC-68 Upper 0-5 0.366 0.342 0.5
Mid 5-9.3 0.428 0.392 0.625
Lower 9.3-13 0.308 0.301 0.45
Composite 0-13 0.379 0.5 0.55

WIVC-69 Upper 0-5 0.423 0.379 0.74
Mid 5-10 0.268 0.259 0.6
Lower 10-14.1 0.297 0.287 0.7
Composite 0-14.1 0.342 0.319 0.85

WIVC-70 Upper 0-5 0.268 0.277 0.45
Mid
Lower 5-9.2 0.287 0.241 0.65
Composite 0-9.2 0.273 0.268 0.525

WIVC-71 Upper 0-1.3 0.313 0.241 1.075
Mid 1.3-5 0.171 0.165 0.5
Lower 5-9.8 0.132 0.139 0.375
Composite 0-9.8 0.171 0.165 0.5

WIVC-72 Upper 0-2.6 0.354 0.297 0.9
Mid 2.6-5 0.25 0.25 0.45
Lower 5-9.9 0.224 0.218 0.36
Composite 0-9.9 0.256 0.25 0.485
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Table A3. Offshore borrow site core locations.
Borrow Site A
Core # Collection Latitude N Longitude W Water Depth
Date (ft)

WIVC-29 5/26/2007 37°50.8256" | 75° 12.6719' | 33.8
WIVC-30 5/26/2007 37°50.4283" | 75° 13.2921’ | 30.9
WIVC-54 12/19/2007 | 37°50.6815' | 75°13.1323' | 39.1
WIVC-55 12/19/2007 | 37°50.5173' | 75°12.8844' | 31.5
WIVC-56 12/19/2007 | 37°51.1555' | 75°12.3637' | 37.9
WIVC-57 12/19/2007 | 37°51.0571" | 75°12.0077' | 45.9
WIVC-58 12/19/2007 | 37°50.8522' | 75°12.3458' | 38.7
WIVC-61 12/9/2007 37°51.6176' | 75°10.5438' | 53.4
WIVC-65 12/19/2007 | 37°51.5180' | 75°11.9769"' | 46.7
WIVC-66 12/19/2007 | 37°51.4734' | 75°11.6215' | 48.5
Borrow Site B

Core # Collection Latitude N Longitude W Water Depth

Date (ft)

WIVC-67 12/18/2007 | 37°51.7890' | 75°08.0322' | 48.9
WIVC-68 12/18/2007 | 37°51.4230' | 75°07.6073' | 41.3
WIVC-69 12/18/2007 | 37°52.3717' | 75°07.0961' | 54.6
WIVC-70 12/18/2007 | 37°52.0486' | 75°06.2773' | 41.8
WIVC-71 12/18/2007 | 37°52.7470' | 75°06.1573' | 63.4
WIVC-72 12/18/2007 | 37°52.4896' | 75°05.4791' | 55.9
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Appendix B: Wallops Island Site Visit Report

of 07 September 1999

This appendix provides the USACE site visit report of 07 September 1999

to Wallops Island, VA.

P tENGL CDEVELOPHENT (DIV O3 0D s - 2T, sl

Wallops Istand, VA SHoVisity
September 07, 1999 i

Altendees . 6{‘

1
M. :r: MoGee )
CENAO

Mr. Mark Hudgins
TNAO

_____

< Mr. William R. Curtis >
TTCEERD T

M. William (Billy D, Phillips.
Head, Facilitios Management Branch
National Acronautics and Space Admrim
Goddard Space Flight Center
Wallops Flight Faciiity-
Bidg. N-16] Room 126
Wallops Ishand; VA 23337
Voice: (757) 824-1209
3

M. Fhomas Arcencaux

Nations! Acronautics and Space Adminisiration
Goddurd Space Flight Center-

Wallops Flight Facility

Bidg-N-161

Wallops Island, VA 23337

Mr. Péter N. Turlington _

Civil Eagineor, facilities Engincering/Planning Group

National Aeronautics and Space Adminigtration,

Goddard Space Flight Center e

Whltops Flight Pacitity.

Bldg. N-161 Room 124

Wallope Estand, VA 233

Voice: (757) 824-1748

Fax: (7577 8241831
r

Mr. William B. Bott

. . Eavironmental Group Leader, Code 205, W Wallops Environmentat Office: |

National Aeronautics and Spuce Administration

. Goddiird Spice FIight Cénter 3

‘Wallops Flight Facility

DI TAUNOYT OM03T 18 NeRTOZHRUDE 1
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Bldg. N-161 Roam 127
Wallops lsland, VA 23337
Voice: (757y 824-1H0F
Fax: (757) $24-1876
¥ .Bott. I

Mr. David Mosris

Private Enviromnental Contractor
Guddard Space Flight Conter
Wallops Flight Facility

Meeting Notes

s+  Complex coastel projeet diic to proxiimity if inlel to focation of site o barrier istand. .
Therefors CHL involvement.
Mot a recrestional beach. Need not consider aesthétics, but only finctionality:

- No erosion at-north ond of island.—

- Impprtant-Tucilities above-100-year waler- lwel
10-t structure elevation would prevent nuisance floading if § bic

I

WRDA'99: Wallops authorized as Corps project. Authorization only, not funds reccived yet.
.. .Unusunl fmdmg avepuc, may need political involVoment to excoute funding:
- i gency peoject und for plans and \fications and construction, rather

- ﬂun as a study. qfc
» - WRDA writlen as-beach-restoration with language for recavery of funds from other federal

agencies. Language leaves avenue.for upn.mnw,gnmmn]mhm;c of funls, !

o $mitlionr Y00, $8:million FY84; $4 million FY02
+ ~ May 110t be ableto spend $8 million in+Y00 due to-environmentul parrmuuummdm
investipations (borrow sile-identification; etc). - May be able-to-got-permiting from State ina,
year if project is non-caintroversial, Targe constituency/proponency for project,und NASA -
iy be-aBle-to-round up-political pmmwmnhcmne.

»  Scawall constructed by NASA in-house Inbor 10 save on cost.

« . Seawall 3.-mi [ong and TZ-{UMSL high. Crestelevation cmtﬂllylmng—mhodh—l?ﬂm
al.cost of §5 million for additional stone (NASA funding).

« Scawall to be extended aLsoutfier end to protect Virginia Commercial Space Flight Center-

- in EY00 al cost of $3 million.

«- . Launch range operations expansions documentation willaliow for extension of scawatt:.

without NEPA. document. .
- -w -60% of stone specified as 2—3 ton granite. Stone.shipped via rail from Lawrenceville, Vi
«  $3Shomdetivered plos $10/on-placed- .
" Stone fo arrive i November and will be-placed over- ‘lﬁyms

o Seawall too permiesble aid hos exporiénced [oss of muteriak on fandwardside.
+  Voids,no toc prolection, no core, narrow crest, sfoop stopes (rearly verticat at some
s Mny consider pre-cast units md sefting up batoh plunt.”

TENQY OW? 03 A2 D NETR0RIR BT h
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. Vog Creck dredgod every three yeass, Fine-graimed jal plicod st southerr end-of-
wogetated.

facility and
May be able 1o re-drodyge :xistu:; Navy birthing sitcs in backside of islind to ereate.
inf cture:for co of shore protect project. Highly encouraped by Tuﬂmtnn

. My be abla ta spead some Carps FY00 dollars for armor stone placement at end of FY 00 iy’

permilting moves quickly.

-Beach-novrishment will go mfothndmﬁ’ol

Can-only dmlgp hetween 150-250 mey from Chin. Inlet annually without medifying
hydrodynamics-of
Inlet material maybe loo ﬁ»e l'hewfmrmy need to identify horrow.arcas.”

- Pochaps-thore-sre MM sisveys of sand yesources incthe anem. VIMS will-alw‘hcar%nd

resource for sand.

G15 model of site available.. Noed to specify what formatis preferred to Turlingtom. Necd-to-
get model quickly, a2 GIS person is leaving facility.
Topo-basod-on GPS survey, Have.own GPS base. statiosi..

- -Possibility-of some histarical wave dita. NG Ristorical tide data for internnd souyd,

Demio project Will spari 3500 ftof shioretine contered omrnodat point.

How cen structure be retrofitted withoul removinig sione?-

SUTTHOV 0BBO3 Y R N OO T T
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MELUENEN ] sUUM b 3 42 uiparh OV 0A203 .,

CEERD-HC-S (1110-2:1403b) 19 October 1999

MEMERANDUM FOR Commander, U'S, Army Inginear District, Norfolk ATTN:
CENAO-EN-C.(Mr. Samucl E.-McGee) and CENAO-EN-IL - .
oo (Mr Mark Hudging), 803 Front Street Norfulk, VA 23510:10%6

SUBJECT: Transmittal of Trip Report for Sife Visit to Goddard Spacc Flight Center, Wallops

rsrm}. Virginia
1:- Please find enclosed two copies of the trip report requested by your office. 15
you have any questions pertaining to the malterial contained hercin, my i

technical poi
“eontacts areé Ms. Joan Pope (6017634-3034) or My, William R. Curiis {601/634-3040).

Encls L TAMES R. IOUSTON, PRI,
Diractar. . .
-~ Coastal and-Hydraulics Laborawory
Copy Fumnished w/enclosures:

Mr. Thomas Arcenenux :
National Acronautics und Space Administrution
Goddard Space Flight Center

Wallops Flight Facility

Building N-161

Wallops Island, VA 23337
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SUBJECT: Site visitand gencrat recommicndutions for shore protection oplions at (Goddard:,
Space Flight Center, Wallops Island, Virginin.

1. 1LS; Armry Bnginoer Bistrict, Norfolk (CENAO) requested that the US Army Engineor
Rescarch and Develupment Center's Constal and Hydranlies labosatory (C11L) provide technical
assistance in cvatusting the shorc: protection features and-developing strategies for improving the-
shore protection system at the Goddard Space Flight Center (GSFC) on Wallops Island, Virginia.
Existing works, mchuding # rubblemound seawall, degraded timber groins, and various relict
structures do not provide adequate protection during coastal storm evests nor from long-term
erosion wends. Critical Federal (i.e., NASA and NavyY and non-Federal (Virginia Commercint
Space Flight Centor (VCSTC)) facilities arc at risk,

2. Personnet fronr €HE, CENAO and GSTC visited thi site and held o projectreview meeting om.
September 7, 1999, At the time of the site visit, as-built structure drawings, design wave and
weater levet informmation; survey-deta; end projeet history dats were not yet avaitsbie to CHE.
persunnel. Wallops Island is a low relicf, approximately 6-mile long barrier island along the
Nelmarva (i e, Delowarc-Marytund-Virginia Feninsula). Teis located immodiately southwest of-
Chinncoteague Inlet and Assateaguie Island. Assateague Istand profects the northern one-third of
Waltops Istend fromr operr-const waves: This portion of the istand is wide, backed by dunes, lias &
broad flat boach, and is dominated by the lide processes associated with Chinncoteague Inlet,
wiiife thie soutlien one mile section of the istand is unstructured; narrow, and prone 10 overwash.
The central 3-4 miles is faced by a rubblemound seawali and assorled relict structures. During
thc site visit, the seaward face of thie seawall-was pariially subtmerged and being impacted by
breaking waves. Thus il was only possible 1o closely ine the subaerial structure from the
lendward side. Even from this limited perspective and with the assistance of the GSFCand:
CENAO representatives familiar with this projeet, it is pussible 10 make an initinl field summary
of the project status and provide some general recommendations for improving structure
functionality. These ficld obscrvations and r dations are provided in this Trip Report.
The discussion of field observations reférences several figures, wiiich are included as am
enclosure to this roport.

3. Geaneral field observations pertaining to the current shore protection condition are;-

a. The rubblemound scawall is a linear structure that demarcates a structured shoreline
fronting GSPC launch facilidics and infy ture. At thio southern end; the scawaltextends-
landward behind the I shoreling lo provide protection 1o (he Virginia Commercial
Space Flight Center (VCSFCY (Figure e

b. The scawall is construcied of 60% 2 to 3 ton granite stones. These large stones funclion
effectively as armor units (‘Figure_, ¥

¢. The seawall has a narcow crest width of | ortwo stone widths.

d.” Crest elévation ranges from Jess than 121t IS ANGYD, Maximum crest elévation is-
Timited by the necessity for observation of spaceerafl launches from various camera platforms
k d Tandward ol the I Aceording v GSFC, porsonncl the crest clevation for thie-
entire seawall will be raised to 15 ft NGVD over the next 1.5 years.

e. Seéaward and lindward cross sectionslslope: are 1: 15 to 112 In areas where itis assumed
#t that Joss of slone or subsidence has occurred on the seaward face of the structure, the
seaward slope is nearly verticat:

NDU-DA103: 12+ A NS DD3RH08 4
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- Tt is assumed that the struciure has po toe protection or bedding layer, sithoughr this.

could not be-confirmed-during the site visit,

8- The scawsll has m.grad«;d core material 1o reduce structure permeability and wavg

transmission.. Liowever, the large stone was placed over & pre-existing sheet pile and

-imber pilc wall (Figures 3 and 4). The crest clovation of the pile wall was not avaitablc-

during the-site.visit.. The pile wall is not continuaus. 1t is assumed where the pile wall is

-nonexistent; that either the wall failed.or was. ved prior o I construction, ov

the timber pilc-wall rotied and fuiled following construction. Where the pijle wall did not

~exist, or where the-water clcvation was higher than the pille wall clfcvation, swasly was

observed to mapidly-permeste the seawall with the extent of runup located lendward of the
structure. -

h. .On the landward side of the scawall, n narrow-cresicd dune was eonmcwd‘nrwwido
tection: from-coastal floading. The crest clevation of the dune was not available

during the site visit. However, it.was observed that o diine crest was equivalent tu-or
At Lk Il ressd 1, 3

the Significant dune erosion d at discret
1ocations behind the-seawall during 1huricane Dennis, which occurred recently before the.
sitervisit: Fipures:S.and 6 show examples of dune erosion. 1t is speculated that the

- eroded dune matorial was lost 1o the nearshoce urea through tie Righly permeable seawathy

as overlopped and ittod waves o the structure.

i Neas the souther ead of the scawal! a cement ramp oxtends from the dune crest o the
1op of the pile wall (Figure 4). Armor stone docs not proteot the rampr, Fonmdativn,
mmeciol {sand).has eraded from henenth the cement (Figure 7). Conscquently the ramp is
in -4 state.of disrepair, 1t is spoculated that the ramp facilitates wave overtopping of the)
dune during stormeveqts.

)GSFG infra landward of ihe ITis at an elévation of at feast T0-A-NEGVD.
According to. GEEC personnel, a.design elevation of 10t NGVD is sufficient to avoid

- damage caused by nuisance flonding that-may ocour.duriiig nommal extratropicat storgs.
- k- Relic timber groins are_located intermittently along thie Joigth of the seawlt-and

southern extent of the seawall (Figures 3, 4, and 8). Groin w_-nch_:;s"

- mdpg-ﬁm the seawall do.not extend far enoughi into the surf zone W invpods,

wansport sudarc ineffectiva i acereting beach material.

4. Besed o those observations, the seawall and duno provide limited functional shors and flood

sumimarize:

- protection during Jasge coastal storms.and are. likely to reguire significant maimenamee ns thefr
& Aasi and. o 4 bt

ind are under continvous long-term erosion. Te

- 8. The seawall.in highly permenble ond allows wave transmission and tossof sediment-

from landwacd of the seawal! tn the noarshore during interior drainege of wave runup and

- overnopping. -
" b. Pile-walls located. bolow. and immediately lindward of the permicabiie-yeavwath cavse.

wave reflection that may enhy scour of foundation materia] and subsidence of stone.

- Additionally, timber-pile walls will eventually degrade whichy willincrease-wave:

i INOVC0800F | o 82 - N L00B R IBT Lealle b
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t to arens landward of the alf, erosion of foundation materiat aird:
subsequent subsidence of stone.

c. Tfthie scawall has no biedding liyer and Too protection, continued Toss of foundation.
material and subsidence of stone atthe base of the structurs is likely.

d. Existing groin structurcs ars ineffoctive at accreting sediment 10 provide a proféctive.
beach.

e. Site evidence including the shorcward propagation of non-breaking waves suggests.
that the bottom seaward of the seawsll is fairly (lat, deep and sand deficient.

5. Stiore protection altiematives hatmay be upplied ar GSFC are briefly discussed-in this report:
Alternatives are identified as inumediate activitios designed to improve the integrity and
performance of the seawalt and as fonger-form sliore protection stratogics. Tlic “do nothring™
optian would expose the facility Iaunch pads and infrastructure to potential risk from damaging
waves, flooding, anderosion. Aftalvernatives should-be-ovatuated fron envirommontal;
engineering, cconomic, and societal perspectives and require study beyond this cursory
discussion prior to implementation. It is important to nofe thar the seaward shioreline of Waliops-
Island is part of o complex littoral system. The complexity of this systom arises from the

.. presence of nearby established and intermitentcoastal inlers. Keeping this compiex systenrim

mind, alternati idered for cousial protection st Wallops Islands should be evaluated within
thie regional contéxt. A regional understanding of coastal pre i3 ¥ trensure s,
functional long-term shore protection project with minimal negative impact on adjacent

sh‘anJius

6. To providé sound engincering recommendations for s long-term shoreline managenent ptamat,
Wallops Island, both short-term and long-term trends in hydrodynamic conditions, scdiment
fransporl, geomorphology evolution, and fandruse must-be examined: - A bist-of elementsto-be.
investigated before specific shoreline protection alternativos can be designed includes:

. Identification of key Federal andmon-Fedéral facilities and prioritization for protection-.
b. History of coastal damage to Federal und non-Fodoral facilities

i Whien and what damage occurred

ii. Cause of damage (waves, flanding, wind)
c. Historic shore protoction ectivities at Wdtwrlslmel‘

i, Pro-construction and as-built desiyns -

i Date of construction and /or removat

it Performance evaluation

iv. Regulatory history-

d. Previous technicel d jon of 1y (regional and local)

FD 3@t b R e NDYE 040030 12D NG0B PUBE 4 e
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<. Sediment transport (rogional and Jocal)y
i Recent and historic acrin) shoreline surveys {regional and lncal)
i Historic shorchine change maps (rogional-and focafy
iii. Recent and historic wading surveys (local)
Iv.  Recent andtiistoric nearshore Linthymetry (regionaland focafy

v. Predicted shorcline change based on geolugic assessment and numerical
mmlﬁlim;

f. Waives, currents and watiét levels (rogional and Tocal)y
i. Measured
il. Rumerically modsled-

g Design storm event and other design criterin

H. Chii gue Iitlot mail history and plans for continued maintenance

i Frequency of dredging (mai and gency operutions)
ii. Volume per diedge cycle

ii.  Present method of dredging and disposal

iv. Cost per dredgo cycle

¥, Regulatory history

vi. Sédiment analysis (pliysicol and chiemical)y

i. Fovironmental considerations
J» Local land ise (both oocan-side and bay side-of istand}
7. Immediate and long-term actions may be taken to improve the degree of protection provided

by Ilib msﬁns rubhlcmmMsmwﬂl Thmﬂmwwm outlined below and-the advantages,
of each al ive arc ized in Table 1. Potentia) alternatives for

’ lmmedim action hwﬁ:di.

a. . Develop end implement emergency response piwm. Tiw plan shoutd foves on-the-repaii.
and construction of a continuous dunc landward of the scawall. The dune should huve o orost
elevation sufTicient to providé flvod protection from a selected-dosigm storm:  The dome showtd-be
widé‘faowh to sacrifice materinl during the design storm, yei maintain crest elevation,

S o e NV 03 e 25 A e N DO R B8 iy
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b. Removr existing scawall and construct new seawall. New scawall design should be
based upon n sound and stable cross-section including a bedding layer, 10¢ protection and core,
Seawall design shiould he based on 4 sclicied design storm event,

c. ldentify seriously deficient sections of existing protection and retrofit existing scawall,
Retrofitdesign'may vary atosg thc kingth of the seawalt dopending on the present condition of
the structure and the nature/value of the protected facititics, General retrofit recommendations
iuT:lude:

i Place fill berween the dune and seawall with Targe pravel and ¢obble materinl:
During periods of elevated water levels and storms, waves will permeate the structure
and' move: the fit-materiat into the voids of the senwscreanting o self-sealing-
mechanism. As the 1ill is lost from behind the seawall, it should be replaced until
168 of il material sbatad.

ii. Construct a splash apron on the landward §ide of the scawall to redice fliid:
velocities during wave overlopping.

fi.  Romove coment ramp. Thi cement muy be roken up i situ to gravel or colilite.
sized picces and wsed as fill material betweon the duno and scawall.

iv, Design and- constract the seaward stope of the seawattbased on an eagincaring,
evaluation of the local wave climate and existing stono size.

v. If seawall foe protection does not exist, construct a bedding liyer of stone
material and a structare toe to minimize scour of foundation material st the base of
the slrucrure.

viy If & bedding layer-of stonc-matorial doos not exist-bolow-the-scawait, piace-fith,
material at the seaward base of the structure. Wave action will work the fill material
. throughi thi: structure, voids and fitt scour holes. it shoutd consinue (o be placed al
the hase of the structure until voids are filled 10 a desired elevation.

sufficient lo provide flood protection from a design water level and wave event.

viii.  Prior to retrofitting, itis recommended that CENAC and CHL personnelconduct.
a detailed engineering inspection of the scawall structure (including pile walls, groins
and-dure): it isatsorecommended that CENAO personnel-coliect eross-seetionat-
surveys of the seawall including 0 wading survey to identify existence of 10
protection ond the p of scour atthic base of the scawalt-

d. Initiate activities to collect data and conduct analysis required to develop a longer-term

¢. Deésign, implément and monitor proposed beach nourishment pilot project.

8. A lomger-torm shore profection strategy may mclude the proper design, construction nnd
mainterance of & protective béach nourishment project potentially i combination with-beach-
erosion control structures to reduce erosion rates. Beach ishment is the pl of large
quantities of sand into tiie litforal zone. The oljective of the nouristmentis to build-the shoretine.
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seaward so that the beach may provide protection to Iindward areas from wave aflack and coastnl
flooding. Elements of this stratogy include:

. Tvaluation of sediment source areas and construction methods.

b. Develog of cross | design for an intograted beach, scawall, dune systom. The
integrated design may inchude limited retrofit of existing seawnlt:

¢. Reach nourishment performance modeling thut includes consideration of buach fill alone
and beach (il withi sediment retaining structures (i.o., detached breakwaters, submergod sills;
groins, etc).

d. Dievelspment of beach nourish i and ‘monitoring phu:
| Table.1. Summary of Shore Protection Alternatives. .
Emergency dune repair and Low construction and
» = Limitod dogree of flood
. foguiatory congdtemtions
Removal and reconsiruclion of +  Highly functionai shore protection | =  High malorial and lebor costs
e r - ‘ 4. Diopaniio of besch : _
: : i of structure
allowing largar waves to impact |
shoreling
. ul considecations
‘Rttinfi of existing yemwal andtome - - [+ Eunchonstshore protectkon.  ~ [w
--| - Ahough 1o 8 lesserdegrecthan .. | « _ Daspening.of baach profile
... Yeconstiuction . . Immedialedy cazward of slucturs
L - . lorimpect-
malnlenamcs costs I :
+Imemedisie consluction walhout - |-+ DGRt
reguislory conskiscsions ____ shovation of impemmeatle core |
Congtruciion of beach nourshment * Wil provide localized shore +  Limited sres of protection due Lo
: e - Environmentally fevorable - -- sediment
*  Low construclion cosls +»  Rapldios of sedimant from
. o evaiimion ol ~ [ Project wrear doe o piecerment of
design and consiruction : miterial i & sediment slbrvad
e appied to-targer |- syslom; poie
beach nourlshmant project grede material, and lack of
sadimant retaining siructures
" h h pive
“Comspruction.of beach oou »  Highiyh ion | e
shots prolection projsct H malntained . cosly Fidiiance Fom bommow iy
=  Environmentaly fivorabie 1o project I presl
: : ‘4. PuRMESbanafthetueaots [
. . . diedged materlal - | » - Conlinved malrienance
Construcion of beach nourishmant = Hignly tional shore p . y. high ¢
Bhoes protaction project witheroston™ s Radiican i malifinance over fo v
conlrol slructures non-struciural stemalive " | » " Regulstory consideratisns
P . - s - Comtinued
« - Potenkinlbeneficiel use of
Sredged material

9. A roundiablc discussion st GSFC of existing shiore profoction strucfiires was conductied o
September 7, 1999. Prosent were:

2 NDU DATDT U P2 B NS OBBPI s
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Mr. Thomas-Arceneaux (GSEC)
Mr. William B. Bott (GSFC)
Me. William R. Cortis (CHL)-
Mr. Mark Hudgins (CENAO)
Mr: Slm‘Mer{CWQ’

Mr. David Morris (GSFC)

Mr. William 1 Phillips (GSFCy
Ms. Joan Pope (CHL)

Mr. Peter N Tortington (G SHE)-

Lach of ths individuats-present ar the roundnible discussion (with the excoption of Messrs.
Arceneaux, Bott and Phillips) participated in the site visit to the seawall on the same day.

10. Questions regarding this trip Ruport may be addressed to Mg Joan Pope (601/634-3034Y or
Mr. William R. Curtis (601/634-3040).

Ms. Joan Pope Mr. William R. Curtis
Acting Chieff Coustal Sediments und - Reszarch Oceanographer

Enginooring Division
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Appendix C: Seawall Condition Survey of 29
October 2008 - Calculations

Example calculations are based on equations in the Coastal Engineering
Manual (CEM) available online at http://chl.erdc.usace.army.mil/cem

Structure Stability

Equations: CEM VI-5-67 (Hudson Equation)

H
A Dng,

= (KD cotoc)”3

where:
H = incident wave height
Kp = stability coefficient

a = structure slope with the horizontal
Dnso = nominal cubic dimension of the median stone size

A= 1
Y

where:
A = relative density of stone
y- = unit weight of rock
Yw = unit weight of water
Definition: W,, = DnJ, 7,

where:

W50 = weight of median stone


http://chl.erdc.usace.army.mil/cem�
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Assumptions: the unit weight of stone (y: ) is 165 pcf, unit weight of water
(yw) is 64 pcf, the stability coefficient ( Kp ) for breaking waves is 2.0 (CEM
Table VI-5-22), and structure slope is 1:2 (cota = 2.0).

From the above equations, a 2.5-ton stone (W5,) has a nominal cubic
dimension (Dnjo ) of 3.1 ft. For a 1:2 slope, this stone will be stable against

a wave height (H) of 7.8 ft.

Wave Runup

Equations: Coastal Engineering Manual (CEM) VI-5-2

_ tana

Sop

Sop

where:

&op = surf similarity parameter based on deepwater wavelength and
wave period of peak energy density
a = structure slope with the horizontal

¢ = 2w H
op ngz

where:

Sop = wave steepness based on deepwater wavelength and wave
period of peak energy density
H; = significant wave height
g = acceleration of gravity
T, = wave period of peak energy density

CEM VI-5-6

Rupe 15 g, for0.5<& <2.0

S

3.0 for2.0<£, 34

where:
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Ru-y% = vertical elevation of runup exceeded by 2% of the waves.

From the above equations, an 8 ft wave height (H;) with 8 sec peak period
(Tp) will have a wave steepness (sop ) of 0.0244. With a structure slope of
1:2 (tana = Y2 = 0.5), the surf similarity parameter (&op) is 3.2. The Ru.y is
therefore three times the wave height, or 24 ft for an 8 ft wave height. This
is for runup on a smooth slope.

From CEM Table VI-5-3, the runup reduction factor for 2 or more layers of
rock is 0.55 — 0.60. Using 0.55, the calculated runup for an 8 ft, 8 sec wave
is therefore (0.55 * 24 ft) 13.2 ft above the swl.
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Appendix D: Datums

Horizontal datums

The horizontal datum used for coordinate data input into the models was
NADS83, State Plane Virginia South, 4502, meters. Where necessary,
coordinates in other datums were converted to this datum using the
conversion program Corpscon, ver 6.0.1, available at:
<http://www.tec.army.mil/>.

Several figures presented in this report are based upon the GENESIS grid
set up on Wallops Island. These figures generally show alongshore
distances along the X axis and offshore distances along the Y axis (and
frequently the offshore scales are distorted relatively to the alongshore
scales). The origin of this coordinate system is at: 3768396.5200 Easting,
1174969.9500 Northing in the Virginia State Plane system listed above.
This origin is located in the front yard of building V50, the NASA Dynamic
Balance Facility, Center Bldg. The grid is rotated 129° clockwise from
North, which is the equivalent of a counter-clockwise rotation of 231° from
East. This allows the GENESIS x-axis (horizontal) to run in a SSW
direction generally parallel to the beach.

Vertical datums

The vertical datum used in this study was MSL (mean sea level), meters.
The difference in MLLW (mean lower low water) elevations and MSL
elevations is 0.58 m (1.9 ft). This is the NOAA value for half the tide range
(between MLLW and MHHW) on the open coast at Wallops Island as
shown in Table D-1. The data in this table were obtained from the website:
<http://tidesandcurrents.noaa.gov/tides07/tab2ec2b.htmi#44>. These relationships were
derived from a temporary tide station deployed on the open coast offshore
of Wallops Island during 1983.

Since NOAA does not provide a full suite of tidal relationships for this
location, when necessary, Chincoteague Harbor of Refuge relationships,
supplied by NAO, were used. These are shown in Figure D-1. For example,
MLW (mean low water) elevations were first converted to MLLW by
adding (subtracting a negative) 0.04 m (1.4 ft), the value given in Figure
D-1. Most GEODAS depths were referenced to Mean Low Water.
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LIDAR elevations were generally given in NAVD88. NAVDS8S8 is 0.05 ft
above MSL (1.95-1.90 ref to MLLW). NOTE: This is equivalent to 1.5 cm of

elevation. This small difference is less than the accuracy of some

measurement systems, and thus, for practical purposes, at Wallops Island

NAVDS88 and MSL elevations can be used interchangeably.

Table D-1. Elevation data for the open coast at Wallops Island, VA.

Mean
Tide Level
(ft)
Longi- Mean Spring (relative
Outer Coast Station | Latitude | tude Range (ft) | Range (ft) | to MLLW)
Wallops Island 37° 50.5' [75° 28.7" [3.6 4.4 1.9
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Chincoteague Harbor of Refuge
Elevations of datums referred to NOS MLLW, 1960-1978 tidal epoch, in feet

NOS MHW 263 NOS MHW
NAVD 1988 1.95 NAVD 1988, 1991 adj.
NGVD 1929 114 NGVD 1929, 1973 ad.
Fy
NOS MLW .14 NOS MLW
NOS MLLW 0.00 y 3 L 4
A
N b NOS MLLW
y l ©.t8 navoas
- ‘— .

L. _ ,

& - 1.81 ‘ -— BENCHMARK ELEVATIONS IN FEET -

Kooy NGVD 1929, NAVD 1988,

BENCHMARK NOS MLLW NOS MLW NOSMHW  1973ad] 1991 ad]
NOS "NO 2, 1662" 5.32 5.18 269 417 336
NOS "NO 3, 1962" 4.74 460 214 3.61 2.80
NOS "863 0316 A 1977 456 485 2.36 3.85 3.04
NOS "853 0316 B 1977" 6.45 631 3.82 5.31 450
NOS "853 0316 C 1977 5.90 5.76 3.27 476 395
GE "HARBOR RESET, 194" 6.47 6.33 3.84 533 . 452
CE "BASIN-1, 1984" 675 6.61 412 5.61 480

NOTE: NOS MLLW, 1960-1978 tidal epoch, elevations for CE "HARBOR RESET, 1984" and CE
"BASIN-1, 1984" were established by USACE Norfolk District. The established efevations being utilized
since 14 December 1998, (No backup exists for how the elevations were established.) NGS Published
elevations (NGVD and NAVD) utilized for NOS "NO 2, 1962" and NOS "NO 3, 1962",

STATEMENT OF TECHNICAL REVIEW

Notice is hereby given that an independent technical review, has been conducted for the datum
diagram Jvertical control monuments for Chincoteague Harbor of Refuge as defined in the Notfolk
District, Operating Branch, 'Standard Operating Procedure (SOP) for Quality Control and Quality
Assurance Associated with Survey Datum Diagram/Vertical Control Monuments Determinations’,
daE 2, June 2003. The following signatories attest to this fact.

Date; D2 M 2003

I fer
Syryey Ma@“}. Legaspi)
%« ZQ\/ Date: 68 Suly 7603

Independent Téchnica! Review (D. Linn)

Date:

!ndezdent Technical Review

Chief, Navigation and Survey Section (T. Woodward}

Date: 97/3:1!7 Loo?

Creatod by |

E. Legaspl

02 July 2003

Figure D-1: Harbor of refuge tidal datums obtained from NAO.
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Appendix E: Model Configuration Parameters

The SBEACH / EST and the STWAVE / GENESIS modeling systems that
are available within CEDAS (version 4.03) were used in this study. The
CEDAS package is available to USACE employees at:
<http://chl.erdc.usace.army.mil/cedas>,
or to the general public at:
<http://www.veritechinc.com>.

SBEACH configuration parameters

The description of the SBEACH modeling effort is given in Chapter 4. The
SBEACH model configuration parameters that were used are listed in
Table E-1.

Table E-1. SBEACH configuration parameters.

Reach Configuration

Grid Data
Grid Type Variable
Position of Landward boundary -50
Beach
Landward surf zone depth limit: 0.30
Effective grain size (mm) 0.29
Maximum slope 30

Sediment Transport Parameters

Transport rate coefficient 1.5E-06
Overwash transport parameter 0.005
Coefficient for slope-dependent term 0.002
Transport rate decay coefficient multiplier 0.5
Water temperature 16
Storm Configuration
Storm Information
Time step (min) 1
Wave type Irregular
Input wave water depth 6
Wave Height Randomization Yes
Seed Value 8186
% variability 5

Wave Height and Period
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Input Variable
Time step (min) 60

Wave Angle
Input Constant
Wave Angle 0

Water Elevation
Input Variable
Time step (min) 60

Wind Speed
Input Constant
Wind Speed 0
Wind Angle 0

EST configuration parameters

The description of the EST modeling effort is given in Chapter 4. EST
configuration parameters are listed in Table E-2.

Table E-2. EST configuration parameters.

Case Properties Value
Units English
Vertical Datum 0
Tropical Event Input Value
Number of Input Parameters 9
Event Frequency 0.277
Number of Response Parameters 8

Life Cycles 500
Duration of Life-Cycles in years 100

Probability Assighment

Read from file

Random number seed 123456
Extra-tropical Event Input Value
Number of Input Parameters 9

Event Frequency 0.78
Number of Response Parameters 8

Life Cycles 500
Duration of Life-Cycles in years 100

Probability Assighment

Read from file

Random number seed

123456
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Wallops Island STWAVE grid parameters

The description of the STWAVE modeling effort for the Wallops Island
domain is given in Chapter 5. The parameters used to set up the Wallops
Island STWAVE bathymetry grid within CEDAS (Version 4.03) are listed

in Table E-3.

Table E-3: Wallops Island STWAVE grid parameters.

Project Name

Wallops Island Storm Damage
Reduction Project

Domain Name

Wallops Island

Domain Number

10f3

Domain Descriptive Shoreline Boundaries

Mid Tom's Cove to Mid
Assawoman Island

USGS Reference Charts

12210, 12211

Data Horizontal Coordinate System

Virginia State Plane South, 4502,
NAD 83, meters

Data Vertical Coordinate System MSL, meters

Set up date 20-Jul-07

STWAVE Origin Coordinates 1167524.1515 | 3787122.9661
N E

Approximate Offshore Boundary Depth 20m

X_Azimuth (Onshore Direction) 3090, clockwise | N51W
from N

Grid cell size cross-shore Ax 73.152m 240 ft

Grid cell size along-shore Ay 73.152m 240 ft

Number of Grid Cells 265 cross- 221 along-
shore shore

Grid Distance Cross-shore, Rx 19312.128 m 63360 ft

Grid Distance Along-shore, Ry 16093.440 m 52800 ft

Near-shore Save Station Target Depth 6m

Wallops Island STWAVE wave parameters

The description of the STWAVE modeling effort for the Wallops Island

Domain is given in Chapter 5. The Wallops Island STWAVE wave
parameters used in the modeling effort are listed in Table E-4.
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Table E-4: Wallops Island STWAVE wave parameters.

Project Name Wallops Island Storm Damage Reduction Project
Domain Name Wallops Island

Domain Number 10of3

Set up date 20-Jul-07

Wave Config Number lof1

WIS Station Number 178, Atlantic

WIS Station Location 37.75° N 75.25°W

WIS Station Depth 20m

Shore_Ref 1 Wave Angle 1299, clockwise from N

Wave Bin Boundaries

Height Period Angle

mean mean mean

0 3 90

0.4 4 65

0.6 5 45

0.8 6 30

1 7 20

1.2 9 10

1.6 11 0

2 13 -10

3 20.5 -20

6 -30
-45
-65
-90

GENESIS configuration and calibration parameters

The GENESIS module within CEDAS (version 4.03) was used in this
study. The GENESIS grid was set up using the configuration parameters
listed in Table E-5.
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Table E-5: GENESIS configuration parameters.

GENESIS Origin Coordinates 3768396.5200 1174969.9500
Easting Northing
Offset from STWAVE X-Axis 6071.616 m 19920 ft
X_Azimuth Alongshore Orientation | 219°, clockwise from S39W
N
Grid cell size along-shore 73.152m 240 ft
Number of Grid Cells 121
Grid Distance Along-shore 8851.392 m 29040 ft
Model Time step 1 hour
Ratio GEN to STW cells 1:1

It was necessary to modify the GENESIS grid when detached breakwaters
were being modeled, because of the finer shoreline resolution needed in
the lee of the breakwaters. Modified parameters are shown in Table E-6.
For these runs, the other parameters remained as shown in Table E-5.

Table E-6: GENESIS configuration parameters for detached breakwater runs.

Grid cell size along-shore 18.288 m 60 ft
Number of Cells 484

Model Time Step 0.15 hour

Ratio GEN to STW cells 4:1

The GENESIS calibration parameters used in this study are listed in
Table E-7.
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Table E-7. GENESIS calibration parameters.

Parameter Value
K1 0.39
K2 0.195
Median Grain Size 0.2 mm
Berm Height 2m
Depth of Closure 4m

1996 LIDAR shoreline
2005 LIDAR shoreline
2005 LIDAR shoreline
2007 Profile shoreline
Average years

Initial calibration shoreline

Final calibration shoreline

Initial verification shoreline

Final verification shoreline

Model wave climate

Calibration duration 9 years

Verification duration 2 years

Left lateral boundary condition

Moving @ +0.011 m/day

Right lateral boundary condition

Moving @ -0.015 m/day

Regional Contour Trend

As shown in Figure 5-9

Hard Structures

Seawall and Geotextile Tube

Soft Structures

No beachfill or Bypassing

When the alternatives were being modeled, beach fills were added, sand
retention structures were added as appropriate, and the median grain size
was changed from 0.2 to 0.29 mm.

Fishing Point STWAVE Coarse Grid Parameters

The description of the STWAVE modeling effort for the Fishing Point
Coarse Grid domain is given in Chapter 8. The parameters used to set up
the Fishing Point Coarse Grid STWAVE bathymetry grid within CEDAS
(Version 4.03) are listed in Table E-8.
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Table E-8. Fishing Point STWAVE coarse grid parameters.

Project Name

Wallops Island Storm Damage

Reduction Project

Domain Name

Fishing Point Coarse

Domain Number

20f3

Domain Descriptive Shoreline Boundaries

Wachapreague Inlet to Tingles
Island camping area

USGS Reference Charts

12210, 12211

Data Horizontal Coordinate System

Virginia State Plane South, 4502,

NAD 83, meters

Data Vertical Coordinate System MSL, meters
Set up date 15/5/2009
STWAVE Origin Coordinates 1197436.0162 | 3812183.8413
N E
Approximate Offshore Boundary Depth 20m
X_Azimuth (Onshore Direction) 3000, clockwise | N6OW
from N
Grid cell size cross-shore Ax 200 m 656.168 ft
Grid cell size along-shore Ay 200 m 656.168 ft
Number of Grid Cells 151 cross- 376 along-
shore shore
Grid Distance Cross-shore, Rx 30000 m 98425.197 ft
Grid Distance Along-shore, Ry 75000 m 246062.992 ft
Near-shore Save Station Target Depth 6m 19.685 ft

Fishing Point STWAVE fine grid parameters

The description of the STWAVE modeling effort for the Fishing Point Fine

Grid domain is given in Chapter 8. The parameters used to set up the

Fishing Point Fine Grid STWAVE bathymetry grid within CEDAS (Version

4.03) are listed in Table E-9.
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Table E-9. Fishing Point STWAVE fine grid parameters.

Project Name

Wallops Island Storm Damage

Reduction Project

Domain Name

Wallops Island

Domain Number

30f3

Domain Descriptive Shoreline Boundaries

Fishing Point northward to 2 miles
south of VA/MD State Line

USGS Reference Charts

12211

Data Horizontal Coordinate System

Virginia State Plane South, 4502,

NAD 83, meters

Data Vertical Coordinate System MSL, meters
Set up date 15/5/2009
STWAVE Origin Coordinates 1180115.5081 | 3802183.8413
N E
Approximate Offshore Boundary Depth 20m
X_Azimuth (Onshore Direction) 3000, clockwise | N6OW
from N
Grid cell size cross-shore Ax 40 m 131.234 ft
Grid cell size along-shore Ay 40 m 131.234 ft
Number of Grid Cells 514 cross- 501 along-
shore shore
Grid Distance Cross-shore, Rx 20520 m 67322.835 ft
Grid Distance Along-shore, Ry 20000 m 65616.800 ft
Near-shore Save Station Target Depth 6m 19.685 ft

Fishing Point STWAVE wave parameters

The description of the STWAVE modeling effort for Fishing is given in

Chapter 8. The STWAVE wave parameters used in the modeling effort for

both the coarse grid and the fine grid are listed in Table E-10.
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Table E-10: Fishing Point STWAVE wave parameters.

Project Name

Wallops Island Storm Damage Reduction Project

Domain Names

Fishing Point Coarse and Fine Grids

Domain Numbers

2of3and 3 0of 3

Set up date 15/05/2009
Wave Config Number lof1
WIS Station Number 177, Atlantic
WIS Station Location 37.75° N 75.083° W
WIS Station Depth 25m
Shore_Ref 1 Wave Angle 1209, clockwise from N
Wave Bin Boundaries
Height Period Angle
mean mean mean
0 3 90
10 5 65
7 45
9 30
20.5 20
10
0
-10
-20
-30
-45
-65
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Appendix F: Seawall Extension Shoreline
Difference Figures

These figures are discussed in Chapter 10.

2 Year shoreline differences
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Figure F-1. Two year shoreline difference between 1500 ft seawall extension at the shoreline
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ERDC/CHL TR-11-9

192

E ey
=
y

8

[ %
(=]

-
=

=]
o

'

South Camera Stapd

Assawoman Inlet

_illl.

seaﬁard =

4
—_I_lIk ——1——_::1:— _'l'_;_ —

500" 3000 4500 6000 7500

2000

10500

Shoreline. Position ()

Landward

Difference {(Seawall - No seawall) In 2 Yr

Distance South of Present Seawall (ft)

| —Ave 95% Conf |

=
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Figure F-6. Two year shoreline difference between 4600 ft seawall extension 10 yds landward

and no seawall extension.
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Figure F-8. Ten year shoreline difference between 1500 ft seawall extension 10 yds landward
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