
 

  

A P P E N D I C E S  

DRAFT PROGRAMMATIC 
ENVIRONMENTAL IMPACT 
STATEMENT  
 
WALLOPS FLIGHT FACILITY 
SHORELINE RESTORATION AND 
INFRASTRUCTURE PROTECTION 
PROGRAM 
 
VOLUME II OF II 
Prepared for 

 
National Aeronautics and Space Administration 
Goddard Space Flight Center 
Wallops Flight Facility 
Wallops Island, VA 23337 
 
In cooperation with 

U.S. Department of the Interior, Minerals Management Service and 
U.S. Army Corps of Engineers 
 

February 2010 

Prepared by 

 

URS Group, Inc. 
200 Orchard Ridge Drive, Suite 101 
Gaithersburg, MD 20878 
15301785 



Table of Contents 

Appendices 
Appendix A Storm Damage Reduction Project Design for Wallops Island, VA 

Appendix B SRIPP Benthic Video Survey Technical Memorandum 

Appendix C Section 106 Consultation 

Appendix D SRIPP Cultural Resource Remote Sensing Survey of Two Proposed Offshore 
Sand Borrow Locations in Federal Waters 

Appendix E SRIPP Proposed Groin, Breakwater, and Shoreline Cultural Resources Surveys, 
Accomack County, VA 

Appendix F Section 404(b)(1) Evaluation Report 

Appendix G Federal Consistency Determination 

Appendix H Essential Fish Habitat Assessment 

Appendix I Biological Assessment 

Appendix J Scoping Letter and Scoping Responses 

 

 

 

 



 

 

Appendix A 

Storm Damage Reduction Project Design for Wallops Island, VA



 i 

 
 
 
Storm Damage Reduction Project Design 
for Wallops Island, Virginia 
 

 
David B. King Jr., Donald L. Ward 
Coastal and Hydraulics Laboratory 
U.S. Army Engineer Research and Development Center 
3909 Halls Ferry Road 
Vicksburg, MS 39180-6199 
 
Greggory G. Williams, and Mark H. Hudgins 
U.S. Army Engineer District, Norfolk 

803 Front Street 

Norfolk, VA 23510-1096 

 

 

 

 

 

 

 

January, 2010 



 ii 

Contents 
1 Introduction.....................................................................................................................................1 

Study Objectives ................................................................................................................. 1 

2 Description of the Study Area.......................................................................................................2 
Location .............................................................................................................................. 2 
History of Shoreline Change along Wallops Island.............................................................. 4 

1940’s and 1950’s................................................................................................................ 4 
1960’s through 1980’s.......................................................................................................... 7 
1990’s to Present ................................................................................................................ 13 

Shoreline Change.............................................................................................................. 16 
Future Shoreline Trends....................................................................................................19 

Growth of the Southern Tip of Fishing Point......................................................................... 19 
Narrowing of the Tom’s Cove Isthmus.................................................................................. 21 
Sea Level Rise...................................................................................................................... 22 

3 Field Investigations......................................................................................................................24 
Beach Profile Measurements............................................................................................ 24 
Onshore and Nearshore Sediment Survey........................................................................ 24 
Offshore Borrow Site Survey and Sediment Characteristics .............................................25 

May 2007 Survey................................................................................................................. 25 
December 2007 Survey....................................................................................................... 26 

Condition Survey of the Rock Seawall...............................................................................28 
Geotube™ section at south end of seawall .......................................................................... 29 
Seawall Condition ................................................................................................................ 31 
Structure Stability ................................................................................................................ 37 
Structure Runup................................................................................................................... 37 
Analysis for +10 ft crest elevation........................................................................................ 38 
Analysis for Steep Seaward Face......................................................................................... 39 
Analysis for +12 ft and + 14 ft crest elevation..................................................................... 51 

Experimental Placement of Chincoteague Inlet Dredge Material on Wallops Island 
Shoreline...........................................................................................................................52 

4 SBEACH / EST Modeling and Levels of Storm Damage Protection .......................................57 
Application of SBEACH and GENESIS Modeling ................................................................ 57 
SBEACH Setup .................................................................................................................. 57 

Model Description and Approach......................................................................................... 57 
Storm Events........................................................................................................................ 58 
Characterization of Storm Water Levels............................................................................... 60 
Characterization of Storm Waves......................................................................................... 62 
Characterization of the Beach Profile................................................................................... 63 
Characterization of the Depth of Closure ............................................................................. 66 
SBEACH Model Runs............................................................................................................ 67 



 iii 

EST Setup..........................................................................................................................68 
Profile Responses to Hurricanes and Nor’easters ............................................................68 
B070 Profile Response to Storms.....................................................................................72 

Berm Response ................................................................................................................... 72 
Dune Response.................................................................................................................... 74 
Storm Surge......................................................................................................................... 76 

Storm Damage Reduction Level of Protection...................................................................77 

5 STWAVE/GENESIS Setup and Model Calibration.....................................................................79 
STWAVE.............................................................................................................................79 

Model Description................................................................................................................ 79 
Model Grid ........................................................................................................................... 80 
Wave Climatology................................................................................................................. 81 

GENESIS ...........................................................................................................................84 
Model Description................................................................................................................ 84 
Model Grid ........................................................................................................................... 84 
GENESIS Calibration ............................................................................................................ 87 
Sensitivity............................................................................................................................. 89 
Verification........................................................................................................................... 91 

STWAVE Results ................................................................................................................93 
GENESIS Results -Wallops Island Sediment Budget .........................................................95 

6 Beach Fill Design Alternatives....................................................................................................99 
Minimum Target Fill for Storm Damage Protection ...........................................................99 

Characterization of the Seawall Deficit Volume ................................................................... 99 
Characterization of Berm and Dune Volumes ....................................................................104 
Characterization of Overfill Volumes ..................................................................................104 
Characterization of Sea Level Rise Volumes......................................................................105 
Summary of Components Common to All Alternatives.......................................................106 

Beach Fill Alternatives.....................................................................................................108 
Modeling of Advanced Fill Volumes.................................................................................109 
Alternative 1 - No sand retention structures ...................................................................109 
Alternative 2 - South terminal groin ................................................................................113 
Alternative 3 - South detached breakwater.....................................................................117 

7 Wallops Island Storm Damage Reduction Project Design ................................................... 121 
Seawall Maintenance......................................................................................................121 
Seawall Extension ...........................................................................................................121 
Initial Beach Fill...............................................................................................................122 
Sand Retention Structure ...............................................................................................122 
Flood Vulnerability Analysis.............................................................................................122 
Beach Monitoring Program .............................................................................................122 
Scheduled Beach Renourishments.................................................................................122 
Implementation Schedule...............................................................................................123 

Year-1 Activities .................................................................................................................123 
Year-2 Activities .................................................................................................................123 
Year-3 Activities .................................................................................................................123 



 iv 

Discussion of 2-Year Initial Fill Placement ......................................................................124 
Initial and Renourishment Fill Volumes...........................................................................124 
Recommended Alternative..............................................................................................125 

8 Impact to Assateague Shoreline of Mining Offshore Shoals for Beach Fill Material ....... 127 
Borrow Sites....................................................................................................................128 
STWAVE Model Grids.......................................................................................................129 

Coarse and Fine Grids........................................................................................................129 
Fishing Point Coarse Grid Description................................................................................131 
Fishing Point Fine Grid Description ....................................................................................131 
Cell Distribution within the Borrow Areas...........................................................................133 
Dredging Modifications to the Borrow Sites.......................................................................134 
STWAVE Grid Summary......................................................................................................137 

STWAVE Wave Climatology ..............................................................................................137 
Sediment Transport Modeling.........................................................................................139 
Sediment Transport Rate Results ...................................................................................140 
Discussion.......................................................................................................................143 

9 On-shore Mining of the North End of Wallops Island for Beach Fill .................................... 146 
Sediment Budget ............................................................................................................ 147 
Site Suitability ................................................................................................................. 147 
Plan.................................................................................................................................148 

10 Shoreline Impacts from Seawall Extension ........................................................................... 149 
GENESIS Modeling Conditions........................................................................................149 
Modeling Results ............................................................................................................151 

Shoreline Change...............................................................................................................151 
1- Year, 1500 ft Extension .................................................................................................153 
1-Year, 3000 ft Extension ..................................................................................................154 
1-Year, 4600 ft Extension ..................................................................................................156 
2-Year and 10-Year Shoreline Changes .............................................................................157 

Discussion.......................................................................................................................158 

11 Conclusions and Recommendations ...................................................................................... 160 

References......................................................................................................................................... 163 

Appendix A:  Vibracore Sediment Data ...........................................................................................170 

Appendix B:  Wallops Island Site Visit Report of 07 September 1999........................................173 

Appendix C:  Seawall Condition Survey of 29 October 2008 - Calculations.............................. 185 

Appendix D:  Datums........................................................................................................................ 187 
Horizontal Datums ..........................................................................................................187 
Vertical Datums ..............................................................................................................187 

Appendix E:  Model Configuration Parameters............................................................................. 190 



 v 

SBEACH Configuration Parameters.................................................................................190 
EST Configuration Parameters........................................................................................191 
Wallops Island STWAVE Grid Parameters........................................................................192 
Wallops Island STWAVE Wave Parameters......................................................................192 
GENESIS Configuration and Calibration Parameters ......................................................193 
Fishing Point STWAVE Coarse Grid Parameters ..............................................................195 
Fishing Point STWAVE Fine Grid Parameters...................................................................195 
Fishing Point STWAVE Wave Parameters.........................................................................196 

Appendix F:  Seawall Extension Shoreline Difference Figures.................................................... 198 
2 Year Shoreline Differences ..........................................................................................199 
10 Year Shoreline Differences ........................................................................................202 

 



 1 

1 Introduction 
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 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 US Army Engineer Research and Development Center’s (ERDC) 
Coastal and Hydraulics Laboratory (CHL) has been working with the US 
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 Description of the Study Area 
Location 

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.   

 
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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and Assawoman Island, a National Wildlife Refuge managed by the US 
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 
1940’s and 1950’s 

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 
recommended 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. 



 5 

 
Figure 2-3.  Wallops Island shoreline, January 1946. 

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. 

 
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. 
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1960’s through 1980’s 

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 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. 

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, 
2006 (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 1960’s and 
early 1970’s the groins functioned well, as shown in Figure 2-10, and were 
considered a success.   

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.   

Assawoman Inlet was formerly a small, natural inlet at the southern tip of 
Wallops Island (Slingerland 1983).  Most photos and shorelines through 
the early 1980’s show a small, but open, inlet.  However, photos and 
shorelines from the 1990’s on show the inlet as closed.  Today, the inlet’s 
former location is marked by a series of overwash fans. 
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Figure 2-7.  Seawall damage from Ash Wednesday Storm of April 1962. 
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Figure 2-8.  Mechanically filled section of the south end of Wallops Island following an Ash 

Wednesday Storm breach. 
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Figure 2-9.  Wallops Island wooden groins, from SPM, pg 6-77. 
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Figure 2-10.  Wallops Island groin field in 1969. 
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Figure 2-11.  Condition of groins and seawall in 1983. 

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 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.   



 13 

 
Figure 2-12.  Experimental beach protection barriers. 

1990’s to 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, 
though several short sections of wooden pilings still remain in place.  
Photos from the 1990’s 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 1990’s (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). 
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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. 

 
Figure 2-14.  Rock seawall in 2007 looking north along Wallops Island. 
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Figure 2-15.  Rock seawall during Hurricane Dennis, September 1999. 

 
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. 
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Figure 2-17.  Damage to the south end of Wallops Island caused by the November 2009 

Nor’easter. 

 

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 US 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.  

On Figure 2-18, distances are in miles.  The figure has the same 
orientation and origin as the GENESIS 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 -1½ miles 
to +4 miles.  The dominant direction of wave approach for this section of 
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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 the 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. 

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. 
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Figure 2-18.  Wallops Island shoreline changes between 1849 and 2005. 
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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. 

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.   

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 
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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, 
shows 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 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. 

 
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. 

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 breakthroughs 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. 
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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 that it does not exacerbate the breaching potential.  Mining of 
the offshore shoals is discussed in Chapter 8. 

 
Figure 2-21.  Looking south along Assateague Island at breach into Tom’s Cove caused by 

November 2009 Nor’easter. 

Sea Level Rise 

Sea level rise is currently occurring on a world-wide basis, and current 
USACE guidance (USACE, 2009) projects it to continue to occur at an 
increasing rate, though 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 
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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 it may not have as great an impact as some of the other 
effects discussed above. 
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3 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.  
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 an 
Innerspace Technology depth finder and extended seaward to 
approximately 1000 feet east of the seawall with every fourth survey line 
being extended to approximately the 30 foot contour. 

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 D50 value of 0.20 mm was applied to 
characterize the native beach material in the modeling effort. 
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Figure 3-1.  Locations of Measured Profiles. 

 

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 may be 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 program was a more detailed examination of 
potential areas found from the first program attempting to define vertical 
and lateral extent of potential borrows areas.   

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 
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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 D50 < 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. 

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 
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 3-2.   
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Figure 3-2.  Location of potential offshore borrow sites. 

Analysis of the vibracores indicated that the Blackfish Bank composite 
mean sediment diameter was calculated to be 0.35 mm and Blackfish Bank 
held 25 million cubic yards of beach quality material.  However, concerns 
about this site include local opposition by fishermen and the analysis 
described in Chapter 8 that indicates that mining this shoal would have 
greater shoreline impacts than mining either Offshore Site A or B. 

Analysis of the core data indicates that Site A contains 40+ million cubic 
yards, and site B contains 45+ million cubic yards.  These estimates are 
considered conservative.  These volumes are substantially in excess of the 
estimated 10 million cubic yards of fill material needed over the lifetime of 
the project.  A sieve analysis was conducted on the sediments in the cores 
taken from these sites.  A summary of the results of this analysis is listed in 
Appendix A of this report.  The sediments in these cores were typically 
divided into three sections (upper, mid, and lower) with a mean grain size 
calculated for each section.  In addition, a composite grain size was 
calculated for each core.  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 
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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 3-3).  This figure shows the data separated by site and depth as 
well as the four data sets combined.  The median value for each of these 
curves is above D50= 0.29 mm.  To be conservative, this value was chosen 
for modeling purposes.  An underestimate of this value would lead to an 
underestimate in the amount of fill material needed for the project.  The 
consequences of this are discussed in Chapter 6. 

 
Figure 3-3.  Distribution of Median grain sizes from offshore samples. 

 

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 
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 
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project, and to determine necessary repairs to the seawall.  A previous 
1999 USACE site visit report is provided in Appendix B of this study. 

Geotube™ section at south end of seawall 

Although the Geotube™ was partially exposed along its entire length, the 
Geotube™ section appeared to be in good shape.  (See Figures 2-14 and 2-
16 for Geotube™ 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 3-4).  The amount of exposed 
Geotube™ increased in the northern portion to one-third to one-half of the 
tube’s height (Figure 3-5).  The front face of the bag was exposed down to 
the scour apron at the northern end of the tube on both the seaside and the 
landward side (Figure 3-6) but no scouring beneath the apron was 
observed.  A repair to the Geotube™ was evident near the northern end.  
Here, a second section of Geotube™ was lying adjacent to the main barrier 
and gave the appearance that the two bags had been stacked and the upper 
bag pushed off the top to landward (Figure 3-7).  There was substantial 
washout in this section behind the Geotube™, but the tube itself is stable. 

Along the crest of the Geotube™ 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 two 
across and did not appear to be a problem.  No significant rips or tears in 
the fabric were noted. 
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Figure 3-4.  Looking north from southern portion of Geotube™. 

 

 
Figure 3-5.  Near the middle of the Geotube™ section, looking north. 
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Figure 3-6.  Scour apron exposed on landward side of Geotube™ at northern end of structure. 

 
Figure 3-7.  Short Geotube™ behind the north end of main tube. 

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 3-8) and/or an overly 
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steepened seaward face.  Point measurements taken during the site visit 
indicated 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 3-9).  By comparison, the 
seawall designed by Moffatt and Nichol (1998) (referenced in Morang, 
Williams, and Swean, 2006) had a 14 ft (MSL) crest elevation and a 
seaside face with 1:3 slope. 

 

 
Figure 3-8.  Area of decreased crest elevation on seawall. 
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Figure 3-9.  Steep seaside face on seawall. 

 

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 3-10).   
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Figure 3-10.  Washout under the concrete apron causing cracking and tilting. 

In some areas the remains of earlier seawalls constructed of timber piles 
(Figure 3-11) or steel sheet pile (Figure 3-12) 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 3-13).  
Large scour areas behind the seawall were found along approximately 50% 
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 3-14). 
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Figure 3-11.  Remnants of concrete apron and timber pile wall. 

 

 
Figure 3-12.  Remnants of concrete apron with steel sheet pile wall. 
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Figure 3-13.  Water flowing through seawall by wave action. 

 
Figure 3-14.  Rubble pile behind seawall, presumably to fill scour hole. 
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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 sample equation in 
Appendix C for 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 of the structure.  According to the Wave Information 
Study (WIS) hindcast (available online at 
http://chl.erdc.usace.army.mil/chl.aspx?p=s&a=DATA;1 ) for station 179 
(37.75 N -75.33 W, depth 18 m), waves greater than 3m (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. 

Structure Runup 

Wave runup on a structure is commonly given in terms of either maximum 
runup (Rmax) or 2% runup (Ru2%, 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 peak wave period of 
7 to 9 sec.  Using the example calculation given Appendix C, an 8 ft wave 
height with an 8 sec peak period will have a 2% runup of 13.2 ft above the 
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 core elevation of +18 ft to 
prevent runup from overtopping the seawall during a fairly moderate 
storm.   

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 
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the stone requirements needed to raise the seawall to +12 and +14 ft and 
provide a 1:12 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/). 

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 3-15 through 3-20 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 to be of concern, the final 
areas selected were 30 ft or more along the crest.  Table 3-1 lists the areas 
of reduced crest elevation, identifying the beginning and end of the section 
where the crest is below + 10 ft.  Table 3-1 also lists the length (measured 
along the crest) of each section and the range of elevations within that 
section.   

Table 3-1.  Areas of concern due to low crest elevation.  

VA State Plane 4502, meters  

South End North End 
Area 
No. 

Crest 
Elev. 

Range 
(ft) 

Length 
(ft) 

Tons of 
Rock to 
Raise 

Elevation 
to +10 ft 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 3767311.5 1173411 

Total  780 682     

 

Normally, raising the crest of an existing structure involves not only 
raising the crest but recovering the entire seaward and landward sides in 
order to maintain the desired slopes.  Because the areas with the lowest 
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crest elevation on this seawall were flattened from a higher crest elevation, 
there is sufficient width on the existing crest 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 assuming the existing crest elevation is the middle of the 
crest elevation range shown in Table 3-1, 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. 

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 3-2 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 3-2 is considered representative of the steep areas.  In some areas, 
only portions of the area are excessively steep; Table 3-2 therefore lists the 
percentage of the length of the area for which the slope is unacceptably 
steep.   

The amount of stone required to improve each section is also included in 
Table 3-2.  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 3-2 shows a reach where the +12 ft contour line is 
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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 3-2 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. 
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Tons of 
Rock 

Needed 
for 

Repair 

11.8 

8.2 

17.8 

39.6 

 

27.9 

21.7 

27.9 

3.4 

2.9 

12 

31.7 

18 

1.7 

6.2 

15.6 

10.1 

26.9 

283.4 

Area for 
1:1.5 

slope to 
+10 

28.8 

15.75 

18 

32 

 

16.2 

12.6 

16.2 

2 

1.67 

13.5 

25.6 

13.5 

5.33 

6 

9 

15.75 

16 

 

Northing 

1170916 

1171032 

1171090 

1171476 

1172433 

 

 

 

 

 

1172477 

1172583 

1172637 

1172669 

1172753 

1172780 

1172969 

1173002 

 

North End 

Easting 

3765318 

3765410 

3765457 

3765764 

3766516 

 

 

 

 

 

3766554 

3766635 

3766677 

3766703 

3766770 

3766792 

3766939 

3766968 

 

Northing 

1170910 

1171029 

1171085 

1171470 

1172363 

 

 

 

 

 

1172474 

1172571 

1172631 

1172663 

1172748 

1172772 

1172966 

1172993 

 

VA State Plane 4502, meters 

South End 

Easting 

3765313 

3765408 

3765453 

3765759 

3766462 

 

 

 

 

 

3766550 

3766625 

3766671 

3766698 

3766765 

3766785 

3766937 

3766962 

 

Slope 

0.6 

0.63 

0.5 

0.5 

 

0.6 

0.8 

0.6 

0.5 

0.67 

0.75 

0.7 

0.75 

0.83 

0.75 

1 

0.63 

1 

 

Percent 
of Area 

33 

75 

100 

100 

 

12 

12 

12 

12 

12 

100 

50 

100 

25 

100 

100 

100 

100 

 

Slope 
Width 

(ft) 

6 

5 

4 

4 

 

6 

8 

6 

3 

4 

6 

7 

6 

5 

6 

8 

5 

8 

 

Lower 
Contour 

(ft) 

2 

4 

4 

2 

 

4 

4 

4 

8 

8 

4 

2 

4 

6 

6 

4 

4 

2 

 

Upper 
Contour 

(ft) 

12 

12 

12 

10 

 

14 

14 

14 

14 

14 

12 

12 

12 

12 

14 

12 

12 

10 

 

Length 
(ft) 

25 

14 

20 

25 

290 

 

 

 

 

 

18 

50 

27 

26 

21 

35 

13 

34 

598 

Note:  Multiple cross-sections were taken of Area 5.  Total area of concern was 60 percent of length, evenly divided among cross-sections. 

Table 3-2.  Areas of concern due to excessively steep seaside slope. 

Area 
No. 

1 

2 

3 

4 

5* 

5a 

5b 

5c 

5d 

5e 

6 

7 

8 

9 

10 

11 

12 

13 

Total 
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Figure 3-15.  Overview of seawall on Wallops Island. 
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Figure 3-16.  Steep slope areas 1 and 2. 
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Figure 3-17.  Steep slope area 3 and elevation loss area 1. 

 



 45 

 
Figure 3-18.  Elevation loss areas 2 and 3 and steep slope area 4. 
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Figure 3-19.  Steep slope areas 5 and 6. 
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Figure 3-20.  Steep slope areas 7, 8, and 9. 
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Figure 3-21.  Steep slope areas 10 and 11 and elevation loss area 4. 
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Figure 3-22.  Steep slope areas 12 and 13. 
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Figure 3-23.  Elevation loss area 5 
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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 re-shaping 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. 

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 3-24.  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. 

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 stone weight of 165 pcf and a 
porosity of 40%, 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 
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. 
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Figure 3-24.  Locations of analysis cross-sections for seawall repair to +12 and +14 ft.  

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 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. 

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

Elevatio
n (ft) 

Stone 
Required 
(cu yds) 

Stone 
Available 
(cu yds) 

Difference 
(cu yds) 

Stone 
Required 

(tons) 

Stone 
Available 

(tons) 

Difference 
(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 

 

Experimental Placement of Chincoteague Inlet Dredge Material on 
Wallops Island Shoreline 

The Norfolk District has been dredging Chincoteague Inlet since the mid-
1990’s, 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 3-25.  The 
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amount of material dredged is shown in Table 3-4 (Morang, Williams, and 
Swean 2006).   

 
Figure 3-25.  Offshore disposal site for Chincoteague Inlet dredge material. 

In 2002, the District partnered with NASA to place dredge material from 
the inlet channel along the Wallops Island shoreline (Figure 3-26.) 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.   
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Table 3-4.  Chincoteague Inlet Dredging History  

Date Dredge Dredge 
Days 

Yardage 
(yd3) 

Price 
Per 

Yard 

Mob and 
Demob 

Beach 
Work 

Total Cost Total 
Cost 
Per 

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 
Island 

26 91,292 $14.32 $163,260 $592,226 $2,062,787 $22.60 

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.      

 

 
Figure 3-26.  Site location map for experimental dredge placement. 

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 



 55 

material removed, as calculated from bathymetric surveys, was 91,292 
cubic yards. 

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 3-27).  Comparison of the after placement survey and the 
monitoring survey (Figure 3-28) 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 3-27.  Comparison of pre- and post-placement surveys. 

 
Figure 3-28.  Comparison of post-placement surveys. 
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4 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 and EST, which are discussed in 
this chapter, were applied to relate profile characteristics to levels of 
protection from storm damage.  The computer models STWAVE and 
GENESIS, 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 PC’s using the CEDAS (version 4.03) package of 
models.  A description of this software package can be found at the 
website:  <http://www.veritechinc.com>.   

 

SBEACH Setup 
Model Description and Approach 

SBEACH (Storm-induced BEAch CHange) 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.   



 58 

When a storm erodes a beach, the sand is usually not lost to 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. 

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. 

Table 4-1.  Hurricanes and Tropical Storms Database 

HURDAT 
Number 

Storm 
Name 

Reference 
Name 

Year 
SBEACH 

Start 
Date:time 

SBEACH 
End 

Date:time 

Max Wind 
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 90 

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 



 59 

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-0787I 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 

 

Table 4-2.  Nor'easters Database 

Reference 
Name Year 

SBEACH 
Start 

date:time 

SBEACH 
End 

Date:time 

Maximum 
Wind 
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 
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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 13.4 

N840328 1984 3/28:1200 3/31:1200 15.8 

N840926 1984 9/26:1200 10/03:0000 13.1 

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 13.1 

N961003 1996 10/03:1200 10/10:0000 12.4 

N970601 1997 6/01:0000 6/08:0000 12.0 

N971014 1997 10/14:0600 10/21:0600 12.1 

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 

N000528 2000 5/28:1200 6/01:0000 15.0 

N030408 2003 4/08:0000 4/12:1200 12.1 

N030908 2003 9/08:0600 9/12:1800 13.9 

 

Characterization of Storm Water Levels 

The storm-induced water elevations were calculated with the ADCIRC 
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 
website:  <http://tbone.biol.sc.edu/tide/>.   

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 
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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). 
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Figure 4-1.  Example Spring tide plus surge water level curves for Nor’easter N801226. 

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 (see:  
<http://frf.usace.army.mil/cgi-bin/wis/atl/atl_main.html>).  These data 
were transformed to 6 meters of water depth using the Phase3 
transformation 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 
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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. 
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Figure 4-2.  Example wave height and wave period for storm N801226. 

 

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.   

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).  The 
three profiles differ in the width of the berm and the presence and size of 
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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. 

• The B030 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. 

• For the B070 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.   

• 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. 

For the idealized profiles, the upland elevation (based upon profile data) is 
set at 7 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 berm height and 
foreshore slope 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 B030 profile represents a minimal fill project 
without a dune.  The B070 profile has the same amount of exposed berm 
width (30 ft) as the B030 profile, and represents a minimal fill project that 
includes a dune.  The dune in the B070 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 4-3.  Sub-aerial profiles for Alternatives considered. 

 
Figure 4-4.  Representative Profile. 
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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 (1983) or Ahrens (2000).  On the 0.29 mm equilibrium 
profile, this depth of closure is 600 ft (183 m) seaward of the shoreline.  
 

 
Figure 4.5.  Divergence of Wallops Island profiles from an equilibrium profile for depths 

greater than 4 meters (13 feet). 

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 taken from the closest 
site available where the calculation had previously been made, in this case 
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Sandbridge, VA.  In discussions with the senior author of that report, he 
concurred with the methodology presented here.  

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. 

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 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 B070 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 
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 B030 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 B070 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 B070 design condition.  Based upon this 
initial screening, only a limited amount of modeling was conducted using 
the B030 and B100 profiles. 
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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.   

1. The peak of the storm surge. 
2. The duration of storm surge (length of time the storm surge 

exceeded 0.3 m). 
3. The average value of surge over the storm’s duration. 
4. The tidal amplitude (spring, average, or neap). 
5. The tidal phase at peak surge (high, mid, or low tide). 
6. The slope of tide at peak surge. 
7. The peak wave height. 
8. The duration of storm waves (length of time the wave height 

exceeded 1 m). 
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 
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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. 
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Figure 4-6.  Maximum storm surge height for Hurricanes and Nor’easters, ranked from 
highest to lowest for the storms in the dataset.  
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Figure 4-7.  Distribution of storm surge durations for Hurricanes and Nor’easters. 

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. 
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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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B070 Profile Response to Storms 
Figures 4-10 through 4-14 are EST frequency response plots that show the 
predicted response of the B070 profile to the suite of storms that are based 
upon the combined historical data set of Hurricanes and Nor’easters. 

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 
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. 
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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. 

 

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.   

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 
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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.  

 

 
Figure 4-12.  Return period for dune crest lowering. 
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Figure 4-13.  Return period for recession of the 9 ft contour. 

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 
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. 
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Figure 4-14.  Storm surge return period. 

 

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. 

The beachfill project is intended to be the first line of defense.  Based upon 
the analysis presented above, a fill project based upon the B070 profile 
and a 5-year renourishment interval will, by itself, provide damage 
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protection from a storm that, on average, is likely to occur only once every 
30 years.   

Though 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 on 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 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 4-13, 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). 
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5 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 meters 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. 

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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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 1960's through the 
1990's 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) along shore 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. 
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Figure 5-1.  STWAVE grid for Wallops Island, VA. 

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 <http://frf.usace.army.mil/cgi-
bin/wis/atl/atl_main.html> for WIS station 178, located at 37.75o N, 
75.25o W, in 20 meters of water depth near the offshore boundary of the 
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 
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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).   

 
Figure 5-2.  Angle and sign convention definition sketch. 

Following a phase3 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 
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. 
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Figure 5-3.  STWAVE Wave Height, Period, and Angle bins. 

Figure 5-4.  STWAVE block diagram of wave height vs. wave angle. 
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GENESIS 
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 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, 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. 

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).  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 219o 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 construction 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. 
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Figure 5-5.  Layout of GENESIS grid. 

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 finer 
resolution grid, 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 

Feature Building 
# 

Cell 
Wall # 

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 W055 36 8400 2560 

Navy Surface Combat Systems Center WIETC Facility V003 37 8640 2633 

Raised Viewing Stand W036 39 9120 2780 

Blockhouse 3 W020 42 9840 2999 

Vehicle Assembly North Building W065 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 

Arc Launcher Facility Y035B 66 15600 4755 

Red and white Tower Y085 67 15840 4828 

Vehicle Assembly South Bldg Y015 68 16080 4901 

Blockhouse Z065 70 16560 5047 

50K Launcher Facility Z071 72 17040 5194 

Prior site of Launch Pad 0A  74 17520 5340 

Camera Stand, South End of Rock Seawall Z040 76 18000 5486 

Pad 0B, 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 
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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. 

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 
Figure5-7.  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. 
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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.   
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During calibration, various values for the K1 and K2 constants 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 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.   
 

600

800

1000

1200

1400

1600

1800

0 1000 2000 3000 4000 5000 6000 7000 8000

Alongshore Distance (m)

O
ffs

ho
re

 D
is

ta
nc

e 
(m

)

5m Bathy 5m Prof 2005 Regional Contour
 

Figure 5-9.  Wallops Island Regional Contour. (5:1 vertical to horizontal distortion) 

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 
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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.   

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.   

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. 

Table 5-2. 
Year Ave Max Min N S 

1980           

1981 X         

1982           

1983   X     X* 

1984          

1985 X   X     

1986     X     

1987 X   X*     

1988     X* X*   

1989       X   

1990     X X*   

1991         X 

1992   X*     X* 

1993 X        

1994         X 

1995 X X      

1996   X*   X   

1997       X   

1998           

1999   X     X 
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Figure 5-10.  Comparison of the 2005 measured shoreline with GENESIS shorelines driven 
with the Max, Min, North, and South wave blocks. 

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, for verification, the 2005 
shoreline was used as the initial shoreline and the 2007 shoreline was used 
as the final target shoreline were used 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 agree as well with the 2007 GENESIS 
verification shoreline (blue) as in 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. 
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Figure 5-11.  Comparison of Initial (2005), Final (GENESIS modeled) and Meas (2007) 
Shorelines, showing only the portion of the shoreline where there is 2007 data. 
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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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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 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.   

 

 
Figure 5-13.  Example of nearshore wave heights along the beach at Wallops Island. 
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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 +60o.  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. 

 
Figure 5-14.  Example of wave heights throughout the STWAVE grid. 
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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 transport 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% 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).   

 

 
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 
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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.   

 
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 
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. 

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 5-17.  Groins field on Wallops Island showing transport direction to the north.  Photo 

taken 20 March 1994. 
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Figure 5-18.  Average yearly gross transport rates along Wallops Island. 
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6 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 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 B070 profile 
described in Chapter 4 (the Berm volume), plus the Dune volume for the 
B070 profile. 

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 
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sediment 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.  
Calculations for these deficits are based upon a D50 = 0.29 mm 
equilibrium profile, the median diameter of the borrow site material.  In 
Figure 6-4, surplus (positive values for profile elevation minus 0.29mm 
equilibrium profile elevation) are 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 6-1.  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 6-4.  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 D50 = 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 (D50) 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 
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equilibrium profile.  The difference in a 0.29 mm and a 0.20 mm based 
equilibrium 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 D50 less 
than 0.29 mm. 
 

 
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) 

0.20 889,000 

0.21 748,000 

0.22 619,000 

0.23 501,000 

0.24 393,000 

0.25 292,000 

0.26 200,000 

0.27 127,000 

0.28 62,000 

0.29 0 
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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). 

Characterization of Overfill Volumes 

The median grain diameter presently on the beach at Wallops Island is in 
the vicinity of D50n = 0.20 mm = 2.32 φ, and the sediments are moderately 
well sorted with a typical standard deviation of σφn = 0.5, where the 
subscript “n” is applied to the native material.  The median grain diameter 
of the proposed offshore borrow material is approximately D50b = 0.29 mm 
= 1.79 φ. These sediments also have a typical standard deviation of σφb = 
0.5.  Here the subscript “b” stands for the borrow material.  As discussed 
in the CEM (Section V-4-1-e-3-i and Figure V-4-9 on pg V-4-26), this 
implies that the beach fill sediments will be well within the stable region 
and the appropriate overfill multiplier is 1.0.   

There is another issue to address in considering the Overfill Volume.  This 
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 D50 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 D50’s are in fact both slightly 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 can lead to a significant underestimate of 
the appropriate volume of fill material.  If the true median grain size at the 
borrow site is as small as that represented by the smallest ¼ of the core 
sample D50’s, Figure 3-3 shows it would be near 0.27 mm, rather than the 
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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 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. 

Characterization of Sea Level Rise Volumes 

Sea level rise is accounted for in this project by including an additional 
amount of material at each renourishment event that would raise the 
entire profile by an amount equal to the projected amount of sea level rise.  
USACE (2000) guidance on sea level rise required an assessment that was 
based upon both the historical rate of rise curve and a much higher rate 
curve in which the eustatic portion is based upon Curve 3 in NRC (1987).  
The most recent guidance (USACE 2009) recommends the same approach 
with an updated historical rate of eustatic rise from Bindoff et al (2007) of 
0.56 ft/100 years. 

The local rate of subsidence (1.12 ft/100 years) was obtained by taking the 
average of the rates from three locations: Lewes, DE, Solomons Island, 
MD, and Portsmouth, VA.  These locations are about equidistant, are in 
widely different compass directions, and have local trends from long term 
tide gage records, as reported in Zervas (2001). 

Following NRC (1987), Knuuti (2002), and Rosati and Kraus (2009), the 
increase in sea level at a future date above the current level can be 
estimated using the equation: 

)())(( 2
1

2
212 ttbttMeRise −+−+=  

where: 
e is the eustatic rate = 0.0056 ft/yr 
M is the local rate = 0.0112 ft/yr 
t2 is the future date minus 1986, 
t1 is the current date minus 1986, and 
b is a coefficient derived from the NRC (1986) curves 
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b(historical) = 0 
b(Curve 3) = 34.5 x10-5 ft/yr2 

Applying this equation to a 50 year project at Wallops Island that starts in 
2010 (t1=24 and t2=74) yields sea level elevations that are between 0.84 ft 
and 2.53 ft above present levels. 

The 50-year historically based rise level is 33% of the Curve3 rise level.  
For project planning purposes, it was decided to choose a target fill volume 
that was 85% of the amount needed to match the 50-year Curve3 level, but 
to add that volume in constant increments.  This would mean that in the 
early years of the project the amount of fill being added would exceed the 
amount necessary to match the Curve3 amount with the cross over point 
being in the 28th year of the project (2038).  This way, the sea level fill 
volume could be increased, if needed, during the later renourishment 
events.  The Sea Level Rise Volume which is an additional amount that will 
be needed to be added during each renourishment event (assuming a 5-
year interval between events) is: 112,000 yd3 (86,000 m3). 

Summary of Components Common to All Alternatives 

Figures 6-6 and 6-7 show a conceptual representation of the components 
of the initial and renourishment B070 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 6-2.  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. 
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Figure 6-6.  Conceptual Schematic of Initial Fill Placement. 

 

 
Figure 6-7.  Conceptual Schematic of Renourishment Fill Placement. 
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Table 6-2.  Volumes for B070 
beach fill components. 
Volume Component yd 3 Ave yd 3/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 for Storm 
Damage Reduction 

2,028,000 103.2 

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. 

 

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. A beach fill with a south detached breakwater. 

In addition to the features listed in Table 6-2, the three alternatives all 
have the common features listed in Table 6-3.  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 6-3.  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 21.3 m 

Minimum Target Width from Seawall to MSL 152 ft 46.3 m 

Target Renourishment Interval 5 years 

Project Lifetime 50 years 

Projected Number of Renourishment Cycles in Project 
Lifetime 

9 



 109 

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 sediment 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 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 1,939,000 yd3 and an Advanced 
Renourishment Fill Volume of 694,000 yd3 for this alternative.   

Figure 6-8 shows the net 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 5-15 (the pre-project 
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condition) 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 6-9 shows how net transport rates vary from year to year.  Though 
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 though the 
rate decreases over time.   

Figure 6-10 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 
condition) 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 6-11 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 6-12 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. 
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Figure 6-8.  Net longshore transport rate for Year 5, Alternative 1. 

 

 
Figure 6-9.  Net Transport rates over time for Alternative 1. 

 



 112 

 
Figure 6-10.  Gross Transport rate for Year 5, Alternative 1. 

 

 
Figure 6-11.  Shoreline position for year 5, Alternative 1. 
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Figure 6-12.  Shoreline positions over time for Alternative 1. 

 

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 yd3 
for this alternative.   

The advice and guidance found in ASBPA 2008, Kraus, Hanson and 
Blomgren 1994, National Research Council 1995, and Basco, D.R. 2002 
was followed in the design of the south terminal groin.  The groin 
parameters are given in Table 6-4. 

Table 6-4.  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 
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Figures 6-13 through 6-18, show transport rates and shoreline positions 
for the south terminal groin alternative (Alternative 2).  They are 
comparable to Figures 6-8 through 6-12 for the no structure alternative. 

 

 
Figure 6-13.  Net longshore transport rate for Year 5, Alternative 2. 
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Figure 6-14.  Net Transport rates over time for Alternative 2. 

 

 
Figure 6-15.  Gross Transport rate for Year 5, Alternative 2. 
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Figure 6-16.  Shoreline position for year 5, Alternative 2. 

 
Figure 6-17.  Shoreline positions over time for Alternative 2. 
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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 
advice in Chasten, et al. (1993), Basco (2002), Hanson and Kraus (1989), 
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 yd3 for this alternative.  The 
breakwater design parameters are given in Table 6-5. 

Table 6-5.  South Detached Breakwater Design 
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 91 m 

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 Distance 

0.4 

 

Figure 6-18 through 6-22 show transport rates and shoreline positions for 
the detached breakwater alternative (Alternative 3).  They are comparable 
to Figures 6-8 through 6-12 for the no structure alternative and Figures 6-
13 through 6-17 for the groin alternative. 
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Figure 6-18.  Net longshore transport rate for Year 5, Alternative 3. 

 

 
Figure 6-19.  Net Transport rates over time for Alternative 3. 
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Figure 6-20.  Gross Transport rate for Year 5, Alternative 3. 

 

 
Figure 6-21.  Shoreline position for year 5, Alternative 3. 
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Figure 6-22.  Shoreline positions over time for Alternative 3. 
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7 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: 

• Rehabilitation of the present rock seawall. 
• A southern extension of the rock seawall. 
• An initial beach fill along 19,700 feet (6,000 m) of shoreline. 
• 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. 

• A flood damage analysis of the Wallops Island infrastructure. 
• A beach fill monitoring program. 
• 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, 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. 

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. 

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 
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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 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, have 
dictated the following sequence for the initial project construction. 

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. 

Year-1 Activities 

• Rehab and repair of the existing seawall. 
• Construction of a 1500 ft southern seawall extension. 

• Initiation of the monitoring program. 

Year-2 Activities 

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

Year-3 Activities 

• Completion of initial beach fill. 



 124 

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

• 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 
approximately 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 yd3.  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 yd3.  These calculations were made for average wave conditions, a 
stormy year would be expected to have higher losses. 

There are several consequences to the project in addition to the need to 
replace this 78,000 yd3 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. 
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Table 7-1.  Total Initial and Renourishment Volumes for Alternatives  
 Alt 1, No sand 

retention  
Structures (yd 3) 

Alt 2, South Terminal 
Groin (yd 3) 

Alt 3, South Detached 
Breakwater (yd 3) 

Minimum Target 
Fill Volume 

2,028,000 2,028,000 2,028,000 

Advanced Initial 
Fill Volume 

1,093,000 810,000 733,000 

Staged  
Placement Loss 

Volume 

78,000 78,000 78,000 

Total Initial Fill 
Volume 

3,199,000 2,916,000 2,839,000 

    

Advanced  
Renourishment 

Fill Volume 

694,000 610,000 591,000 

Sea Level Rise 
Volume 

112,000 112,000 112,000 

Total  
Renourishment 

Volume 

806,000 722,000 703,000 

# Renourishment 
Events 

9 9 9 

Project Lifetime 
Volume 

10,453,000 9,414,000 9,166,000 

 

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 
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funding sources, extreme in weather patterns, or any of other numerous 
unexpected events all have the potential for causing this project to not 
perform as expected.   

It is recommended that the other two alternatives be considered as 
adaptive management strategies.  After initial project construction and 
monitoring has occurred, it may be found necessary to modify the project 
design.  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 significantly affect the 
longshore sediment transport on adjacent beaches.  (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 formula) was also applied 
here in a simpler context. 
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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. 

 
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 
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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. 

Table 8-1.  Coordinates of the Potential Borrow Sites 
BlackFish Bank Site A  Site B  

Latitude 
(oN) 

Longitude 
(oW) 

Latitude 
(oN) 

Longitude 
(oW) 

Latitude 
(oN) 

Longitude 
(oW) 

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 
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, 
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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.  The also had the same orientation; the onshore direction is 
300o (clockwise from North).  This is slightly different than the Wallops 
Island Grid, whose onshore direction is 309o. 

 
Figure 8-2.  Location of STWAVE grids. 
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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. 

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 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 along shore 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. 

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 along shore 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.   
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Figure 8-3.  Fishing Point Coarse Grid bathymetry. 
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Figure 8-4.  Fishing Point Fine Grid Bathymetry. 

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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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 

 

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

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 
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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 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. 

Table 8-3.  Borrow Area Characteristics  
Borrow Area Blackfish Site A Site B 

Current Minimum Depth (ft) 13.5 25.0 29.0 

Current Maximum Depth (ft) 51.3 70.2 64.5 

Plane Depth (ft) 31.5 45.6 46.3 

Contour Depth Change (ft) 4.7 4.8 4.9 
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Figure 8-6.  Histogram of BlackFish Bank depths for mining alternatives. 

 
Figure 8-7.  Histogram of Site A depths for mining alternatives. 
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Figure 8-8.  Histogram of Site B depths for mining alternatives. 

STWAVE Grid Summary 

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

Table 8-4.  STWAVE Bathymetry Grids 
 Coarse Grid Fine Grid 

As Is Bathymetry X X 

Blackfish, Planed X X 

Blackfish, Contoured X X 

Site A, Planed X X 

Site A, Contoured X X 

Site B, Planed X X 

Site B, Contoured X X 

 

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 37.75o N, 75.08o W, in 25 meters of water depth.  This station is 
seaward of WIS station 178 used in the analysis presented in Chapter 5 
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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 9o from the Wallops 
Island grid (to be better aligned with the shoreline orientation over the 
whole grid), the shore normal direction was 120o.  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.   

 
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. 

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. 

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 
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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. 

Sediment Transport Rate Results 
At each shoreline location, an impact factor was calculated using the 
formula: 

)4(

)(

DevStYr

BAAbs
Factor i−

=       (8-1) 

where:  
A = the 20-yr average transport rate calculated using the “As Is” 

conditions, and  
Bi = 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 
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were less than for the fine grid results, and at no location on any coarse 
grid did the factor exceed one. 

 
Figure 8-11.  Impact Factor Results for BlackFish Bank Borrow Site. 
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Figure 8-12.  Impact Factor Results for Borrow Site A. 
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Figure 8-13.  Impact Factor Results for Borrow Site B. 

 

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 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. 
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Table 8-5.  Number of Eq 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 

 

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, they exert a 
significant influence on the wave refraction by causing waves 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 Eq 8-1 are related, 
but are not the same statistical type.  The numerator is the 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. 

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 
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of the major goals of the National Park Service’s management of 
Assateague National Seashore is to keep it in as natural a state 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.   

 
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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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: 

• There are a very limited number of structures on the island north of 
the seawall and none of these would be negatively impacted by 
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mining the beach area.  NASA has no plans for new construction in 
the area. 

• 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. 

• Limited analysis (discussed in Chapter 3) has shown that the native 
material has a D50 in the range of 0.25 mm and is suitable as fill. 

• 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 a 
sediment with a D50 finer than 0.29mm.  The beach fill volume 
calculations were based upon the fill material having a D50 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 D50 of 0.25 
mm, the one-time profile adjustment volume would be 292,000 yds3.  For 
other D50 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 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 
extensions of 1500, 3000, and 4600 ft were modeled as shown in Figure 
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10-1, 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. 

 
Figure 10-1.  Potential seawall extensions modeled in this study. 

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 construc-
tion 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 Tables E5 and E7. 

Modeling Results 
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.   

 
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. 

 
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. 

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 show 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. 

 
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)). 

 
Figure 10 6.  One year shoreline difference between 1500 ft seawall extension 10 yards 

landward and no seawall extension. 

 

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. 
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Figure 10-7.  One year shoreline difference between 3000 ft seawall extension at the 

shoreline and no seawall extension. 

 

 
Figure 10-8.  One year shoreline difference between 3000 ft seawall extension 10 yds 

landward and no seawall extension. 
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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) 

 

 
Figure 10-9.  One year shoreline difference between 4600 ft seawall extension at the 

shoreline and no seawall extension. 
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Figure 10-10.  One year shoreline difference between 4600 ft seawall extension 10 yds 

landward and no seawall extension. 

 

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 
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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 
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 (yd 3) 

  South of Extension 
South of Assawoman 

Inlet 

Seawall at Shoreline 22,000 1,000 1500 ft 
Extension Seawall 10 yds Inland 4,000 0 

Seawall at Shoreline 32,000 5,000 3000 ft 
Extension Seawall 10 yds Inland 5,000 0 

Seawall at Shoreline 45,000 22,000 4600 ft 
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 
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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 F12 at 
Assawoman Inlet divided by 10.   

 

Table 10-2.  Average Shoreline Change Rate (ft/yr) at 
Assawoman Inlet. 

 
Total Shoreline 

Change Rate 

Shoreline Change 
Rate Attributed to 

Construction 

 Min Ave Max Min Ave Max 

No Seawall Extension -9.3 -10.3 -11.3    

1500 ft Extension 
 at Shoreline -9.8 -10.9 -12.0 -0.4 -0.6 -0.7 

1500 ft Extension 
 10 yds Landward 

-9.4 -10.5 -11.7 0.0 -0.2 -0.4 

3000 ft Extension 
 at Shoreline -9.4 -10.9 -12.4 0.1 -0.5 -1.2 

3000 ft Extension 
 10 yds Landward 

-9.1 -10.5 -12.0 0.4 -0.2 -0.8 

4600 ft Extension 
 at Shoreline -9.7 -11.7 -13.7 -0.1 -1.4 -2.7 

4600 ft Extension 
 10 yds Landward -9.4 -11.4 -13.5 0.2 -1.1 -2.4 

 

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 protecton.  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 wave heights in its lee, 
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 spot repairs be made at low elevation locations to raise 
the seawall to +12 or optimally +14 ft and at steep seaward-facing slopes to 
create a 1:2 slope.  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.   
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The seawall should be extended south as far as the South Camera Stand, if 
possible. 

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 has 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 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 renourishment should take place and the amount of 
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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 A1.  Grain Size Data from 
Borrow Site A 

  

Core # Position Depth (ft) Mean 
(mm) 

Median 
(mm) 

φ St Dev 

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 4.1-9.5 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 1.8-5 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 
(mm) 

φ St Dev 

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 
Date 

Latitude N Longitude 
W 

Water 
Depth (ft) 

WIVC-29 5/26/2007 37º 
50.8256’ 

75º 
12.6719’ 

33.8 

WIVC-30 5/26/2007 37º 
50.4283’ 

75º 
13.2921’ 

30.9 

WIVC-54 12/19/200
7 

37º 
50.6815' 

75º 
13.1323' 

39.1 

WIVC-55 12/19/200
7 

37º 
50.5173' 

75º 
12.8844' 

31.5 

WIVC-56 12/19/200
7 

37º 
51.1555' 

75º 
12.3637' 

37.9 

WIVC-57 12/19/200
7 

37º 
51.0571' 

75º 
12.0077' 

45.9 

WIVC-58 12/19/200
7 

37º 
50.8522' 

75º 
12.3458' 

38.7 

WIVC-61 12/9/2007 37º 
51.6176' 

75º 
10.5438' 

53.4 

WIVC-65 12/19/200
7 

37º 
51.5180' 

75º 
11.9769' 

46.7 

WIVC-66 12/19/200
7 

37º 
51.4734' 

75º 
11.6215' 

48.5 

     

Borrow Site B    

Core # Collection 
Date 

Latitude N Longitude 
W 

Water 
Depth (ft) 

WIVC-67 12/18/200
7 

37º 
51.7890' 

75º 
08.0322' 

48.9 

WIVC-68 12/18/200
7 

37º 
51.4230' 

75º 
07.6073' 

41.3 

WIVC-69 12/18/200
7 

37º 
52.3717' 

75º 
07.0961' 

54.6 

WIVC-70 12/18/200
7 

37º 
52.0486' 

75º 
06.2773' 

41.8 

WIVC-71 12/18/200
7 

37º 
52.7470' 

75º 
06.1573' 

63.4 

WIVC-72 12/18/200
7 

37º 
52.4896' 

75º 
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. 
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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) 
 

( ) 3/1

50

cotαDK
Dn

H =
∆

 
 
where 
 H = incident wave height 
 KD = stability coefficient 
 α = structure slope with the horizontal 
 Dn50 = nominal cubic dimension of the median stone size 
 

1−=∆
w

r

γ
γ  

 
where 
 
 ∆ = relative density of stone 
 γr = unit weight of rock 
 γw = unit weight of water 
 
Definition:  rDnW γ3

5050 =  
 
where  
 
 W50 = weight of median stone 
 
Assumptions:  the unit weight of stone ( γr ) is 165 pcf, unit weight of water 
( γw ) is 64 pcf, the stability coefficient ( KD ) for breaking waves is 2.0 
(CEM Table VI-5-22), and structure slope is 1:2 (cotα = 2.0).   
 
From the above equations, a 2.5-ton stone (W50 ) has a nominal cubic 
dimension ( Dn50 ) of 3.1 ft.  For a 1:2 slope, this stone will be stable 
against a wave height (H) of 7.8 ft. 
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Wave Runup 
 
Equations:  Coastal Engineering Manual (CEM) VI-5-2 
 

op

op
s

αξ tan
=  

 
where 
 
 ξop = surf similarity parameter based on deepwater wavelength and 
wave period of  
  peak energy density 
 α = structure slope with the horizontal 
 

2

2

p

s
op Tg

H
s

π
=  

where  
 
 sop = wave steepness based on deepwater wavelength and wave 
period of peak 
  energy density 
 Hs = significant wave height 
 g = acceleration of gravity 
 Tp = wave period of peak energy density 
 
CEM VI-5-6 
 

430.20.3

0.25.05.1%2

−

=

op

opop
s

for

for
H

Ru

ξ

ξξ

p

pp  

where 
 
 Ru2% = vertical elevation of runup exceeded by 2% of the waves 
 
From the above equations, an 8 ft wave height ( Hs ) with 8 sec peak period 
( Tp ) will have a wave steepness (sop ) of 0.0244.  With a structure slope of 
1:2 (tanα = ½ = 0.5), the surf similarity parameter (ξop ) is 3.2.  The Ru2% 
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 
NAD83, 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 along shore 
distances along the X axis and offshore distances along the Y axis (and 
frequently the offshore scales are distorted relatively to the along shore 
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 129o clockwise from 
North, which is the equivalent of a counter-clockwise rotation of 231o 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.html#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, 
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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. 
LIDAR elevations were generally given in NAVD88.  NAVD88 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 NAVD88 and MSL elevations can 
be used interchangeably. 
 

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

Outer Coast Station Latitude Longi-
tude 

Mean 
Range (ft) 

Spring 
Range (ft) 

Mean Tide 
Level (ft) 

(relative to 
MLLW) 

Wallops Island 37° 50.5' 75° 28.7' 3.6 4.4 1.9 

 

 

 



 189 

 
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 
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 Wave Height Randomization Yes 

 Seed Value 8186 

 % variability 5 

Wave Height and Period 

 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 Assignment Read from 
file 

Random number seed 123456 

 

Extra-tropical Event Input Value 

Number of Input Parameters 9 
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Event Frequency 0.78 

Number of Response Parameters 8 

Life Cycles 500 

Duration of Life-Cycles in years 100 

Probability Assignment Read from 
file 

Random number seed 123456 

 
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 1 of 3  

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 N 3787122.9661 E 

Approximate Offshore Boundary Depth 20 m  

X_Azimuth (Onshore Direction) 309o, clockwise 
from N 

N51W 

Grid cell size cross-shore ∆x 73.152 m 240 ft 

Grid cell size along-shore ∆y 73.152 m 240 ft 

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

Grid Distance Cross-shore, R x 19312.128 m 63360 ft 

Grid Distance Along-shore, R y 16093.440 m 52800 ft 

Near-shore Save Station Target Depth 6 m  

 
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 1 of 3  

Set up date 20-Jul-07  

Wave Config Number 1 of 1  

WIS Station Number 178, Atlantic  

WIS Station Location 37.75o N 75.25o W 

WIS Station Depth 20 m  

Shore_Ref 1 Wave Angle 129o, 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. 
 

Table E-5:  GENESIS Configuration Parameters 
GENESIS Origin Coordinates 3768396.5200 Easting 1174969.9500 Northing 

Offset from STWAVE X-Axis 6071.616 m 19920 ft 

X_Azimuth Alongshore 
Orientation 

219o, clockwise from N S39W 

Grid cell size along-shore 73.152 m 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  
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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. 
 

Table E-7.  GENESIS calibration parameters. 

Parameter Value 

K1 0.39 

K2 0.195 

Median Grain Size 0.2 mm 

Berm Height 2 m 

Depth of Closure 4 m 

Initial calibration shoreline 1996 LIDAR shoreline 

Final calibration shoreline 2005 LIDAR shoreline 

Initial verification shoreline 2005 LIDAR shoreline 

Final verification shoreline 2007 Profile shoreline 

Model wave climate Average years 

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. 
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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. 
 

Table E-8:  Fishing Point STWAVE Coarse Grid Parameters 
 
Project Name Wallops Island Storm Damage 

Reduction Project 

Domain Name Fishing Point Coarse 

Domain Number 2 of 3  

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 N 3812183.8413 E 

Approximate Offshore Boundary Depth 20 m  

X_Azimuth (Onshore Direction) 300o, clockwise 
from N 

N60W 

Grid cell size cross-shore ∆x 200 m 656.168 ft 

Grid cell size along-shore ∆y 200 m 656.168 ft 

Number of Grid Cells 151 cross-shore 376 along-shore 

Grid Distance Cross-shore, R x 30000 m 98425.197 ft 

Grid Distance Along-shore, R y 75000 m 246062.992 ft 

Near-shore Save Station Target Depth 6 m 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. 
 

Table E-9:  Fishing Point STWAVE Fine Grid Parameters 
Project Name Wallops Island Storm Damage 

Reduction Project 

Domain Name Wallops Island  

Domain Number 3 of 3  
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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 N 3802183.8413 E 

Approximate Offshore Boundary Depth 20 m  

X_Azimuth (Onshore Direction) 300o, clockwise 
from N 

N60W 

Grid cell size cross-shore ∆x 40 m 131.234 ft 

Grid cell size along-shore ∆y 40 m 131.234 ft 

Number of Grid Cells 514 cross-shore 501 along-shore 

Grid Distance Cross-shore, R x 20520 m 67322.835 ft 

Grid Distance Along-shore, R y 20000 m 65616.800 ft 

Near-shore Save Station Target Depth 6 m 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. 
 

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 2 of 3 and 3 of 3  

Set up date 15/05/2009  

Wave Config Number 1 of 1  

WIS Station Number 177, Atlantic  

WIS Station Location 37.75o N 75.083o W 

WIS Station Depth 25 m  

Shore_Ref 1 Wave Angle 120o, 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 
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  -30 

  -45 

  -65 

  -90 
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Appendix F:  Seawall Extension Shoreline 
Difference Figures 

These figures are discussed in Chapter 10. 
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2 Year Shoreline Differences 

 
Figure F-1.  Two year shoreline difference between 1500 ft seawall extension at the shoreline 

and no seawall extension. 

 
Figure F-2.  Two year shoreline difference between 1500 ft seawall extension 10 yds 

landward and no seawall extension. 
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Figure F-3.  Two year shoreline difference between 3000 ft seawall extension at the shoreline 

and no seawall extension. 

 
Figure F-4.  Two year shoreline difference between 3000 ft seawall extension 10 yds 

landward and no seawall extension. 
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Figure F-5.  Two year shoreline difference between 4600 ft seawall extension at the shoreline 

and no seawall extension. 

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

landward and no seawall extension. 
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10 Year Shoreline Differences 

 
Figure F-7.  Ten year shoreline difference between 1500 ft seawall extension at the shoreline 

and no seawall extension. 

 
Figure F-8.  Ten year shoreline difference between 1500 ft seawall extension 10 yds landward 

and no seawall extension. 
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Figure F-9.  Ten year shoreline difference between 3000 ft seawall extension at the shoreline 

and no seawall extension. 

 
Figure F-10.  Ten year shoreline difference between 3000 ft seawall extension 10 yds 

landward and no seawall extension. 
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Figure F-11.  Ten year shoreline difference between 4600 ft seawall extension at the 

shoreline and no seawall extension. 

 
Figure F-12.  Ten year shoreline difference between 4600 ft seawall extension 10 yds 

landward and no seawall extension. 
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This Technical Memorandum summarizes the results of a video survey of benthic habitats 
conducted at the two potential offshore borrow sites for the SRIPP.  The survey was conducted in 
July 2009. 

1.0 PROJECT STUDY AREA 
The video survey was conducted on two offshore sand shoals (Unnamed Shoal A and B) 
that are being evaluated as potential borrow sources for beachfill sand for NASA’s 
SRIPP (Attachment 1 - Figure 1).  These sand ridges trend from northeast to southwest 
and the shoal crests and generally get deeper further offshore.    

1.1 Unnamed Shoal A 

Unnamed Shoal A is located approximately 11 kilometers (7 miles) east of Assateague 
Island. The southern end of Unnamed Shoal A is approximately 15 kilometers (10 miles) 
from the Wallops Island shoreline, and the north end of this shoal is approximately 21 
kilometers (13 miles) from the shoreline.  Unnamed Shoal A has a depth of 
approximately 7.5 to 12 meters (25 feet to 40 feet). Between Unnamed Shoals A and B, 
water depth ranges from to 23 to 12 meters (75 to 40 feet).   

1.2 Unnamed Shoal B 

Unnamed Shoal B is located approximately 16 kilometers (10 miles) east of Assateague 
Island. The southern end of Unnamed Shoal B is approximately 21 kilometers (13 miles) 
from the Wallops Island shoreline, and the north end of this shoal is approximately 26 
kilometers (16 miles) from the shoreline.  Unnamed Shoal B ranges in depth from 
approximately 9 to 15 meters (30 to 50 feet).        

2.0 METHODS 

2.1 Review of Existing Data 

To understand the potential benthic habitat and communities that may exist in the project 
area, URS reviewed existing data collected in the general vicinity of the borrow sites.  
There are no existing benthic studies of Unnamed Shoal A and B.  Relevant existing data 
consists of studies conducted on primarily shoals offshore of Ocean City, MD and to a 
lesser degree Sandbridge Shoal, VA.     

In addition, sediment sampling was conducted by Alpine Ocean Seismic Survey in July 
2007 and January 2008 on the shoals considered for borrow sites (Alpine 2007, 2008).   
Vibracores were collected throughout the shoal area with grain size analyses conducted 
on discrete strata of the cores indicating that the sediment in both shoals is generally fine 
to medium sand.  

2.2 Video Survey 

The video survey was conducted within and adjacent to approximate 5.2 square kilometer 
(2.0 square miles) blocks of each shoal.  These blocks were delineated by the USACE 
Norfolk District and each one contains an adequate volume of suitable sand for the entire 
50-year life cycle of the beachfill. 

A digital drop camera with light assembly was deployed at approximately 40 stations on 
each shoal to collect video of the benthic habitats present.  The camera was a VSPNTM 
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3003 High Resolution video camera.  Video images were fed to an onboard display in 
realtime and images recorded on a DVD.  Distance off the bottom was maintained by 
hand feeding the camera’s umbilical line.  Select still shots were collected from the video 
during post-processing using Snagit software from TechSmith Corporation.   

The video stations were comprised of eight (8) transects across each shoal roughly 
perpendicular to the shoreline with each transect including five (5) stations throughout 
the two potential borrow areas: one station on the shoreward trough, one station on the 
shore-facing slope, one station on the shoal crest, one station on the seaward-facing slope, 
and one station on the seaward trough. Figures 2 and 3 depict the locations of the video 
stations on Unnamed Shoal A and B, respectively.   

Video was collected for approximately 5 minutes at each station.   The video included a 
date and time stamp along with a display of the geographic coordinates in Virginia State 
Plane North (NAD-83).  A Hemisphere Crescent R130 DGPS with inertial navigation 
corrections (for up to 45 minutes after loss of signal) was used for the survey. The 
Hemisphere system transmits information in NMEA 0183 code to a computer navigation 
system using the Hypack 2009a survey software. The Hypack software incorporates the 
NMEA 0183 data string and displays vessel position on a computer screen relative to pre-
programmed track lines and each instrument sensor. It also performs instantaneous data 
translations between various geodetic projections, which combine all incoming data with 
accurate positions for seamless data integration and post acquisition processing. The 
Hemisphere Crescent 130 DGPS is considered to be accurate to within 8 inches Root 
Mean Square (RMS) values under optimal conditions. 

The survey vessel was allowed to drift during deployment of the camera.  Starting and 
ending coordinates were collected and recorded for each station. 

The images were analyzed for benthic habitat type and biological structures such as tubes 
or burrows. Organisms captured on the video were identified to lowest practical taxon.  
The videos were post-processed and reviewed by a benthic ecologist.  The video 
processing followed methods presented and described by Cutter and Diaz (2000). Data 
sheets were developed to summarize the data collected from each video.  The data 
collected at each station included: 

1) Shoal Name 
2) Starting Coordinates (Easting, Northing) 
3) Ending Coordinates (Easting, Northing) 
4) Length of Video 
5) Average Water Depth 
6) Bottom Type 

a. 1 = sand 
b. 2 = fine sand/silt 

7) Bedform size  
a. 1 = none, no bedforms – bottom relatively flat and uniform 
b. 2 = large bedforms, wavelengths approximately 30 cm or greater 
c. 3 = small bedforms, wavelengths less than approximately 30 cm 

8) Bedform shape 
a. 1 = none 
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b. 2 = smooth crested with top of bedform rounded 
c. 3 = sharp crested with top of bedform peaked 

9) Shell Cover 
a. < 10% of surface area 
b. > 10% of surface area 

10) Biogenic structures such as tubes and burrow openings 
11) Fauna observed 
12) Comments – visibility conditions, sea state, etc. 

 

3.0 RESULTS 

3.1 Summary of Existing information  

Benthic Communities 

Relevant recent studies have been conducted of the offshore benthic communities in this 
region (Maryland and Virginia) of the Mid-Atlantic Bight. Cutter et al. (2000), Diaz et al. 
(2004) and Slacum et al. (2006) reported on the benthic communities of the sand shoals 
and reference areas offshore of northern Maryland (approximately 35 to 50 kilometers 
[20 to 35 miles] north of the proposed SRIPP borrow sites). The sampling sites were 
located approximately 16 to 25 kilometers (10 to 15 miles) offshore in water depths 
between 10 and 20 meters (6 and 12 feet). In addition, VIMS (Diaz et al 2006) examined 
Sandbridge Shoal located approximately 5 kilometers (3 miles) offshore of Virginia 
Beach to the south of the SRIPP study area. 

Cutter and Diaz (2000) collected benthic grab samples, video, and sediment profile 
imaging data of sand shoals offshore northern Maryland and southern Delaware in 1998 
and 1999. Cutter and Diaz (2000) and Diaz et al. (2004) reported that in the sediment 
grab samples they collected offshore of northern Maryland and southern Delaware, they 
found that the infaunal communities were dominated by annelid worms, followed by 
mollusks and crustaceans. Mollusks accounted for over 85 percent of the biomass.  

Cutter and Diaz (2000) also reported on the epifauna of the area. They found that three 
crabs (hermit crabs [Pagurus spp.], portly spider crab [Libinia emarginata], and Atlantic 
rock crab [Cancer irroratus]) were most abundant. Large gastropods such as the whelk 
(Busycon canaliculatum) and moon snail (Polinices spp.) were also collected. Other large 
benthos collected were the infaunal bivalves such as the surf clam (Spisula solidissima) 
and common razor clam (Ensis directus). Astartes (Astarte spp.), bivalves known to lie 
on the sediment surface, were collected along with starfish (Asterias spp.) and common 
sand dollar (Echinarachnius parma). Overall, crabs were most abundant in the habitats 
with biogenic structure, such as tubes created by the polychaetes Asabellides and 
Diopatra, and appeared to be using these habitats as nursery areas since the most of the 
individuals were small (<5 centimeters [<2 inches]). Other species were broadly 
distributed across all habitats such as nudibranchs, Pagurus spp., sand shrimp (Crangon 
septemspinosa), and Asterias spp. The two species that appeared to prefer the sandy and 
more dynamic habitats were moon snail and sand dollar. 
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Slacum et al. (2006) collected large epifauna during their trawling efforts on shoals 
offshore Maryland (Table 1).  These organisms are expected to occur on the offshore 
shoals in the project area.  

Table 1:  Organisms Collected by Slacum et. al. (2006) in Trawls Collected from Shoals 
Offshore of Maryland (seasonal sampling from fall 2002 to summer 2004). 

Scientific Name Common Name 

Asteroidea Starfishes 
Busycon carica Knobbed whelk 
Busycotypus canaliculatus Channeled whelk 
Callinectes sapidus Blue crab 
Cancer irroratus Atlantic rock crab 
Crangon septemspinosa Sand shrimp 
Echinoidea Heart urchins 
Gastropoda   Gastropods 
Libinia emarginata Portly spider crab 
Limulus polyphemus   Horseshoe crab 
Nudibranchia Nudibranchs 
Octopus vulgaris Common octopus 
Ovalipes ocellatus Lady crab 
Ovalipes stephensoni Coarsehand lady crab 
Paguridae Right-handed hermit 
Polinices Moon snails 

 

Slacum et al. (2006) reported that the abundance of epifaunal groups between two 
habitats, i.e., the shoal and uniform bottom, showed no differences; suggesting that shoals 
are not preferred by epifaunal species when compared to their reference site habitat. 

Diaz et al (2006) reported on the benthic habitat and fauna of Sandbridge Shoal located 
4.5 – 6.6 km (2.8 – 4.1 mi) offshore in approximately 10 – 13 m (32 – 43 ft) of water.  
They reported that the sediment surface was dominated by physical processes and the 
habitats were relatively uniform.  The most common fish were sea robins (Prionotus 
spp.).  The most common epifauna were hermit crabs (Pagurus spp.) and sand shrimp 
(Crangon septemspinosa).  They also collected grabs samples and characterized the 
infaunal community.  It was dominated by polychaetes, amphipods, bivalves, and 
lancelets.  

 

Sediments 

Table 1 below lists the grain sizes and vibracore samples collected by Alpine on 
Unnamed Shoal A and Unnamed Shoal B.  Vibracore strata to approximately 6 feet are 
provided.  In general, the sediment at both shoals ranged from fine to medium sand. 
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Table 1:  Grain size found in samples taken within the boundaries of the proposed 
borrow site options. 

Shoal Core Sample 
Number 

Sample Depth 
in meters (feet) 

Mean Grain Size 
(φ) 

Mean Grain Size 
(mm) 

A 07-WIVC-30 0-1.2 (0-4.1) 0.74 0.60 

A 07-WIVC-30 1.2-2.9 (4.1-
9.5) 

1.03 0.49 

A WIVC-54 0-1.5 (0-5) 0.525 0.69 

A WIVC-54 1.5-3.5 (5-
11.4) 0.35 0.78 

A WIVC-55 0-1.7 (0-5.6) 1.45 0.37 

A WIVC-55 1.7-2.7 (5.6-9) 1.15 0.45 

A 07-WIVC-29 0-1.1 (0-3.7) 1.40 0.38 

A 07-WIVC-29 1.1-2.2 (3.7-
7.2) 

1.40 0.38 

A WIVC-58 0-1.2 (0-4) 1.725 0.30 

A WIVC-58 1.2-2.4 (4-8) 1.825 0.28 

A WIVC-56 0-1.9 (0-6.1) 1.5 0.35 

A WIVC-56 1.9-3 (6.1-10) 1.975 0.25 

A WIVC-57 0-1.2 (0-4) 2.04 0.24 

A WIVC-57 1.2-2.4 (4-8) 2.025 0.24 

A WIVC-65 0-0.6 (0-2) 1.325 0.40 

A WIVC-65 0.6-1.5 (2-5) 1.55 0.34 

A WIVC-66 0-0.5 (0-1.8) 1.09 0.47 

A WIVC-66 0.5-2.6 (1.8-5) 2.05 0.24 

B WIVC-67 0-1.5 (0-5) 1.625 0.32 

B WIVC-67 1.5-3 (5-10) 1.075 0.47 

B WIVC-68 0-1.5 (0-5) 1.45 0.37 

B WIVC-68 1.5-2.8 (5-9.3) 1.225 0.43 

B WIVC-69 0-1.5 (0-5) 1.24 0.43 

B WIVC-69 1.5-3 (5-10) 1.9 0.27 

B WIVC-70 0-1.5 (0-5) 1.9 0.27 

B WIVC-70 1.5-2.8 (5-9.2) 1.8 0.29 
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Shoal Core Sample 
Number 

Sample Depth 
in meters (feet) 

Mean Grain Size 
(φ) 

Mean Grain Size 
(mm) 

B WIVC-71 0-0.4 (0-1.3) 1.675 0.31 

B WIVC-71 0.4-1.5 (1.3-5) 2.55 0.17 

B WIVC-72 0-0.8 (0-2.6) 1.5 0.35 

B WIVC-72 0.8-1.5 (2.6-5) 2 0.25 

Source: Alpine Ocean Seismic Survey (2007, 2008) 

 

3.2 Survey Results 

The video survey was conducted from July 7 – 9, 2009.  In general, visibility was better 
at Unnamed Shoal B than Unnamed Shoal A.  Data sheets summarizing the analysis of 
the video are provided in Attachment 2.  Representative photographs are provided on the 
following pages.    

In general, results of the video survey indicated that sediment on the shoal crests and 
topographically higher portions of the shoals were dominated by physical features such as 
ripple marks.  These higher areas were typically uniform sand and had a lower surface 
cover of shell than deeper portions of the study area. The deeper portions of each of the 
shoals were dominated by shell fragments and hash, as well as biological features such as 
tubes and mounds created by benthic organisms with little or no evidence of ripple 
marks.   

The benthic habitats and epifaunal communities were similar on the two shoals.  The 
benthic habitat was comprised of unvegetated soft sediment dominated by fine to medium 
sand.  No hard bottom habitats were observed.  Dominant epifaunal benthos included; 
hermit crabs (Pagurus spp.) (Photo B-16), sand dollars (Echinarachinus parma) (Photo 
B-9, B-10), crabs [Libinia emarginata (Photo A-7), Cancer spp. (Photo B-15)], moon 
snail (Polinices spp.) (Photo B-7) and whelk (Busycon spp.).  Hermit crabs were observed 
at most of the stations.  Moon snail sand collars or egg cases (Photo B-7) were observed 
at many of the stations.  In addition, there was a patch of ascidians (sea squirts) located at 
Station 24 in approximately 58 ft of water.  Fish were rarely seen at any of the stations; 
those that were observed were primarily (Prionotus spp.) (Photo B-20). 
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Representative Photographs from Unnamed Shoal A (Note that the Photo contains the date 
and time of collection in upper left and Virginia State Plane North NAD-83 coordinates in upper 
right) 

Photo A-1 :  Station #2 from Unnamed Shoal A at a depth of 55 ft with high shell content and 
lack of surface bedforms. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Photo A-2 :  Station #6 from Unnamed Shoal A at a depth of 44 ft with well-defined ripple marks 
and low shell content. 
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Photo A-3 :  Station #6 from Unnamed Shoal A at a depth of 44 ft with well-defined ripple marks 
and low shell content. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Photo A-4:  Station #14 from Unnamed Shoal A at a depth of 53 ft with a lack of surface 
bedforms. 
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Photo A-5:  Station #15 from Unnamed Shoal A at a depth of 53 ft with a lack of surface 
bedforms. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Photo A-6:  Station #17 from Unnamed Shoal A at a depth of 64 ft with a high shell content and 
lack of surface bedforms. 
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Photo A-7:  Station #23 from Unnamed Shoal A at a depth of 60 ft.  Portly spider crab (Libinia 
emarginata) in lower right quadrant.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Photo A-8:  Station #31 from Unnamed Shoal A at a depth of 50 ft with a lack of surface 
bedforms and low shell content.   
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Photo A-9:  Station #36 from Unnamed Shoal A at a depth of 42 ft with ripple marks and low 
shell content.   

 

 

Photo A-10:  Station #38 from Unnamed Shoal A at a depth of 33 ft depicting well-defined ripple 
marks and a sand dollar (Echinarachinus parma) in upper right quadrant. 
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  Photo A-11:  Station #39 from Unnamed Shoal A at a depth of 31 ft.  Shell concentrated in                     
troughs of ripple marks. 
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Representative Photographs from Unnamed Shoal B 

Photo B-1:  Station #1 Unnamed Shoal B at a depth of 42 ft.                                                               
Tube/burrow opening to right of center. 

 

 

 

 

 

 

 

 

 

 

 

Photo B-2:  Station #2 Unnamed Shoal B at a depth of 42 ft with well-defined ripple marks and 
low shell content characteristic of stations on shoal crest.   
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Photo B-3:  Station #6 Unnamed Shoal B at a depth of 45 ft depicting surface bedforms.   

 

 

 

 

 

 

 

 

 

 

 

Photo B-4:  Station #9 Unnamed Shoal B at a depth of 55 ft.  Starfish                                            
(Astropecten spp.) in upper left quadrant. 
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Photo B-5:  Station #9 Unnamed Shoal B at a depth of 55 ft with no surface bedforms and high 
shell content.   

 

 

 

 

 

 

 

 

 

 

 

 

Photo B-6:  Station #10 Unnamed Shoal B at a depth of 55 ft.  Portly spider crab                                      
(Libinia emarginata) in lower right quadrant. 
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Photo B-7:  Station #10 Unnamed Shoal B at a depth of 55 ft.  Moon snail (Polinices spp.) sand 
collars in upper right quadrant and moon snail in upper left quadrant.    

 

 

 

 

 

 

 

 

 

 

 

 

 

Photo B-8:  Station #12 Unnamed Shoal B at a depth of 58 ft with lack of surface bedforms and 
high shell content.   
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Photo B-9:  Station #14 Unnamed Shoal B at a depth of 48 ft.  Sand dollars                                        
(Echinarachinus parma) at upper right and lower left quadrants. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Photo B-10:  Sand dollars (Echinarachinus parma) from Station #14                                                  
Unnamed Shoal B at a depth of 48 ft. 
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Photo B-11:  Station #20 from Unnamed Shoal B at a depth of approximately 45 ft depicting 
well-defined ripple marks and low shell content.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Photo B-12:  Station #20 from Unnamed Shoal B at a depth of approximately 45 ft with well-
defined ripple marks and low shell content.   
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Photo B-13:  Station #22 from Unnamed Shoal B at a depth of approximately 43 ft with well-
defined ripple marks and low shell content.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Photo B-14:  Station #22 from Unnamed Shoal B at a depth of approximately 43 ft with well-
defined ripple marks and low shell content.   

.
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Photo B-15:  Station #25 from Unnamed Shoal B at a depth of approximately 74 ft.  Crab 
(Cancer irroratus) located in upper left quadrant with high shell content. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Photo B-16:  Station #29 from Unnamed Shoal B at a depth of approximately 66 ft. Hermit crab 
(Pagurus spp.) located in lower right quadrant. 
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Photo B-17:  Station #31 from Unnamed Shoal B at a depth of approximately 60 ft with lack of 
well-defined bedforms. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Photo B-18:  Station #35 from Unnamed Shoal B at a depth of approximately 63 ft with defined 
bedforms and organic material concentrated in troughs. 
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Photo B-19 :  Station #39 from Unnamed Shoal B at a depth of approximately 56 ft with defined 
bedforms and low shell content. 

 

 

Photo B-20:  Sea robin (Prionotus spp.) in lower right quadrant from Station #39                                        
Unnamed Shoal B at a depth of 56 ft. 
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4.0 CONCLUSIONS 
 

The results of the video survey indicate that the two shoals are comprised of 
unconsolidated sand.  These results were confirmed with results of the cultural resource 
remote sensing survey of the two shoals.  Sub bottom profiler data analysis for both 
Unnamed Shoal A and B indicated that these sand features have relatively poor bedding, 
which indicates that the sands are homogenous in nature.  This sediment homogeneity has 
likely resulted from long-term preferential grain size sorting by current, wave action, and 
large storm events. 

The benthic habitats and epifaunal communities were similar on the two shoals.  
Dominant epifaunal benthos included sand dollars, hermit crabs, crabs such as the portly 
spider crab and Atlantic rock crab, moon shell, and whelk.  Fish were rarely seen at any 
of the stations; those that were observed were primarily (Prionotus spp.)  

In general for both shoals, the shallowest video stations located on the crests of the shoals 
contained evidence of well-defined bedforms or ripple marks with wavelengths less than 
30 cm (12 in) (e.g., Photos A-3, A-9, A-10, A-11 and Photos B-2, B-9, B-11, B-12, B-13, 
and B-14).   In addition, the shallow stations had low surface shell content.  The presence 
of these bedforms is typically associated with physically-dominated (i.e., waves and 
currents) habitats, where the presence of worm tubes and burrows would be indicative of 
a more biologically accommodated habitat (Rhoads and Germano 1986).  The lack of 
apparent biogenic features does not necessarily indicate a paucity of biological resources 
(Cutter and Diaz 1998).  The majority of the benthos on the shoal crests are adapted to 
the energetic conditions, live within the sediment, and were not visible to the camera.  
They do not construct tubes or feeding mounds; thereby, resulting in the “clean” 
appearance of the sand (Cutter and Diaz 1998). 
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Benthic Video Survey

 

Starting Ending Video Depth Bedform Size Shell

coordinates coordinates Length (ft) and Shape Cover

A 1 12428912.24 E, 6640926.18 N 12428911.29 E, 6640923.13 N 4:56 28 1 2,3 1 7/7/09 - visbility poor

A 2 12427765.17 E, 6642925.32 N 12427856.87 E, 6643139.26 N 3:49 55 1 1,1 2 crab (Cancer spp?) at 0:02, 7/7/09 - visibility good

A 3 12431820.61 E, 6643554.58 N 12431874.42 E, 6644025.12 N 4:58 25 1 2/3,3 1 Echinarachinus parma 7/7/09 - visibility poor

A 4 12433373.77 E, 6644751.13 N 12433381.86 E, 6644722.18 N 5:11 30 1 3,2 1 7/7/09 - visibility poor

A 5
NOT COLLECTED LOW 

VISIBILITY

A 6 12436181.21 E, 6647845.81 N 12436152.68 E, 6647778.55 N 6:33 44 1 3,3 1 Pagurus spp. 7/8/09 - visibility poor

A 7 12437769.93 E, 6649201.59 N 12437783.06 E, 6649140.07 N 4:56 53 1 1,1 2 7/8/09 - visibility poor

A 8
NOT COLLECTED LOW 

VISIBILITY

A 9 12428034.16 E, 6643288.51 N 12428047.27 E, 6643321.72 N 0.29 55 2 1,1 2 7/7/09 - visibility good

A 10 12429333.69 E, 6644135.29 N 12429444.39 E, 6644486.58 N 4:32 60 1 1,1 2 Spisula shell 7/7/09 - visibility poor/good

A 11 12430686.81 E, 6645585.45 N 12430639.92 E, 6645967.35 N 3:49 54 1 1,1 2 7/7/09 - visibility v. poor

A 12 12432468.35 E, 6646432.14 N 12432433.46 E, 6646939.08 N 5:05 51 1 3,2 2 Spisula shell, crab (Cancer spp?)
7/7/09 - visibility v. poor, shell hash concentrated in 

troughs

A 13
NOT COLLECTED LOW 

VISIBILITY

A 14 12435362.78 E, 6649357.31 N 12435353.80 E, 6649282.98 N 7:38 53 1 3,2 1 Spisula shell 7/8/09 - visibility poor

A 15 12436972.83 E, 6650649.31 N 12437007.84 E, 6650609.53 N 7:36 53 1 1,1 2
crab (Cancer spp? white chelipeds - 

13:26:08) 7/8/09 - visibility poor

A 16 12438431.38 E, 6651895.95 N 12438432.06 E, 6651904.12 N 7:35 68 1,2 1,1 2 Spisula shell, Ensis shell 7/8/09 - visibility poor

A 17 12440236.84 E, 6648959.79 N 12440150.32 E, 6648937.86 N 6:44 64 2 1,1 2
fish (14:13:22), whelk (14:16:08), Spisula 

shell 7/8/09 - visibility poor

A 18 12438761.28 E, 6647461.56 N 12438717.16 E, 6647457.92 N 7:06 64 2 1,1 2 mud tubes
Spisula shell, Ensis shell, Pagurus spp, 

algae filaments ? 7/8/09 - visibility poor

A 19 12437275.94 E, 6646284.31 N 12437153.01 E, 6646158.13 N 6:29 63 1,2 1/3, 1/2 2
Pagurus spp., Polinices spp., crab w/ white 

chelipeds (12:27:57) 7/8/09 - visibility good

A 20
NOT COLLECTED LOW 

VISIBILITY

A 21 12434390.08 E, 6643349.56 N 12434297.11 E, 6643951.86 N 5:06 60 1.2 1/3, 1/2 2 mud tubes crab (red) spp ?, Pagurus spp, 7/7/09 - visibility poor, bouncing along bottom

A 22 12432764.81 E, 6642009.33 N 12432815.13 E, 6642457.94 N 5:03 60 1 1/2, 1/2 1  
starfish (13:37:16), Echinarachinus parma, 

Pagurus spp. 7/7/09 - visibility poor

A 23 12431428.80 E, 6640677.82 N 12431545.28 E, 6641268.30 N 6:53 60 1 1/3, 1/2 1 burrow
crab white chelipeds Libinia emarginata 
(13:22:35), Echinarachinus parma, crab 7/7/09 - visibility poor/good, camera moving quickly

A 24 12429938.93 E, 6639252.66 N 12430131.06 E, 6639618.35 N 5:30 58 1,2 1,1 1
Ascidian (red) patch (12:27:15), Pagurus 

spp., Spisula shell, Ensis shell, crab spp ? 7/7/09 - visibility poor/dark, camera moving quickly

A 25 12428372.96 E, 6641911.43 N 12428562.37 E, 6642244.81 N 4:55 54 1 1/3, 1/2 2 Pagurus spp., Spisula shell 7/7/09 - vsibility poor

A 26 12429426.10 E, 6640002.76 N 12429567.71 E, 6640268.00 N 4:08 45 1 1/3, 1/3 1 Spisula shell 7/7/09 - visibility poor/good

A 27 12431003.98 E, 6641612.42 N 12431074.50 E, 6642071.83 N 4:55 43 1 3,2 1
black coloring in 

spots Echinarachinus parma, Polinices spp. 7/7/09 - visibility poor

A 28 12432424.52 E, 6642531.76 N 12432448.72 E, 6642991.17 N 5:08 38 1 3, 2/3 1
black coloring in 

spots Polinices sand collar, no fauna observed 7/7/09 - visibility poor/good, not much shell present

A 29 12434064.88 E, 6643837.64 N 12433972.10 E, 6644410.81 N 5:02 35 1 3, 2/3 1
black coloring in 

spots
starfish observed in several spots (ex. 

14:56:32, 14:58:28), Polinices sand collar 7/7/09 - visibility poor/good

NASA SRIPP EIS

Project # - 15301785

Unnamed Shoal A

Fauna Observed Comments (sea conditions, visibility, etc.)Shoal # Station #
Bottom 

Type
Biogenic 

Structures



Benthic Video Survey

 

Starting Ending Video Depth Bedform Size Shell

coordinates coordinates Length (ft) and Shape Cover

NASA SRIPP EIS

Project # - 15301785

Unnamed Shoal A

Fauna Observed Comments (sea conditions, visibility, etc.)Shoal # Station #
Bottom 

Type
Biogenic 

Structures

A 30
NOT COLLECTED LOW 

VISIBILITY

A 31 12436751.31 E, 6647108.45 N 12436694.42 E, 6647018.60 N 6:18 50 1 1,1 1 Pagurus spp. 7/8/2009 - visibility poor

A 32 12438363.88 E, 6648226.51 N 12438356.41 E, 6648177.22 N 5:24 60 1 1,1 1
Pagurus spp., Echinarachinus parma, 

Polinices sand collar 7/8/09 - visibility v. poor

A 33 12439867.04 E, 6649374.47 N 12439841.78 E, 6649418.65 N 7:18 60 1 1,1 1 Pagurus spp., Spisula shell 7/8/09 - visibility v. poor

A 34 12438910.18 E, 6651176.29 N 12438922.36 E, 6651150.82 N 6:57 58 1 1,1 2 Pagurus spp., Spisula shell, Ensis shell 7/8/09 - visibility v. poor

A 35 12437397.64 E, 6649943.08 N 12437018.82 E, 6649611.21 N 7:03 50 1 1,1 1 Pagurus spp., Echinarachinus parma
7/8/09 - visibility v. poor, last half of video camera 

moving very quickly

A 36 12435928.10 E, 6648526.07 N 12435937.30 E, 6648464.97 N 7:36 42 1 3,3 1 Pagurus spp., Echinarachinus parma 7/8/09 - visibility poor/good

A 37
NOT COLLECTED LOW 

VISIBILITY

A 38 12432866.12 E, 6645616.23 N 12432817.77 E, 6646154.23 N 5:05 33 1 3,3 1 Echinarachinus parma 7/7/09 - visibility good

A 39 12431204.83 E, 6644596.15 N 12431251.70 E, 6645098.58 N 5:03 31 1 3,2 1 Pagurus spp., Polinices sand collar
7/7/09 - visibility v. poor, shell concentrated in ripple 

troughs

A 40 12429894.04 E, 6643181.30 N 12430004.60 E, 6643579.79 N 4:36 36 1 1,1 1 tubes 7/7/09 - visibility good, camera moving quickly

Biogenic structure - none, tubes, burrow openings

Note:  

Bedform shape - (1) none, (2) smooth crested with top of bedform rounded; (3) sharp crested with top of bedform peaked

Bottom type - (1) sand; (2) mud/silt

Shell  cover - (1) <10% or (2) >10% of the bottom covered by shell and shell fragments

Bedform size - (1) none, no bedforms, flat relatively uniform bottom; (2) large bedforms, wavelength approx. 30 cm or greater; (3) small bedforms, wavelength less than approx. 30 cm

Video Length = minutes:seconds



Benthic Video Survey

Starting Ending Video Depth  Bedform Size Shell

coordinates coordinates Length (ft) and Shape Cover

 B 1 12454655.72 E, 6649458.59 N 12454656.74 E, 6649457.60 N 5:34 42 1 2/3,3 1
burrow (approx 

1:00), 
Pagurus spp., (2:22), Polinices sand 

collars
7/8/09 - video not recording correctly first approx 50 

sec, visibility v. good

B 2 12455979.52 E, 6650375.24 N 12455907.54 E, 6650511.21 N 5:06 42 1 3,3 1

Echinarachinus parma (low density), 
Pagurus spp., Polinices sand collars, 

Spisula shell, Ensis shell 7/8/09 - visibility v. good

B 3 12457350.89 E, 6651354.57 N 12457339.05 E, 6651328.98 N 5:11 44 1 3,3 1
burrow openings 

(09:38:22, 09:42:06) Pagurus spp.
7/9/09 - visibility v. good - "cross-rippling" of sand 

(09:38:12)

B 4 12458929.23 E, 6652417.15 N 12458885.54 E, 6652569.62 N 5:48 44 1 3,3 1
Echinarachinus parma (low density), 

Pagurus spp., 7/9/09 - visibility good

B 5 12460328.49 E, 6653402.49 N 12460352.25 E, 6653260.74 N 5:03 44 1 3,2/3 1 Pagurus spp. 7/9/09 - visibility good

B 6 12461736.04 E, 6654280.46 N 12461764.61 E, 6654165.27 N 5:05 45 1 3,2 1
Pagurus spp., Polinices sand collars, 

Spisula shell 7/9/09 - visibility good

B 7 12463177.31 E, 6655159.22 N 12463447.31 E, 6655134.82 N 5:06 43 1 1/3, 1/2 1 Pagurus spp., Spisula shell 7/9/09 - visibility poor/good

B 8 12464630.83 E, 6656273.85 N 12464691.71 E, 6656116.10 N 5:15 41 1 3,3 1

crab exiting sediment (13:37:30), 
Polinices sand collar, Spisula shell, 

Ensis shell 7/9/09 - visibility poor/good

B 9 12453447.41 E, 6650964.83 N 12453399.31 E, 6651018.65 N 5:33 55 2 1,1 1

starfish Astropecten spp? (15:25:25), 
Pagurus spp., Polinices sand collar, 

Spisula shell, Ensis shell 7/8/09 - visibility poor

B 10 12454891.79 E, 6651912.73 N 12454771.57 E, 6652063.81 N 5:05 55 1 3/1,2/1 1
feeding pits, tubes, 

burrows

crab Libinia emarginata (white 
chelipeds) (16:32:31), Pagurus spp., 
Polinices sand collar, Polinices spp 

(16:33:14), crabs Libinia, Cancer spp 
(16:34:23), Spisula shell, Ensis shell 7/8/09 - visibility good

B 11 12456258.22 E, 6652866.68 N 12456204.76 E, 6652943.67 N 5:12 55 1 1,1 1
curled tube 
(09:27:10)

Pagurus spp., Polinices sand collars, 
Spisula shell, Ensis shell 7/9/09 - visibility good

B 12 12457611.09 E, 6653847.69 N 12457632.10 E, 6653975.65 N 5:06 58 1 1,1 1 Pagurus spp., Spisula shell 7/9/09 - visibility poor/good

B 13 12459105.28 E, 6654846.55 N 12459102.91 E, 6654844.27 N 5:07 54 1 3,3 1 Pagurus spp., ctenophores, 7/9/09 - visibility v. good

B 14 12460551.34 E, 6655873.06 N 12460630.78 E, 6655835.14 N 5:17 48 1 3,3 1

Echinarachinus parma (patchy high 
density), Pagurus spp., Polinices sand 

collars, Spisula shell, Ensis shell 7/9/09 - visibility v. good

B 15 12461899.30 E, 6656967.95 N 12461919.25 E, 6656929.67 N 5:05 56 1 3,3 1
Echinarachinus parma, Pagurus spp., 

Polinices sand collars, Ensis shell 7/9/09 - visibility good

B 16 12463321.67 E, 6657892.14 N 12463320.16 E, 6657872.95 N 5:04 65 1 3/1,2/1 1
crab - Cancer spp? (13:48:14), Pagurus 

spp., Echinarachinus parma, Spisula 7/9/09 - visibility good

B 17 12465959.95 E, 6654815.13 N 12465952.38 E, 6654756.45 N  5:17 56 1 3,2 1
Polinices sand collar, crabs Cancer spp. 

(13:29:28), Pagurus spp. 7/9/09 - visibility poor/good

B 18 12464612.03 E, 6653834.03 N 12464622.72 E, 6653725.02 N 5:10 48 1 3,2 1 sparse tubes
crab Cancer spp. (12:56:13), Pagurus 

spp. 7/9/09 - poor

B 19 12463033,50 E, 6652921.65 N 12463052.63 E, 6652836,26 N 5:03 40 1 3,2 1 tubes Pagurus spp. 7/9/09 - visibility poor, v similar to #18

B 20 12461687.55 E, 6651863.08 N 12461723.48 E, 6651686.81 N 5:03 45 1 3/2,3 1 scattered tubes

Echinarachinus parma, Pagurus spp., 
Polinices sand collars, Spisula shell, 

Polinices spp. 7/9/09 - visibility good, cross rippling

B 21 12460188.94 E, 6650906.74 N 12460153.74 E, 6650896.20 N 5:18 41 1 3,3 1
Pagurus spp., Polinices sand collar, 

Spisula shell 7/9/09 - visibility poor/good, cross rippling

B 22 12458781.46 E, 6649858.66 N 12458751.53 E, 6649842.06 N 5:25 43 1 3,3 1
Pagurus spp., Polinices sand collar, 

gastropod (?) in trail (09:49:52) 7/9/2009 - visibility good

B 23 12457337.38 E, 6648957.19 N 12457264.15 E, 6649082.95 N 5:04 50 1 3,3 1
Pagurus spp., crab ? (16:17:15), 
Polinices sand collars, sea robin 7/8/09 - visibility good, cross rippling

B 24 12455806.30 E, 6647921.81 N 12455661.63 E, 6648078.05 N 5:32 63 1 3,3/2 1

Pagurus spp., crab ? (15:47:01), 
Polinices sand collars, Spisula shell, 

Ensis shell 7/8/09 - visibility good

NASA SRIPP EIS

Project # - 15301785

Unnamed Shoal B

Fauna Observed Comments (sea conditions, visibility, etc.)Shoal # Station #
Bottom 

Type
Biogenic 

Structures



Benthic Video Survey

Starting Ending Video Depth  Bedform Size Shell

coordinates coordinates Length (ft) and Shape Cover

NASA SRIPP EIS

Project # - 15301785

Unnamed Shoal B

Fauna Observed Comments (sea conditions, visibility, etc.)Shoal # Station #
Bottom 

Type
Biogenic 

Structures

B 25 12452407.08 E, 6652123.96 N 12452349.19 E, 6652091.10 N 5:52 74 1 1,1 2
crab cancer spp. (15:17:41), Pagurus 

spp., Spsiula shell, Ensis shell 7/8/09 - visibility poor/good, dark

B 26 12453978.91 E, 6652900.79 N 12453886.19 E, 6653033.38 N 5:45 73 1/2 1,1 1

Pagurus spp., crab Cancer spp., 
Polinices sand collar, Ensis shell, 

Spisula shell 7/8/09 - visibility poor/good 

B 27 12455454.76 E, 6654020.51 N 12455409.31 E, 6654032.50 N 5:48 72 1 1,1 1/2

Pagurus spp., Polinices sand collar, 
horseshoe crab carapace, crabs Cancer 
spp. ? (09:19:31), Spisula shell, Ensis 

shell 7/9/09 - visibility good

B 28 12456891.41 E, 6654878.36 N 12456859.50 E, 6654920.46 N 5:16 67 1 1,1 1
crab ?? Spp. (10:43:16), Pagurus spp., 

Spisula shell, Ensis shell 7/9/09 - visibility good

B 29 12458288.05 E, 6655872.13 N 12458276.12 E, 6655833.93 N 5:07 66 1 1,1 2

starfish Astropecten spp? (10:53:48), 
Pagurus spp., Polinices sand collar, 
ophiuroid ? (10:54:21), Spisula shell, 

Ensis shell 7/9/09 - visibility good

B 30 12459752.01 E, 6656799.42 N 12459673.94 E, 6656732.60 N 5:19 60 1 1,1 2
Pagurus spp., Polinices sand collar, 

Spisula shell 7/9/09 - visibility good

B 31 12460939.18 E, 6658111.10 N 12460936.87 E, 6658064.60 N 5:37 60 1 3/1,2/1 1

Pagurus spp., Polinices sand collars, 
whelk Busycon spp. (12:28:12), 

Echniarachinus parma, Spisula shell, 
Ensis shell 7/9/09 - visibility v. good

B 32 12462579.47 E, 6658907.85 N 12462529.40 E, 6658737.04 N 5:08 61 1 1,1 1
Pagurus spp., Polinices sand collar, 

Spisula shell, Ensis shell 7/9/09 - visibility good

B 33 12466661.84 E, 6654067.28 N 12466587.57 E, 6654134.22 N 5:11 66 1 3,2 1 Pagurus spp., Polinices sand collar 7/9/09 - visibility good

B 34 12465212.08 E, 6653073.16 N 12465193.50 E, 6653026.45 N 5:05 63 1 3,3 1 Pagurus spp. 7/9/09 - visibility good

B 35 12464060.44 E, 6651901.12 N 12464023.44 E, 6651834.66 N 5:09 63 1 3,3 1
Pagurus spp., Polinices sand collar, 

Spisula shell 7/9/09 - visibility good, not continuous ripples

B 36 12462471.53 E, 6650957.65 N 12462443.44 E, 6650896.96 N 5:05 64 1 3,3 1
Pagurus spp., crab ??spp. (14:32:14), 

Spisula shell 7/9/09 - visibility - v. good

B 37 12460979.07 E, 6650139.04 N 12460942.35 E, 6650152.76 N 5:18 64 1 3,3 1
Pagurus spp., crab Cancer spp., Spisula 

shell 7/9/09 - visibility good

B 38 12459473.68 E, 6649118.43 N 12459463.89 E, 6649160.24 N 5:41 64 1 3,3, 1 Pagurus spp., Spisula shell, Ensis shell 7/9/09 - visibility good

B 39 12457824.00 E, 6648440.68 N 12457714.11 E, 6648630.16 N 5:06 56 1 3/1,3/2/1 1
Pagurus spp., sea robin (16:08:31), crab 

Cancer spp.(16:11:12), Spisula shell 7/8/09 - visibility good

B 40 12456357.79 E, 6647242.04 N 12456220.05 E, 6647415.24 N 5:08 65 1 3/1,2/1 1
crab Libinia emarginata, Pagurus spp., 

Spisula shell, Ensis shell, algal strands ? 7/8/09 - visibility good, dark

Biogenic structure - none, tubes, burrow openings

Note:  

Bedform shape - (1) none (2)smooth crested with top of bedform rounded; (3) sharp crested with top of bedform peaked

Bottom type - (1) sand; (2) mud/silt

Shell  cover - (1) <10% or (2) >10% of the bottom covered by shell and shell fragments

Video Length = minutes:seconds

Bedform size - (1) none, no bedforms, flat relatively uniform bottom; (2) large bedforms, wavelength approx. 30 cm or greater; (3) small bedforms, wavelength less than approx. 30 cm



 

 

Appendix C 

Section 106 Consultation





Joshua A. Bundick  
Lead, Environmental Planning  
NASA Wallops Flight Facility  
Code 250.W  
Wallops Island, VA  23337  
Phone: (757) 824‐2319  
Fax: (757) 824‐1819  
Email: Joshua.A.Bundick@nasa.gov  
  
From: Herkhof, Dirk [mailto:Dirk.Herkhof@mms.gov]  
Sent: Tuesday, December 15, 2009 3:13 PM 
To: Bundick, Joshua A. (WFF‐2500) 
Cc: Jeffrey_Reidenauer@URSCorp.com 
Subject: RE: Arch ‐ Wallops SRIPP 
  
Josh, 
  
Our archaeologist has finished reviewing the report and the additional information provided by 
you and it looks fine to him.   
  
No archaeological mitigation is required for this project; however, the applicant should be 
reminded of the following: 
  
If you discover any archaeological resource while conducting your operations, you must 
immediately halt operations within 1,000 feet of the area of the discovery and report the 
discovery to the Regional Supervisor, Leasing and Environment, Gulf of Mexico Region within 
72 hours of discovery.  Once notified, the Regional Supervisor will tell you how to proceed. 
  
If you have any questions, please let me know. 
  
Dirk 
  
Dirk Herkhof 
Meteorologist 
Environmental Assessment Branch 
Minerals Management Service 
381 Elden Street 
Herndon, VA 20170 
Ph. 703‐787‐1735 
Fax 703‐787‐1026 
E‐mail: dirk.herkhof@mms.gov 



January 24, 2007 Correspondence between Mr. Kent Stover, WFF Historic Preservation 
Officer, and Kathleen Kilpatrick, VDHR, is provided in the attached “SRIPP Proposed 
Groin, Breakwater, and Shoreline Restoration Cultural Resources Surveys, Accomack 
County, VA” 
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ABSTRACT 
 
This report presents results of a cultural resources remote sensing survey of two proposed sand 
borrow areas located off of Wallops Island, Virginia as part of the National Aeronautics and 
Space Administration (NASA) Shoreline Restoration and Infrastructure Protection Program 
(SRIPP).  URS Group, Inc. (URS) conducted this work to assist WFF with compliance with 
Section 106 of the National Historic Preservation Act of 1966, as amended; with the Abandoned 
Shipwreck Act of 1987; and with the National Environmental Policy Act (NEPA) (42 U.S.C. 
4321 et seq.) of 1970. NASA is the lead agency preparing an Environmental Impact Statement 
under NEPA for their SRIPP at WFF; the U.S. Army Corps of Engineers and the Minerals 
Management Service are cooperating agencies on the EIS and other SRIPP-related compliance 
including Section 106 of the National Historic Preservation Act of 1966, as amended and the 
Abandoned Shipwreck Act of 1987. This investigation and report were completed in accordance 
with guidelines established in the Mineral Management Service (MMS) Notice to Lessees (NTL) 
2005-G07, entitled Archaeological Resource Surveys and Reports, and with the Secretary of the 
Interior’s Standards and Guidelines for Archaeology and Historic Preservation (Federal Register 
48, No 190, 1983).  MMS regulates activities on the portions of the Outer Continental Shelf that 
contain these proposed sand borrow areas.  WFF and URS consulted with MMS staff during 
2008 and 2009 to ensure that the requirements set forth in NTL 2005-G07 would apply to the 
current project. 

The primary objective of this study was to identify maritime related cultural resources, 
particularly submerged watercraft, and buried prehistoric sites within the survey areas.  Archival 
research and a remote sensing survey were used to accomplish these tasks.  Research indicated a 
moderate potential to encounter submerged historic resources, and a relatively low potential to 
encounter buried prehistoric resources within the project area. Review of the National Oceanic 
and Atmospheric Administrations Automated Wreck and Obstruction System (AWOIS) and 
other pertinent sources suggests a total of 12 shipwrecks within a 13-mile (21 kilometer) radius 
of Wallops Island.  

The survey array consisted of a Hemisphere Crescent R130 Digital Positioning System (DGPS), 
a Geometrics G882 marine cesium magnetometer, an ODEM Hydrotrac digital echo sounder, a 
Benthos Chirp 3 Sub Bottom Profiler and a 600 kHz Marine Sonics side scan sonar system.  
Survey control and data quality control were achieved with Hypack’s Hypack 2009a ® survey 
software.   

A total of five target groups were identified as representing modern debris.  None of the five 
target clusters have the potential to represent significant submerged cultural resources.  They are 
instead consistent with modern fishing and dumping activities.  No further work is recommended 
for the five targets identified during this survey. 
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1.0 INTRODUCTION 

This report presents results of the cultural resources remote sensing survey of two proposed sand 
borrow areas located off of Wallops Island, in Accomack County, Virginia.  URS Group, Inc. 
(URS) conducted this work on behalf of Wallops Flight Facility (WFF) to assist the National 
Aeronautics and Space administration’s (NASA) Wallops Flight Facility (WFF) with compliance 
with Section 106 of the National Historic Preservation Act of 1966, as amended; with the 
Abandoned Shipwreck Act of 1987; and with the National Environmental Policy Act (NEPA) 
(42 U.S.C. 4321 et seq.) of 1970. NASA is the lead agency preparing an Environmental Impact 
Statement under NEPA for their Shoreline Restoration and Infrastructure Protection Program 
(SRIPP) at WFF; the U.S. Army Corps of Engineers (USACE) and the Minerals Management 
Service (MMS) are cooperating agencies on the EIS and other SRIPP-related compliance 
including Section 106 of the National Historic Preservation Act of 1966, as amended and the 
Abandoned Shipwreck Act of 1987. The EIS analyzes potential impacts to human health and the 
environment from the SRIPP proposed action of borrowing sand from either of two offshore 
sand shoals (Unnamed Shoal A and Unnamed Shoal B) in order to replenish the eroded beach 
faces of WFF.  This investigation was undertaken in consultation with MMS, and in accordance 
with guidelines established in MMS Notice to Lessee (NTL) 2005-G07, entitled Archaeological 
Resource Surveys and Reports, and the Secretary of the Interior’s Standards and Guidelines for 
Archaeology and Historic Preservation (Federal Register 48, No 190, 1983).  MMS regulates 
activities on the portions of the Outer Continental Shelf (OCS) that contain these proposed sand 
borrow areas.  WFF and URS consulted with MMS staff during 2008 and 2009 to ensure that the 
requirements set forth in NTL 2005-G07 would apply to the current project. 

The primary objective of this study was to identify maritime related cultural resources, 
particularly submerged watercraft, and buried prehistoric sites within the survey areas.  Archival 
research and a remote sensing survey were used to accomplish these tasks.  Research indicated a 
moderate potential to encounter submerged historic resources, and a relatively low potential to 
encounter buried prehistoric resources within the project area. Review of the National Oceanic 
and Atmospheric Administrations Automated Wreck and Obstruction System (AWOIS) and 
other pertinent sources suggests a total of 12 shipwrecks within a 21 kilometer (13 mile) radius 
of Wallops Island.  

This investigation took place between March and September of 2009.  Christopher Polglase, 
RPA served as project manager for this project. Jean B. Pelletier, RPA served as principal 
investigator and as senior remote sensing specialist and analyst. Anthony Randolph served as 
remote sensing specialist and analyst. Bridget Johnson conducted archival research and produced 
graphics for the report.   

Survey operations were conducted from the 14 meter (46 foot) research vessel, Venture III, 
chartered from Captains Paul and Ruth Hepler of Belmont, New Jersey.  The survey array 
consisted of a Hemisphere Crescent R130 Digital Positioning System (DGPS), a Geometrics 
G882 marine cesium magnetometer, an ODEM Hydrotrac digital echo sounder, and a 600 kHz 
Marine Sonics side scan sonar system.  Survey control and data quality control were achieved 
with Hypack’s Hypack 2009a ® survey software.  

This report is divided into seven sections, including this introduction.  Section Two is a review of 
previous archaeological and architectural sites and contains surveys within 1.6 kilometers (1 
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mile) of the project area, followed by a discussion of known shipwrecks within 21 kilometers (13 
miles) of the project area.  Section Three contains the prehistoric and historic cultural contexts, 
which are used to evaluate the potential for encountering submerged prehistoric and historic 
cultural resources within the project area.  Section Four contains the environmental setting of the 
region.  Section Five presents the research methods and repositories used during background 
investigations, survey methods, and the expected results of the survey.  Section Six contains the 
results of the remote sensing survey. Section Seven presents the summary and recommendations 
for targets identified in Section Six.  Section Eight contains the List of References Cited.  Report 
figures and plates are included as an addendum.  Appendix A contains a table of side scan sonar 
images and Appendix B contains the Qualifications of Investigators.  
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2.0 PREVIOUS INVESTIGATIONS 

 

2.1 ARCHAEOLOGICAL INVESTIGATIONS 
A review of previously investigated sites provides a context used to assess the potential to 
encounter archaeological materials within the project area.  A total of seven archaeological 
surveys were conducted within 1.6 kilometers (1 mile) of the beach area where sand is to be 
deposited (Table 2-1).  These surveys identified a total of 10 archaeological sites within this 
radius (Table 2-2).  Site 44AC558 was identified by the Eastern Shore Archaeological Society, 
but no formal report has been filed.  

Table 2-1. Archaeological Surveys within 1.6 kilometers (1 mile) of the Beach Area 

Sites Identified Company Name Report Date 

None Mark Wittkofski (Wittkofski 1980) 1980 

None 
Greenhorn & O'Mara, Inc (Dinnell 

and Collier 1990) 
1990 

None Telemarc, Inc (Otter 1991) 1991 

None 
3D/Environmental Services Inc. 

(Miller 1991) 
1991 

None 
Louis Berger Group, Inc (Ahlman and 

LaBudde 2001) 
2001 

44AC9, 44AC89 Darrin Lowery (Lowery 2000, 2003) 2000, 2003 

44AC159, 
44AC459 

URS Corporation (Myers 2003) 2003 

 

Mark Wittkofski conducted a Phase I reconnaissance for a proposed parking lot on Wallops 
Island for the US Navy in 1980. He determined that the area had a low potential to contain 
archaeological resources as it had been disturbed and graded with modern fill (Wittkofski 1980).  
Wittkofski conducted a comprehensive survey of Accomack and Northampton Counties 
throughout the 1980s. This survey identified 281 previously unrecorded archaeological sites, 
none of which are within the beach area.  

Greenhorne & O’Mara, Inc. (Dinnell and Collier 1990) conducted a study of the southwestern 
portion of the Main Base for the Wallops Naval Facilities Engineering Command. They 
identified one site, but it was outside the 1.6 kilometer (1 mile) radius of the current beach area 
in which sand will be deposited.  

Telmarc, Inc (Otter 1991) conducted a Phase I archaeological survey adjacent to the WFF in 
1991. This study was conducted as part of a property acquisition west of a runway. No cultural 
resources were identified.  

3D/Environmental Services, Inc. (Miller 1991) completed a cultural resources inventory which 
included an evaluation of archaeological and architectural resources of the WFF in 1991. The 
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study was designed to produce a predictive model and sensitivity assessment for archaeological 
resources, as well as acting as a planning document for future evaluations at WFF. 

Louis Berger Group, Inc. (Ahlman and LaBudde 2001) conducted an archaeological survey for 
the proposed Route 709 bridge replacement located northwest of the island. They identified three 
archaeological sites.  These sites are all located beyond the 1.6 kilometers (1 mile) radius of the 
proposed sand deposit area.  

Darrin Lowery (2000, 2003) conducted an archaeological survey of the Chesapeake and Atlantic 
shorelines associated with Accomack and Northampton Counties of Virginia. His findings were 
presented in two volumes designed to assess the impact of natural and human activities to 
archaeological sites along the shore. He documented numerous previously identified sites, both 
historic and prehistoric in nature, as well as documenting several new sites. His report identified 
seven sites (44AC9, 44AC77, 44AC78, 44AC79, 44AC80, 44AC81, 44AC89) within a 1.6 
kilometer (1 mile) radius of the project area. Site 44AC9 represents an Archaic shell midden that 
is limited to the plowzone and includes a few prehistoric ceramics sherds.  Sites 44AC78, 
44AC79, 44AC80, and 44AC81 all represent shell middens from an undetermined prehistoric 
period.  Site 44AC77 was a historic artifact scatter consisting primarily of ceramics which date to 
the second and third quarters of the 19th century.  Site 44AC89 consists of a possible 
Revolutionary War earthwork located on Wallops Island.  

URS conducted a cultural resources assessment of WFF in 2003 (Meyers 2003). The goal of this 
study was to further assess archaeological and architectural potential. Two archaeological sites, 
44AC159 and 44AC459 were encountered within the 1.6 kilometer (1 mile) radius of the current 
project area. Site 44AC159 is located on Wallops Island and consists of a clam and oyster shell 
midden approximately 3 feet in height.  Site 44AC459 was a late 19th to early 20th century 
structure associated with the US Coast Guard. A total of 291 artifacts were recovered from this 
site including nails, brick, glass, ceramic, and shell.  

Table 2-2. Archaeological Sites within 1.6 kilometers (1 mile) of the Beach Area 
Site Number Site Type Cultural Period 

44AC9 Shell Midden Archaic 
44AC77 Historic Artifact Scatter Late 19th century 
44AC78 Shell Midden Undetermined Prehistoric 
44AC79 Shell Midden Undetermined Prehistoric 
44AC80 Shell Midden Undetermined Prehistoric 
44AC81 Shell Midden Undetermined Prehistoric 
44AC89 Military Earthworks Revolutionary War 
44AC159 Shell Midden Unknown 
44AC459 Historic Coast Guard Site Late 19th-20th century 
44AC558 Artifact Scatter Undetermined Prehistoric 
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2.2 ARCHITECTURAL INVESTIGATIONS 
Two previously identified historic properties are located within a 1.6 kilometer (1 mile) radius of 
the project area (Table 2-3). Within the Wallops Flight Facility itself are two historic properties 
that were found to be eligible for listing in the NRHP in the 2004 Historic Resources Survey and 
Eligibility Report for Wallops Flight Facility, Accomack County, Virginia (URS/EG&G 2004): 
the Wallops Exchange and Morale Association (WEMA) Recreational Facility/U.S. Coast Guard 
(USCG) Lifesaving Station (V-065, VDHR# 001-0027-0100), and the Observation Tower (V-
070, VDHR#001-0027-0101). In a letter dated November 4, 2004, VDHR concurred with 
NASA’s determination of eligibility for these two properties.  
  

Table 2-3. Architectural Sites within a 1.6 kilometer (1 mile) of the Project Area 

DHR ID # Name 
National Register 

Eligible 

001-0027-0100 
U.S. Coast Guard 
Lifesaving Station 

Yes 

001-0027-0101 Observation Tower Yes 
 
 

2.3 KNOWN SHIPWRECKS IN THE WALLOPS ISLAND AREA 
Twelve shipwrecks have been recorded in the vicinity of Wallops Island, extending 20.9 
kilometers (13 miles) off shore (Table 2-4). These wrecks were identified primarily using 
NOAA’s Automated Wreck and Obstruction Information System (AWOIS), and Bruce 
Berman’s Encyclopedia of American Shipwrecks (1972).    

The proximity of Wallops Island to the Chincoteague Inlet, which serves as the entrance to 
Chincoteague Bay, resulted in extensive commercial and recreational vessel traffic along the 
Wallops Island coastline en route to Chincoteague and other barrier islands.  Reported craft 
losses in the vicinity of Wallops Island are consistent with vessel classes commonly operated 
within the Chesapeake region. All craft were lost during the 20th century.  A total of four wrecks 
were sailing schooners and three were barges.  A single tug boat and fishing trawler were also 
lost, along with three unidentified vessels. 
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Table 2-4. Vessels Sunk within 20.9 kilometers (13 miles) of Wallops Island 
Vessel 
Name 

Vessel 
Type 

Date of 
Loss 

Date Built Tonnage Cause of 
Loss 

Location 

E.R. Smith Unknown 1/25/1943 Unknown Unknown Sunk 
Lat: 37.8167 

Long: 75.3663 

Florence 
and Lillian 

Schooner 
9/19/1921 

 
1874 252 Foundered 

SW of 
Chincoteague 
Lighthouse 

Jennie N 
Huddell 

Schooner 
 

2/4/1910 
 

1870 279 Stranded 
Carter’s Shoal, 
Chincoteague 

Lizzie 
Godfrey 

Schooner 
 

7/12/1914 
 

1890 77 Stranded Chincoteague Inlet 

Nancy Jane 
Fishing 
Trawler 

3/2/1968 Unknown Unknown 
Sunk, broken 

up 
Lat: 37.8667 

Long: 75.4163 

P. J Hooper Tug 3/26/1971 Unknown Unknown Unknown 
Lat: 37.8367 

Long: 75.3399 

Ruhama 
Shaw 

Barge 
 

12/8/1917 
 

1915 473 Foundered 
Blackfish  Bank, 

VA. 

Ruth Barge 12/9/1917 1908 435 Foundered 
Blackfish  Bank, 

VA. 

Steel Barge 
No. 2 

Barge 
 

1/23/1935 
 

1889 2217 Foundered 
Blackfish  Bank 

Buoy, VA. 

Unknown Sailing Unknown Unknown Unknown Unknown 
Lat: 37.8646 

Long: 75.4005 

Unknown Unknown Unknown Unknown Unknown Unknown 
Lat: 37.8001 

Long: 75.2463 
Wm. 

Meekins 
Schooner 12/22/1918 1874 79 Stranded Chincoteague, VA. 

Source: AWOIS, Berman 1972 

 
 



SECTION Three Cultural Context 

 3-1 

3.0 CULTURAL CONTEXT 
The Virginia Department of Historic Resources (VDHR) has developed a chronological 
framework for the prehistory and history of the Commonwealth.  This framework provides the 
basis for understanding prehistoric and historic cultural development in the area, as well as 
providing a context for predicting the types and kinds of archaeological sites expected in the 
project area.  Included in this background section are Prehistoric Context and Historic Contexts. 

 

3.1 PREHISTORIC CONTEXT 
VDHR has defined three major periods of prehistory.  These are the Paleoindian Period (10,000 
– 8000 BC), the Archaic Period (8000 – 1000 BC), and the Woodland Period (1000 BC – AD 
1600).  Table 3-1 summarizes the chronology of these periods.  The Archaic and Woodland 
Periods are further subdivided into Early, Middle, and Late Periods, which are characterized by 
changes in material culture (e.g., projectile point styles), environmental adaptation, subsistence 
strategies (e.g., hunting and gathering, fishing, and horticulture), settlement patterns, technology, 
and socio-political configurations.  Each major time period is discussed below, along with 
relevant data concerning settlement and subsistence patterns established by excavations and 
study of archaeological sites in the Coastal Plain.   

Table 3-1. Prehistoric Culture Chronology 

Culture Period Sub-Period Date Ranges 

Paleoindian n/a 10,000 – 8000 BC 

Early 8000 – 6500 BC 

Middle 6500 – 3000 BC Archaic 

Late 3000 – 1000 BC 

Early 1000 BC – AD 300 

Middle AD 300 – AD 1000 
Woodland 

Late 
AD 1000 – AD 

1600 

Contact n/a ca. AD 1600 

 

 

3.1.1 Paleoindian Period (10,000 – 8000 BC)  
The region was first inhabited approximately 12,000 years ago with an influx of people who 
practiced a hunting and foraging lifestyle.  Although there is evidence of human occupation in 
western North America and South America before 10,000 – 12,000 BC, there is no conclusive 
evidence in the Middle Atlantic region for human occupation before the Paleoindian Period.  
There is a great deal of debate over the issue of a “pre-Clovis” culture in the Americas that 
predates the traditional “Clovis” culture of the Paleoindian Period.  Archaeological sites such as 
Cactus Hill in Virginia (e.g., McAvoy and McAvoy 1997), Meadowcroft Rockshelter in 
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southwestern Pennsylvania (e.g., Adovasio et al. 1978), and the Topper Site in South Carolina 
(e.g., Parfit 2000; Rose 1999) have provided tantalizing but inconclusive evidence for human 
occupations predating the Paleoindian Period.  There is currently no evidence for pre-
Paleoindian occupations on the Delmarva Peninsula although shifts in survey strategies in recent 
decades (e.g. Lowery 2001, 2003) have resulted in new discoveries that may change the focus of 
research in this area. There are also extensive aeolian soils on the coastal plain that may cover 
more ancient fluvial sediments (Foss et al. 1978). Some of the depositional contexts may 
eventually reveal buried Paleoindian or pre-Paleo occupations. The discussion below focuses on 
the widely accepted definition of the Paleoindian culture in the Middle Atlantic region. 

The end of the Pleistocene epoch (ca. 12,000 – 10,000 years ago) represents the terminus of the 
Ice Age or at least the beginning of a long interglacial episode.  The environment during this 
time was quite different from modern conditions.  Moisture locked in glacial ice sheets resulted 
in lower sea levels and greater exposure of coastal lands.  Areas exposed during this time were 
subsequently inundated by the global sea level rise that began at the end of Pleistocene, when 
climatic amelioration resulted in melting continental ice sheets.  During this period of post-
glacial warming, the climate was probably three to eight degrees Celsius colder than at present, 
and the vegetation consisted of an open spruce parkland forest composed of spruce, pine, fir and 
alder (Brush 1986:149; Owens et al. 1974; Sirkin et al. 1977).   

The Paleoindian toolkit included fluted projectile points, which were typically manufactured 
from high-quality lithic materials chosen for their predictable and consistent flaking properties.  
Projectile point types include Clovis, Cumberland/Barnes, Crowfield, Hardaway-Dalton, and 
Hardaway Side-Notched (Dent 1995; Lowery 2001, 2003).  Other tools in the Paleoindian toolkit 
include endscrapers, sidescrapers, gravers, burins, denticulates, knives, pieces esquillées, 
wedges, perforators, and generalized unifaces and bifaces (Dent 1995). 

Preferred lithic materials for these projectile points were high-quality cryptocrystalline rock such 
as jasper and chert (Brown 1979; McCary 1984), though tools made from locally available 
quartz and quartzite cobbles have been documented at sites in the Middle Atlantic region (e.g., 
Ebright 1992; McAvoy and McAvoy 1997).  Archaeologists have postulated that Paleoindian 
hunter-gatherers traveled long distances to obtain raw materials for tool production (e.g., Custer 
1984a; Gardner 1977).  Recent research, however, has documented the availability of high-
quality cherts and jasper cobbles in the Coastal Plain (e.g., Lowery 2001, 2003), suggesting that 
Paleoindians did not necessarily travel long distances to obtain lithic raw materials. 

Paleoindian Period settlements consisted of seasonally-occupied camps, from which forays were 
made to obtain specialized resources, such as stone for tool manufacture (Custer 1984a; Dent 
1995; Gardner 1977).  Site types postulated for the Paleoindian Period include base camps, 
quarry sites, quarry reduction stations, quarry-related base camps, base camp maintenance 
stations, outlying hunting stations, and isolated projectile point finds (Custer 1989; Gardner 
1989).  These site types are considered part of the “seasonal round” of Paleoindian settlement 
patterning. 

The isolated point find is the most common of these manifestations and the distribution of such 
finds on the Delmarva Peninsula shows a concentration on the Mid-peninsular drainage divide 
where bay-basin features represent Pleistocene surface water sources (Custer 1989:29).  This is 
not to say that other areas were not frequented; perhaps it simply reflects the availability of more 
exposed acreage for occupation in the Middle of the peninsula.  These sites are in headwater 



SECTION Three Cultural Context 

 3-3 

areas where streams flow to the bay and the ocean.  Davidson (1981) also notes the use of 
interior drainages during this period; a trend that continues though the Middle Archaic.  A single 
fluted point site is recorded in Virginia on the lower Delmarva Peninsula, (Custer 1989:93), but 
this find is not noted in McCary’s (1984) fluted point survey. 

Custer (1984a, 1989) classifies upper Delmarva Paleoindian sites within the Delaware 
Chalcedony Complex, which focuses on outcrops of high quality cryptocrystalline lithic raw 
materials, specifically Delaware chalcedony.  Settlement patterns focused on these high quality 
lithic resources and on environmental resource gathering zones such as upland or interior 
swamps, headwater zones and similar early Holocene environmental settings.  

Paleoindian subsistence patterns are difficult to discuss for the Middle Atlantic region due to the 
paucity of recovered faunal and floral remains.  Paleoindians in the western United States are 
considered to be “big game” hunters of extinct Pleistocene megafauna such as the mammoth, 
caribou, musk ox, and giant beaver.  There is no concrete evidence for a similar subsistence 
pattern in the Middle Atlantic region, though megafaunal remains have been recorded in the area 
(Custer 1989; Dent 1995; Edwards and Merrill 1977; Lowery 2001, 2003).  Paleoindians in this 
area likely subsisted on mammals such as white-tailed deer, caribou and moose, along with 
smaller mammals.  While Paleoindian subsistence probably focused on hunted game, there is 
evidence to suggest that plant foods and fish were also important food resources (Dent 1995; 
McNett l985).  It should also be noted that a rich array of megafauna (e.g., mammoth, mastodon, 
walrus, and ground sloth) recovered from the continental shelf of the east coast may represent 
some of the key species that were hunted at the end of the Pleistocene (Edwards and Merrill 
1977).  One of the mammoth finds, for example, comes from the outer edge of the coastal plain 
in the lower Delmarva Peninsula area of Virginia (Edwards and Merrill 1977:11). 

Paleoindian sites are not widely known in the Virginia Coastal Plain.  Much of what 
archaeologists know about Paleoindians comes from isolated finds of fluted projectile points.  
Few intact Paleoindian sites have been identified in the region (Dent 1995; Lowery 2001, 2003), 
however, dozens of isolated fluted point finds have been documented on the Delmarva Peninsula 
(e.g., Custer 1989; Dent 1995).  The Paw Paw Cove site, located in the northern Chesapeake Bay 
area in Maryland, is currently the only excavated Paleoindian site on the Delmarva Peninsula 
(Dent 1995; Lowery 2001, 2003).  One theory explaining the lack of documented Paleoindian 
sites is that they are located on the Continental Shelf of the Atlantic Ocean in areas that would 
have been dry land during the Paleoindian Period (e.g., Dent 1995; Lowery 2001, 2003).   

3.1.2 Archaic Period (8000 – 1000 BC)  
The Archaic Period dates to ca. 10,000 to 3,000 years ago, and is conventionally sub-divided into 
the Early (8000 – 6500 BC), Middle (6500 – 3000 BC), and Late (3000 – 1000 BC) Sub-Periods.  
In the Middle Atlantic area, Archaic sites are much more numerous, larger, and richer in artifacts 
than earlier Paleoindian sites.  They represent a series of adaptations that engendered an 
increasingly sedentary existence, and focused on resources available along large rivers and major 
tributaries.  Other, often smaller sites of this period located away from the main streams probably 
represent seasonal or other specialized activities.  Increasing territoriality and regional diversity 
are reflected in numerous artifact varieties, especially projectile points, throughout the Archaic 
Period.  Evidence from Paleoindian and Early Archaic sites suggests that the transition from the 
Paleoindian way of life was a gradual transition (Custer 1990). 
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This transition was associated with a major climatic change that marks the end of the Pleistocene 
and beginning of the Holocene.  The cool and moist climate of the late Ice Age shifted to a 
warmer and drier climate that approximates that of today.  Rising sea levels inundated the lower 
Susquehanna River Valley and began forming the Chesapeake Bay estuary and its large salt and 
brackish water marshes, habitats that provided a rich and diverse subsistence base (Kraft 1976).  
As temperatures increased during the early Holocene, vegetation in the region shifted from 
coniferous forests of spruce to mixed deciduous/coniferous forests of hemlock, birch, hickory, 
and oak (Brush 1986:149; Custer 1990:10; Owens et al. 1974; Sirkin et al. 1977).  The spread of 
deciduous woodlands into upland areas after 7000 BC opened up new habitats to be exploited by 
animals and humans (Custer 1990). 

3.1.3 Early Archaic Period (8000 – 6500 BC) 
Environmental conditions during the Early Archaic Period were not drastically different from the 
Paleoindian Period.  Glacial recession continued and deciduous forests expanded, possibly 
leading to a proliferation of temperate fauna.  The most distinctive cultural characteristic of the 
Early Archaic was the appearance of notched projectile points, most notably the Palmer and Kirk 
varieties.  There was a continuation of the Paleoindian tradition of using high quality 
cryptocrystalline lithic materials until the end of the Early Archaic Period, when lower quality 
quartz and quartzite materials were more frequently used.  Archaeological investigations in the 
Patuxent River drainage showed that the majority of Kirk points found were made of rhyolite.  
This indicates that by the Kirk phase, people traveled long distances in order to obtain preferred 
lithic raw materials, or that by this time long-range trade networks had been established 
(Steponaitis 1980:68). Although rhyolite is certainly exploited as a lithic raw material by this 
time, it still does not represent the intensive use evident during the Late Archaic. 

There was significant innovation in stone tool kits during the Early Archaic Period.  Stemmed 
and side-notched serrated projectile points replaced fluted projectile point varieties.  The variety 
of projectile points associated with these periods indicates possible changes in subsistence 
strategies and exchange networks, and a possible regionalization of cultural traditions. Projectile 
point styles characteristic of the period include: corner-notched, serrated point styles such as 
Kirk, Palmer, Charleston, Lost Lake, Decatur, Amos, Kessel, and Fort Nottoway/Thebes; and 
stemmed points such as the Kirk stemmed and Pequea types (Custer 1984a, 1989, 1996; Dent 
1995; Lowery 2001, 2003).  Other tool types characteristic of Early Archaic Period assemblages 
include grinding slabs, milling stones, nutting stones, chipped stone adzes, wedges, perforators, 
knives, and scrapers, as well as unifacial and bifacial tools (Dent 1995; Lowery 2001, 2003).   

Early Archaic Period inhabitants continued to show a preference for high-quality lithic materials, 
either transported into the area through trade or travel, or obtained from cobble sources in river 
and stream beds.  Some researchers (e.g., Lowery 2001, 2003) have noted that Early Archaic 
people appear to have a preference for non-local cherts, chalcedonies, and jaspers, and have also 
noted the increased use of rhyolite for tools during this period (e.g., Custer 1984a; Dent 1995; 
Lowery 2001, 2003). 

Both Gardner (1974) and Custer (1980) have hypothesized that Early Archaic Period peoples 
banded together into macro-base camps, or groups of families, in the spring and summer, and 
dispersed into smaller micro-base camps in the fall and winter months.  Larger base camps were 
located in the valley floodplains while the smaller autumn and winter encampments were located 
in upland regions.   
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There is little faunal evidence from archaeological sites dating to the Early Archaic period, 
though “it is assumed that this environment supported bear, deer, elk, and a variety of small 
game adapted to a northern climate” (Kavanagh 1982:9). One exception is the Cactus Hill site 
(44SX202) which contains the remains of species that are still common in the region today 
(Whyte 1995).  Floral evidence from sites such as the Crane Point site, in Talbot County, 
Maryland, includes hickory nut, butternut, acorn, amaranth, and chenopodium (Lowery 2001, 
2003).  Other sites in the Chesapeake Bay region have produced similar results (Dent 1995).  The 
floral remains recovered from Early Archaic contexts indicate that a variety of plants were used 
for food.  Stone artifacts such as grinding slabs, milling stones, and nutting stones are also 
indicative of increased reliance on plant foods, while adzes indicate increased manufacture of 
items from wood (e.g., shelter).  The changes in tool types have been interpreted as a shift in 
subsistence strategies towards a broad-spectrum adaptation, utilizing a variety of species of 
animals and plants, rather than focusing primarily on large animals. 

Numerous Early Archaic Period sites are located throughout the Delmarva Peninsula (Custer 
1989; Dent 1995), mostly from surface finds in estuarine and shore locations.  Early Archaic 
Period base camps on the Eastern Shore may have been located on floodplains or river terraces 
that have since become submerged by sea level rise.  Smaller procurement or temporary camps 
may be located on the high terrace areas (elevations above 25 feet amsl), though none have been 
recorded in Accomack County.  The same terraces that produced fluted points have also 
produced numerous finds of Early Archaic points, recovered by artifact collectors who search 
shoreline surfaces at low tide. These submerged manifestations represent significant clusters of 
Early Holocene sites. Nearby upland areas may also contain a variety of procurement sites and 
lithic scatters. 

3.1.4     Middle Archaic Period (6500 – 3000 BC) 
The beginning of the Middle Archaic Period coincides with the on-set of the Atlantic climatic 
episode, which was a warm, humid period with a gradual rise in sea level that led to the 
development of inland swamps. It was a period marked by an increase in summer drought, sea 
level rise, grassland expansion into the Eastern Woodlands, and the appearance of new plant 
species (Carbone 1976:106; Hantman 1990:138).  Human settlements consisted of small base 
camps located in or near inland swamps that were convenient to access seasonally available 
subsistence resources as well as small, temporary upland hunting sites.  This adaptation, along 
with the use of a greater variety of plant resources, allowed for an increase in general foraging 
(Kavanagh 1982:50). 

The Middle Archaic Period is characterized by a variety of projectile point styles, including 
bifurcated styles (e.g., St. Albans, LeCroy, and Kanawha) that were introduced at the end of the 
Early Archaic Period (Dent 1995).  Other projectile point styles used during the Middle Archaic 
Period include Stanly Stemmed, Neville, Morrow Mountain I and II, Halifax, and Guilford types 
(Dent 1995; Lowery 2001, 2003). Morrow Mountain and Neville points are more rarely found in 
Virginia.  The former are found principally in the Southeast whereas Neville points are a typical 
Northeast type.  Brewerton and Otter Creek styles were introduced during the latter part of the 
Middle Archaic Period, and persist into the early Late Archaic Period.  Other artifact types 
characteristic of the Middle Archaic Period include groundstone tools (e.g., adzes and gouges), 
as well as scrapers, perforators, spokeshaves, and expediently-made flake tools for a variety of 
functions (Dent 1995; Lowery 2001, 2003).  Rhyolite became more commonly used for making 
tools, though other local resources such as quartz and quartzite were utilized as well.  The 
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tendency towards greater reliance on local lithic sources led to a marked increase in numbers of 
informal flake tools for short-term use. 

Middle Archaic Period sites have been documented on the Delmarva Peninsula, and include 
isolated point finds as well as sites with buried components (Dent 1995; Lowery 2001, 2003).  
Community pattern and settlement data are somewhat limited due to the scarcity of Middle 
Archaic Period sites with good, interpretable depositional contexts.  Surface sites are, however, 
located in a variety of settings including uplands, river terraces, and wetland areas.  Middle 
Archaic Period sites on the Delmarva Peninsula have been documented along Carolina Bay 
features, spring-fed interior wetlands, upland terraces, and confluences of freshwater streams 
(Lowery 2001, 2003).  Subsistence patterns appear to be very similar to the preceding Early 
Archaic Period, based on the limited data that are available (Dent 1995; Lowery 2001, 2003).  
Middle Archaic points in nearby areas of Maryland have been found on sites (e.g., 18SO75 and 
18SO105) along Kings Creek and the Manokin River. Like earlier Holocene manifestations, 
most of sites are known through isolated point finds on river terraces and along eroding 
shorelines. 

3.1.5     Late Archaic Period (3,000 – 1000 BC) 
Modern vegetation had become established in the region by approximately 3,000 BC, and the 
climate was punctuated by alternating periods of dry and moist conditions (Brush 1986:150).  
The Late Archaic Period is characterized by a warmer and drier climate than today, with the 
development of xeric forests (e.g., oak and hickory) and open grasslands (Carbone 1976; Custer 
1984b).  Sea level continued to rise, but was relatively stable by the end of the Late Archaic 
Period (Dent 1995; Lowery 2001, 2003).  The warmer and drier climate appears to have 
stabilized stream valleys and estuaries in the region, making such localities more attractive for 
settlement.  These settings developed into rich habitats with a great diversity of exploitable 
resources, particularly shellfish and anadromous fish (Davidson 1981; Hughes 1980). This is 
reflected in the changes manifested in Late Archaic tool kits as well as in the number of site 
types and site locations utilized.  For example, settlement data from the lower Eastern Shore 
show increased use of riverine and estuarine settings, and there is a concomitant use of 
ephemeral settings as well, including headwaters, and low and high order stream areas (Davidson 
1981, Hughes 1980).  

The Late Archaic Period is characterized by a large variety of projectile point styles, including 
Otter Creek, Vosburg, and Brewerton, Lackawaxen, Bare Island, Halifax Side-Notched, Vernon, 
Clagett, Piscataway (a type that persists into the Woodland Period), and Holmes (Dent 1995). 
The initial sequence for the Late Archaic was developed by Stephenson and Ferguson (1963) and 
referred to Piscataway, Otter Creek, Vernon, and Brewerton projectile point styles.  Otter Creek 
points have been recovered from Middle and Late Archaic contexts including an Otter Creek 
component identified at the Higgins site (Ebright 1989). Other Otter Creek sites in the Middle 
Atlantic region and the Northeast in general are described by Steponaitis (1980) and Funk 
(1965). 

Projectile point styles characteristic of the end of the Late Archaic (sometimes referred to as the 
Terminal Archaic Period) include “broadspears” such as the Savannah River, Susquehanna 
Broadspear, Koens-Crispin, Lehigh, and Perkiomen types (Dent 1995).  Other projectile point 
types found during the Terminal Archaic that persist into the Early Woodland Period include the 
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Orient Fishtail and Dry Brook types. The Fishtail phase marks the end of the Archaic period and 
the beginning of the Early Woodland. 

Besides the established formal projectile point styles, there appears to have been an increase in 
the production of informal tools made out of flakes (Klein and Klatka 1991:98).  Other artifacts 
characteristic of the period include steatite (soapstone) bowls, groundstone tools (axes, adzes, 
celts, gouges), perforators and drills fashioned from broken projectile points, and scrapers (Dent 
1995).  Rhyolite was established during this period as a preferred lithic raw material for tool 
manufacturing.  It was during the Terminal Archaic as well as the succeeding Early Woodland 
Period that large amounts of rhyolite were transported from sources in the Blue Ridge to the 
Coastal Plain.  The network that facilitated trade in rhyolite is not well understood (Kavanagh 
1982:99).  

Surface collections in the Delmarva region show greater use of locally available lithic raw 
materials (e.g., quartz and quartzite) during the Late Archaic. Broadspears recovered from 
eastern shore sites, especially the Susquehanna broadspears, are almost exclusively made from 
South Mountain (Blue Ridge) rhyolite. In the lower eastern shore of Maryland, these have been 
recovered, along with bannerstones and gorgets, from sites (e.g., site 18WO32) along the 
Pocomoke River. 

The Late Archaic was characterized in the eastern United States by evidence of population 
growth, patterns of regional differentiation, and increased technological specialization.  Trade 
networks appear to have been established for the exchange of raw materials and finished goods.  
The first large, semi-sedentary (i.e., occupied for several months or seasons) base camps were 
established along rivers and streams, and along estuaries on the Delmarva Peninsula.  Surface 
site data show increases in site size, which may simply represent multiple, repeated occupations 
rather than single, large group manifestations.  Site types postulated for the area include base 
camps, temporary camps, and resource procurement stations (Dent 1995). 

Subsistence was still largely based upon gathering and hunting, although there was an increased 
reliance on riverine resources toward the end of the period (Steponaitis 1980).  Seasonal hunting 
and foraging continued, but exploitation of riverine resources rapidly became an important part 
of the subsistence base.  This continues the earlier trend toward a broad spectrum adaptation in 
which a variety of resources were exploited in many different environmental settings.  The result 
has been the identification of Late Archaic sites in just about every habitable setting in the 
region. This broad spectrum adaptation is another way of characterizing what Caldwell (1958) 
originally called primary forest efficiency in the Archaic of the Eastern Woodlands. 

A number of indicators point to an intensification of certain subsistence strategies ca. 2000 BC, 
which represents a major change in lifeways.  This intensification has been explained as a 
consequence of gradual change (Caldwell 1958) and as episodic change relating to a shift in the 
composition of the environment (Carbone 1976).  Structures such as fish weirs, used to exploit 
anadromous fish runs, were constructed during this period, and reflect the intensive riverine 
focus of the latter part of this period.  While riverine resources were certainly important, interior 
and upland areas continued to be utilized by Late Archaic peoples.  Late Archaic subsistence 
economies may be described as diffuse, considering the use of upland areas for a broad range of 
resource procurement activities gathering foods such as acorns, hickory nuts, and butternuts as 
well as large and small game (Cleland 1976).  Subterranean storage pits and steatite containers 
appear in the archaeological record by 1500 BC.  These technological developments led to food 
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surpluses and the subsequent preservation of these surpluses over an extended period.  The 
appearance of large numbers of implements, useful in processing seed and fiber products, is 
further evidence of this emerging economic pattern. 

3.1.6 Woodland Period (1000 BC – AD 1600) 
The Woodland Period dates from 1000 BC – AD 1600, and is conventionally divided into the 
Early (1000 BC – AD 300), Middle (AD 300 – 1000), and Late (AD 1000 – 1600) sub-periods 
based on changes in ceramic types, lithic technologies, subsistence patterns, and social 
development.  The climate during the Woodland Period is characterized by a return to cool, 
moist conditions and establishment of vegetation that is characteristic of the region today.  The 
Woodland Period is marked by the introduction of ceramics, significant population growth, and 
an increasingly sedentary way of life.  Hunting and gathering of wild floral and faunal resources 
remained important, but incipient horticulture, based on maize cultivation, eventually formed an 
important part of the subsistence base.   

3.1.6.1     Early Woodland Period (1,000 BC – AD 300) 
It was previously thought that the transition between the Late Archaic and Early Woodland 
Period represented the introduction of horticulture (e.g., Fritz 1993; Smith 1992, 1995).  
Although Early Woodland groups in the South and Midwest used cultivated plants, there is 
presently no evidence that cultivated foods played a role in the diet of Early Woodland people in 
the Chesapeake Bay area.  Efficient hunting and gathering systems stemming from several 
millennia of development (e.g., Caldwell 1958), including the exploitation of riverine and marine 
species, apparently slowed the acceptance of viable cultigens.  Cultivated foods begin to assume 
an important role after 800 to 900 AD, when varieties of tropical cultigens arrived in the Middle 
Atlantic area (Smith 1995). These complemented cultigens of the eastern agricultural complex 
(e.g. sunflower, goosefoot, sumpweed, little barley) that had been developing for centuries. 

The introduction of pottery around 1,000 BC marks the beginning of the Woodland Period.  
Potters’ innovations, as reflected in ceramic types, have become a significant basis for dating 
Woodland Period archaeological site components.  The earliest ceramic types from the Eastern 
Shore are the steatite-tempered Marcey Creek ware and the crushed rock-tempered Dames 
Quarter ware.  Both of these wares were later replaced by the sand or crushed quartz-tempered 
Accokeek wares, Wolfe Neck wares, and the grog-tempered (crushed clay) Coulbourn wares 
(Custer 1983, 1989; Dent 1995; Egloff and Potter 1982; Mouer 1991; Stephenson et al. 1963).  

Stone artifacts characteristic of the Early Woodland Period include Calvert, Rossville, Potts, and 
Piscataway types, some of which are also found in Late Archaic contexts (Dent 1995; Lowery 
2001, 2003; Hranicky 1991, 1993, 1994; Hranicky and Painter 1989).  Other artifact types 
include drills, perforators, flake tools, scrapers, bifaces, anvil stones, net sinkers, mortars, 
pestles, manos, metates, groundstone tools (axes, adzes, celts), ground slate, gorgets, and tools 
made from animal bone and teeth (Dent 1995).   

The Early Woodland Period is marked by an intensification of burial ceremonialism.  Influences 
from the Ohio River Valley include the Adena culture, which is represented on a few key sites in 
the Middle Atlantic region during the Early Woodland Period.  Artifacts associated with the 
Adena culture include Cresap stemmed points, large bifaces, blocked-end tubular pipes, effigy 
pipes, copper beads and other copper artifacts, gorgets, pendants, bird stones, bar stones, ground 
slate objects, and red ochre (Dent 1995; Lowery 2001, 2003).  Although these artifacts are most 
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typically found associated with cremation burials, Adena artifacts have been recovered from 
habitation sites in the region (Dent 1995; Lowery 2001, 2003).  Evidence for Adena influence in 
the region has also been documented as surface finds of trade items (e.g., Adena blocked-end 
tubular pipes) along major streams and occasional finds of Adena projectile points (e.g., site 
18WO144).  The Nassawango site near Salisbury (Wise 1974) contained more substantial 
evidence of an Adena presence on the Coastal Plain in Maryland.  Mortuary data have also come 
from Adena sites in nearby Delaware, such as Killens Pond (7K-E-3), Saint Jones (7K-D-1), and 
the Frederica site (7K-F-2) (Custer 1984a:121-2).  On the western shore of Chesapeake Bay, a 
cremation site (West River Site) from which Adena artifacts were recovered is one of the few 
buried features dating to this time period in the region (Ford 1976). 

Early Woodland settlement patterns were still predominantly riverine, with sites most often 
identified at the junction of freshwater and brackish water streams.  Early Woodland sites are 
generally larger than those of previous times, and there seems to have been an increasing reliance 
on riverine and estuarine resource areas.  The smaller camps were established seasonally in areas 
where ripening resources or concentrations of game could be found.  Gardner (1982:60) notes 
that the settlement-subsistence system of this period was focused primarily on a series of base 
camps where people gathered together to exploit seasonally available resources.  These base 
camps were used to harvest anadromous fish in the spring and early summer, and to exploit 
estuarine resources in the fall and early winter.  Barber (1991) contends that an increase in 
sedentism was in part a result of a stabilized sea level that facilitated the establishment of 
resource-rich environments.  Other than a trend toward sedentism and more focused hunting and 
gathering, subsistence patterns were similar to the preceding Late Archaic period with increasing 
reliance on marine resources (e.g., shellfish) and cultivated plants (Dent 1995; Lowery 2001, 
2003).   

3.1.6.2     Middle Woodland Period (AD 300 – 1000) 
The Middle Woodland Period (AD 300 – 1000) generally is not well-defined, and researchers 
disagree about the exact boundaries of the period.  Dent (1995:235) has referred to this period of 
“technological homogenization” where “ceramic and projectile point variability becomes limited 
to fewer types.”  Despite the presence of fewer ceramic and projectile point styles, the Middle 
Woodland Period represents a continuation and further development of cultural complexity that 
culminates in the Late Woodland Period.  The intensification in trade networks over a large 
region is one of the notable trends evident by the onset of the Middle Woodland Period.  It is 
thought that warmer and drier conditions may have prevailed during this period (Kellogg and 
Custer 1994; Lowery 2001, 2003). 

The major ceramic types for the period are Popes Creek and Mockley wares (Dent 1995).  Popes 
Creek ceramics were first manufactured in the Early Woodland Period, and the style persisted 
through the early Middle Woodland Period in the region (Maryland Archaeological Conservation 
Laboratory 2002).  Mockley shell-tempered ceramics are common in the latter half of the Middle 
Woodland Period. 

Stone tool kits utilized by Middle Woodland peoples are basically the same as those used during 
the succeeding Late Woodland, but more exotic lithic materials are evident in Middle Woodland 
assemblages. The technology evident in many Middle Woodland sites seems to favor bifacial 
tool production rather than the prepared core and blade flake technology that typifies Ohio 
Valley cultures.  Projectile points characteristic of the Middle Woodland Period include Selby 
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Bay/Fox Creek and the Jack’s Reef  types (Custer 1989; Dent 1995; Potter 1993; Stewart 1992).  
Other tool types found during the Middle Woodland Period are similar to those found during the 
Early Woodland Period, and include drills, perforators, flake tools, scrapers, bifaces, anvil 
stones, net sinkers, mortars, pestles, manos, metates, groundstone tools (e.g., axes, adzes, celts), 
ground slate, gorgets, and tools made from animal bone and teeth (Dent 1995).  Dent (1995) 
notes that bone tools, such as awls and needles, appear to be more ubiquitous during the Middle 
Woodland than the Early Woodland Period.  The presence of non-local rhyolite, argillite, and 
jasper at a few sites suggests that exchange networks may have been established between the 
Costal Plain and areas near western Maryland and the New Jersey Fall Line.   

There are a few sites in the Chesapeake Bay region that evidence an elaboration of mortuary 
ceremonialism, with projectile points, ceramics, bone artifacts, shell beads, large pentagonal 
bifaces, platform pipes, bannerstones, and pendants (Lowery 2001, 2003).  These sites appear 
later in Middle Woodland period, suggesting a reemergence of mortuary ceremonialism and 
continued selective influences from the Ohio River Valley/Great Lakes region (Lowery 2001, 
2003). 

Settlement patterns were largely similar to those of the Early Woodland Period, although base-
camp settlements located at freshwater/brackish water junctions appear to have been abandoned 
in favor of broader floodplain sites where maximum resource exploitation of both non-tidal and 
tidal aquatic resources was possible.  The large number of sites for this time period and the 
extensive size of some of the sites support the argument for possible seasonal aggregation and 
dispersal. There is some evidence for a significant shift toward settlement of coastal and 
estuarine areas (Davidson 1981) though Hughes (1980) notes that inland areas along swamps and 
small streams are still being utilized at that time.  Hunting and gathering continued as the 
primary food sources, with increased reliance on riverine and domesticated plant resources.  The 
presence of large, shell Midden sites during the Middle Woodland Period indicates the increased 
reliance on shellfish.  There is also an intensification of horticultural practices, although hunting, 
fishing, and plant collecting are still important subsistence pursuits. The subsistence economy is 
also marked by the initiation of maize horticulture.   

3.1.7     Late Woodland Period (AD 1000 – 1600) 
Cultivated crops came to play an important role in subsistence for much of the region during the 
Late Woodland Period (AD 1000 – 1600 (Dent 1995).  Some researchers (e.g., Lowery 2001, 
2003) suggest, however, that agriculture did not play a big role on the Delmarva Peninsula, and 
that hunting, gathering, and fishing were the basis of the subsistence economy.  The climate had 
stabilized by this period, and “environmental conditions were essentially modern in character” 
(Lowery 2001:87).   

Chesapeake Bay region artifacts characteristic of the Late Woodland Period include a variety of 
ceramic types, including Cashie Currioman, Gaston, Killens, Minguannan, Moyaone, Potomac 
Creek, Rappahannock, Roanoke, Sullivan Cove, Townsend, and Yeocomico wares (Dent 1995; 
Maryland Archaeological Conservation Laboratory 2002).  Only the Killens, Minguannan, 
Rappahannock, and Townsend wares appear on Delmarva Peninsula archaeological sites (Custer 
1989; Dent 1995).   

Projectile points characteristic of the Late Woodland Period include small triangular styles, such 
as the Madison and Levanna types and their variants (Custer 1989; Dent 1995; Lowery 2001, 
2003).  There is an apparent preference for locally available stone material for making points.  
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Other stone artifacts recovered from Late Woodland Period sites include scrapers, perforators, 
bifaces, hoes, choppers, net sinkers, groundstone axes, celts, adzes, mauls, grinding slabs, 
metates, manos, mortars, pestles, pendants, boatstones, bannerstones, and abraders (Dent 1995; 
Stephenson et al. 1963).  Artifacts made from shell and bone are recovered from Late Woodland 
Period sites, including fish hooks, scraping implements, pendants, beads, awls, bodkins, 
beamers, needles, pins, and beads (Dent 1995).  Clay tobacco pipes were manufactured during 
this period.  Copper beads and pendants are also, but rarely, found (Dent 1995). 

Unlike the rich mortuary traditions of the Early and Middle Woodland Periods, Late Woodland 
mortuary sites consist of large ossuaries containing human remains and few grave goods.  Exotic 
items found in Early and Middle Woodland Period mortuary contexts are absent from Late 
Woodland ossuaries (Dent 1995; Lowery 2001, 2003).  Smaller, single interments are found 
throughout the Chesapeake region.  Late Woodland Period dog burials have also been recorded 
in Virginia (Dent 1995). 

The establishment of stable agriculture during the Late Woodland Period led to the development 
of sedentary floodplain village communities.  Villages were often located within palisades near 
agricultural fields.  The reliance on agriculture, and the presence of village palisades, hearths, 
storage pits, Middens, and burials, is indicative of the greatest degree of sedentism seen until this 
time.  Settlements were generally located on broad floodplains, often near the junction of a 
tributary stream and river.  Small transient camps have been found in upland settings (Gardner et 
al. 1984:18-20). Hunting and gathering was conducted from larger estuarine camps surrounded 
by micro-band camps. Other trends include shifts in lithic raw material preferences, perhaps 
related to the development of more sedentary lifestyles.  Smaller foraging and hunting ranges 
would have resulted in more limited exploration for lithic raw materials and greater dependence 
on resources found near the camps, as well as those regularly obtained through exchange with 
other groups.  

Increased population density and competition for choice land and resources led to the rise of 
chiefdoms and a hierarchical type of political organization.  Hunting, gathering, and fishing were 
still practiced, but to a lesser extent than earlier.  Agriculture does not appear to have played a 
major role in the Late Woodland Period subsistence economy on the Delmarva Peninsula, though 
populations do seem to have adopted a more sedentary lifestyle.  There was an increase in social 
and political interaction among native tribes in the region after AD 1500, and Potter (1993:151) 
has suggested that an alliance of coastal plain Algonquian groups was formed prior to European 
contact. 

3.1.8 Potential to Encounter Prehistoric Sites within the Project Area 
The most likely sites to be encountered in the project area are Paleoindian in nature, because the 
offshore landforms being evaluated may have been exposed during the Late Pleistocene.  
Paleoindian sites are rare on the Delmarva Peninsula, and usually consist of isolated projectile 
point finds.  Large habitation sites that may be detectable with remote sensing technologies are 
not associated with early prehistory.   

A sub bottom profiler array can, in theory, detect buried relict channels that may have been 
exposed during the Late Pleistocene.  The margins and confluences of these buried channels 
represent locations where Paleoindian Period peoples may have frequented.  The preservation 
potential within the survey areas, which will be discussed in the next section, is very low, and it 
is highly unlikely that any buried relict channels have survived intact to the present time. By 
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extension, there is a very low possibility to find an intact prehistoric site where there are no intact 
buried relict channels.  

 

3.2 MARITIME HISTORIC CONTEXT 
Wallops Island is a barrier land mass located on the eastern shore of the Delmarva Peninsula in 
Accomack County, Virginia.  The maritime history of this sparsely inhabited island is intimately 
related to the political, economic, and cultural background of Virginia’s Eastern Shore, 
particularly Accomack County.  This maritime context will focus on the history of this portion of 
Virginia for this reason.  Details regarding the history of Wallops Island are included throughout.     

3.2.9 Contact Period (1524-1606) 
The Contact Period begins as European explorer’s first venture into North America in search of a 
northwestern passage to Asia and Cathay. Early voyages to the Eastern Shore of Virginia began 
in the early 16th.  The first documented landing took place in 1524, when French adventurer 
Giovanni da Verrazano landed approximately 16.1 kilometers (10 miles) north of Cape Charles. 
Contracted to explore the new world by Francis I of France, Verrazano hastily mapped the 
eastern shore of the Chesapeake Bay and daringly penetrated the headwaters of the Pokomoke 
River in his carrick, La Dauphine.  He also documented lifeways of the indigenous Accomac 
peoples, including the construction and use of seaworthy dugout canoes.  Verrazano dubbed the 
region Arcadia in a subsequent report to the French crown (Wise 1911, Lowery 2000).  A second 
landing took place in 1525.  Explorer Lucas Vasquez d’ Ayllon cruised the interior of the Eastern 
Shore of Virginia in an effort to identify a northern passage out of the Chesapeake Bay.  He 
surveyed numerous waterways during this venture and landed several times to provision his 
vessel (Wise 1911). 

Other explorers who sailed Virginia’s Eastern Shore between 1571 and 1606 were Englishman 
Bartholomew Gilbert and Dutch captain Richard Hakluyt (Wise 1911, Lowery 2000). 
Bartholomew Gilbert explored the southern coasts of Virginia, beginning in 1602, in search of 
the lost residents of Roanoke Island. Sailing a fifty ton bark with a small crew, Gilbert was 
caught in a storm off the Capes of Virginia during the summer of 1603. To escape the storm he 
sailed into the Chesapeake and anchored one mi (1.6 km) off the eastern shore. In need of 
provisions and water, Gilbert and a small well armed party went ashore. After travelling only a 
short distance on the beach they were attacked by the local Accawmack tribe, and Gilbert and a 
crew member were killed (Wise 1911).  

Vessels employed by European explorers between 1525 and 1600 shared similar characteristics.  
The 16th century was the first period during which ship design was based on predetermined 
mathematical projections. Vessels developed from these projections maintained rounded hulls 
with a length to breadth ratio between 2.8 and 3.1 to 1. These characteristics resulted in slow, 
seaworthy ships with a massive tonnage or carrying capacity. Waterline length varied between 
20 and 45 meters (65.6 and 147.6 feet) (Steffy 1994).  Ships of this time were called carrick, 
galleon, nao, caravel, pinnace, bergaitin, and fluit (Unger 1994).    

3.2.9.1 Settlement to Society (1607-1750) 
Much like the rest of the Chesapeake Bay region, Virginia’s eastern shore was primarily settled 
by English immigrant farmers.  Explorer John Smith attracted his countrymen to the area in 1607 
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when he exclaimed that the area was a fertile, wooded land with many creeks, bays and inlets 
that permitted navigation into the interior.  The first settlement in the area was a satellite 
community hailing from Jamestown.  Governor Thomas Dale sent Lieutenant William Craddock 
and a score of men to Smith Island in 1614 to provide salt and fish for the struggling Virginia 
colony (Wise 1911, Ames 1940).  The success of this small town, called Dale’s Gift, generated 
interest among colonists, thus initiating the permanent settlement of the region.  Salt production 
became the first industry of Virginia’s Eastern Shore, and it remained a profitable one until the 
early 18th century (Ames 1940). 

The southern portion of the Delmarva Peninsula was formally recognized by the English crown 
in 1634 when the House of Burgesses established Accomac Shire under the direction of England 
and King Charles I.  It stood as one of the original eight shires of Virginia and was named for the 
local Accawmack tribe.  This shire was divided into Accomack and Northampton Counties in 
1671 (Wise 1911). The earliest permanent settlement on Virginia’s eastern shore was located on 
the southwestern side of the peninsula along the Chesapeake Bay where it was more protected 
from the elements. This settlement, known as Accomack Plantation, was composed of three 
distinct settlements along Kings Creek, Old Plantation Creek, and Magothy Bay at Cape Charles 
(Turman 1964). The town of Accomac became the location of a county courthouse on the 
seaward side of the peninsula.  

English and Dutch settlement on the eastern shore gradually increased throughout the 17th 
century, and land grants were routinely issued throughout Accomack County for parcels ranging 
from 200 to 2,000 acres.  The grant for Wallops Island was awarded during this land rush.  
Englishman John Wallop was given 1,450 acres on then Kickotank Island in 1672 to reward his 
effort to seed Accomack with British colonists.  This grant was later revised to 1,800 acres in 
1682 and then 1,500 acres in 1692. The island, which was later dubbed Wallops Island, is shown 
on the 1693 map of the region done by Daniel of St. Thomas Jenifer (Figure 3-1)  It was intended 
that all lands granted by the English crown be farmed speculatively by the owner for the benefit 
of mother England and the still isolated peninsula (Whitelaw 1968). After being granted to 
Wallop, the island became known as Wallops Island and was passed down to his children and 
grandchildren. 

The colonial economy of the Delmarva Peninsula was more diverse than that of the tobacco 
dominated western shore.  Salt making began on Smith Island in 1619, and became a luxury 
commodity throughout the colonies until the first quarter of the 18th century.  Fertile fields 
throughout Accomack and Northampton Counties yielded excellent grain, corn, and tobacco. 
Industries associated with these crops, such as grain mills and tobacco cask manufacturing 
houses, dotted the landscape as additional plantations were established.  Hemp and flax were also 
grown for the manufacture of cloth, and bricks were made for the construction of permanent 
structures on plantations and at Accomac Town.  Fishing and boat manufacture were also 
growing industries at coastal settlements (Ames 1940).  Vessel production was so vital to the 
success of the region that the Accomack assembly offered an incentive in 1661 of 50 pounds of 
tobacco for every vessel ton produced (Wise 1911).  The diverse eastern shore economy 
established in the early 17th century continued with little change over the next 300 years. 

Prospective buyers in Amsterdam, Boston, Baltimore, London, and the Greater Antilles 
clamored for eastern shore products, and maritime trade became key to the prosperity of this 
isolated community between 1630 and 1750.  Dutch and English trading houses located 
throughout Accomack County owned seaworthy vessels that traveled between Boston, England, 
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Baltimore, and the Greater Antilles with cargoes of grain, tobacco, flax, and salt.  These 
moderately sized 20 to 40 ton ships returned laden with molasses, sugar, rum, and refined goods 
slated for re-distribution among prospering colonists (Ames 1940).  These trading craft, called 
Africa, Blessing of Virginia, Deliverance, Anne Clear, May Flower, and Artillery, became the 
face of eastern shore commerce for 120 years, and generated fortunes for merchants such as 
Richard Scarburgh and William Claybourne (Wise 1911).  

The success of merchant fleets throughout colonial America did not go unrecognized by the 
English Crown, and Parliament passed a series of acts that restricted the local trade of competing 
nations.  The first of these navigation acts was passed in 1651, and it stated that goods shipped to 
England had to be carried by English vessels.  This declaration infuriated foreign merchants, 
particularly the large Dutch population on the eastern shore.  The resultant regional conflict 
between Dutch and English traders became known as the Dutch War, which raged between 1651 
and 1653.  The war was contested politically on land and between Dutch and English privateers 
at sea, and many merchant vessels were sunk or taken as prizes as a result (Wise 1911, Ames 
1940).  Dutch interests suffered terribly during the conflict, and they ceased to be a major 
economic factor in the region after the war. 

Maritime prosperity on the eastern shore also enticed those motivated by quick profit, and piracy 
was a looming threat along the eastern seaboard throughout the seventeenth and early eighteenth 
centuries.  The isolated barrier islands of the southern Delmarva Peninsula served as excellent 
havens for captured prizes and pirate vessels alike (Shomette 1985).  John James of Providence 
Frigate, William Kidd of Adventure Galley, Edward Davis, and John Cook all harried merchant 
shipping in the region (Middleton 1953).  Fear of piracy along the eastern shore prompted local 
officials to establish lookouts along the coast; Captain Gilbert Moore was commissioned to 
patrol the coast in search of possible culprits.  Accomack assembly member John Custis also 
petitioned the Virginia governor for a royal frigate to discourage further predation.  Captain 
Edward Teach, commonly known as Blackbeard of Queen Anne’s Revenge, was born and raised 
in Accomack County (Wise 1911, Shomette 1985). 

As the Eastern Shore is relatively isolated from the mainland of Virginia, the most expedient way 
to travel between the two locations was by boat. In order to facilitate travel, a ferry system was 
established. A ferry had been making two round trips per week from the port of Northampton to 
York and Hampton since 1705. John Masters was given rights to operate a ferry from the Eastern 
Shore to the ports of York and Hampton in 1724. During his operation of the ferry the main port 
was soon moved to Mattawoman Creek, the main branch of Hungars. He provided one transport 
for the passage of foot passengers and one for men and horses (Turman 1964). 

The importance of shipping on Virginia’s Eastern Shore in this period became evident in the 
increased restrictions placed on shipping. Towns that could become ports and attract shipping 
grew exponentially both in population and wealth. Virginia passed “An Act for Cohabitation and 
Encouragement of Trade and Manufacture” in 1680 (Henning 1819b). This act was designed to 
establish towns for storehouses in order to better control the moment of tobacco and other 
exports. All produce was to be carried to the designated towns before export and all goods 
brought into the colony including “servants, Negros, and other slaves” were to be landed only in 
these towns (Henning 1819b: 477). Only one such town was established for Accomack County, 
called Onancock, on the bay side of the peninsula. This town was the site of brisk trade with the 
western shore of Virginia and was one of the major ports of the colony.  In an attempt to limit the 
number of ports to concentrate prosperity, customs began being collected. Each port from which 
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boats entered and departed had a customs collector, and each ship captain was responsible for 
ensuring that goods loaded aboard his ship had been properly inspected and a certificate from the 
customs collector (Turman 1964). 

In 1691, Virginia passed an act concerning the establishment, location, and operation of ports 
throughout Virginia (Henning 1819a).  This designated where vessels could load and unload 
goods and where goods could be sold (Henning 1819a).  It also decried the home of the Naval 
Officer who kept track of the vessels coming and going for each district.  This port was located 
in Accomack County at Onancock, where by 1691 “the court house, several dwelling houses and 
warehouses are already built” (Henning 1819a).  The court remained at Onancock until 1786 
when it was moved to the sea ward side of Accomack, as this location was considered more 
convenient for the local population (Wise 1967:233).  Ports at Accomack in Folly Creek 
(seaside) and Onancock (bayside) were designated official ports in the same year (Henning 
1819c:321).  The two towns are only 4.5 mi apart by land. 

As ports became larger and supported greater volume of incoming and outgoing traffic, it 
became necessary to protect the channels leading to these ports.  Sailing vessels brought in 
significant amounts of sand, gravel and ballast stone, which were often dumped in the channels 
and wharves surrounding these ports.  The General Assembly passed a law requiring every 
county adjacent to a navigable stream to provide a place to deposit ballast on shore where it 
would not wash back into the waterway and obstruct navigation (Turman 1964). They were also 
required to provide an overseer to regulate this process. Ship captains were required to pay the 
overseer a fee for unloading ballast on shore, which prompted many vessel operators to load their 
vessels with paying ballast such as limestone, chalk, bricks, and stones to avoid paying the 
ballast fee while earning freight charges.  

Virginia, as a colony of Great Britain, was discouraged from manufacturing finished goods, and 
the crown mandated importation of nearly all housekeeping materials. Colonial officials reported 
to the Lords of Trade in 1741 that “The colonial Virginias has all the necessities they wished for 
the adornment of their persons or for the furnishing of the homes just as if they lived in Great 
Britain” (Coulter 1945:296). The majority of manufactured goods came from Great Britain, but 
other goods arrived from all over the known world. Five British ports dominated trade with 
Virginia during the 18th century; these were (in order of importance) London, Bristol, Glasgow, 
Liverpool and Whitehaven.  England’s center of shipping was London, and “Drawing into its 
markets the manufactures of Britain, continental Europe, and Asia, and having its own special 
products, 18th century London was the world emporium of trade” (Coulter 1945:297). Vessels 
destined for Virginia may have originated in Britain, but the cargo came from all over the world. 

There was considerable trade between Virginia and the British West Indies during the colonial 
period. The islands of Barbados, Antigua, St. Kitts and Jamaica were producers of sugar and 
rum, and imported food and wood from the colonies in return.  Vessels traveling to Virginia from 
the West Indies usually carried a cargo of sugar and a few slaves.  The vessels were smaller 
sloops, not the larger African ships devoted to slaving (Kline 1975). Moreover, slaves that had 
spent time in the West Indies were considered “seasoned” or acclimated to the climate and 
culture of colonial America. These were preferred to slaves that came directly from Africa for 
reasons associated with disease, language, and conduct (Coulter 1945).   

Accomack County and its district port of Accomack were a common destination for the smaller 
coastal vessels from northern American colonies and the West Indies (Kline 1975).  Larger 
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vessels, such as the slavers coming directly from Africa, would call on the larger ports of the 
South Potomac, Rappahannock, and York River districts (Klien 1975).  Accomack, being small 
and removed from the rest of the colony, was not a favored destination of slave traders. Only 125 
slaves were brought to the county (via the port at Accomack) during the 42 year period of 1727 
to 1769. None of the voyages to Accomack came directly from Africa, but from the West Indies 
and other colonies.  In contrast, the district of York River received 15,607 slaves during the same 
period, with 60 percent of the voyages coming directly from Africa (Kline 1975). There was a 
direct correlation between the size of the vessels and the size of the port it was able to enter. 

Craft common to the southern eastern shore between 1607 and 1750 were varied. During both 
the 17th and 18th century, vessels operating in the Wallops Island area would have been small 
craft used to move small amounts of goods and produce up and down the seaside of the 
peninsula. Their capacity would have been that of livery, or transport, to the larger transatlantic 
vessels that would carry hundreds of large hogsheads of tobacco to London and beyond. One 
colonist described the Chesapeake Bay and the surrounding waterways in 1724 as “navigable for 
sloops, shallops, long-boats, flats, canoes and Periaguas” (Brewington 1953).  Vessels used in 
the American colonies were very similar to their European counterparts, as locally constructed 
vessels were not typically built for a specific purpose, but could be used for anything befitting 
their size (Chapelle 1951). There were few distinctly colonial vessel types recorded during this 
period. Modifications of previously used vessels were made, but there are seldom detailed 
descriptions or terms for these regionally modified vessels. The major vessel types used during 
this period include the dugout/log canoe, the punt or flat boat, bateau, the sloop, and the shallop.   

The dugout represents the earliest vessel type employed in the Chesapeake region. It originated 
from the local Native American population that inhabited Virginia’s Eastern Shore. These 
vessels were typically carved from a single log to form a trough-like vessel (Brewington 1963). 
This vessel type, which was embraced and modified by the colonists, ultimately resulted in a 
craft ranging from 12 to 40 feet in length that could be constructed of several logs shaped and 
mortised together.  Adaptations of this general form included the addition of multiple logs, which 
allowed the vessels to be larger, more stable, and have a deeper draft. They were typically 
undecked, and sometimes had framed and planked topsides with sharp ends. These canoes were 
likely originally rowed and punted, but were adapted to be rigged with one or two spritsails and 
could have a jib set on raking, unstayed pole masts (Brewington 1966). Large dugout canoes 
fitted with sails were often referred to as periaguas (Chapelle 1951).  

The punt and flat represent very similar vessel types; the distinction between the two was the 
presence or absence of sails. The flat was frequently employed as a ferryboat, and possessed 
curved ends with platforms at the bow and stern with the rest of the hull left open (Chapelle 
1951). This vessel was typically flat bottomed, and double ended. The flat was commonly rowed 
or punted, and generally did not have a sail. The punt was constructed very similarly to the flat 
but it possessed a single forward mast and a boomless spritsail (Chapelle 1951). Both the flat and 
the punt were simple to construct and very efficient in the shallow, shoal waters of the 
Chesapeake. They were used as ferry boats and for transporting goods.  

The bateau, which translates to boat in French, became a specialized vessel type in the 
Chesapeake during the 18th century.  Regionally, the term bateau was applied to a chine built hull 
that averaged 40 to 45 feet long (Chapelle 1951). These vessels could be rowed or poled. They 
were occasionally fitted with sails and external keels to facilitate sailing close-hauled.  
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The sloop was the most popular vessel type used in the British colonial period. Sloops varied in 
capacity from 25 to 70 tons during the 18th century, and were typically rigged fore and aft 
(Chapelle 1951). These vessels would have a single mast with a gaff mainsail, two to three 
headsails, a square topsail and a square lower sail (Chapelle 1935). Sloops were designed with an 
external rudder, a flat transom, a slightly curved bow, and a single mast with no bowsprit 
(Chapelle 1935). They tended to be at least partially decked. Sloops were small in the beginning 
of this period, but were constructed larger as the 18th century progressed.  

The shallop represents one of the many vessel types used during the colonial period for which 
the name can represent many vessel configurations. The authors of the 17th and 18th century were 
not overly familiar with nautical terminology, and used various terms to describe them. The 
shallop was often referred to as a ship’s boat, longboat, or launch. These vessels were initially 
used to lighter crew from ship to shore, and were very popular in the Chesapeake due to a 
shallow draft and ease of handling. It was a versatile vessel that was easy and inexpensive to 
construct.  Shallops could be used for fishing and transportation of goods and people in a region 
that favored water transport over road travel (Baker 1966). The shallop often acted as a farm and 
household boat to be used for everyday purposes. These vessels were typically two masted, open 
boats without a boom on the main mast which could range from 18 to 28 feet along the keel 
(Chapelle 1951). A less common variation included decking with a boomed mainsail.  

3.2.10 Colony to Nation (1750-1789) 
The second half of the 18th century along Virginia’s Eastern Shore was fraught with conflict. The 
Seven Year’s War, which began in 1755 and lasted nine years in Virginia, was a dispute between 
England and France.  It had a notable influence upon Virginia. Fighting occurred throughout 
North America, including the Eastern Shore. The Virginia General Assembly met in 1755 to 
establish a quota of men to be recruited from each county (Turman 1964).  The conflict was to 
establish British supremacy on the North American continent, but Eastern Shore residents were 
more concerned with preventing British occupation of their homes. Many local men were placed 
on guard duty or sent to occupy the frontier to such an extent that tobacco production diminished 
and overall trade declined. Militiamen were placed on guard in all navigable creeks and rivers.  
Several forts were also established (Turman 1964).  

The war had a detrimental effect on tobacco production and trade on the Eastern Shore, but it 
also began to make the local population more self sufficient. With a limited ability to receive 
goods from British ships, Eastern Shore residents began making many of their own goods. 
Travelling weavers, tailors, and shoemakers also went from town to town making necessary 
items. Virginia-made linen sheets and pillow cases became more prevalent, and weaving 
equipment became a necessity on every plantation (Turman 1964).  

King George III succeeded his grandfather as ruler of England after the Seven Year’s War, and 
began exerting his authority over the colonies in ways that had never before been experienced. 
Parliament passed the Townshend duties in 1767, which taxed lead, paint, paper, tea, and glass 
(Turman 1964). This act had a dramatic impact on residents of the Eastern Shore, as the paper 
tax affected all legal documents as well as newspapers and almanacs. The paint tax represented a 
hardship to ship builders who were now unable to paint ship bottoms. It also challenged the 
residents who painted their homes in order to preserve the wood in the damp seaside climate.  
This act was repealed in 1770 following intense protest and the boycott of goods, with the 
exception of the tax on tea.  
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The boycotts of British made goods, as well as the difficulty in receiving imported goods during 
the Seven Years War, made Virginia’s Eastern Shore largely self sufficient. They were capable 
of producing many necessities themselves, saving money typically used for imported products 
from England and other European nations. Tobacco remained the principal cash crop, but pork, 
beef, hides, shoes, corn, wheat, salt and sea food also became major exports. Records show that 
castor oil, which could be used for medicine, soap, axle grease, and paint, was also produced in 
quantities large enough for export (Turman 1964). Flax was also produced for domestic use and 
export. It could be used to produce linen, and its seeds were used in the production of house and 
boat paint.  

When the war for independence broke out with England, the general sentiment on the Eastern 
Shore was in favor of colonial independence.  The two Eastern Shore counties supplied seven 
companies of soldiers, one captain, two lieutenants, one ensign, four sergeants and a drummer to 
the Ninth Virginia Regiment (Turman 1964).  

War soon touched the lives of residents of Accomack and Northampton Counties, as British 
warships took control of the mouth of the Chesapeake Bay. The ports of these two counties soon 
became a major part of the Colonial supply line. The 1751 Fry and Jefferson map illustrates 
many of the important creeks and islands which became vital cogs in supplying the Continental 
Army (Figure 3-2). Ports along the ocean side of the peninsula, including Metompkin and 
Chincoteague Creeks, were able to receive supplies from France and other neutral countries and 
transport them to the interior. Medicine, munitions, and other necessary supplies were received 
along the seaside, transported over land, and reloaded onto small vessels in the creeks and rivers 
of the Chesapeake, where they were transported to the head of the Bay and down the western 
side of Virginia and Maryland (Turman 1964). This round-about route was necessary to avoid 
blockading British vessels and raiding barges operating throughout the Chesapeake region.  

A fort was established on Parramores Beach in order to prevent British raiding barges from 
entering the vital port of Metompkin Creek, and to protect incoming ships (Turman 1964).  The 
fort and other defensive measures along the Eastern Shore peninsula did not prevent the British 
from seizing a portion of the shore in 1779. This action, and the establishment of a base on Hog 
Island under the command of Captain John Kidd, infuriated Virginians. This base allowed the 
British to send out small ships, tenders, and barges to raid surrounding farms and plantations to 
supply nearby warships.  Raids typically took place at night when livestock were corralled and 
poultry were in their roosts.  It was not uncommon for British raiding parties to burn the property 
of, and steal silver and valuables from, resistors (Turman 1964).  

Ferry service between the Eastern Shore and the mainland was discontinued during the British 
occupation.  Vessels that had been involved in the ferry service were leased to the fledgling 
American government and used to transport troops and goods along the Bay (Turman 1964). 
These ferries and similar privately owned transport vessels were used to transport Washington 
and his troops from the Head of the Chesapeake to just north of Yorktown in 1781 where the 
decisive battle of the war was fought.  

Yorktown, which is commonly touted as the last battle of the American Revolution, was fought 
in 1781, but the last naval engagement of the war involving the Eastern Shore took place in 
November 1782. The Battle of the Barges occurred when Commodore Whaley of Maryland, who 
was charged with barges ordered to protect Maryland from British Commodore Kidd’s 
marauding vessels, traveled into Onancock Creek to select volunteers for a skirmish with six 



SECTION Three Cultural Context 

 3-19 

enemy barges (Turman 1964).  Buoyed by 25 new volunteers and a vessel to be commanded by 
Colonel John Dropper, Whaley and his fleet successfully discerned the size of the British fleet 
and their location at Cadger’s Strait (Shomette 1985). After a quick, forceful attack by Whaley, 
the British vessels nearly fled. The battle would have been a victory for the Americans, but the 
powder magazine exploded on one of the colonial vessels, causing death, destruction, and 
general pandemonium. The ensuing chaos allowed the British to board and capture Whaley’s 
fleet, rending the conflict an embarrassing loss (Shomette 1985). 

A significant trade conflict arose on the Eastern Shore between the adoption of the Virginia 
Constitution in 1776 and the adoption of the United States Constitution. Virginia’s right to 
charge a toll on ships travelling between the Virginia Capes and Maryland was disputed along 
with the right to build piers and fish on the south bank of the Potomac.  The agreement that was 
reached allowed Maryland ships to travel through the entrance to the Chesapeake without being 
charged in exchange for use of the Potomac River by Virginia citizens for commerce and fishing 
(Turman 1964). This agreement remains in effect to the present and illustrates the importance of 
maritime commerce and navigation to the residents of Virginia and Maryland.  

Vessels used during this era were the same as those of the previous period with few additions.  
General craft continue to be small to accommodate travel in the often shallow, shoal prone 
waters of the Chesapeake and the barrier islands. This period and the one prior continue to 
exhibit ambiguity in vessel and rig types. A vessel could be described by its hull form or its 
rigging.  The major addition of this period was the schooner.  

The schooner is mentioned at various times during the first quarter of the 18th century in 
reference to a rigging style that was largely un-standardized (Chapelle 1935).  The term 
“schooner” supposedly arose in 1713 when upon the launch of a new vessel, a spectator 
commented “Oh, how she scoons!”  The owner of the vessel was enamored with this comment, 
and declared that it should be called a schooner (MacGregor 1997). While this may or may not 
be the origin of the term, these vessels became standardized by the second half of the 18th 
century (Chapelle 1935). Howard Chapelle (1935) suggests that the schooner is one of the first 
distinctive American vessels. These vessels were the most common type found in colonial waters 
by the time of the American Revolution because they were fast and relatively simple to construct 
and sail. The schooner was quickly adopted for legal and illegal trade throughout the colonies.  

Most schooners were sloop hulls with two fore and aft rigged masts, with the occasional topsail 
added (Chapelle 1935 and Brewington 1966). They were designed to be very sharp and fast with 
a large sail plan. Schooners tended to be relatively small, ocean going vessels that were often 
used by the Royal Navy as transports (Chapelle 1935). The schooner that became the workhorse 
of the Chesapeake Bay had a shorter sail plan, more upright spars, and a topmast on the main 
mast only. This adaptation contrasted with the schooners involved in the ocean trade 
(Brewington 1966). Schooners would increase in length over time and ultimately transformed 
into clipper ships.  

3.2.11 Early National and Antebellum (1789-1860) 
The end of the American Revolution and the establishment of the fledgling United States ushered 
in a period of peace and growth on the Eastern Shore.  The Eastern Shore accounted for three 
percent of the Virginia population with a total of 20,848 people during the first United States 
census in 1790 (Turman 1964). The population of the two Virginia Eastern Shore counties had 
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increased slightly by 1800 to 22,456 with 8,479 in Accomack County (Turman 1964). Wallops 
Island had 30 residents, 14 of them above the age of 16.   

Industry on the Eastern Shore continued unchanged. Tobacco was still a major cash crop, with 
warehouses constructed near ferry landings to store the crop before transportation to market. 
Tobacco was placed in a “rolling house” before being transported via a “rolling road” 
constructed from the bayside to a warehouse along the seaside. The large hogsheads of tobacco 
could be attached to a frame which allowed it to roll and be pulled by a horse or ox (Turman 
1964). Madison’s 1807 map of Virginia illustrates the major islands and creeks of the Eastern 
Shore that were vital for the tobacco trade (Figure 3-3). 

The production of flax was also important, and was used in the production of linen cloth, boat 
sails, thread, fishing lines, nets, and rope. Flax seed was also a lucrative byproduct of flax 
production, for the seeds could be used for making medicine and linseed oil for paints. Wool had 
also become an important home industry on the Eastern Shore (Turman 1964).  

Ferry service between the Eastern and Western shores resumed, with two trips per week made 
from the port of Hungars. The major change to the ferry service was the addition of a mail 
contract.  The operators of the Hungars ferry were to pick up the mail from the Western Shore on 
each trip across the Bay to deliver it to the post office on the Eastern Shore (Turman 1964).  

War was again declared between the United States and Great Britain in June 1812, and the 
Eastern Shore was vulnerable to attack and possible occupation. The militia continued to drill 
regularly, and men from both Accomack and Northampton counties were called to defend their 
homes.  The militia rotated watches along the mouths of bayside creeks. The British did not 
bother landing on the seaward side of the peninsula, but instead concentrated on taking control of 
the Chesapeake Bay. The appearance of enemy ships at the mouth of the Chesapeake once again 
brought an end to ferry service between the Eastern and Western shores (Turman 1964). 

The British soon turned their attention to preparing to attack the American capital, Washington, 
D.C. The British navy selected Accomack County as its base of operation. The attack was to be a 
naval campaign and the Navy needed a base out of reach of the Eastern Shore militia.  They 
selected Tangier Island located on the Chesapeake Bay to this end. Tangier Island was occupied 
on April 5, 1814, under command of British Rear Admiral George Cockburn. They constructed a 
fort there and used it until the end of the war.  

The first record of attack on Virginia from this base occurred near Pungoteague on May 30, 
1814. Known as the Battle of Pungoteague, British barges and tenders fired cannon at the mouth 
of Onancock Creek in order to draw the American militia there. The British soon crossed the bar 
of Pungoteague Creek in 11 tenders and barges before landing on the north side of the creek and 
advancing more than one mile (1.6 km). The militia engaged them briefly with no notable 
results. The British soon retreated back to Tangier Island. This battle, however, marked the only 
battle on the Eastern Shore against a European nation (Turman 1964).  

Trade during the war was impaired but not paralyzed. Eastern Shore residents found themselves 
experiencing great difficulty transporting and receiving goods from northern cities, but local 
industry had developed to such an extent that they were largely self sufficient. This self 
sufficiency produced most of the necessities and allowed them to purchase goods from New 
England, France, and other friendly European countries as vessels were able to evade the British 
and land at seaward ports.  
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The war ended with little damage to the Eastern Shore, and ferry service resumed in 1815 at 
Hungars Ferry. This ferry, which had operated since 1724, soon faced competition from the Port 
of Pungoteague. The new ferry also ran two trips per week from one shore to the other (Turman 
1964). A steamboat ferry service was established by the early 1840s, and it ran between the 
Eastern Shore and Norfolk, Hampton, and Yorktown on the Western Shore.  A steamboat 
company was able to obtain a franchise to operate in both Northampton and Accomack Counties, 
and the terminal was moved to Cherrystone Creek where two trips per week were made to the 
mainland (Turman 1964). Once per week a steamer was sent to Pungoteague. The vessels used 
on this route included steamboats Star and Joseph E. Coffee.  

The end of the war ushered another period of growth on the Eastern Shore. The principal crops 
were wheat, rye, oats, beans, peas, Indian corn, cotton, and potatoes. Castor beans were also 
frequently produced to manufacture castor oil. Tobacco, while still produced, was slowly being 
replaced by other crops.  The first agricultural figures were officially recorded in the 1840 
census, and the transition from staple crops to production of commercial vegetables had begun 
(Turman 1964). The census reports that 10,254 pounds of cotton, 107 tons of flax, and 112 
pounds of tobacco were produced along with 173 pounds of beeswax, 4,598 bushels of salt, and 
3,372 cords of firewood (Turman 1964). Farm products produced here were in demand in 
Washington, D.C., Baltimore, Philadelphia, and New York. Completion of the Chesapeake and 
Delaware Canal across the 14 mi neck of the Delmarva Peninsula in 1829 aided the transport of 
goods to the northern markets. The eventual development of steam also allowed Eastern Shore 
produce to be transported to market with greater speed than sailing vessels.  

The increase in commercial agricultural production, especially wheat and corn, prompted the 
construction of mills for grinding these crops. There were a total of 75 mills between both 
counties by 1840. There were also five lumber mills and one brick making plant (Turman 1964). 
The seafood industry was also becoming increasingly important. It had become such a booming 
industry that the legislature was required to prohibit the sale of oysters between the first of May 
and the first of September in order to conserve the supply.  

The location of Virginia’s Eastern Shore on a peninsula with numerous small creeks, shoals, and 
tributaries made vessel travel necessary and hazardous. The need for lighthouses had been clear 
since colonial times, but the first lighthouse was not started until the late 1820s. The Cape 
Charles Light on Smith Island was completed in 1832 at a cost of $7,398.82. Lighthouses were 
completed on Assateague Island and Watts Island in 1833. A study was conducted at this time 
regarding the placement of a lighthouse on Hog Island, but it was not until 1852 that Congress 
appropriated money for its construction.  Dwellings for the light keeper and assistant keeper 
were also constructed. Smaller lighthouses also marked the entrances to Occohannock and 
Pungoteague Creeks. The lights were fueled by oil with reflectors, which required regular 
cleaning and daily care by the lighthouse keeper. The lighthouse keeper was a vital part of 
Eastern Shore life until the lights were electrified nearly a century later.  

19th century vessel types were designed to meet demand.  The main economic stimulus in the 
Chesapeake was the oyster harvest, and this encouraged vessel development. Vessels became 
larger but retained the sails, shallow drafts, and flat bottoms necessary for navigation in the 
marshes, cuts, and islands of both the seaward side and bay of the Eastern Shore. Centerboard, or 
drop keel vessels became popular in the Eastern Shore region after 1850 (Chapelle 1951).  
Vessel names varied by region, but were largely dependent on the type of rigging employed.  
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Craft used during this period included the earlier forms like the sloop and schooner, but also 
boasted the clipper, various regionalized watercraft, and steam powered vessels.  

The heyday of the fast clipper ships, regionally known as Baltimore Clippers, was 1845 to 1860 
(Crothers 1997). This vessel type is a result of the rising demand for fast ships. Their 
construction design often sacrificed cargo space and low operating costs in favor of speed 
(Chapelle 1935). It was this disregard for practical aspects of sailing and ship construction that 
led to a relatively short period of use. The clippers which have been greatly popularized and 
romanticized are not constructed with a single characteristic hull form but rather used three basic 
models. These consisted of the Baltimore Clipper, which was characterized by a very sharp 
deadrise and fine ends, the sharp ended clipper with a very full midrise and very small deadrise, 
and a compromise between the two extremes, which was characterized by a noticeable, but not 
extreme amount of deadrise (Chapelle 1967). None of these models became dominant, as all had 
advantages and disadvantages and were used for different purposes.  The common clipper varied 
in length along the waterline from 105 feet to 228 feet (Crothers 1997).  The bow and stern were 
extremely V-shaped and very sharp at the waterline. They were typically wide at midship to 
accommodate cargo. Most clipper ships were three masted, but four masted vessels were also 
common.  Four masted variants were rigged with a spanker gaff and boom on a smaller mast set 
near the stern (Crothers 1997). Typical rigging plans had as many as 15 yards to support sails 
(Crothers 1997).  

A number of more regional watercraft were also being used during this period. These include the 
scow and the pungy. The scow first appeared in the 1750s, but was most popular in the early 19th 
century. It was characterized by square raked ends, hard chines, and a flat bottomed hull 
(Brewington 1966). They were typically rigged as a sloop or a schooner, and were fitted with a 
leeboard rather than a keel or centerboard. Ranging from 30 to 50 feet in length, these watercraft 
were considered workhorses used to haul goods and crops (Brewington 1966).  

The pungy was another regional craft operating along the Eastern Shore, and has been 
considered the best of all native Chesapeake watercraft. While very similar in configuration to 
the schooner, this vessel type was characterized by a much deeper stern than bow, with a greater 
deadrise. The beam was greatest further forward, the ends were more raking, and a log rail was 
employed rather than the bulwarks of the schooner (Brewington 1966). The transom was also 
hewn from a solid timber rather than built plank over frame.  It employed a very similar sail plan 
to that of the schooner but tended to be taller with lighter spars and more sharply raked rigging 
(Brewington 1966). While lamenting its demise, one waterman noted “no pungy was ever lost 
except by bad management. A pungy is all keel and no hold. She can’t carry much more than a 
common freight car” (Peninsula Enterprise, July 20, 1907).  A few variations on the pungy 
existed, including one fitted with a centerboard for navigating shoal waters. That same waterman 
also commented on the speed and maneuverability of the pungy saying “a deep model, what I 
call long-legged, with only one topsail, no jibboom and nothin’ but a standin’ jib is surely goin’ 
to be a little lazy in a calm. But the more it blows the faster a pungy is. In oyster weather, fall 
and winter, she’s a goer. She’s got the stern to be fast” (Peninsula Enterprise, July 20, 1907).  
One of the most obvious traits of the pungy was its distinctive paint scheme. They would be 
painted with “the bottom, copper; the boot-top, “flesh” pink the bends, bottle green; and the 
bead, scarlet” (Brewington 1966).  

Schooner hulls were converted into steam vessels in the Chesapeake region by making room 
below decks for engines and equipment and installing exhaust piping on deck. When purpose 
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built steam vessels were constructed, they had long, narrow hulls with a vertical single cylinder 
engine and side paddle wheels (Labaree et al. 1998). The boilers, like those on locomotives, were 
first wood burning, then coal and later diesel. Bay and river vessels employed a superstructure to 
prevent hogging and to stiffen the vessel (Labaree et al. 1998).  They typically had two decks 
with the greater part of the vessel above the waterline.  These vessels were ideal for carrying 
bulk cargo.  

Steamboats in the Chesapeake region retained a shallow draft and stern paddle wheels that suited 
the calmer waters of the region. Ocean going steam vessels employed propellers and were 
constructed with a sharper hull (Labaree et al. 1998).  There was great variation in hull form in 
steam powered vessels, but a majority of builders eventually moved both storage and cabins 
from below to above deck. One example of an early steamboat is the Alabama. This wooden 
hull, side wheeler was built in 1838 and was “210 feet in length, by 24.6 beam and 13.5 depth of 
hold” (Brown 1938:392). This vessel was owned by the Maryland and Virginia Steamboat 
Company and did the Baltimore to Norfolk run (Brown 1938). Vessels of this period boasted 
speeds of up to 10 to 14 miles-per-hour (Brown 1938).  

The Chesapeake Bay was home to some of the earliest steam powered vessels, and by 1813 
steam service began between Baltimore, Frenchtown and Philadelphia (Labaree et al. 1998:256). 
The first steamboat operating on the Eastern Shore was owned by the Floyd family and ran from 
Townfields to the Hampton Roads area (Whitelaw 1968). Steam vessels were employed as 
transport ships that offered regular service from cities such as New York and Baltimore to 
Norfolk and New Orleans; “In the year 1838 Maryland had nineteen registered steamboats and 
Virginia, sixteen” (Brown 1938:391). The railroads and steamships worked in tandem to move 
produce, goods and people up and down the bay by the 1850s.  

Different types of work vessels evolved with the advent of steam. The steam tug boat was used 
to move sailing vessels through canals and rivers out to sea (Labaree et al. 1998).  These hulls 
were both wood and metal. They set low in the water and were designed with a low, rounded 
stern to accommodate lines off the aft deck. 

3.2.12 Civil War (1861-1865) 
Virginia’s Eastern Shore had become a vital farming and maritime region on the eve of the Civil 
War. Water transportation was far more expedient than road travel during this period. 
Steamboats were making scheduled stops on both the bayside and seaside ports to take on 
cargoes of produce, seafood, and other goods. While steam had gained a significant foothold in 
shipping commercial goods, the local people still relied upon sail transport (Turman 1964). 
Sailing vessels and rigging had improved to the point that more speed could be gained with 
smaller crews. Sail propelled vessels could also be locally produced while steam was more costly 
and complicated.  Fleets of sailing vessels under the ownership and direction of local people 
were trading as far as Cuba and northern cities.  

Delegates from Accomack and Northampton Counties traveled to Richmond in February of 1861 
for a convention considering a referendum that allowed people to determine whether to join the 
Confederacy or remain in the Union. The convention chose to allow the referendum and it was 
scheduled for May 23, 1861 (Turman 1964). Union ships blockaded the lower Chesapeake 
before the referendum could take place.  Lighthouses were darkened by Confederate forces and 
ferry service was once again halted between the Shore and the mainland. The only lighthouse 
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that continued operation was the Assateague Light.  Both counties, with the exception of the 
Chincoteague precinct, voted to join the Confederacy when the referendum took place.  

The courts of both Accomack and Northampton Counties authorized funds for recruiting, arms, 
and ammunition after deciding to join the Confederate cause. This resulted in 800 men being 
organized into eight companies of infantry, two cavalry, and one light artillery. These men were 
later divided into three regiments, two from Accomack County and one from Northampton. This 
arrangement was a holdover from the War of 1812 (Turman 1964).  Every capable man on the 
peninsula was already in the militia and was required to drill three times per year.  

The Eastern Shore of Virginia was a prime location for smugglers due to the many miles of 
coastline and small inlets that made hiding a vessel from Union patrols a relatively simple task. 
Fake licenses to operate were being issued to Virginia boat owners that identified them as 
Maryland residents.  These documents allowed them to fill up their small schooners and 
rowboats and take them down to the Eastern Shore to supply the Confederacy (Mills 1996). 
Supplies could also be smuggled from the North to Chincoteague on the ocean side, and then 
transported overland to waiting boats along the Bay (Mills 1996). The prevalence of smuggling 
led to a boat burning expedition led by the Union army. They ran from Fort Monroe up Back 
Creek and successfully captured or destroyed several vessels engaged in smuggling (Mills 1996).  

Major General John Dix was put in command of the defense of Maryland to prevent goods and 
men from flowing through Maryland to the Confederacy and to intimidate rebel troops (Mills 
1996). His major responsibilities including ensuring supplies did not flow into Accomack and 
Northampton Counties. To achieve this end he devised a plan to occupy the two Eastern Shore 
Counties.  

Brigadier General Henry H. Lockwood was to head the occupying army. He received a report on 
Confederate activities in the region and requested an army large enough to convince them that 
resistance was unwise (Turman 1964).  Dix sent a letter to the people of Virginia’s Eastern Shore 
offering protection of private property if the people would not resist occupation. He also 
promised to restore trade with those counties and to restore the lights in the lighthouses (Mills 
1996).  

Confederate General Smith ordered his men and the militia to the northern part of Accomack 
County to mount a defense, but he had no choice but to retreat when he received the 
proclamation from Dix (Turman 1964).  A total of 44 officers and 64 enlisted men were able to 
escape to the Western Shore by boat before the Union army completely occupied the Shore. 
Young men who were away in college also enlisted, and others ran the blockade to join the 
Confederate army (Turman 1964). A total of 197 men from Accomack County and 255 from 
Northampton County served in the Confederacy.  

Several attempts were made to run the blockade during the Union occupation, so guards were 
placed at the mounts of 16 streams and landings including Cape Charles, Cherrystone Inlet, 
Hungars Creek, and Pungoteague Inlet. Strict orders were issued that no trade was to be 
permitted between locals and soldiers except under very strict regulations (Turman 1964). 
Penalty for violation of these orders was one month hard labor or one month’s imprisonment 
with bread and water. Once occupied, the Eastern Shore was cut off both geographically and 
politically from the rest of Virginia.  Smuggling and blockade running continued throughout the 
war, but it was not as flagrant or frequent as it was originally (Mills 1996).  
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Despite the fact that Virginia had seceded from the Union, there were those who lived on the 
Eastern Shore with no interest in the war. They were simply interested in selling their daily catch 
of oysters. Many on Chincoteague Island remained loyal to the Union and signed an oath of 
allegiance on October 15, 1862, which gained them Union protection and permission to sell their 
oysters as far north as New York and Philadelphia (Mills 1996).  

The Eastern Shore had become an important link in communication between Washington D.C. 
and Fort Monroe in the Hampton Roads area. A telegraph line was quickly constructed through 
the Eastern Shore to Cherrystone Inlet and a cable was laid to Old Point. Troops could also be 
moved down the shore to reinforce Fort Monroe. Steamboat service was established by the army 
to more easily transport goods and soldiers (Turman 1964).  

There were no new vessel types introduced on the Chesapeake during the Civil War, but local 
craft continued to be used, as well as steam powered vessels.  Vessels employed during the 
period leading up to the Civil War continued in use. It was not uncommon for residents of the 
Eastern Shore to construct work vessels for their own use in blockade running or for everyday 
work.  The oyster industry was disrupted during the war to such an extent that watermen found 
the freight and ferry business to be far more profitable than oystering (Wennersten 1978) 

3.2.13 Reconstruction and Growth (1865-1914) 
Virginia was designated a territory following the surrender at Appomattox in 1865, and was part 
of Military District Number 1 (Turman 1964). This included Accomack and Northampton 
Counties. A constitutional convention was held in 1867, and produced a constitution that was 
ratified by voters in 1869. Virginia was readmitted to the Union in 1870 (Turman 1964). After 
being under military rule for more than eight years, residents of the Eastern Shore were excited 
to have self government restored.  

The Federal Government realized the need to establish lifesaving stations along the Shore in 
1874. Congress created the Life Saving Service in 1871 but it took three years for stations to be 
authorized and funds appropriated for construction in Accomack and Northampton Counties 
(Turman 1964). Stations authorized in 1874 included Assateague Beach Station, Wachapreague 
Beach Station, Hog Island Station, Cobbs Island Station, and Smith Island Station. Four more 
stations were authorized in 1878 and 1882, including one on Wallops Island, which is visible in 
the 1892 Coast and Geodetic Survey Map (Figure 3-4, Turman 1964). 

Prior to the authorization of life saving stations, volunteers stepped in whenever they found a 
ship in distress. The addition of formal life saving stations meant that trained men with the 
proper equipment were always on duty and ready to assist a vessel or sailor in distress. The 
stations were composed of two story frame houses constructed with rooms for lifeboats which 
were always ready for deployment, as well as living quarters for the men. Those serving at a 
station were on duty for one week with at least that much time off before the next shift (Turman 
1964). The keeper of the station had the same status as a commissioned officer and was tasked 
with training and drilling the men and directing a rescue.  The coastline from Delaware Bay to 
the Mouth of the Chesapeake Bay made up Life Saving District 6 (Turman 1964). This district 
was under command of Captain Benjamin Rich from 1875 until his death in 1901. While under 
his command more than 800 disasters involving 6300 people were addressed as well as $12 
million in property of which more than $8 million was saved. During this 26 year period, only 45 
lives were lost (Turman 1964).  
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The Eastern Shore and much of Virginia was forced to shift from a tobacco and slave based 
economy to one more diversified. This eastern coastal region of Virginia began to export 
produce, peanuts, fish, and oysters to the western part of the state and beyond (Surface 1907).  
Chincoteague Island and the Bay islands of the Chesapeake became known for oyster harvesting, 
tonging, dredging, and dragging. Chesapeake oysters were exported all over the world.  Oysters 
were harvested in vessels including sloops, schooners, bugeyes and skipjacks, first via wind 
power, then steam.  

In the late 19th century, truck farming—the cultivation of a few crops for shipment to localities in 
which such crops cannot be grown, became very important to the Eastern Shore of Virginia and 
Maryland (Gemmill 1926). Large farms producing a few main crops for sale to the open market, 
often at some distance from the farm, became the norm on the peninsula. This required seasonal 
labor and reliable transportation. The need for transportation was met by wagon, boat, and rail. 
Farmers brought their produce to local wholesale markets by wagon and boat, where it was then 
transported by rail to Baltimore, Philadelphia, and New York. Skipjacks and buyboats brought 
the produce from remote areas. Steam vessels would transport large loads of produce from areas 
without ready access to the railway. Remote areas were able to receive a wider range of goods 
due to new transportation routes. 

A railroad line was initially proposed for the Eastern Shore of Virginia and Maryland as early as 
1835 (US Senate 1937).  It was considered again in 1855 when plans and maps were drawn but 
the project abandoned (Turman 1964).  The oyster trade prompted the establishment of the first 
rail line on the Eastern Shore. “The railroad first touched the Eastern Shore seaside in 1876 when 
a line… laid southwestward of Snow Hill, Maryland reached its terminus just below the 
Maryland-Virginia boundary and next to the Chincoteague Bay oyster grounds at what became 
Franklin City” (Thomas, Barnes, and Szuba 2007). This area was not only famous for oysters but 
also for the outdoor sports of duck hunting and fishing. Advertisements highlighted the easy 
transportation to the Virginia Eastern Shore: “The upper portion of the peninsula can be reached 
daily by rail from Philadelphia, the terminus being Greenbackville, on the sea side opposite to 
Chincoteague Island, and distant from it about five miles. A steam ferryboat conveys passengers 
from the depot to the island” (Hallock 1877). 

Ready access to the railroad, and the advent of refrigerated boxcars encouraged the growth of the 
seafood industry. It opened many new markets and increased the demand for Chesapeake Bay 
seafood.  A rail line was established in 1884, serving the length of the peninsula (Turman 1964). 
The New York, Philadelphia and Norfolk Railroad, which also owned steamships, undertook the 
construction of the line, running north to connect with the existing rail line near the state boarder 
(General Assembly of Virginia 1884).  This coincided with the construction of a harbor and 
wharf at Cape Charles that was deep and large enough to accommodate steamships (Turman 
1964). “By 1889 more than one hundred vessels from 5 to 65 tons and about two hundred decked 
vessels of under five tons participated in the upper seaside oyster trade” (Thomas, Barnes, and 
Szuba 2007).  These transportation advancements promoted both truck farming and the oyster 
trade as tomatoes, potatoes and oysters could be put on the train in the morning and served in a 
restaurant in Baltimore or New York that same evening. 

There was a pleasure club on Wallops Island by 1891, complete with a steam powered pleasure 
boat for excursions (Peninsula Enterprise, May 16, 1891). Other sporting clubs soon opened as 
the news of the fine hunting and fishing spread; “There are three clubs located on the ocean side 
of Accomack, one on Wallops Beach, composed principally of Pennsylvanians; one on Revels 
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Island and one of Wachapreague” (Johnson 1899).  This was all made possible by trains and 
motor powered boats operating in the region. 

Many of the vessels used during this period were similar to those of the previous period, with 
developments and innovations most often focused on the oyster business. The Chesapeake Bay 
was known for producing regionalized vessels designed for the oyster harvest and to meet local 
needs.  Many of these vessel types and the miniscule distinctions between them have been lost 
with the shipwrights who constructed them. The vessels which became prominent during this 
period included the flattie, the skipjack, the bugeye, and the buyboat.   

The flattie was originally used to transport produce on the Virginia and Maryland tidewater 
streams, as well as for use in oystering, crabbing, and duck hunting (Chapelle 1951). These 
vessels likely first appeared prior to the Civil War, but were most prominent during the last 
portion of the 19th century and represent the smaller predecessor to the skipjack. They are 
characterized by a V-bottom with some deadrise aft.  They ranged from 16 to 30 feet in length, 
and tended to be partially decked (Chapelle 1951).  This vessel type was supposedly out of use 
by the 1890s, but Chapelle notes seeing a number on the Eastern Shore in 1940 (Chapelle 1951).  
This vessel is said to have been created to “produce a wide sharpie that would sail well” 
(Chapelle 1951:312).  They were said to sail very well when properly canvassed and were 
commonly constructed by Eastern Shore mariners for their own use.  Accomack County is said 
to have produced the greatest number of these vessels (Chapelle 1951).  

The skipjack, which was a dead-rise skiff with a V-bottom, first appeared after 1860 but did not 
become popular until the 1880s (Chapelle 1951).  The term skipjack is frequently associated with 
the rigging of the Chesapeake oyster boats rather than a specific hull form. The name is said to 
be after the bluefish that is known to “skip” across the surface of the Bay (Wennersten 1978). 
The characteristic rigging is a sprit sail and a jib, without the topsail which was characteristic of 
older, similar vessels (Chapelle 1951). Construction was done in a very plain, craftsman-like 
fashion. Skipjacks usually had one raking pole mast on the foredeck and an external rudder on a 
square transom. One author in 1880 comments that skipjacks are “very wide, with sharp rise of 
floor the full length of the bottom, jib-and-mainsail rigged, heavily canvassed, and with a 
reputation for being very fast and Weatherly (Chapelle 1951:306).” A very specialized type 
originated at Chincoteague Island with masts located fore and aft that could be operated single-
handedly (Chapelle 1951:330). 

The bugeye originated in the Chesapeake region in the second half of the 19th century when the 
demand for simple, inexpensive to construct oyster dredging vessels peaked. The bugeye 
persisted as a popular type until nearly 1920, and is noted as the preferred vessel for oyster 
dredging due to its simple operation and the ability to be operated by one man (Wennersten 
1978).  The bugeye was originally little more than an enlarged, decked log canoe with a fixed 
rig, but it gradually grew and was refined. Employed primarily in oyster dredging, this vessel has 
been described as a “flat-bottomed centerboard schooner of small size (3 to 15 tons) decked over 
and with a cabin aft” (Brewington 1964:35). These watercraft typically have two masts, one 
situated on the foredeck and one located aft of amidships with a leg-of-mutton foresail, a 
mainsail and jib with a single halyard and sheet (Brewington 1964:59). They tend to have a sharp 
bow with a stubby bowsprit.  This vessel type ranged in size between three to fifteen tons, 30 to 
80 feet in length, 10 to 23 feet in beam and 2.5 to 5.5 in draft.  The average vessel measured 50 
feet in length, 15 feet in beam with a 4 foot draft (Brewington 1966). Hull variations began 
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appearing in the 1880s as a means of gaining deck space. These variations included round and 
square sterned vessels as well as the “patent stern” which developed in 1908 as an outboard 
projection of the deck. They are characterized by flat bottoms and hard bilges (Chapelle 1935).  

One of the more notable vessels used in oystering, specifically tonging, was a round bottomed 
boat that was formed from three dug out logs that were joined together.  This vessel type was 
used through the end of the 19th century and was rigged with a jib and one or two sails, and had 
no deck. They tended to be approximately eight to 25 feet in length and are noted to be 
especially seaworthy (Wennersten 1978). 

The buyboat is synonymous in the modern Chesapeake Bay. The term “buy-boat” originated 
from their utility. These vessels met oyster boats, purchased their catch and transferred it on the 
water from boat to boat. The buyboat, though engine powered, continued to possess a main mast 
and limited rigging needed for a boom crane.  It was developed at the dawn of the 20th century 
with the advent of the gas motor (Chowning 2003). It represents the end of sail power and the 
beginning of motor vessel ascendancy. Even though steam powered vessels were in use before 
gas or diesel engines, early bay vessels were too small for the boiler assembly (Chowning 2003).   

The traditional schooner, skipjack or bugeye hulls would be fitted with an engine during the 
early years of motor adaptation, but appearance of the vessel was largely unchanged (Chowning 
2003:34). Some early buyboats were bugeyes or skipjacks with cut masts, the bow sprit 
removed, and a small cabin on deck for shelter.  The buyboat hull was designed and built to 
utilize both sail and motor propulsion. Buyboats were versatile and purpose designed for 
watermen as they could use sail power to harvest oysters (in Maryland waters power harvesting 
was restricted for preservation purposes) and could be used under power for hauling and other 
types of fishing (Chowning 2003).  They ranged in length from 40 to 100 feet, with a stub mast 
and boom forward of the hold, a pilothouse aft, and a decked hull (Chowning 2003:3).  They 
have three main hull configurations: frame-built, log built, and deadrise or box-built (Chowning 
2003:3). The buyboat was used to haul grain, coal, log wood, produce, people, and sometimes 
vehicles in a time before bridges and extensive roadways (Chowning 2003). They continue to be 
used to the present.  

Two shipwrecks from this time period are known to have been lost within 13 mi (21 km) of the 
Wallops Island area. Both vessels were schooners. The first, the Jennie N. Huddel, was a 279 ton 
vessel built in 1870 that was stranded at Carters Shoal in Chincoteague in 1910. The second 
vessel was the Lizzie Godfrey, a 77 ton schooner stranded at Chincoteague Inlet in 1914. These 
two vessels represent the first craft identified to have been lost in the vicinity. While there were 
likely many vessels lost here in the preceding periods, these are the first for which 
documentation exists.   

3.2.14 World War I to the Present (1915-Present) 
World War I was officially declared in 1917, and the US Coast Guard was the only armed 
protection available on the Eastern Shore (Turman 1964). Beaches were closely patrolled to 
prevent landing of enemy spies and submarines.  Watch was also kept at the Cape Charles 
Station for enemy ships and submarine periscopes.  The Life Saving Service had been combined 
with the Revenue Cutter Service to form the US Coast Guard in 1915. It remained under the 
Treasury Department, but the men serving in the Coast Guard became naval reserve units for use 
in time of war.  The Eastern Shore became part of the Fifth Coast Guard District. Stations were 
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linked by telephone so that in the event of a large disaster men and resources could be drawn 
upon from multiple stations (Turman 1964).  

World War I did not have a dramatic influence upon life on the Eastern Shore of Virginia, but 
the end of the war and the return of troops brought remarkable changes and prosperity.  
Automobile use had grown so much that it had to be regulated, jobs were plentiful, and a college 
education was attainable (Turman 1964).  Every steamboat returning to the Eastern Shore 
brought new cars from Baltimore. Trains also brought them on flat cars (Turman 1964). Filling 
stations and garages had to be erected to accommodate the flood of new automobiles.  Land 
prices were also spiraling upward as people invested in stocks, bonds, or loans to others to grow 
more Irish potatoes, a major cash crop. Approximately 53,267 acres of Irish potatoes were grown 
in 1920 with amounts increasing yearly.  

Prompted by rapid growth, the Chincoteague Toll Road and Bridge Company was organized in 
1919 (Turman 1964). The road and bridge was a lifelong dream of John B. Whealton. He 
surveyed the land from the south of Chincoteague Island to Wallops Neck before convincing 
Company directors that the bridge should run into the business section of town (Turman 1964). 
The land was resurveyed and permission was granted by the Federal Government for a 
drawbridge spanning the Chincoteague Channel. The Virginia General Assembly then granted 
permission to build 

“A road from A.F. Jester’s dock, next to the Atlantic Hotel Dock, leading across 
Chincoteague Channel to the marsh and then across Black Narrows Channel and marsh, 
then in a southwestern direction across Wide Narrows to Queen Sound at the mouth of 
Shell Bay, then in a westerly direction to W.H. Hickman’s Farm in Wallops Neck” 
(Turman 1964:226).  

The road was opened on November 15, 1922 with nearly 4,000 visitors arriving on the island to 
witness the ribbon cutting and hear the Governor speak. The newly constructed earthen 
causeway was eroded by rain during the speech, and many travelers became stranded on the 
causeway to be rescued by small boats (Turman 1964). The following day the stranded cars were 
rescued by ferry and renovations of the road began. The causeway reopened by Christmas of the 
same year.  

The 1920s continued to bring changes to Accomack and Northampton Counties, including new 
buildings, changes to the school system, troopers appointed for highway safety, and increased 
public involvement by women who had been granted the right to vote.  Farmers, watermen, and 
professionals associated with these two industries also experienced renewed success during this 
period (Turman 1964).  

The prosperity of the 1920s was evident in the local recreational facilities. Hotels were built and 
visited by sportsmen during both hunting and fishing seasons. Local people also enjoyed these 
facilities which included three country clubs, each with a nine hole golf course (Turman 1964). 
Many residents also owned pleasure boats that were often raced. 

The railroad was also prospering, and the railroad companies invested in several new ferries, 
including Virginia Lee, which was touted as the finest steamboat running between Norfolk, Old 
Point, and Cape Charles (Turman 1964). This steamer was 300 feet long with an auto deck 
capacity of 80 cars.  Virginia Lee and Maryland made three round trips per day between Cape 
Charles, Norfolk, and Old Point. While Maryland was capable of ferrying cars on an improvised 
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automobile deck, fares were high enough on all steamers to encourage travel by train rather than 
private automobile (Turman 1964).  

A ferry franchise was granted to the Peninsula Ferry Company in 1930. They began operating 
between the north side of Cape Charles and Pine Beach (Turman 1964). They ran a large open 
steamer with a 100 car capacity. The Peninsula Ferry Company was able to charge fares lower 
than the Pennsylvania Railroad Steamers, which contributed to their success. The Virginia Ferry 
Company, partially owned by the Pennsylvania Railroad, superseded the Peninsula Ferry 
Company in 1933 with Delmarva, a streamlined steamer designed to carry cars and trucks 
(Turman 1964). The ferry terminal was moved that same year to the Pennsylvania Railroad 
Terminal, while the southern terminal was at Little Creek, where the railroad had built tracks for 
box car barges (Turman 1964).  

The stock market crashed in October 1929, but the real impact of the Depression did not peak 
until 1934 (Turman 1964). The price of Irish potatoes fell dramatically, which brought hardship 
to farmers, merchants, and professionals due to the prevalence of the potato as a cash crop. When 
the price of potatoes fell below the cost to produce them, Virginia’s Eastern Shore felt the effects 
of the Great Depression in earnest.  

Canning and gardening began to increase in an attempt to recover from the effects of the potato 
failure, and thrift and industry again returned. The WPA stepped in to assist in the recovery by 
developing roads, mosquito control, and water systems, and opening sewing rooms for women to 
produce linen curtains (Turman 1964). Flax was once again produced for linen. 

Farmers were harvesting crops that did not include potatoes when World War II broke out in 
1939.  Soybeans and vegetables that could be canned were being grown, and many of them were 
shipped by truck to canneries and a newly opened quick-frozen food plant (Turman 1964). 
Farmers were growing tomatoes, potatoes, sweet potatoes, corn, peas, string beans, lima beans, 
turnip greens, broccoli, spinach, and strawberries both for personal use and for sale to the 
military (Turman 1964). The war also expanded the poultry industry that had begun in the 1930s, 
and 5,745,420 chickens were fattened in Accomack County in 1945 (Turman 1964).  Many other 
veterans were seeking employment in shipyards and war material plants by 1940.  

The war brought recovery to the region, but it also brought uncertainty. The return of the draft 
and quotas made the war more of a reality. The Federal Government acquired land at the mouth 
of the Chesapeake Bay in 1940 to construct Fort John Custis (Turman 1964). This represented 
the first visible sign of war on the Eastern Shore.  

Coastlines were being very closely monitored by 1942, especially the Atlantic side of the 
peninsula. Small army posts had been established at the towns of Chincoteague and Accomack, 
and were responsible for patrolling the shores with trained dogs from dusk to dawn (Turman 
1964). These patrols were designed to locate submarines and to prevent enemy landings. While 
the number of submarines sunk in the Atlantic by the Civil Air Patrol operating out of Accomack 
and Northampton counties is unknown, there were at least 10 American ships recorded as 
torpedoed by enemy submarines (Turman 1964). It was not unusual for those living near the 
coast to hear explosions or feel their homes shake when the Civil Air Patrol was working 
(Turman 1964). 

The government purchased land on Wallops Neck for a naval air station in 1942 and 
subsequently constructed a landing strip and buildings for officers and members of the unit. The 
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Chincoteague Naval Air Station was commissioned in March of 1943 (Turman 1964). This was 
soon followed by the opening of a base on Wallops Island under the command of Langley Field 
Research Center of the National Advisory Committee for Aeronautics. They surveyed the island 
in 1945, which was then owned by a group of sportsmen using it for fishing and hunting, and a 
portion was owned by the U.S. Lifesaving Service (Figure 3-5, Turman 1964).  A total of 80 
acres at the south end of the island were purchased and 1000 acres leased. Construction of 
facilities for firing rockets started in May 1945 and the first test rocket was fired in June. The 
remaining portions of Wallops Island were purchased by the Federal Government in 1949 
(Turman 1964). 

The end of World War II brought another period of growth to Accomack and Northampton 
Counties. Crops were bringing in good prices and canneries were operating to full capacity 
(Turman 1964). Televisions, refrigerators, and new cars were popular post-war purchases.  

The Virginia Ferry Company was taken over by the Chesapeake Bay Ferry Commission in 1954 
by authorization of the General Assembly (Turman 1964). The fleet boasted five vessels, three of 
which would be enlarged, with two more joining the fleet.  They began exploring the possibility 
of constructing a combination bridge and tunnel across the Bay not long after the Commission 
was formed.  This would be completed in the 1960s. 

The Chincoteague Naval Air Station closed in June 1959 and preliminary negotiations were 
underway to allow NASA to acquire the 1,000 acres of land west of Wallops Island (Turman 
1964).  It was ultimately decided that the NASA expansion would take place on the former 
Naval Air Station site. The administrative and technical support facilities on Wallops Island were 
moved to the mainland on July 1, 1959, which allowed NASA to occupy the location formerly 
used by the Langley Field Research Center (Turman 1964). NASA was now in control of 
Wallops Island, which was connected to the mainland by bridge in 1960. 

The close of the 20th century and the beginning of the 21st century was marked by a period of 
declining numbers of farms, but the rise of large farms made it possible for fewer permanent 
workers (Turman 1964). The major crops included potatoes, both Irish and sweet, tomatoes, snap 
beans, strawberries, soybeans, and other assorted vegetables. The food packing and processing 
industry as well as the frozen food industry also became very profitable. The seafood industry 
remained important but was in decline. Clams, oysters, and crabs continued to be sold in large 
quantities, and a number of deep sea fishing fleets operate from Virginia’s Eastern Shore 
(Turman 1964).  

Lifeboat stations operate on the ocean islands including Smith, Cobb, Hog, Little Machipongo, 
Parramore, Metompkin, Assateague, and Popes Islands to provide protection for mariners.  These 
stations are under the purview of the Fifth Coast Guard District. Each station continues to 
provide living quarters for men on duty as well as rescue equipment and boats. While employees 
live on the mainland and work in shifts, all personnel will be subject to duty around the clock in 
the event of a disaster (Turman 1964). 

The 20th century is not characterized by any distinctive regional vessel types. The primary forms 
operating in the region were ferries, barges, fishing vessels, tugs, and pleasure craft. These vessel 
types were all associated with the various maritime activities of the region.  

Numerous barges and ferries were operating in the Wallops Island region during the early 20th 
century. Barges were used as a means of transporting large objects along the coast. There are 
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several reports of tug towed barges transporting cars or boxcars being lost in storms (Turman 
1964). One 1906 newspaper remarked that, “there are some 100 barges, with 15 tugs to attend 
exclusively to bay towing” (Turman 1964: 237).  Fishing boats were extremely prominent in this 
area and remain so to the present. The Chesapeake Bay produced nearly nine times more tons of 
fish per square mile (2.6 square km) than did the fishing grounds of New England in the late 
1920s (Labaree et al. 1998). 

A 1912 report from the United States Army to Congress to assess the necessity of dredging the 
Chincoteague Inlet produced the following list of vessels registered in the area during this period 
(United States Secretary of War 1912). 
 

600 small boats, not registered, value each $250 $150,000 
300 gasoline boats, value each $700              $210,000 
100 boats between 5 and 20 tons, value each $800 $80,000 
18 vessels over 20 tons, value each $2,000  $36,000 
500 barges, scows, etc., value each $40  $20,000 
1 steamer (ferryboat)     $10,000 
1 steamer (tugboat)     $3,000 

 
These vessels provide a snapshot of the types and importance of the vessels operating in the 
Wallops Island vicinity during the early 20th century. The emphasis is on practical, working 
vessels.  
The majority of the documented wrecks in within 21 kilometers (13 miles) of the Wallops Island 
area occurred during this period. The eight vessels lost include two schooners, one fishing 
trawler, one tug, three barges, and one of unknown type. This likely does not represent the full 
range of vessels lost in the vicinity, but does provide a cross section of the types of vessels 
operating in the area during the post World War I era.  

3.2.15 Shipwreck Potential within the Project Area 
There was a moderate potential to encounter shipwrecks in the project area. This determination 
was based upon evaluation of known shipwrecks in the area and upon archival research. The 
likelihood of encountering vessels from the Contact Period through the late 18th century is slight 
because relatively few vessels traversed the Wallops Island coastline during this time period. 
Vessels common to this period, which include sloops, bateau, punts, flats, and shallops, were 
also small coastal vessels that rarely ranged that far from shore.  They were also lightly 
constructed and less likely to have survived to the present.  

Potential for encountering vessels from the 1840s to the present increases over the previous 
periods because the relative prosperity of Virginia’s Eastern Shore generated a sharp rise in 
seagoing merchant vessel traffic and a general increase in seaworthy vessel forms. The most 
common seagoing craft operating near the project area were schooners, steamboats, barges, and 
assorted regional watercraft such as larger skipjacks and bugeyes. 

A total of 12 known ships were reported wrecked in the project area vicinity (Table 2-4), and all 
were lost during the 20th century.  The loss of four schooners constructed during the last quarter 
of the 19th century, along with three turn of the century barges, are illustrative of the vessel 
classes expected offshore of Wallops Island.  The preponderance of these two forms on the list 
suggests that schooner type vessels and barges were common sights along the Wallops coastline, 
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and that they were susceptible to loss in sea conditions endemic to that stretch of the sea.  The 
overall potential to encounter shipwrecks in the project area is moderate, and those that may have 
been encountered would most likely date from 1840 to the present, and would represent 
schooners, barges, or other working vessels.  
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4.0 ENVIRONMENTAL CONTEXT 
 

4.1 INTRODUCTION 
This chapter focuses on the natural settings of the coastal and nearshore marine environment of 
Wallops Island, Virginia.  The primary objective is to present the overall setting of the study 
area, including geologic materials and associated processes, as they pertain to archaeology and 
the preservation potential of material culture in the geologic record.  The report begins with a 
general overview of the study area, followed by the setting, which includes climate, 
physiography, oceanography, and biology.  The geologic development of the study area will then 
be reviewed, followed by modern configuration/processes, and finally archaeological 
implications.  

  

4.2 OVERVIEW 
The study area includes the coastal and inner continental shelf environment of Wallops Island, 
Virginia. Specifically, the study area extends seaward from the shoreline to approximately 24.1 
kilometers (15 miles) offshore. Wallops Island is located in Accomack County, Virginia, 
immediately south of the Maryland border and just south of the island of Chincoteague, a 
popular tourist destination. Wallops Island is part of the barrier island system characteristic of 
the eastern side of the Delmarva Peninsula (Figure 4-1).  Barrier islands in this area consist of a 
band of narrow, sandy islands, separated from the mainland by a series of shallow lagoons, salt 
marshes, and dissecting channels (Cuffey and Dade 2006). The area is characterized by a variety 
of neritic and back barrier environments ranging from nearly freshwater to near normal marine, 
and from high energy and turbulent to calm conditions. 

The Delmarva Peninsula, nearby Chesapeake Bay, and offshore marine environments have been 
the subject of numerous studies, but there have been very few published scientific works dealing 
specifically with Wallops Island.  

 

4.3 SETTING 
4.3.1 Climate 
The study area, from a marine perspective, occupies a region known as the Mid-Atlantic Bight, 
which extends from Cape Cod, Massachusetts south to Cape Hatteras, North Carolina.  The 
weather and climate in this region is influenced by five main factors which include: the warm 
waters of the Gulf Stream, water flowing southwestward from the Scotian shelf, the winter cold 
air from central North America, the warm moist air from the Gulf of Mexico, and the position of 
the jet stream across eastern North America.  

The general climate exhibits a substantial annual variation in temperature, but a fairly uniform 
precipitation rate. Most meteorological elements originate in the west, steered by the dominant 
eastward flow in the middle and upper troposphere. This basic flow pattern is commonly 
modified by upstream topography, such as the Appalachian mountain range and other regional 
and local features.  Annual mean temperatures vary considerably.  The mean monthly 
temperature in nearby Norfolk, Virginia ranges from approximately 40 degrees Fahrenheit (F) 
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(4.4 degrees Celsius [C]) in January to near 90 degrees F (32.2 degrees C) in June through 
August (Hertzman 1996). 

Precipitation, on average, is relatively well distributed at approximately 40 to 44 in (101.6 cm to 
111.8 cm) per year, with the highest rates occurring during the summer. Snow is relatively rare 
with an average of less than two snow days (defined as greater than 2.5 millimeters (mm) water 
equivalent) annually. Estimates of offshore precipitation are less well known, but the coastal 
information discussed above can be considered a reasonable first approximation (Hertzman 
1996). 

Winds are dominant from the south or southwest most of the year.  Wind speeds at nearby 
Norfolk, Virginia vary from a low of 4 to 5 meters per second (m/s) during the summer months 
to a high of 5 to 6 m/s during the late winter. 

The strong temperature difference during the winter contrasts between the relatively cold 
landmass and warm waters of the nearby Gulf Stream may create strong winter storms.  Strong 
wind and heavy precipitation during the summer may occur along this region of the coast, 
associated with convective systems that generate local thunderstorms lasting only an hour or two. 
Atlantic hurricanes occasionally pass along this part of the coast during the summers as well.  
Hurricanes are accompanied by extremely heavy precipitation extending up to 1500 km (27.3 
mi) from the center of the storm.  Most hurricanes that reach these mid-latitudes are speeding up 
and beginning to acquire mid-latitude storm characteristics, and hurricane tracks also show a 
pronounced turning to the east by the time they reach these latitudes (Hertzman 1996). 

4.3.2 Biology 
The discussion of the biology will be restricted to the marine environment only.  The focus will 
be on the benthos, as it is this group that stands to be impacted the most by the proposed action. 
A large-scale, comprehensive study of the benthic invertebrate fauna of the Mid-Atlantic bight 
region by Wigley and Thoreau (1981) produced a detailed description of the benthic 
communities on a regional scale.  They further subdivided the Mid-Atlantic Bight into three sub-
regions known as Southern New England, the New York Bight, and the Chesapeake Bight. The 
study area, which is located seaward of Wallops Island, resides in the center of the Chesapeake 
Bight sub region.  

Wigley and Thoreau (1981) describe six dominant taxa on the continental shelf: Bivalvia, 
Annelida, Crustacea, Echinoidea, Ophiuroidea, and Holothuroidea. The density of all taxa 
(defined as the number of individuals per square meter of seafloor) in the study area is among the 
highest of those measured for the entire Mid-Atlantic Bight, and more than one order of 
magnitude greater than adjacent areas on the continental shelf (Figure 4-2). Mollusks are by far 
the dominant tax throughout Chesapeake Bight, including the study area (Figures 4-3 and 4-4).  
Mollusks consist almost exclusively of bivalves (Figure 4-5), which is dominated by the surf 
clam Spisula solidissima, especially in coarse, sand-sized sediments (Ramey 2008). 

While regional benthic fauna is likely controlled by a combination of factors including 
temperature, water depth, sediment/bottom type, and nutrients, it is the sediments and bottom 
types that are the major control. The sediment type in the study area is dominated by sand and 
shell, which is considerably different from surrounding sediments (Figure 4-6).  This bottom 
type likely is responsible for the unusually large density of benthic fauna (Wigley and Thoreau 
1981). 
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The study area, and the majority of the Mid-Atlantic Bight, has a gently undulating ridge and 
swale topography (Churchill et al. 1994) composed of soft sediments (primarily sands) and local 
relict sand and gravel ridges. It is not considered to be an area of substantial hard bottom 
outcrops.  Therefore “hard bottom”, or “reefal” habitats, have not been considered to be 
important from a volumetric standpoint.  Hard bottom habitats, like many micro-environments, 
are composed of man made materials placed in the marine environment, including shipwrecks, 
lost cargo, disposed solid materials, shoreline jetties and groins, submerged pipelines, cables, and 
artificial reefs.  Biological communities supported by these features differ significantly from 
those of the surrounding soft sediment seabed (Steimle and Zetlin 2000).  The addition of these 
materials to the seafloor likely has caused an expansion of habitat type, and has had an effect on 
living marine resource distributions and fisheries, including the American lobster, cod, red hake, 
ocean pout and black sea bass (Steimle and Zetlin 2000). 

A list of fisheries species commonly found on “reef like” habitats throughout the Mid-Atlantic 
Bight is shown in Table 4-1.  These species, which are typically found in depths less than 25-m 
(82.0-ft), include boring mollusks, red algae, hydroids, barnacles, blue mussels, horse muscles, 
and bryozoans.  Fish species expected on hard bottom habitats in the study area include black sea 
bass, pin fish, scup, cunner, red hake, gray trigger fish, black grouper, smooth dogfish, summer 
flounder, scads, bluefish and Amberjack (Steimle and Zetlin 2000). 

Table 4-1. List of Fishery Species Commonly Found in the Mid-Atlantic Bight. 

Species Life Stage/Reef Habitat 
Use Notes 

Algae 
(Kelp, Laminaria sp, 

dulse, etc) 

All stages grow attached to 
estuarine/marine hard 

surfaces. 

Grows in inter/subtidal surfaces along southern New 
England Coast as deep as light penetration allow and 

provides shelter; some are harvested. 
Invertebrates 

Mollusks 
Blue mussel 
Mytilus edilis 

All stages grow attached to 
hard surfaces in 

polyhaline/estuarine 
waters. 

Colonizes intertidal/subtidal surfaces but becomes 
scarcer towards N.C; important prey for many reef 

fishery resources; harvested as adults; increases habitat 
structural complexity and biodiversity. 

Eastern Oyster 
Crassotrea virginica 

All stages grow attached to 
hard surfaces in 

polyhaline/estuarine 
waters. 

Colonizes hard surfaces and/or creates low profile reefs; 
harvested as juveniles (spat for transplanting) and 
adults; increases habitat structural complexity and 

biodiversity. 
Longfin Squid 
Loligo paelei 

Eggs are attached to hard 
objects in marine waters. 

Hard surfaces of all sizes seem important for egg mass 
attachment. Eggs and larvae can be prey. 

Crustaceans 
American Lobster 

Homarus americanus 

All post-larval stages use 
shelter in polyhaline-

marine waters. 

Lobsters are common reef habitat dwellers but are less 
common south of Delaware Bay; maintain reef habitat 

structural complexity by cleaning burrows. 

Rock Crab 
Cancer irroatus 

All post-larval stages use 
shelter in polyhaline-

marine waters. 

Common on reef habitats as well as on most other 
habitat; juveniles or smaller sizes important prey for fish 

and lobsters; claws are harvested. 
Fish 

American Eel 
Auguilla rostrata 

Adults found in estuarine 
to coastal marine reefs as 

well as elsewhere. 

This eel is found seasonally in estuarine areas, including 
holes in peak banks; harvested by trap and recreational 

fishery. 

Conger Eel 
Conger oceanicus 

Juveniles and adults 
common on polyhaline-

marine structures. 

This larger eel preys on smaller reef fish, hard to catch 
but desirable. 

Atlantic Cod 
Gadus morhua 

Juveniles and adults 
common on polyhaline-

marine reefs. 

This specie feeds on reef organisms; uses structure for 
shelter; but only found during cooler seasons south of 

Long Island, NY to about Delaware. 
Pollack Juveniles and adults Uses structure for shelter or for feeding but only found 
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Species Life Stage/Reef Habitat 
Use Notes 

Pollachius virens common on polyhaline-
marine reefs. 

during cooler seasons south of Long Island, NY to about 
Delaware. 

Red Hake 
Urophycis chuss 

Juveniles and adults 
common on polyhaline-

marine reefs. 

Common reef habitat dweller; preys on small crabs and 
other organisms found on or near reefs; commercially 

and recreationally harvested. 

Stripe Bass 
Morone saxtilus 

Juveniles and adults 
common on estuarine and 

coastal reefs. 

Juveniles use estuarine structures for shelter; adults find 
prey near estuarine and coastal structures. 

Black Sea Bass 
Centropristis striata 

Juveniles and adults on 
estuarine and coastal reefs. 

Juveniles use estuarine and coastal structures, and adults 
mostly use coastal and midshelf structures during warm 

seasons. 
Gag Grouper 
Mycteroperca 

microlepis 

Juveniles and adults 
common on southern Bight 

reefs habitats. 

Important but variably available fishery species off 
Virginia and North Carolina. 

Scup 
Stenotomus chrysops 

Juveniles and adults 
common on estuarine and 

coastal reefs 

Small schools of this species visit coastal reefs for prey 
and shelter during warmer seasons; found offshore and 

on the south in the winter 

Spot 
Leiostomus xanthrus 

Juveniles and adults 
common on estuarine and 

coastal reefs. 

Warm season user of reef habitats north on Chesapeake 
Bay. 

Sheepshead (Porgy) 
Archosargus  

probatocephalus 

Juveniles and adults 
common on estuarine and 

coastal reefs. 

Common on estuarine (including oyster beds) and 
coastal reefs mostly south of Delaware Bay. 

Atlantic Croaker 
Micropogonias 

undulates 

Juveniles and adults 
common on estuarine and 

coastal reefs. 

Common on estuarine (including oyster beds) and 
coastal reefs mostly south of Delaware Bay. 

Black Drum 
Pogonias cromis 

Juveniles and adults 
common on estuarine and 

coastal reefs. 

Common on estuarine (including oyster beds) and 
coastal reefs mostly south of Delaware Bay. 

Tilefish 
Lopholatilus 

chamaeleoticeps 

Juveniles/adults use rocky 
areas or holes in stiff clay 
at the edge of continental 

shelf and upper slope 

This specie contributes to the creation and persistence of 
the rough bottom habitat and associated biological 

community found in certain areas on the outer shelf and 
upper slope 

Cunner 
Tautogolabrus 

adspersus 

All post-larval stages are 
associated with marine-
polyhaline reef habitats. 

A very common small reef fish, especially in the 
northern Bight; prey for other fish found on or visiting 

reefs. Hibernates on reefs on cold winters. 

Tautog 
Tautoga onitis 

All post-larval stages are 
associated with marine-
polyhaline reef habitats. 

A common larger reef fish that prey heavily upon 
mussel; youngest juvenile found in estuarine; may 
hibernate during cold winters off New England. 

Gray Triggerfish 
Baalisted capriscus 

Juveniles/adults are warm-
season reef dwellers. 

Found on marine reefs and preys on reef dwellers; 
growing in popularity and fish food. 

Ocean Pout 
Macrozoarces 
americanus 

All life stages found on 
reef habitat, including eggs 

which are nested. 

Adults make and possibly guard egg nests within reef 
structures during winter. 

Reptilia 
Sea Turtles 

Eucheloniodea 

Juveniles and adults of 
several species are 

associated with reefs. 

Sea turtles are common visitors to the Bight and are 
known to use reef structures as sheltered resting areas 

and can prey on reef crabs. 
Mammalia 
Harbor Seal 

Phoca vitulina 

Juveniles and adults use 
the above water parts of 
reefs as nesting areas. 

Harbor seals are winter visitors to the northern Bight 
and are commonly observed on dry parts of submerged 

structures and may prey on associated reef fish. 
  Table Source: Wigley and Theroux 1981 
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4.3.3 Physiography 
The coastline bordering the Northwest Atlantic Ocean is, to a large extent, a result of glacial 
scouring.  This scouring has left a complex, incised coastline in the northern sections, with rocky 
headlands separating small estuaries. The southern sections of coastline, which include the study 
area, appear as a long, sandy shoreline that is occasionally breached by larger estuarine systems, 
such as the Chesapeake Bay (Townsend et al. 2006). These estuaries are effective at trapping the 
majority of suspended sediments delivered to the coastline from extensive coastal plain fluvial 
systems.  The coastline in the Chesapeake Bay area is angular, with long, relatively straight 
sections of shoreline extending away from either side of major estuaries (Townsend et al. 2006). 

The continental shelves are generally wide, but vary with location.  They generally become 
narrower in the southern Bight.  Progressive narrowing of the shelf from approximately 150 km 
(93.2 mi) off New York to approximately 30 km (18.6 mi) off Cape Hatteras, has significant 
influence on the physical oceanography of the area (Townsend et al. 2006). The inner shelf 
physiography of the Mid-Atlantic Bight has been described as exhibiting a pervasive ridge and 
swale topography with an abundance of elongate ridges and parallel depressions (swales) that 
generally parallel the adjacent coast (Shor and McClennen 1988). Some scientists interpret this 
ridge and swale topography to represent relict barrier/lagoon pairs formed and abandoned during 
the most recent sea-level rise.  Others interpret ridge and swale topography to represent post-
transgressive, shoreface-connected ridges.  Cross-shelf channels (valleys) and deltas (aprons) 
often extend the entire width of the continental shelf. Some of these valleys may be partially, or 
even completely, filled with sediments, while others retain their valley profile. These features are 
derived from Pleistocene and/or Holocene sea-level lowstands.  They represent fluvial pathways 
to adjacent canyons on the continental slope, which are associated with clusters of ridges and 
swales superimposed on elevated shelf areas described as shoal retreat and cape retreat massifs.  
These massifs are associated with the adjacent shoreline feature for which they are named.  The 
shelf valley complexes and associated sand shoal massifs are separated by broad, plateau-like 
interfluves, and may represent river valleys excavated during previous Quaternary lowstands of 
sea level that have been infilled with estuarine sediments during an ensuing sea-level rise.  The 
sea-level rise, when coupled with intense wave activity, likely caused erosional shoreface retreat 
of river forelands or estuary mouths.  This resulted in widely spaced cape retreat massifs with 
broad intervening plateau-like interfluves that contain extensive fields of sand ridges.  Modern 
shelf valleys have occasionally been incised into previous valley fill (Riggs and Belknap 1988). 

4.3.4 Oceanography 
The shelf waters of the northwest Atlantic are located in a region of abrupt water temperature 
change at the confluence of the north-flowing Gulf Stream and the south-flowing Labrador 
Current (Figure 4-7).  Mid-latitude cyclones frequently track across North America and converge 
in this region, which significantly impacts the vertical mixing and nutrient fluxes of shelf waters. 
A continuous equatorward coastal current system extends southward from Newfoundland to the 
Mid-Atlantic Bight.  The general southerly flow continues south of Cape Hatteras, which is 
known as Mid-Atlantic Bight Water.  Cross shelf mixing of the flow with slope waters and the 
Gulf Stream become important as shelf width decreases (Townsend at al. 2006).  Shelf and slope 
waters of the Mid-Atlantic Bight have relatively low salinities (< 34 ‰), augmented by various 
rivers, including those entering Chesapeake Bay. The cross shelf mixing of waters in this area, 
along with influxes of deep, offshore waters to inner shelf regions, may have important 
biological implications (Townsend et al. 2006).  
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The North Atlantic Oscillation (NAO), which is a decadal-scale oscillation of wintertime surface 
atmospheric pressure over the Arctic and subtropical Atlantic, has recently been found to have an 
important influence on water mass properties over the entire northwest Atlantic shelf (Townsend 
et al. 2006).  The NAO, to a great extent, dictates the latitudinal displacement of the boundary 
between the Gulf Stream and Labrador Current, and it may have important ramifications for the 
physical and biological environments of the entire northwest Atlantic shelf (Townsend et al. 
2006). 

Coast and shelf waters throughout the Mid-Atlantic Bight support extensive and productive 
fisheries.  The high biological productivity of the area is the result of a number of interacting 
factors, including cross shelf fluxes of nutrient-rich deep waters and winter convective mixing. 
Winter mixing replenishes surface nutrient concentrations, resulting in winter and spring 
plankton blooms, which in turn influences the benthic population. Following the spring bloom, a 
strong vertical stratification occurs throughout the warmer summer months, established by 
freshwater influxes from the nearby landmass and solar warming of surface layers. Vertical 
mixing by tides further stimulates nutrient fluxes that promote high levels of plankton production 
(Townsend et al. 2006). 

The Wallops Island Atlantic coast has a semi-diurnal tide with a 1 to 2 m (3.3 to 6.60 ft) tidal 
range.  This is considered microtidal, but tidal currents have been known to scour backbarrier 
channels to depths of several meters (Oertel et al. 1989).  The predominant and prevailing winds 
are from the north to northwest and south, respectively.  Atlantic storms, generally coming from 
the northeast, may be intense, and produce strong winds and large waves capable of overwashing 
barrier islands along this stretch of the coast (Demarest and Leatherman 1985).  The dominant 
winds produce a wave approach from the north, resulting in a net southerly long-shore current 
(Cuffey and Dade 2006; Finkelstein and Ferland 1987).  Both the long-shore current and 
incoming waves are capable of re-suspending and transporting sand-size sediments throughout 
the study area (Churchill et al. 1994). 

 

4.4 GEOLOGIC DEVELOPMENT 
4.4.5 Structural Geology and Early Geologic Development 
The study area, along with the entire Delmarva Peninsula, occupies the central part of the 
Salisbury Embayment located within the landward extension of the Baltimore Canyon trough 
(Figures 4-8 and 4-9) (Hansen 1988).  The Baltimore Canyon trough is the deepest of six 
marginal basins located beneath the US Atlantic margin, all of which were formed by 
extensional forces associated with early rifting phases of continental breakup (Klitgord et al. 
1988).  Basement rocks, which floor the Salisbury Embayment and adjacent Baltimore Canyon 
trough are primarily continental in origin and consist of granitic and metasedimentary units of 
Paleozoic age (Poag and Valentine 1988). The Salisbury Embayment is one of the major 
Mesozoic to Cenozoic depocenters on the Atlantic continental margin (Foyle and Oertel 1997).  
They are a thick sequence of Mesozoic to Cenozoic sediments overlying basement rocks that 
reach greater than 8 km (4.9 mi) in thickness in the southern part of the Baltimore Canyon trough 
(Poag 1997).  Marine waters presumably entered the Baltimore Canyon trough following initial 
rifting, and eventually deposited evaporite sediments as a result of the early Jurassic arid climate. 
These likely represent the basal sedimentary units occupying the trough (Poag and Valentine 
1988).  During the early to Middle Jurassic, shallow-water carbonate sediments were deposited.  
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Several small, “reef-like” carbonate buildups were identified during this time period as well.  A 
large shelf edge carbonate buildup (barrier reef) appears to have formed at the end of the Middle 
Jurassic period.  Seaward progradation continued during the late Jurassic, and a larger regional 
carbonate bank system formed a massive shelf edge barrier.  Siliciclastic sedimentation, 
including the fluvio-deltaic units of the Potomac Formation, took over by the early Cretaceous, 
(Poag 1997; Hansen 1988) and buried the shelf edge barrier, thereby initiating a period of 
terrigenous sediment accumulation that lasted throughout the entire Cretaceous Period.  

During the Paleogene, carbonate sedimentation resumed with the deposition of calcareous shales, 
chalks, and limestones, primarily of Eocene age. Paleocene and Oligocene strata are also present, 
but are less persistent, often being completely missing or only partly represented (Poag and 
Valentine 1988).  The relatively continuous deposition in the southern portion of the Baltimore 
Canyon trough in the late Eocene was interrupted by a bolide impact on the inner-continental 
shelf beneath the modern position of the Chesapeake Bay mouth. According to Poag (1997), this 
event created a large, complex, impact crater, which generated a gigantic tsunami, and 
fundamentally altered the geological, geo-hydrological, and geographical evolution of the 
Virginia segment of the Atlantic coastal plain.  It also created a structural and topographical low, 
and may have predetermined the location of modern Chesapeake Bay. 

4.4.6 Recent Development and Modern Configuration 
The recent geologic evolution of the coastal and nearshore marine environment off Wallops 
Island can be tied directly to the development and growth of the Delmarva Peninsula and the 
major sea-level fluctuations of the late Tertiary and Quaternary.  Both the terrestrial and marine 
stratigraphy have been reasonably well documented (see Shideler et al. 1972; Owens and Denny 
1979; Mixon 1985; Finklestein and Ferland 1987; Johnson and Berquist 1989; Toscano and York 
1992; Hobbs 2004) and are presented in Table 2.  The discontinuous nature of the strata proves 
problematic when attempting to correlate units, especially terrestrial with marine.  Consequently, 
the stratigraphy of the Delmarva Peninsula and the inner continental shelf will be discussed 
separately. The two will then be correlated in a discussion of the geologic evolution of the study 
area. 

4.4.6.1 Delmarva Peninsula Stratigraphy 
The Virginia portion of the Delmarva Peninsula has evolved as a southerly growing spit (Figure 
4-10; Hobbs).  The base of the Delmarva Peninsula is interpreted to consist of fluvio-deltaic 
sands of the Pensauken and/or Yorktown Formations of early Pliocene age (Owens and Denny 
1979).  The Beaver Dam Formation partially overlies these units and occupies the region south 
of the Maryland to Virginia border (Owens and Denny 1979). The Beaver Dam Formation is 
thought to represent a river-dominated deltaic system deposited during a late Pliocene sea-level 
transgression and regression sequence. The overlying Walston Silt is believed to be of marine 
origin, likely deposited under a single transgression during the Pliocene (Owens and Denny 
1979). The Omar Formation partially overlies the Yorktown Formation and is interpreted as 
lagoonal and estuarine deposits encompassing most of the Pleistocene section of the Delmarva 
Peninsula (Mixon 1985). 

The Omar in Virginia, however, has been described as a high-energy barrier, and nearshore shelf 
deposit. The Pleistocene Era Ironshore Formation consists of a narrow, discontinuous band of 
sand and gravelly sand stretching from Delaware to the southern tip of the Delmarva Peninsula.  
This formation has been largely eroded south of Chincoteague Island (Hobbs 2004, Owens and 
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Denny 1979). The overlying Sinepuxent Formation has been described as a Pleistocene marginal 
marine unit that likely represents a major transgression in sea level (Owens and Denny 1979).  
The overlying Nassawadox and Kent Island Formations, which are identified in southern 
Virginia, likely represent ancestral Chesapeake Bay sediments (Owens and Denny 1979; Mixon 
1985; Hobbs 2004).  The Joynes Neck Sand is the surficial unit that overlies the Omar and 
Nassawadox Formations along the eastern shore of the southern Delmarva Peninsula. Joynes 
Neck Sands are interpreted to have been deposited during a single marine transgression (Mixon 
1985) and were likely deposited during the late Pleistocene (Hobbs 2004). 

4.4.6.2 Inner Continental Shelf Stratigraphy 
The inner continental shelf seaward of the Virginia portion of the Delmarva Peninsula has been 
described as having four stratigraphic units, termed Units A, B, C, and D (Shideler et al. 1972).  
Unit A, the deepest and oldest, is interpreted to represent the top of the Miocene, although some 
suggest that it may actually represent the Yorktown Formation, which is now considered to be 
Pliocene in age. The overlying Unit B is considered to be a complex of fluvial, estuarine, 
lagoonal tidal channels and barrier ridges. Although the exact age is uncertain, it is believed to 
have formed some time during the late Pleistocene. Unit C has been described as consisting of 
relatively uniform horizontal strata, with only occasional indications of minor local channeling. 
No other interpretation has been given. The surficial and youngest sedimentary unit, Unit D, 
represents the modern seafloor, and was likely deposited as a transgressive sand sheet during the 
most recent rise in sea level. 

4.4.6.3 Neogene/Quaternary Geologic Evolution 
The recent geologic evolution of the study area is tied to the southerly progradation of the 
Delmarva Peninsula, coupled with the late Tertiary/Quaternary fluctuations in sea level.  The 
southerly progradation of Delmarva Peninsula has been a major control on the evolution of 
Chesapeake Bay.  Major drainage systems entering modern Chesapeake Bay substantially 
predate the development of the estuary, and originally emptied directly into the open ocean 
(Hobbs 2004).  The first indication of a bay, separated from the open ocean, appeared in the late 
Pleistocene with the initial growth of the Delmarva Peninsula from the Pleistocene deltas of 
these ancestral rivers. During early Pleistocene sea-level highstands, the older, deltaic peninsula 
prograded seaward and southward as a major barrier spit, beginning the processes that have 
continued to the present (Hobbs 2004).  The peninsula/spit continued to grow during ensuing 
sea-level highstands by lengthening southward.  The more northerly river systems could no 
longer flow directly southeast across a wide continental shelf during each sea-level regression, 
and were diverted southward around the tip of the lengthening peninsula. Consequently, deep 
river channels were incised into what is now the continental shelf.    

The inner shelf has been sediment starved throughout the Pleistocene because of the limited 
amount of sediments available for deposition, and the time available for strata formation has 
been relatively short (on the order of tens of thousands of years).  The resultant strata on the 
inner shelf are quite thin and discontinuous as a result, and are difficult to correlate with units on 
the nearby Delmarva Peninsula and coastal plain (Hobbs 2004). Correlation is made even more 
difficult because these inner shelf strata are primarily derived from older, reworked sediments, 
and many are lacking diagnostic fossils.  The surficial unit consists of a thin, transgressive sand 
sheet mantling the inner shelf and overlying the incised channels discussed above.  This 
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configuration has important ramifications for the modern morphology of the coast/inner shelf 
and preservation potential of material culture. 

4.4.6.4 Modern Configuration 
The morphology of the present day barrier beaches and adjacent inner continental shelf off the 
Delmarva Peninsula, including the study area, is controlled by wave climate, tidal energy, 
sediment texture, and sand supply (Demarest and Leatherman 1985). The actual position of the 
barrier islands and associated inlets are more a function of antecedent topography (Oertel et al. 
1989; Finkelstein and Ferland 1987). Topographic lows provide pathways for drainage and inlet 
formation, while topographic highs create sites for barrier island development (Oertel et al. 
1989).  Evidence indicates that between 3 to 7 m (9.8 to 22.9 ft) of relief probably existed on the 
pre-transgressional surface of the southern Delmarva Peninsula, creating ideal sites for barrier 
development (Finkelstein and Ferland 1987).  

Demarest and Leatherman (1985) discuss four main types of barriers on the Delmarva Peninsula.  
The study area is located in the zone of drumstick (short, bulbous) barriers characteristic of the 
Virginia shoreline (Figure 4-11).  These barriers are likely related to the relative stability of 
major tidal inlets and largely infilled lagoons. These stable tidal inlets have resulted in the 
evolution of large, well-developed ebb tidal deltas, which in turn are believed to have a 
pronounced effect on barrier dynamics and island morphology (Demarest and Leatherman 1985). 
These island types were originally described for mesotidal (2 to 4 m tidal range) environments, 
but exist here in a microtidal environment.  These islands are also generally formed where there 
are no updrift headlands to supply sand, which suggests that new sediment is supplied from shore 
face erosion and moved onshore to replace sand lost to littoral drift or inlet deposition (Demarest 
and Leatherman 1985).   

The study area is located in what Demarest and Leatherman (1985) refer to as the “arc of 
erosion” (Figure 4-11).  The lack of updrift headlands means that there is no source of sediment 
to input onto the shoreline, except for new sediments supplied by shoreface erosion and moved 
onshore.  Finkelstein and Ferland (1987) maintain that the net sand deficit in the study area has 
occurred because sands are trapped at the southern tip of Assateague Island rather than 
transported downdrift to nourish the islands to the south. They also maintain that relatively little 
sand is extracted from the underlying substrate by shoreface erosion in the study area 
(Finkelstein and Ferland 1987). Sediment supply to the beaches by shoreface erosion has not 
happened, and the Wallops Island beach and nearshore can be expected to be highly erosional in 
nature.  There is no evidence that any of the Delmarva beaches receive coarse grain sediments 
from the rivers directly, as most of the material is trapped in the estuarine and lagoonal systems. 

 

4.5 ARCHAEOLOGICAL IMPLICATIONS 
The majority of physical oceanographic, stratigraphic, sedimentologic, and geomorphologic data 
concerning the coastal and inner continental shelf off Wallops Island, Virginia is consistent with 
low to very low preservation potential of cultural materials in inner shelf sediments.  Thin layers 
of sediments have been deposited during sea-level highstands throughout the Quaternary, and 
only a thin sediment veneer has been deposited since the last low stand approximately 20 
thousand years ago. Therefore, the sedimentary record during this time is very thin. Also, the 
deposition of this transgressive sand sheet during sea-level rise has occurred by continuous 
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reworking of sediments by physical processes (which continues to the present), which would 
likely disturb any materials that were originally buried. Sediments in the study area, which 
consist of shells and sand, are coarser than sediments to the north and south, suggesting higher 
energy, which is consistent with even more intense bottom sediment reworking. The location of 
the study area in the “arc of erosion” suggests that the sediment supply to the study area is even 
lower than for surrounding areas, once again inconsistent with preservation of materials by 
sediment burial.  The sediment supplied to the beaches is derived from previous shoreface 
erosion, which would not be conducive with preservation in the sedimentary record.  

The most likely regions of preservation would be the thicker sedimentary units associated with 
buried channels originally cut by rivers traversing the continental shelf during sea-level 
lowstands. Deposition is generally promoted in these areas (since they represented bathymetric 
depressions), sediment accumulation rates were likely higher, and sediments are less subject to 
reworking.  This would only apply to the last sea-level transgression, and major buried valleys 
have not been described in the study area.  The preservation potential may be greater in buried 
channels, but it should still be considered relatively low for the objectives of this study. 
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5.0 RESEARCH DESIGN 
5.1 OBJECTIVES 
The remote sensing survey was designed to locate and identify magnetic and acoustic anomalies 
that could represent potentially significant submerged cultural resources, such as shell middens 
or other prehistoric sites, shipwrecks, or historic maritime structures. The project consists of two 
survey blocks located northeast of Chincoteague Inlet east of Blackfish Bank in U.S. waters.  
Each block measures two square mi (5 square km) (Figures 5-1A, 5-1B, 5-2A, and 5-2B).  Block 
One, centered upon Unnamed Shoal A, is directly adjacent to Blackfish Bank, and measures 
approximately 15,300-ft long (4664-m) by 4,400-ft wide (1,341-m), or 1,545.6 acres.  Block One 
has 80 transects spaced at 50-ft (15.2-m) intervals, which yields 1,144,861 linear survey ft 
(348,953.6-m) or 216.8 survey mi (348.9-km).  Block Two, centered upon Unnamed Shoal B, is 
located 2.25 mi (3.62 km) to the northeast of Block One, and measures approximately 13,300-ft 
(4055-m) long by 4,000-ft (1220-m) wide, or 1,221.4 acres.  This parcel has 84 transects spaced 
at 50-ft (15.2-m) intervals, which yields 1,044,421 linear ft (318,339.5 m) or 197.8 linear survey 
mi (318.3 km).   

 

5.2 METHODS 
5.2.1   Background Research 
The purpose of background research was to develop cultural contexts for identifying and 
evaluating archaeological sites that may be encountered within the project area. Research was 
conducted at the National Archives in Washington, D.C. and at various online repositories. 
Reports of previous cultural resources investigations and previously recorded architectural and 
archaeological sites as well as known shipwrecks were obtained from the Virginia Department of 
Historic Resources. Historic maps and accounts of the development of Wallops Island were 
obtained from the National Archives and through books and periodicals.   

5.2.2  Remote Sensing Methods 
The process of land inundation and shipwreck site formation distributes ship remains and other 
artifacts (cargo, fittings, and ballast) in relatively large clusters based on water depth, artifact 
size, seafloor topography, and water currents.  Submerged prehistoric features, such as hearths 
and shell middens, can also survive the ravages of the sea intact if protected by certain sediment 
types.  A well-designed survey that is conducted with sensitive, high resolution sensors can 
detect submerged habitation sites and shipwreck debris, and can reliably differentiate these finds 
from the earth’s ambient magnetic field and natural bottom topography.  

A well-defined set of criteria were used to distinguish naturally occurring magnetic and acoustic 
anomalies from significant cultural resources. Magnetic anomalies were evaluated based on data 
points that include anomaly duration (both time and distance), magnetic amplitude in nanoTesla 
(nT), and magnetic signature. Magnetic signatures were denoted as dipoles (D), monopoles (±M) 
or multi-components (MC) (Figure 5-3). Positive and negative monopoles refer to one half of a 
dipolar perturbation, and usually indicate an isolated magnetic source located some distance 
from the sensor. Monopoles produce either a positive or negative deflection from the ambient 
magnetic field.  The polar signature depends on whether the positive or negative pole of the 
object is oriented toward the magnetometer sensor. Dipolar signatures display both a rise and a 
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fall from the ambient field, and they are generally associated with single source anomalies 
located directly under the magnetic sensor.  Multi-component magnetic perturbations represent 
several, randomly scattered ferrous objects with different magnetic orientations. Anomalies with 
these signatures are likely associated with man-made objects, possibly shipwrecks. The last two 
criteria are the location of the anomaly center, and the distribution and patterning of anomalies 
within the survey area.  

Side scan sonar data were used to image the sea floor or river bed, to locate and identify 
culturally significant materials, and to map the geomorphic and bathymetric anomalies within 
each survey area. A sub bottom profiler was used to detect buried structures or geomorphic 
features, such as buried relict channels, shell middens, shipwrecks, or buried cables and 
pipelines.  

Data acquired from these instruments were first evaluated separately, and then as an integrated 
data set. Potential cultural targets are often comprised of related magnetic and acoustic anomaly 
groups. Targets are identified as significant if the various anomaly groups reflect parameters 
established for shipwrecks and other significant cultural features. 

The survey array used for the WFF SRIPP survey consisted of the following: a Differential 
Global Positioning System (DGPS), a cesium vapor marine magnetometer, side scan sonar, a 
continuous transmission FM chirp sub bottom profiler, and an echo sounder (Plates 5-1 and 5-2). 
Hydrographic and navigational controls were achieved by the use of Hypack’s® survey software.  

5.2.2.1 Positioning 
A Hemisphere Crescent R130 DGPS with inertial navigation corrections (for up to 45 minutes 
after loss of signal) was used for this survey. The Hemisphere system transmits information in 
NMEA 0183 code to a computer navigation system using the Hypack® 2009a survey software. 
The Hypack® software incorporates the NMEA 0183 data string and displays vessel position on 
a computer screen relative to pre-programmed track lines and each instrument sensor. It also 
performs instantaneous data translations between various geodetic projections, which combine 
all incoming data with accurate positions for seamless data integration and post acquisition 
processing. Navigation files within Hypack® 2009a can be utilized to produce track line maps 
and derive X, Y, and Z data sets for analysis and contour plotting. Positioning control points 
were obtained every 30.5 meters (100 feet) along survey transects. The Hemisphere Crescent 130 
DGPS is considered to be accurate to within 20.3 centimeters (8 inches) Root Mean Square 
(RMS) values under optimal conditions. 

5.2.2.2 Magnetometer 
A Geometrics G882 marine magnetometer was used for the magnetic survey. The G882 
magnetometer is a 0.01 nT (RMS) sensitivity cesium magnetometer that is linked to Hypack® 
2009a, which enables precise, real-time positions for recorded magnetic data. Survey was 
terminated if induced magnetic background noise exceeded +/-3 nanoTesla (nT). The 
magnetometer sensor was towed a sufficient distance from the transom of the survey vessel to 
avoid magnetic interference from the propulsion and electrical systems.  

5.2.2.3 Side Scan Sonar    
A MarineSonic 600 kHz side scan sonar system was used to collect acoustic data for this survey. 
The 600 kHz system produces high resolution images with moderate ranges of a few hundred 
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feet. Navigation fixes are imbedded with the acoustic data in real time, which allows images to 
be geo-referenced and side scan mosaics created for analysis. 

5.2.2.4 Sub Bottom Profiler 
A Benthos Chirp III sub bottom profiler was used to record sediment structure and any cultural 
material deposited beneath sediments. The Benthos system uses a continuously transmitted 
acoustic pulse that begins at 2 kHz and continues to a maximum of 20 kHz. This swept 
frequency can image sediment structure with up to 2 centimeters (0.78inches) resolution. The 
DGPS system feeds positioning data to the sub bottom profiler receiver and is used to control 
recording speed and data point position. 

5.2.2.5 Echo Sounder    
An ODEM Hydrotrac digital echo sounder was used to record bathymetric data for each survey 
transect. Hypack® 2009a recorded the position and bottom depth every tenth of a second and 
corrected for transducer layback and offset values. The bathymetric data is used to better 
understand the geomorphology of the survey area and how that affects the distribution of 
magnetic and acoustic anomalies, as well as to delineate any features sitting above the sediment 
surface.  

5.2.2.6 Data Collection and Position Control  
Hypack® 2009a survey software was used for survey planning and data collection. Once the 
survey was designed and track lines planned, Hypack® survey module was used to establish 
survey control and data collection and correction. While surveying, the planned transects were 
projected onto the navigation screen and the data being collected, which permits “real time” 
quality control and field data logging of anomalous data.  

All remote sensing data were correlated with DGPS positioning data and time through Hypack® 
2009a. Positions for all data were then adjusted for sensor layback and offsets. Positioning was 
recorded using Virginia State Plane North, US Survey foot, referencing the North American 
Datum of 1983 (NAD-83), and US survey feet were the units of measure.  
 

5.2.3 Marine Data Analysis 
Magnetic and acoustic data were reviewed for anomalies during data collection, and those data 
were reviewed again during post-processing using Hypack® data review module, Chesapeake 
Technology’s SonarWiz.Map® 4.04, and Golden Software’s Surfer® (Version 8). These 
computer programs were used to assess the duration, amplitude, and complexity of individual 
magnetic disturbances, and to review side scan sonar (SSS) and sub bottom profiler (SBP) data 
for anomalies. The software was also used to plot anomaly positions within the project area to 
better understand their spatial distribution and association with other anomalies.  

Nautical archaeologists maintained field notes on the locations of modern sources of ferrous 
material, such as pipeline and cable corridors as well as fishing grounds and charted shipwrecks 
that would have altered regional magnetic field readings. Magnetic perturbations of 3 nT or 
greater with durations greater than 3 meters (10 feet) were cataloged for further analysis. 
Acoustic imaging was reviewed for anomalous returns that could be associated with significant 
submerged cultural resources. SBP data were reviewed for buried shipwrecks, submerged 
prehistoric features, and relict landforms that have potential to contain intact prehistoric deposits. 
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All data sets were cross-checked for relevant correlations. Anomalies in clear association were 
identified as targets and underwent further analysis.   The presence of known shipwrecks in the 
vicinity of Blackfish Bank suggested that the area has a moderate potential for containing 
shipwrecks and other maritime cultural resources.  

 

5.3 EXPECTED RESULTS 
Research and analysis presented in Sections Two through Four suggested that there was a 
moderate probability to encounter historic shipwrecks or other historic maritime cultural 
materials, and a very low potential to encounter buried prehistoric sites.  It was also anticipated 
that the actual results of the survey represent modern fishing and trawling activities that 
constantly take place on or near the sand borrow areas.  Acoustic, magnetic, sub bottom profiler 
anomalies were anticipated to depict debris associated with modern fishing activities, such as 
anchors, cables, chains, and trawls.  The survey array was also expected to detect debris 
deposited by recent storm events, such as saturated logs and dock and pier construction elements.  
The majority of vessel traffic in the region has taken place over the last 75 to 100 years and 
shipwrecks encountered within the project area would likely be fishing or recreational craft lost 
during those decades. 
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6.0 RESULTS OF ARCHAEOLOGICAL INVESTIGATIONS 
Magnetic and acoustic (side scan sonar, sub bottom profiler, and echo sounder bathymetric) data 
were reviewed during data collection for anomalies, and reviewed a second time during post-
processing efforts using the Hypack® (version 2009a) data review module and Golden 
Software’s Surfer® (Version 8).  These software programs were used to assess the duration, 
amplitude, and complexity of individual magnetic disturbances, and to plot the positions of these 
anomalies within the survey areas to better understand spatial patterning and their association 
with acoustic and bathymetric anomalies.  

Archaeologists maintained field notes on the locations of modern sources of ferrous material 
such as underwater cables, pipelines, and discarded or lost fishing equipment (clamming and 
crab trawls, anchors, or other jettisoned debris).  Any magnetic perturbation of 3 nT or greater, 
with durations longer than 6.1 meters (20 feet), was cataloged for further analysis.  Acoustic 
imaging data were reviewed for anomalous returns that could be associated with significant 
submerged cultural resources.  Acoustic images and magnetic contouring were checked against 
bathymetric data for potential correlation.  

 

6.1 SURVEY RESULTS 
The project consists of two survey blocks, Block One and Block Two, that each measure 
approximately 5 square kilometers (2 square miles ).  They are located northeast of Chincoteague 
Inlet in the vicinity of Blackfish Bank in U.S. waters (Figure 1-1 and 1-2). Both areas are 
regularly transited by commercial fishing vessels, barges, sport and charter fishing boats.  Large 
commercial trawling vessels (clam and crab d raggers) and sport fishing boats were seen on and 
near the survey blocks during the survey, but moved to other areas once survey operations began.  
A total of 28 magnetic anomalies (Table 6-1) and 30 acoustic anomalies (Table 6-2) were 
recorded during the survey of Blocks One and Two.  Each anomaly was assigned a number 
preceded by A (acoustic anomaly) or M (magnetic anomaly).    

 

6.2 BLOCK ONE 
Block One measures approximately 4,664 meters (15,300 feet) by 1,341 meters (4,400 feet), or 
1,545.6 acres.  It was divided into 80 transects spaced at 15.2 meter (50 foot) intervals, which 
yielded 348,953.63 linear survey meters (1,144,861 feet) or 348.9 linear survey kilometers 
(216.8 miles).  This area is centered upon an unnamed sand shoal that ranges in depth between 
7.62 meters (25 feet) and 20.4 meters (67 feet) (Figures 1-2 and 5-1).  Block One contained 24 
magnetic anomalies and 18 side scan sonar anomalies, which account for 85.7 percent of the 
total magnetic perturbations, and 64.3 percent of the total acoustic anomalies (Figure 6-1).  A 
total of five target clusters were identified from these anomalies in Block One; these are 
discussed in detail below (Table 6-3, Figure 6-1).   
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Table 6-1. Magnetic Anomalies 

Anomaly      
# Block # Line # 

Virginia State 
Plane S, US Srv Ft                                  

X     (Center) 

Virginia State 
Plane S, US Srv Ft                                  

Y     (Center) 

Latitude                           
(Degree Min 

Dec Sec 
NAD83) 

Longitude                          
(Degree Min 

Dec Sec 
NAD83) 

Amplitude            
(nT) Sign Duration                     

(ft) 
Height of 
Sensor           

(ft) 

Ferrous 
Mass 
(lbs)  

Dipole 

Ferrous 
Mass (lbs)     
Monopole 

M1 2 44 12459112.95 3856689.81 37.86688595 75.11767794 30 +M 110 20 249.2 12.5 

M2 2 50 12458563.47 3855950.805 37.86491188 75.1196718 10 D 136 17 51.0 3.0 

M3 2 54 12458259.81 3855505.385 37.86371932 75.12077821 3 D 130 17 16.0 0.9 

M4 2 62 12457063.76 3854211.194 37.86028502 75.1250788 10 D 38 15 35.9 2.4 

M5 1 59 12434102.92 3848914.341 37.84797506 75.2052012 12 D 153 15 42.4 2.8 

M6 1 58 12436133.56 3850807.515 37.85297605 75.19794374 3 D 192 15 10.4 0.7 

M7 1 51 12432532.81 3848032.923 37.84570634 75.21074181 14 D 155 12 25.5 2.1 

M8 1 51 12436870.81 3851934.793 37.855999 75.19525526 4 D 177 12 7.2 0.6 

M9 1 50 12436792.32 3851926.231 37.85598305 75.19552799 5 M- 101 12 9.5 0.8 

M10 1 50 12432691.1 3848249.244 37.84628489 75.21016787 4 D 808 8 2.1 0.3 

M11 1 45 12430051.54 3846203.226 37.84092178 75.21954959 17 D 139 15 59.2 3.9 

M12 1 46 12438055.09 3853335.923 37.85973046 75.1909859 2 M- 143 25 32.3 1.3 

M13 1 46 12432988.33 3848796.139 37.8477574 75.20907315 3 D 722 20 28.9 1.4 

M14 1 46 12430033.47 3846133.658 37.84073258 75.21962049 4 D 311 20 31.3 1.6 

M15 1 47 12432728.31 3848471.545 37.84689143 75.21001226 4 D 333 20 34.0 1.7 

M16 1 42 12436094.73 3851850.277 37.85584161 75.19795185 3 M- 296 25 46.7 1.9 

M17 1 42 12431368.87 3847587.257 37.84459449 75.21482388 3 M- 96 20 24.3 1.2 

M19 1 39 12435347.21 3851369.413 37.85459365 75.20059753 3 M+ 355 20 22.1 1.1 

M20 1 37 12429231.17 3846005.345 37.84045693 75.22241248 6 D 124 15 22.0 1.5 

M21 1 36 12429137.53 3845982.409 37.84040291 75.22273931 6 D 110 15 21.0 1.4 

M22 1 35 12435795.04 3852041.344 37.85639477 75.19896607 4 D 655 15 13.7 0.9 

M23 1 32 12432918.68 3849665.319 37.85014952 75.2092093 20 D 230 18 118.2 6.6 

M24 1 31 12432908.65 3849725.236 37.85031493 75.20923679 57 D 149 20 474.4 23.7 

M25 1 24 12432854.9 3850127.046 37.85142283 75.20937433 21 D 109 20 171.6 8.6 



SECTION Six Results of Archaeological Investigations 

 6-3 

 

Anomaly      
# Block # Line # 

Virginia State 
Plane S, US Srv Ft                                  

X     (Center) 

Virginia State 
Plane S, US Srv Ft          

Y     (Center) 

Latitude                           
(Degree Min 

Dec Sec 
NAD83) 

Longitude                          
(Degree Min 

Dec Sec 
NAD83) 

Amplitude            
(nT) Sign Duration                     

(ft) 

Height of 
Sensor           

(ft) 

Ferrous 
Mass 
(lbs)  

Dipole 

Ferrous 
Mass (lbs)     
Monopole 

M26 1 15 12435718.04 3853319.502 37.85991004 75.19907784 5 D 226 24 69.5 2.9 

M27 1 14 12434212.06 3852023.991 37.85649899 75.20444759 5 D 194 25 74.0 3.0 

M28 1 14 12438094.13 3855518.353 37.86571631 75.19058581 5 D 543 25 74.3 3.0 

M29 1 33 12429808.24 3846792.861 37.84256325 75.22032067 3 D 405 18 19.6 1.1 
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Table 6-2. Acoustic Anomalies 

Anomaly 
Number Block/ Line 

Magnetic 
Association 

Dimensions           
L x W x H           

(Ft) 
Shape 

Latitude                  
NAD 83 

Coordinates               
(in decimal 

degrees) 

Longitude                
NAD 83 

Coordinates             
(in decimal 

degrees) 

Minimum 
Avoidance 
Distance 

(Ft) 

Identification 
Anomaly 
Number Block/ Line 

Magnetic 
Association 

A1 B1L7 
No 

Association 
24ft x 12ft x 

3ft 
Amorphous 37 51.5671 75 12.1455 NA Debris Field A1 B1L7 No Association 

A2 B1L10(06) 
No 

Association 

2ft x 3ft x 1 
ft        (2 
Pieces) 

Roughly Circular 37 50.9082 75 13.0137 NA 
2 Pieces of 

Debris 
A2 B1L10(06) No Association 

A3 B1L10(18) 
No 

Association 
52ft x 27ft x 

2ft 
Amorphous 37 51.7131 75 11.8008 NA Debris Field A3 B1L10(18) No Association 

A4 B1L14(01) 
No 

Association 
1ft x 1ft x 2ft        

(2 Pieces) Linear 37 50.5139 75 13.5527 NA 

Two linear 
objects 

protruding 
from sea floor 

A4 B1L14(01) No Association 

A5 B1L15(17) 
No 

Association 
4.5ft x 4.5ft 

x 2ft 
Circular 37 51.0286 75 12.8350 NA Debris A5 B1L15(17) No Association 

A6 B1L17(00) 
No 

Association 
3ft x 2ft x 1 

ft 
Oblong 37 50.4863 75 13.5659 NA Debris A6 B1L17(00) No Association 

A7 B1L19(05) 
No 

Association 
16ft x .5ft x 

1.5 ft 
Linear 37 50.7925 75 13.047 NA Pipe Fragment A7 B1L19(05) No Association 

A8 B1L23(04) 
No 

Association 
14.5ft x .5ft 

x 2ft 
Linear 37 50.6855 75 13.1465 NA Pipe Fragment A8 B1L23(04) No Association 

A9 B1L44(20) 
No 

Association 
2.5ft x 2.5ft 

x 1 ft 
Circular 37 50.6199 75 12.9780 NA Possible Tire A9 B1L44(20) No Association 

A10 B1L50(19) 
No 

Association 
9ft x 9ft x 2ft Circular 37 50.610 75 12.8110 NA Encrusted Ring A10 B1L50(19) No Association 

A11 B1L59(50) 
No 

Association 
1ft x 1ft x 2ft Linear 37 51.8257 75 10.9561 NA 

Linear object 
protruding 

from sea floor 
A11 B1L59(50) No Association 

A12 B1L59(69) 
No 

Association 
13ft x .6ft x 

3ft Linear 37 50.5486 75 12.8687 NA 
Linear object 
protruding 

from sea floor 
A12 B1L59(69) No Association 
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Anomaly 
Number Block/ Line 

Magnetic 
Association 

Dimensions           
L x W x H           

(Ft) 
Shape 

Latitude                  
NAD 83 

Coordinates               
(in decimal 

degrees) 

Longitude                
NAD 83 

Coordinates             
(in decimal 

degrees) 

Minimum 
Avoidance 
Distance 

(Ft) 

Identification 
Anomaly 
Number Block/ Line 

Magnetic 
Association 

A13 B1L59(153) 
No 

Association 
.5ft x .5ft x 

2ft 
Linear 37 51.4231 75 11.6128 NA 

Linear object 
protruding 

from sea floor 
A13 B1L59(153) No Association 

A14 B1L60(05) 
No 

Association 
11.2ft x 2ft x 

1.5 ft 
Linear 37 50.4917 75 12.8325 NA 

Linear object 
on sea floor 

A14 B1L60(05) No Association 

A15 B1L61(13) 
No 

Association 
6.1ft x 6ft x 

1 ft 
Circular 37 50.9885 75 12.1519 NA 

Encrusted 
Debris 

A15 B1L61(13) No Association 

A16 B1L78(11) 
No 

Association 
20.5ft x 6ft x 

3ft 
Amorphous 37 50.9822 75 11.8848 NA Debris A16 B1L78(11) No Association 

A17 B1L78(15) 
No 

Association 
17.1ft x 3ft x 

1 ft 
Amorphous 37 50.7378 75 12.2568 NA Debris A17 B1L78(15) No Association 

A18 B1L75(48) 
No 

Association 
10ft x .5ft x 

2ft Linear 37 51.5405 75 11.0098 NA 
Linear object 
protruding 

from sea floor 
A18 B1L75(48) No Association 

A19 B2L4(04) 
No 

Association 
13.5ft x 13ft 

x 2ft 
Amorphous 37 52.5942 75 06.6265 NA Clam Dredge A19 B2L4(04) No Association 

A20 B2L6(14) 
No 

Association 
6ft x 6ft x 1 

ft 
Circular 37 52.1309 75 07.5112 NA 

Encrusted 
Debris 

A20 B2L6(14) No Association 

A21 B2L12(040 
No 

Association 
25ft x 1.5ft x 

1ft 
Linear 37 52.6790 75 06.4004 NA 

Possible Cable 
Section 

A21 B2L12(040 No Association 

A22 B2A22 
No 

Association 
15ft x 13ft x 

2ft 
Amorphous 37 52.0923 75 07.4873 NA 

Possible Clam 
Dredge 

A22 B2A22 No Association 

A23 B2L36(20) 
No 

Association 
4ft x 1ft x 1ft Linear 37 51.6208 75 07.9707 NA Debris A23 B2L36(20) No Association 

A24 B2L39(00) 
No 

Association 
9ft x 6ft x 2ft Amorphous 37 52.6882 75 05.8325 NA Debris A24 B2L39(00) No Association 

A25 B2L40(01) 
No 

Association 
2.33ft x 1ft x 

2ft 
Linear 37 52.7129 75 05.7803 NA Debris A25 B2L40(01) No Association 

A26 B2L49(06) 
No 

Association 
1.67ft x .5ft 

x 1.5ft 
Linear 37 52.4089 75 06.3760 NA Debris A26 B2L49(06) No Association 
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Anomaly 
Number Block/ Line 

Magnetic 
Association 

Dimensions           
L x W x H           

(Ft) 
Shape 

Latitude                  
NAD 83 

Coordinates               
(in decimal 

degrees) 

Longitude                
NAD 83 

Coordinates             
(in decimal 

degrees) 

Minimum 
Avoidance 
Distance 

(Ft) 

Identification 
Anomaly 
Number Block/ Line 

Magnetic 
Association 

A27 B2L42(02) 
No 

Association 
2.33ft x 1ft x 

2ft 
Linear 37 52.6582 75 05.8438 NA Debris A27 B2L42(02) No Association 

A28 B2L44(03) 
No 

Association 
2.6ft x 1ft x 

2ft 
Linear 37 52.5747 75 05.9619 NA Debris A28 B2L44(03) No Association 

A29 B2L45(18) 
No 

Association 
87ft x 27ft x 

2ft 
Amorphous 37 52.4946 75 06.0278 NA Biological A29 B2L45(18) No Association 

A30 L46 
No 

Association 
 Amorphous 37 52.0310 75 06.5884 NA Debris A30 L46 No Association 
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Table 6-3. Identified Targets within the WFF Offshore Sand Borrow Survey Project 

Target No. Magnetic Anomalies Associated with 
Each Target 

Associated Acoustic 
Anomalies 

T1 M23, M24 N/A 

T2 M7, M10, M13, M15 N/A 

T3 M20, M21 N/A 

T4 M11, M14 N/A 

T5 M8, M9 N/A 

 

6.2.1 Block One Target Descriptions 
Each target cluster is comprised of associated acoustic or magnetic anomalies, or combinations 
of both.  These data were grouped based on proximity, spatial patterning, and magnetic 
signature, amplitude, or duration.   Each target was assigned the prefix T to aid in plotting and 
differentiation. 

6.2.1.1 Target 1   
Target 1 is comprised of magnetic perturbations M23 and M24.  Anomaly M23 is a dipolar 
anomaly with a low amplitude of 20 nT, a long duration of 70.1 meters (230 feet), and a 
calculated ferrous mass of approximately 53.5 kilograms (118 pounds) with the height of sensor 
at 5.5 meters (18 feet) off the bottom (Tables 6-1 and 6-3, Figure 6-1).  Anomaly M24 is a 
dipolar anomaly with a medium amplitude of 57nT, a medium duration of 44.8 meters (147 feet), 
and an estimated ferrous mass calculated to be 215 kilograms (474 pounds) with the height of 
sensor at 6.1 meters (20 feet) off the bottom.  The data was reviewed for magnetic pattern 
analysis and magnetic contouring (Figure 6-2).  

Analysis indicates that this anomaly consists of a single large ferrous mass with material 
extending onto an adjoining survey line.  It likely represents lost trawling equipment or other 
ground tackle.  Target One is located on a bathymetric rise where trawlers run parallel to the long 
axis of the sand feature.  It is common for fishermen to lose, or “hang”, trawling equipment if 
they are unaware of abruptly changing bathymetry and moving too fast.  

Acoustic data recorded in the vicinity of Target 1 does not reveal any anomalous acoustic 
images.  The lack of side scan sonar correlates and the simple magnetic signatures of the 
anomalies indicate that Target 1 is likely buried ferrous debris associated with lost commercial 
fishing gear or ground tackle.  No avoidance or further work is recommended for Target 1. 

6.2.1.2 Target 2 
Target 2 is composed of magnetic perturbations M7, M10, M13, and M15 (Tables 6-1 and 6-3, 
Figure 6-1).  Anomaly M7 is a dipole with a medium duration of 47.5 meters (156 feet), a low 
amplitude of 14 nT, and an calculated ferrous mass of 11.3 kilograms (25 pounds).  Anomaly 
M10 is a dipolar anomaly with a low amplitude of 4 nT, a long duration of 246.3 meters (808 
feet), and a calculated ferrous mass of 0.9 kilograms (2.1 pounds).  Anomaly M 13 is a dipole 
with a low amplitude of 3 nT, a long duration of 220 meters (722 feet), and a calculated ferrous 
mass of 12.7 kilograms (28 pounds).  Anomaly M 15 is a dipole with a long duration of 101.5 
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meters (333 feet), a low amplitude of 4 nT, and a calculated ferrous mass of 15.4 kilograms (34 
pounds).  The data was reviewed for magnetic pattern analysis and magnetic contouring (Figure 
6-3). The dipolar signature of all perturbations indicates that the magnetic sensor passed directly 
over or just next to the detected ferrous mass.  Magnetic analysis indicates that Target 2 is a 
simple isolated ferrous object, such as a section of wire rope or cable that has drifted along the 
margin of the sand rise in Block One.  Sudden changes in the aspect ratio of the magnetic sensor 
to the seafloor (i.e. depth changes), will create a low amplitude deflection along the region of 
bathymetric change in areas that are magnetically inert.  The acoustic data recorded in the 
vicinity of Target 2 shows a featureless surface adjacent to a drop off of the sand ridge.  Target 2 
does not represent a significant submerged cultural resource and no further avoidance or work is 
recommended.   

6.2.1.3 Target 3 
Target 3 is comprised of magnetic anomalies M20 and M21 (Tables 6-1 and 6-3, Figure 6-1).  
Anomaly M20 is a dipolar anomaly with a low amplitude deflection of 6 nT, a medium duration 
of 37.8 meters (124 feet), and a calculated ferrous mass of 10 kilograms (22 pounds).  Anomaly 
M21 is a dipole with a low amplitude deflection of 6 nT, a medium duration of 33.5 meters (110 
feet), and a calculated ferrous mass of 9.5 kilograms (21 pounds).  The data were reviewed for 
magnetic pattern analysis and magnetic contouring (Figure 6-4). The magnetic analysis of this 
Target 3 indicates that it is a simple dipolar anomaly that lacks the complexities associated with 
submerged cultural resources.  This target, much like Target 2, is probably a section of wire rope 
or chain lost or discarded by fishing vessels. It could also represent sudden changes in the aspect 
ratio between the magnetic sensor and the seafloor.  Acoustic data recorded in this vicinity does 
not show any anomalous surface features.  Target 3 is clearly not associated with any significant 
cultural resource; no further work is recommended. 

6.2.1.4 Target 4 
Target 4 consists of magnetic anomalies M11 and M14 (Tables 6-1 and 6-3, Figure 6-1).  
Anomaly M11 is a dipolar perturbation with a low amplitude deflection of 17 nT, a medium 
duration of 58.8 meters (139 feet), and a calculated ferrous mass of 26.8 kilograms (59 pounds).  
Anomaly M14 is a dipolar anomaly that has a low magnetic deflection of 4 nT, a long duration 
of 94.8 meters (311 feet), and a calculated ferrous mass of 14.4 kilograms (31 pounds).  The data 
was reviewed for magnetic pattern analysis and magnetic contouring (Figure 6-5). Acoustic data 
recorded in this area shows a seafloor covered in shallow sand waves and deep trawl scarring.  
Analysis of this target indicates that it has a simple magnetic pattern indicative of a lost modern 
anchor and chain, and not a significant cultural resource.  No further avoidance or work is 
recommended for Target 4. 

6.2.1.5 Target 5 
Target 5 consists of magnetic anomalies M8 and M9 (Tables 6-1 and 6-3, Figure 6-1).  Anomaly 
M8 is a dipolar perturbation with a low magnetic deflection of 4 nT, a medium duration of 53.9 
meters (177 feet), and a calculated ferrous mass of 3.6 kilograms (8 pounds).  Anomaly M 9 is 
also a simple dipolar anomaly with a low magnetic deflection of 5 nT, a long duration of 30.5 
meters (100 feet), and a calculated ferrous mass of 3.6 kilograms (8 pounds).  Data was reviewed 
for magnetic pattern analysis and magnetic contouring (Figure 6-6). Side Scan Sonar did not 
record any anomalous surface features in this area other than low amplitude sand waves.  
Analysis of Target 5 indicates that anomalies M8 and M9 likely represent isolated ferrous 
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material lost or jettisoned from sport or commercial fishing vessels.  Target 5 lacks the 
characteristics of a sunken ship or other significant submerged cultural resource.  No further 
avoidance or work is recommended for Target 5. 

6.2.1.6 Sub Bottom Profiler 
Sub bottom data recorded in Block One did not reveal any buried cultural resources.  Transect 1 
(B1L01) shows approximately 20- t (6.1 m) of penetration with minor bedded sands and no other 
structure (Figure 6-7).  Transects 20 and 40 also depict comparably bedded sands with no other 
structure (Figures 6-8 and 6-9).  No structures or geomorphic features likely to be associated 
with buried maritime cultural resources or prehistoric habitation or activity sites were recorded in 
Block One. 

 

6.3 BLOCK TWO 
Block Two is located 3.6 kilometers (2.25 miles) to the northeast of Block One, and measures 
approximately 4,055 meters (13,300 feet) by 1,220 meters (4,000 feet), or 1,221.4 acres.  It was 
divided into 84 transect lines spaced at 15.2 meter (50 foot) intervals, which yields 318,339.5 
linear survey meters (1,044,421 feet), or 318.3 linear survey kilometers (197.8 miles).   (Figures 
1-2 and 5-2).  Block Two contained 12 side scan sonar anomalies and four magnetic anomalies, 
which account for 14.3 percent of the total magnetic perturbations and 35.7 percent of the total 
acoustic anomalies (Tables 6-1 and 6-2, Figure 6-10).  No target clusters were identified from the 
anomalies in Block 2. 

Acoustic and magnetic anomalies recorded in Block Two represent debris jettisoned from 
passing vessels or deposited by storm events.  Objects include possible tires, logs, wire rope, 
chain, and pipe sections.  Acoustic anomalies A19 and A22 in Block Two are thought to be the 
remains of clam dredges that have been snagged and pulled apart (Table 6-2).  These clam 
dredges appear modern in design, and given the amount of clam draggers operation in the local 
area (Plate 6-1), it is not surprising that there are remains of both clam and crab trawls lost on 
these submerged sand platforms.   

6.3.2 Sub Bottom Profiler 
Sub Bottom Profiler data from Block Two was similar to Block One.  Approximately 4.6 meters 
(15 feet) of penetration was achieved with comparable resolution.  A good example of this is 
seen on Line B2L02, where penetration reaches approximately 4.6 meters (15 feet) into 
sediments.  The acoustic signal is attenuated after this depth, and only AC interference and 
surface reflections (duplet) are recorded (Figure 6-11).  No structures or geomorphic features 
likely to be associated with buried maritime cultural resources or prehistoric habitation or 
activity sites were recorded in Block Two. 

 

6.4 DISCUSSION 
The magnetic and acoustic anomaly distribution numbers in Blocks One and Two are heavily 
skewed toward Block One (85.7 percent of the total magnetic perturbations, and 64.3 percent of 
the total acoustic anomalies).  The proximity of Blackfish Bank to Block One may indicate that 
some anomalies represent loss or trash originally discarded on or near that submerged landform 
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and the heavily fished artificial reef that was created there.  These objects would have then 
slowly migrated and hung up on the sand shoals of Block One and later Block Two.  This theory 
is supported by the fact that there are far fewer anomalies in Block Two, which lies over two mi 
(3.2 km) from Block One.  The greater the distance from the more commonly trafficked and 
fished banks, the lower the number of recorded ferrous materials and acoustic anomalies.   

Sub bottom profiler data indicated that subsurface sediment patterns varied little between Blocks 
One and Two.  Weak bedding within sediments in these areas is indicative of a homogenous 
sediment package created by preferential grain sorting that resulted from normal currents and 
wave action, and more dramatic storm events.  This homogeneity, as stated in Section Four, has 
resulted from preferential grain sorting that has taken place since the most recent sea level rise.  
This sorting has reduced to almost nothing the potential for these sand features have to contain 
intact maritime cultural resources and prehistoric features. 
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7.0 SUMMARY AND RECOMMENDATIONS 
This chapter offers recommendations for the cultural resources survey of two proposed sand 
borrow sites, Unnamed Shoal A and Unnamed Shoal B, located northeast of Chincoteague Inlet 
in the vicinity of Blackfish Bank in U.S. waters (Figures 1-1 and 1-2).  This survey was 
undertaken as a part of the proposed NASA WFF SRIPP, Wallops Island, Virginia.  

Comprehensive analysis of survey data was conducted using criteria that included magnetic 
complexity, amplitude, duration, and contouring, along with the spatial patterning of all 
anomalies.  Analysis included review of all side scan sonar and sub bottom profiler data to 
identify any structures or geomorphic features associated with submerged historic cultural 
materials and prehistoric habitation or activity sites.   

A total of 28 magnetic anomalies (Table 6-1) and 30 acoustic anomalies (Table 6-2) were 
recorded during the survey of Block One (Unnamed Shoal A) and Block Two (Unnamed Shoal 
B).  Block One contained 18 side scan sonar anomalies and 24 magnetic anomalies, which 
yielded five target clusters for further analysis (Tables 6-1, 6-2, and 6-3, Figure 6-1).  Block Two 
contained 12 side scan sonar anomalies, four magnetic anomalies, and no target clusters (Tables 
6-1 and 6-2, Figure 6-10).  A total of 85.7 percent of the recorded magnetic anomalies were 
found in Block One, while only 14.3 percent were located within Block Two.  The distribution of 
acoustic anomalies followed a similar pattern, in that 64.3 percent of acoustic anomalies were 
located in Block One, and the remaining 35.7 percent were found in Block Two (Figures 6-1 and 
6-7).   

Sub bottom profiler data analysis for Blocks One and Two indicated that these sand features 
have relatively poor bedding, which indicates that the sands are homogenous in nature.  This 
sediment homogeneity has likely resulted from long term preferential grain size sorting by 
current, wave action, and large storm events. 

Overall, the greatest the amount of material was detected in Block One, which is located closer 
to Blackfish Bank and the adjacent fish haven.  The acoustic and magnetic signatures from the 
five targets and isolated anomalies are consistent with modern debris that originated from two 
sources.  The first source was sport and commercial fishermen, who often lose anchors, chains, 
wire rope sections, trawls, and general flotsam in areas they frequent.  The second source is 
barges, which have transported and dropped a variety of ferrous debris intended as structure for 
fish haven locations near Blackfish  Bank (Figure 1-2).  Data analysis, when coupled with the 
fishing that takes place on or near the survey areas, indicated that none of the detected anomalies 
have potential to represent significant submerged cultural resources.  No further avoidance or 
work is recommended for the isolated anomalies or five target clusters identified in Blocks One 
and Two. 

7.1 UNANTICIPATED DISCOVERY 
 
While it is unlikely that any cultural material will be discovered during dredging operations, an 
unanticipated discovery of archaeological resources would result in the immediate cessation of 
operations within 1,000 feet of the area of the discovery.  NASA is then required to report said 
discovery to the Regional Supervisor, Leasing and Environment, Gulf of Mexico Region within 
72 hours of discovery.  The Regional Supervisor would then inform NASA as to how to proceed. 
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7.1.1 MMS Project Review 
AS part of the MMS review of the proposed offshore sand borrows, all of the required data was 
provided to MMS for review as promulgated in NTL No. 2005-G07.  Two large digital geo-tifs 
were provided to the MMS reviewers and were not reproduced for this report due to the size of 
the high resolution acoustic images (100 gigabytes each).  Since the MMS is a cooperating 
agency with NASA in regards to this project, MMS reviewed the draft report and has concurred 
with the findings of the report, and stated that archaeological mitigation is not required for this 
project (Dirk Herkhof [Meteorologist-MMS], Email to Joshua A. Bundick [Lead, Environmental 
Planning- NASA Wallops Flight Facility], December 15, 2009, 16:13). 
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Side Scan Sonar Anomalies

Anomaly
Number

Block/
Line

Dimensions
L x W x H

(Ft)
Image

A1 B1L7 24ft x 12ft x 3ft

A2 B1L10(06)
2ft x 3ft x 1 ft

(2 Pieces)



Anomaly
Number

Block/
Line

Dimensions
L x W x H

(Ft)
Image

A3 B1L10(18) 52ft x 27ft x 2ft

A4 B1L14(01)
1ft x 1ft x 2ft

(2 Pieces)



Anomaly
Number

Block/
Line

Dimensions
L x W x H

(Ft)
Image

A5 B1L15(17)
4.5ft x 4.5ft x

2ft

A6 B1L17(00) 3ft x 2ft x 1 ft



Anomaly
Number

Block/
Line

Dimensions
L x W x H

(Ft)
Image

A7 B1L19(05)
16ft x .5ft x 1.5

ft

A8 B1L23(04)
14.5ft x .5ft x

2ft



Anomaly
Number

Block/
Line

Dimensions
L x W x H

(Ft)
Image

A9 B1L44(20)
2.5ft x 2.5ft x 1

ft

A10 B1L50(19) 9ft x 9ft x 2ft



Anomaly
Number

Block/
Line

Dimensions
L x W x H

(Ft)
Image

A11 B1L59(50) 1ft x 1ft x 2ft

A12 B1L59(69) 13ft x .6ft x 3ft



Anomaly
Number

Block/
Line

Dimensions
L x W x H

(Ft)
Image

A13 B1L59(153) .5ft x .5ft x 2ft

A14 B1L60(05)
11.2ft x 2ft x

1.5 ft



Anomaly
Number

Block/
Line

Dimensions
L x W x H

(Ft)
Image

A15 B1L61(13) 6.1ft x 6ft x 1 ft

A16 B1L78(11)
20.5ft x 6ft x

3ft



Anomaly
Number

Block/
Line

Dimensions
L x W x H

(Ft)
Image

A17 B1L78(15)
17.1ft x 3ft x 1

ft

A18 B1L75(48) 10ft x .5ft x 2ft



Anomaly
Number

Block/
Line

Dimensions
L x W x H

(Ft)
Image

A19 B2L4(04)
13.5ft x 13ft x

2ft

A20 B2L6(14) 6ft x 6ft x 1 ft



Anomaly
Number

Block/
Line

Dimensions
L x W x H

(Ft)
Image

A21 B2L12(040
25ft x 1.5ft x

1ft

A22 B2A22 15ft x 13ft x 2ft



Anomaly
Number

Block/
Line

Dimensions
L x W x H

(Ft)
Image

A23 B2L36(20) 4ft x 1ft x 1ft

A24 B2L39(00) 9ft x 6ft x 2ft



Anomaly
Number

Block/
Line

Dimensions
L x W x H

(Ft)
Image

A25 B2L40(01)
2.33ft x 1ft x

2ft

A26 B2L49(06)
1.67ft x .5ft x

1.5ft



Anomaly
Number

Block/
Line

Dimensions
L x W x H

(Ft)
Image

A27 B2L42(02)
2.33ft x 1ft x

2ft

A28 B2L44(03) 2.6ft x 1ft x 2ft



Anomaly
Number

Block/
Line

Dimensions
L x W x H

(Ft)
Image

A29 B2L45(18) 87ft x 27ft x 2ft

A30 L46



Appendix B:

Qualifications of Investigators



Jean Bernard (J.B.) Pelletier has over 20 years experience in marine geophysics, nautical
archaeology, marine and terrestrial remote sensing, remotely operated vehicle operation and
maintenance, underwater photography and video, technical diving, and diving safety. He is URS’
Lead Nautical Archaeologist and Marine Remote Sensing Specialist. He exceeds the Secretary
of the Interior’s Professional Qualification Standards for Archaeology. Mr. Pelletier is an expert
in the use of side-scan sonar, sub bottom profilers, single-beam echo sounders, and marine
magnetometers and gradiometers. He also has extensive knowledge of Hypack Max software for
data collection and interpretation. He has served a wide array of Federal, State, and private
sector clients including the: USACE; U.S. Navy; MMS; National Oceanic and Atmospheric
Administration; Delaware, Rhode Island, Florida, and Maryland DoTs; Maryland Department of
Natural Resources; Maryland Port Authority; and BP. He received his M.A. in History and his
B.A. in Geological Sciences from the University of Maine.

Anthony Randolph has 15 years of experience in cultural resources management, and exceeds
the Secretary of Interior Standards for Archaeology (36CFR Part 61). Mr. Randolph has
extensive experience in the management and execution of archaeological investigations. He has
managed reconnaissance and investigations on prehistoric, historic and maritime sites throughout
the eastern United States, Caribbean, and Europe. He also has extensive experience as an
archaeological conservator through positions at Mariners Museum, and the government of
Portugal. He received his Masters Degree in Anthropology from Texas A&M University in
2003 and his Bachelor’s Degree in Neuroscience/Anthropology from the University of
Pittsburgh in 1993.

Bridget Johnson has a broad background in historic and archaeological research. She has
extensive experience in data collection and management for archaeological and historical
projects. Ms. Johnson has extensive experience conducting historic research on a variety of
topics and regions throughout the United States. Specialized experience includes the creation of
three dimensional models of archaeological sites both terrestrial and underwater, as well as the
management of archaeological collections. She received her Masters degree in Anthropology
from Texas A&M University in 2008 and her Bachelors degree in History and Archaeology from
St. Mary’s College of Maryland in 2006.
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ABSTRACT 
 
This report presents results of four cultural resource tasks at Wallops Flight Facility (WFF), in 
Accomack County Virginia as part of the National Aeronautics and Space Administration 
(NASA) Shoreline Restoration and Infrastructure Protection Program (SRIPP).  These tasks 
include a remote sensing survey of a proposed breakwater location, a scientific diving survey of 
a proposed groin location, a pedestrian survey of the Wallops Island shoreline, and the 
archaeological monitoring of geotextile tube installation on the same shoreline.  A total of 37.3 
hectares (92.1 acres) was evaluated during the four survey efforts.  It was undertaken to assist 
NASA with compliance with Section 106 of the National Historic Preservation Act of 1966, as 
amended; with the Abandoned Shipwreck Act of 1987; and with the National Environmental 
Policy Act (42 U.S.C. 4321 et seq.) of 1970.  These investigations and report were completed in 
accordance with Virginia Department of Historic Resources (VDHR) guidelines outlined in 
Guidelines for Archaeological Investigations in Virginia (1996), and with the Secretary of the 
Interior’s Standards and Guidelines for Archaeology and Historic Preservation (Federal Register 
48, No 190, 1983).  NASA has consulted with VDHR staff regarding these project efforts 
between 2006 and 2009. 
 
The primary objective of this study was to identify maritime related cultural resources, 
particularly submerged watercraft, and buried archaeological sites within the survey areas.  The 
archaeological predictive model presented in Cultural Resource Assessment of Wallops Flight 
Facility (Myers 2003) identified the potential to encounter prehistoric and historic sites on WFF 
(which was approved by VDHR in a letter dated December 3, 2003), including the Atlantic coast 
shoreline and near shore waters.  That report indicated that there was a moderate potential to 
encounter significant historic resources on this portion of WFF.  Cultural resources surveys were 
required as a result of this determination before construction actions could begin.  These actions 
include the construction of a new beach groin and breakwater, the installation of geotextile tube 
to arrest beach erosion, and the replenishment of beach sands lost to erosion.   
 
No significant cultural resources were identified during the Phase I pedestrian survey of the 
Wallops Island coastline, the archaeological monitoring of geotextile tube placement, and the 
scientific diving survey of the proposed beach groin location.  A total of five target groups were 
identified during the remote sensing survey of the proposed breakwater.  None of these target 
clusters have the potential to represent significant submerged cultural resources.  They instead 
represent debris associated with the previous wooden piling and steel cable breakwater 
demolished at this location.  As previously stated, the four archaeological tasks undertaken for 
SRIPP did not identify any significant cultural resources. No further work is recommended. 
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1.0 INTRODUCTION 

 
This report presents results of four cultural resource tasks at Wallops Flight Facility (WFF), in 
Accomack County Virginia, as part of the proposed National Aeronautics and Space 
Administration (NASA) Shoreline Restoration and Infrastructure Protection Program (SRIPP) 
(Figure 1-1).  URS Group, Inc. (URS) conducted this work to assist WFF with compliance with 
Section 106 of the National Historic Preservation Act of 1966, as amended; with the Abandoned 
Shipwreck Act of 1987; and with the National Environmental Policy Act (NEPA) (42 U.S.C. 
4321 et seq.) of 1970. NASA is the lead agency preparing an Environmental Impact Statement 
under NEPA for their SRIPP at WFF; the U.S. Army Corps of Engineers and the Minerals 
Management Service are cooperating agencies on the EIS and other SRIPP-related compliance 
including Section 106 of the National Historic Preservation Act of 1966, as amended and the 
Abandoned Shipwreck Act of 1987.  The four cultural resources tasks include a remote sensing 
survey of a proposed breakwater location, a scientific diving survey of a proposed groin location, 
a pedestrian survey of the Wallops Island shoreline, and the archaeological monitoring of 
geotextile tube installation on the same shoreline.  A total of 37.3 hectares (92.1 acres) was 
evaluated during the three survey efforts.  These investigations were undertaken in consultation 
with the Virginia Department of Historic Resources (VDHR) between 2006 and 2009, and in 
accordance with guidelines established in Guidelines for Archaeological Investigations in 
Virginia (1996), and the Secretary of the Interior’s Standards and Guidelines for Archaeology 
and Historic Preservation (Federal Register 48, No 190, 1983).  
  
The project area is composed of three separate survey parcels, which includes the proposed 
beach groin location, the proposed breakwater location, and the entire Wallops Island coastline 
contained within the bounds of WFF (Figure 1-2).  The area of potential effect (APE)  for the 
Wallops Island shoreline is 6.2 kilometers (3.85 miles), or approximately 28 hectares (69 acres), 
of coastal beach in Accomack County, on Virginia’s Eastern Shore.  The pedestrian survey was 
undertaken from the waterline to the beach edge within this portion of WFF.  Archaeological 
monitoring of the 1,402 meters (4,600 feet) of shoreline that received geotextile tubes occurred 
within this study area, beginning at the southern terminus of the seawall and extended to the 
camera station at the southern end of NASA Property.  The APE for the proposed groin is 
located in the Atlantic Ocean, directly opposite of the camera station at the southern end of 
NASA property.  It measures approximately 152.4 meters (500 feet) by 30.5 meters (100 feet), or 
0.45 hectares (1.1 acres). The APE of the proposed breakwater is located on the seaward edge of 
the proposed beach groin, and extends 121.9 meters (400 feet) to either side of the groin.   It 
measures approximately 365.9 meters (1,200 feet) by 243.9 meters (800 feet), or 8.9 hectares (22 
acres).  
 
The primary objective of this study was to identify maritime related cultural resources, 
particularly submerged watercraft, and buried archaeological sites within the survey areas.  The 
archaeological predictive model presented in Cultural Resource Assessment of Wallops Flight 
Facility (Myers 2003) identified the potential to encounter prehistoric and historic sites on WFF 
(which was approved by VDHR in a letter dated December 3, 2003), including the Atlantic coast 
shoreline and inland waters.  This report indicated that there was a moderate potential to 
encounter significant historic resources on this portion of WFF.  A series of cultural resources 
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surveys was required as a result of this determination before construction actions could begin.  
Construction actions include the construction of a new beach groin and breakwater, the 
placement of geotextile tube to arrest beach erosion, and the replenishment of beach sands lost to 
erosion.   
 
The investigations were undertaken between September 21, 2006, and August 28, 2009. 
Christopher Polglase, R.P.A., served as project manager for this project. Jean B. Pelletier R.P.A., 
served as principal investigator, scientific diver, senior remote sensing specialist and analyst. 
Anthony Randolph, R.P.A., served as scientific diver, remote sensing specialist and analyst. 
Bridget Johnson, R.P.A., conducted archival research. Amanda Hale, R.P.A., served as scientific 
diver, and Vince Shirbach contributed as archaeological support staff.   
 
This report is divided into seven sections, including this introduction.  Section Two is a review of 
previous archaeological and architectural sites, and contains surveys within 1.6 kilometers (1 
mile) of the project area, followed by a discussion of known shipwrecks within 20.9 kilometers 
(13 miles) of the project area.  Section Three contains the prehistoric and historic cultural 
contexts, which are used to evaluate the potential for encountering submerged prehistoric and 
historic cultural resources within the project area.  Section Four reviews the environmental 
setting of the region.  Section Five presents the research methods and repositories used during 
background investigations, survey methods, and the expected results of the survey.  Section Six 
contains results of the remote sensing survey. Section Seven presents a summary and 
recommendations for the overall project. Section Eight contains references cited. Appendix A 
contains a list of side scan sonar anomalies, Appendix B contains the qualifications of 
investigators, and Appendix C contains a VDHR response letter to recommendations offered for 
the archaeological monitoring of geotextile tube installation.  
 



SECTION Two Previous Investigations 

 2-1 

 
2.0 PREVIOUS INVESTIGATIONS 

 
2.1 ARCHAEOLOGICAL INVESTIGATIONS 
 
A review of previously investigated sites provides a context used to assess the potential to 
encounter archaeological materials within the project area.  A total of seven archaeological 
surveys were conducted within 1.6 kilometers (1 mile) of the project area (Table 2-1).  These 
surveys identified a total of 10 archaeological sites within this radius (Table 2-2).  Site 44AC558 
was identified by the Eastern Shore Archaeological Society, but no formal report has been filed.  
 

Table 2-1. Archaeological Surveys within 1.6 kilometers (1 mile) of the Project Area 
Sites Identified Company Name Report Date 

None Mark Wittkofski (Wittkofski 1980) 1980 

None Greenhorn & O'Mara, Inc (Dinnell 
and Collier 1990) 1990 

None Telemarc, Inc (Otter 1991) 1991 

None 3D/Environmental Services Inc. 
(Miller 1991) 1991 

None Louis Berger Group, Inc (Ahlman 
and LaBudde 2001) 2001 

44AC9, 44AC89 Darrin Lowery (Lowery 2000, 
2003) 2000, 2003 

44AC159, 
44AC459 URS Corporation (Myers 2003) 2003 

 
Mark Wittkofski conducted a Phase I reconnaissance for a proposed parking lot on Wallops 
Island for the US Navy in 1980. He determined that the area had a low potential to contain 
archaeological resources as it had been disturbed and graded with modern fill (Wittkofski 1980).  
Wittkofski conducted a comprehensive survey of Accomack and Northampton Counties 
throughout the 1980s. This survey identified 281 previously unrecorded archaeological sites, 
none of which are within the project area.  
 
Greenhorne & O’Mara, Inc. (Dinnell and Collier 1990) conducted a study of the southwestern 
portion of the Main Base for the Wallops Naval Facilities Engineering Command. They 
identified one site, but it was outside the 1.6 kilometer (1 mile) radius of the current project area.  
 
Telmarc, Inc (Otter 1991) conducted a Phase I archaeological survey adjacent to the WFF in 
1991. This study was conducted as part of a property acquisition west of a runway. No cultural 
resources were identified.  
 
3D/Environmental Services, Inc. (Miller 1991) completed a cultural resources inventory which 
included an evaluation of archaeological and architectural resources of the WFF in 1991. The 
study was designed to produce a predictive model and sensitivity assessment for archaeological 
resources, as well as acting as a planning document for future evaluations at WFF.  
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Louis Berger Group, Inc. (Ahlman and LaBudde 2001) conducted an archaeological survey for 
the proposed Route 709 bridge replacement located northwest of the island. They identified three 
archaeological sites.  These sites are all located beyond the 1.6 kilometer (1 mile) radius of the 
project area.  
 
Darrin Lowery (2000, 2003) conducted an archaeological survey of the Chesapeake and Atlantic 
shorelines associated with Accomack and Northampton Counties of Virginia. His findings were 
presented in two volumes designed to assess the impact of natural and human activities to 
archaeological sites along the shore. He documented numerous previously identified sites, both 
historic and prehistoric in nature, as well as documenting several new sites. His report identified 
seven sites (44AC9, 44AC77, 44AC78, 44AC79, 44AC80, 44AC81, 44AC89) within a 1.6 
kilometer (1 mile) radius of the project area. Site 44AC9 represents an archaic shell midden that 
is limited to the plow zone and includes a few prehistoric ceramics sherds. Sites 44AC78, 
44AC79, 44AC80, and 44AC81 all represent shell middens from an undetermined prehistoric 
period.  Site 44AC77 was a historic artifact scatter consisting primarily of ceramics which date to 
the second and third quarters of the 19th century.  Site 44AC89 consists of a possible 
Revolutionary War earthwork located on Wallops Island.  
 
URS conducted a cultural resources assessment of WFF in 2003 (Meyers 2003). The goal of this 
study was to further assess archaeological and architectural potential. Two archaeological sites, 
44AC159 and 44AC459 were encountered within the 1.6 kilometer (1 mile) radius of the current 
project area. Site 44AC159 is located on Wallops Island and consists of a clam and oyster shell 
midden approximately 3 feet in height.  Site 44AC459 was a late 19th to early 20th century 
structure associated with the US Coast Guard. A total of 291 artifacts were recovered from this 
site including nails, brick, glass, ceramic, and shell.  
 
 

Table 2-2. Archaeological Sites within 1.6 Kilometers (1 Mile) of the Project Area 
Site Number Site Type Cultural Period 

44AC9 Shell Midden Archaic 
44AC77 Historic Artifact Scatter Late 19th century 
44AC78 Shell Midden Undetermined Prehistoric 
44AC79 Shell Midden Undetermined Prehistoric 
44AC80 Shell Midden Undetermined Prehistoric 
44AC81 Shell Midden Undetermined Prehistoric 
44AC89 Military Earthworks Revolutionary War 
44AC159 Shell Midden Unknown 
44AC459 Historic Coast Guard Site Late 19th-20th century 
44AC558 Artifact Scatter Undetermined Prehistoric 
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2.2 ARCHITECTURAL INVESTIGATIONS 
 
Two previously identified historic properties are located within a 1.6 kilometer (1 mile) radius of 
the project area (Table 2-3). Within the WFF itself are two historic properties that were found to 
be eligible for listing in the NRHP in the 2004 Historic Resources Survey and Eligibility Report 
for Wallops Flight Facility, Accomack County, Virginia (URS/EG&G 2004): the Wallops 
Exchange and Morale Association (WEMA) Recreational Facility/U.S. Coast Guard (USCG) 
Lifesaving Station (V-065, VDHR# 001-0027-0100), and the Observation Tower (V-070, 
VDHR#001-0027-0101). In a letter dated November 4, 2004, VDHR concurred with NASA’s 
determination of eligibility for these two properties.  
  

Table 2-3. Architectural Sites within a 1.6 kilometer (1 mile) of the Project Area 

DHR ID # Name National Register 
Eligible 

001-0027-0100 U.S. Coast Guard 
Lifesaving Station Yes 

001-0027-0101 Observation Tower Yes 
 
 
2.3 KNOWN SHIPWRECKS IN THE WALLOPS ISLAND AREA 
 
Twelve shipwrecks have been recorded in the vicinity of Wallops Island, extending 20.9 
kilometers (13 miles) off shore (Table 2-4). These wrecks were identified primarily using 
NOAA’s Automated Wreck and Obstruction Information System (AWOIS), and Bruce 
Berman’s Encyclopedia of American Shipwrecks (1972).    
 
The proximity of Wallops Island to the Chincoteague Inlet, which serves as the entrance to 
Chincoteague Bay, resulted in extensive commercial and recreational vessel traffic along the 
Wallops Island coastline en route to Chincoteague and other barrier islands.  Reported craft 
losses in the vicinity of Wallops Island are consistent with vessel classes commonly operated 
within the Chesapeake region. All craft were lost during the 20th century.  A total of four wrecks 
were sailing schooners and three were barges.  A single tug boat and fishing trawler were also 
lost, along with three unidentified vessels. 
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Table 2-4. Vessels Sunk within 20.9 kilometers (13 miles) of Wallops Island 
Vessel Name Vessel Type Date of Loss Date Built Tonnage Cause of Loss Location 

E.R. Smith Unknown 1/25/1943 Unknown Unknown Sunk Lat: 37.8167 
Long: 75.3663 

Florence and Lillian Schooner 9/19/1921 
 1874 252 Foundered SW of Chincoteague 

Lighthouse 

Jennie N Huddell Schooner 2/4/1910 
 1870 279 Stranded Carter’s Shoal, 

Chincoteague 

Lizzie Godfrey Schooner 7/12/1914 
 1890 77 Stranded Chincoteague Inlet 

Nancy Jane Fishing 
Trawler 3/2/1968 Unknown Unknown Sunk, broken 

up 
Lat: 37.8667 

Long: 75.4163 

P. J Hooper Tug 3/26/1971 Unknown Unknown Unknown Lat: 37.8367 
Long: 75.3399 

Ruhama Shaw Barge 12/8/1917 
 1915 473 Foundered Blackfish  Bank, Va. 

Ruth Barge 12/9/1917 1908 435 Foundered Blackfish  Bank, Va. 

Steel Barge No. 2 Barge 1/23/1935 
 1889 2217 Foundered Blackfish  Bank Buoy, 

Va 

Unknown Sailing Unknown Unknown Unknown Unknown Lat: 37.8646 
Long: 75.4005 

Unknown Unknown Unknown Unknown Unknown Unknown Lat: 37.8001 
Long: 75.2463 

Wm. Meekins Schooner 12/22/1918 1874 79 Stranded Chincoteague, Va. 
Source: AWOIS, Berman 1972 
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3.0 CULTURAL CONTEXT 

 
The Virginia Department of Historic Resources (VDHR) has developed a chronological 
framework for the prehistory and history of the Commonwealth.  This framework provides the 
basis for understanding prehistoric and historic cultural development in the area, as well as 
providing a context for predicting the types and kinds of archaeological sites expected in the 
project area.  Included in this background section are Prehistoric Context and Historic Contexts. 

3.1 PREHISTORIC CONTEXT 
VDHR has defined three major periods of prehistory.  These are the Paleoindian Period (10,000 
– 8000 BC), the Archaic Period (8000 – 1000 BC), and the Woodland Period (1000 BC – AD 
1600).  Table 3-1 summarizes the chronology of these periods.  The Archaic and Woodland 
Periods are further subdivided into Early, Middle, and Late Periods, which are characterized by 
changes in material culture (e.g., projectile point styles), environmental adaptation, subsistence 
strategies (e.g., hunting and gathering, fishing, and horticulture), settlement patterns, technology, 
and socio-political configurations.  Each major time period is discussed below, along with 
relevant data concerning settlement and subsistence patterns established by excavations and 
study of archaeological sites in the Coastal Plain.   

Table 3-1. Prehistoric Culture Chronology 
Culture Period Sub-Period Date Ranges 

Paleoindian n/a 10,000 – 8000 BC 

Early 8000 – 6500 BC 

Middle 6500 – 3000 BC Archaic 

Late 3000 – 1000 BC 

Early 1000 BC – AD 300 

Middle AD 300 – AD 1000 Woodland 

Late AD 1000 – AD 
1600 

Contact n/a ca. AD 1600 

 

 

3.1.1 Paleoindian Period (10,000 – 8000 BC)  
The region was first inhabited approximately 12,000 years ago with an influx of people who 
practiced a hunting and foraging lifestyle.  Although there is evidence of human occupation in 
western North America and South America before 10,000 – 12,000 BC, there is no conclusive 
evidence in the Middle Atlantic region for human occupation before the Paleoindian Period.  
There is a great deal of debate over the issue of a “pre-Clovis” culture in the Americas that 
predates the traditional “Clovis” culture of the Paleoindian Period.  Archaeological sites such as 
Cactus Hill in Virginia (e.g., McAvoy and McAvoy 1997), Meadowcroft Rockshelter in 



SECTION Three Cultural Context 

 3-2 

southwestern Pennsylvania (e.g., Adovasio et al. 1978), and the Topper Site in South Carolina 
(e.g., Parfit 2000; Rose 1999) have provided tantalizing but inconclusive evidence for human 
occupations predating the Paleoindian Period.  There is currently no evidence for pre-
Paleoindian occupations on the Delmarva Peninsula although shifts in survey strategies in recent 
decades (e.g. Lowery 2001, 2003) have resulted in new discoveries that may change the focus of 
research in this area. There are also extensive aeolian soils on the coastal plain that may cover 
more ancient fluvial sediments (Foss et al. 1978). Some of the depositional contexts may 
eventually reveal buried Paleoindian or pre-Paleo occupations. The discussion below focuses on 
the widely accepted definition of the Paleoindian culture in the Middle Atlantic region. 

The end of the Pleistocene epoch (ca. 12,000 – 10,000 years ago) represents the terminus of the 
Ice Age or at least the beginning of a long interglacial episode.  The environment during this 
time was quite different from modern conditions.  Moisture locked in glacial ice sheets resulted 
in lower sea levels and greater exposure of coastal lands.  Areas exposed during this time were 
subsequently inundated by the global sea level rise that began at the end of Pleistocene, when 
climatic amelioration resulted in melting continental ice sheets.  During this period of post-
glacial warming, the climate was probably three to eight degrees Celsius colder than at present, 
and the vegetation consisted of an open spruce parkland forest composed of spruce, pine, fir and 
alder (Brush 1986:149; Owens et al. 1974; Sirkin et al. 1977).   

The Paleoindian toolkit included fluted projectile points, which were typically manufactured 
from high-quality lithic materials chosen for their predictable and consistent flaking properties.  
Projectile point types include Clovis, Cumberland/Barnes, Crowfield, Hardaway-Dalton, and 
Hardaway Side-Notched (Dent 1995; Lowery 2001, 2003).  Other tools in the Paleoindian toolkit 
include endscrapers, sidescrapers, gravers, burins, denticulates, knives, pieces esquillées, 
wedges, perforators, and generalized unifaces and bifaces (Dent 1995). 

Preferred lithic materials for these projectile points were high-quality cryptocrystalline rock such 
as jasper and chert (Brown 1979; McCary 1984), though tools made from locally available 
quartz and quartzite cobbles have been documented at sites in the Middle Atlantic region (e.g., 
Ebright 1992; McAvoy and McAvoy 1997).  Archaeologists have postulated that Paleoindian 
hunter-gatherers traveled long distances to obtain raw materials for tool production (e.g., Custer 
1984a; Gardner 1977).  Recent research, however, has documented the availability of high-
quality cherts and jasper cobbles in the Coastal Plain (e.g., Lowery 2001, 2003), suggesting that 
Paleoindians did not necessarily travel long distances to obtain lithic raw materials. 

Paleoindian Period settlements consisted of seasonally-occupied camps, from which forays were 
made to obtain specialized resources, such as stone for tool manufacture (Custer 1984a; Dent 
1995; Gardner 1977).  Site types postulated for the Paleoindian Period include base camps, 
quarry sites, quarry reduction stations, quarry-related base camps, base camp maintenance 
stations, outlying hunting stations, and isolated projectile point finds (Custer 1989; Gardner 
1989).  These site types are considered part of the “seasonal round” of Paleoindian settlement 
patterning. 

The isolated point find is the most common of these manifestations and the distribution of such 
finds on the Delmarva Peninsula shows a concentration on the Mid-peninsular drainage divide 
where bay-basin features represent Pleistocene surface water sources (Custer 1989:29).  This is 
not to say that other areas were not frequented; perhaps it simply reflects the availability of more 
exposed acreage for occupation in the Middle of the peninsula.  These sites are in headwater 
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areas where streams flow to the bay and the ocean.  Davidson (1981) also notes the use of 
interior drainages during this period; a trend that continues though the Middle Archaic.  A single 
fluted point site is recorded in Virginia on the lower Delmarva Peninsula, (Custer 1989:93), but 
this find is not noted in McCary’s (1984) fluted point survey. 

Custer (1984a, 1989) classifies upper Delmarva Paleoindian sites within the Delaware 
Chalcedony Complex, which focuses on outcrops of high quality cryptocrystalline lithic raw 
materials, specifically Delaware chalcedony.  Settlement patterns focused on these high quality 
lithic resources and on environmental resource gathering zones such as upland or interior 
swamps, headwater zones and similar early Holocene environmental settings.  

Paleoindian subsistence patterns are difficult to discuss for the Middle Atlantic region due to the 
paucity of recovered faunal and floral remains.  Paleoindians in the western United States are 
considered to be “big game” hunters of extinct Pleistocene megafauna such as the mammoth, 
caribou, musk ox, and giant beaver.  There is no concrete evidence for a similar subsistence 
pattern in the Middle Atlantic region, though megafaunal remains have been recorded in the area 
(Custer 1989; Dent 1995; Edwards and Merrill 1977; Lowery 2001, 2003).  Paleoindians in this 
area likely subsisted on mammals such as white-tailed deer, caribou and moose, along with 
smaller mammals.  While Paleoindian subsistence probably focused on hunted game, there is 
evidence to suggest that plant foods and fish were also important food resources (Dent 1995; 
McNett l985).  It should also be noted that a rich array of megafauna (e.g., mammoth, mastodon, 
walrus, and ground sloth) recovered from the continental shelf of the east coast may represent 
some of the key species that were hunted at the end of the Pleistocene (Edwards and Merrill 
1977).  One of the mammoth finds, for example, comes from the outer edge of the coastal plain 
in the lower Delmarva Peninsula area of Virginia (Edwards and Merrill 1977:11). 

Paleoindian sites are not widely known in the Virginia Coastal Plain.  Much of what 
archaeologists know about Paleoindians comes from isolated finds of fluted projectile points.  
Few intact Paleoindian sites have been identified in the region (Dent 1995; Lowery 2001, 2003); 
however, dozens of isolated fluted point finds have been documented on the Delmarva Peninsula 
(e.g., Custer 1989; Dent 1995).  The Paw Paw Cove site, located in the northern Chesapeake Bay 
area in Maryland, is currently the only excavated Paleoindian site on the Delmarva Peninsula 
(Dent 1995; Lowery 2001, 2003).  One theory explaining the lack of documented Paleoindian 
sites is that they are located on the Continental Shelf of the Atlantic Ocean in areas that would 
have been dry land during the Paleoindian Period (e.g., Dent 1995; Lowery 2001, 2003).   

3.1.2 Archaic Period (8000 – 1000 BC)  
The Archaic Period dates to ca. 10,000 to 3,000 years ago, and is conventionally sub-divided into 
the Early (8000 – 6500 BC), Middle (6500 – 3000 BC), and Late (3000 – 1000 BC) Sub-Periods.  
In the Middle Atlantic area, Archaic sites are much more numerous, larger, and richer in artifacts 
than earlier Paleoindian sites.  They represent a series of adaptations that engendered an 
increasingly sedentary existence, and focused on resources available along large rivers and major 
tributaries.  Other, often smaller sites of this period located away from the main streams probably 
represent seasonal or other specialized activities.  Increasing territoriality and regional diversity 
are reflected in numerous artifact varieties, especially projectile points, throughout the Archaic 
Period.  Evidence from Paleoindian and Early Archaic sites suggests that the transition from the 
Paleoindian way of life was a gradual transition (Custer 1990). 
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This transition was associated with a major climatic change that marks the end of the Pleistocene 
and beginning of the Holocene.  The cool and moist climate of the late Ice Age shifted to a 
warmer and drier climate that approximates that of today.  Rising sea levels inundated the lower 
Susquehanna River Valley and began forming the Chesapeake Bay estuary and its large salt and 
brackish water marshes, habitats that provided a rich and diverse subsistence base (Kraft 1976).  
As temperatures increased during the early Holocene, vegetation in the region shifted from 
coniferous forests of spruce to mixed deciduous/coniferous forests of hemlock, birch, hickory, 
and oak (Brush 1986:149; Custer 1990:10; Owens et al. 1974; Sirkin et al. 1977).  The spread of 
deciduous woodlands into upland areas after 7000 BC opened up new habitats to be exploited by 
animals and humans (Custer 1990). 

3.1.3 Early Archaic Period (8000 – 6500 BC) 
Environmental conditions during the Early Archaic Period were not drastically different from the 
Paleoindian Period.  Glacial recession continued and deciduous forests expanded, possibly 
leading to a proliferation of temperate fauna.  The most distinctive cultural characteristic of the 
Early Archaic was the appearance of notched projectile points, most notably the Palmer and Kirk 
varieties.  There was a continuation of the Paleoindian tradition of using high quality 
cryptocrystalline lithic materials until the end of the Early Archaic Period, when lower quality 
quartz and quartzite materials were more frequently used.  Archaeological investigations in the 
Patuxent River drainage showed that the majority of Kirk points found were made of rhyolite.  
This indicates that by the Kirk phase, people traveled long distances in order to obtain preferred 
lithic raw materials, or that by this time long-range trade networks had been established 
(Steponaitis 1980:68). Although rhyolite is certainly exploited as a lithic raw material by this 
time, it still does not represent the intensive use evident during the Late Archaic. 

There was significant innovation in stone tool kits during the Early Archaic Period.  Stemmed 
and side-notched serrated projectile points replaced fluted projectile point varieties.  The variety 
of projectile points associated with these periods indicates possible changes in subsistence 
strategies and exchange networks, and a possible regionalization of cultural traditions. Projectile 
point styles characteristic of the period include: corner-notched, serrated point styles such as 
Kirk, Palmer, Charleston, Lost Lake, Decatur, Amos, Kessel, and Fort Nottoway/Thebes; and 
stemmed points such as the Kirk stemmed and Pequea types (Custer 1984a, 1989, 1996; Dent 
1995; Lowery 2001, 2003).  Other tool types characteristic of Early Archaic Period assemblages 
include grinding slabs, milling stones, nutting stones, chipped stone adzes, wedges, perforators, 
knives, and scrapers, as well as unifacial and bifacial tools (Dent 1995; Lowery 2001, 2003).   

Early Archaic Period inhabitants continued to show a preference for high-quality lithic materials, 
either transported into the area through trade or travel, or obtained from cobble sources in river 
and stream beds.  Some researchers (e.g., Lowery 2001, 2003) have noted that Early Archaic 
people appear to have a preference for non-local cherts, chalcedonies, and jaspers, and have also 
noted the increased use of rhyolite for tools during this period (e.g., Custer 1984a; Dent 1995; 
Lowery 2001, 2003). 

Both Gardner (1974) and Custer (1980) have hypothesized that Early Archaic Period peoples 
banded together into macro-base camps, or groups of families, in the spring and summer, and 
dispersed into smaller micro-base camps in the fall and winter months.  Larger base camps were 
located in the valley floodplains while the smaller autumn and winter encampments were located 
in upland regions.   
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There is little faunal evidence from archaeological sites dating to the Early Archaic period, 
though “it is assumed that this environment supported bear, deer, elk, and a variety of small 
game adapted to a northern climate” (Kavanagh 1982:9). One exception is the Cactus Hill site 
(44SX202) which contains the remains of species that are still common in the region today 
(Whyte 1995).  Floral evidence from sites such as the Crane Point site, in Talbot County, 
Maryland, includes hickory nut, butternut, acorn, amaranth, and chenopodium (Lowery 2001, 
2003).  Other sites in the Chesapeake Bay region have produced similar results (Dent 1995).  The 
floral remains recovered from Early Archaic contexts indicate that a variety of plants were used 
for food.  Stone artifacts such as grinding slabs, milling stones, and nutting stones are also 
indicative of increased reliance on plant foods, while adzes indicate increased manufacture of 
items from wood (e.g., shelter).  The changes in tool types have been interpreted as a shift in 
subsistence strategies towards a broad-spectrum adaptation, utilizing a variety of species of 
animals and plants, rather than focusing primarily on large animals. 

Numerous Early Archaic Period sites are located throughout the Delmarva Peninsula (Custer 
1989; Dent 1995), mostly from surface finds in estuarine and shore locations.  Early Archaic 
Period base camps on the Eastern Shore may have been located on floodplains or river terraces 
that have since become submerged by sea level rise.  Smaller procurement or temporary camps 
may be located on the high terrace areas (elevations above 25 feet amsl), though none have been 
recorded in Accomack County.  The same terraces that produced fluted points have also 
produced numerous finds of Early Archaic points, recovered by artifact collectors who search 
shoreline surfaces at low tide. These submerged manifestations represent significant clusters of 
Early Holocene sites. Nearby upland areas may also contain a variety of procurement sites and 
lithic scatters. 

3.1.4 Middle Archaic Period (6500 – 3000 BC) 
The beginning of the Middle Archaic Period coincides with the on-set of the Atlantic climatic 
episode, which was a warm, humid period with a gradual rise in sea level that led to the 
development of inland swamps. It was a period marked by an increase in summer drought, sea 
level rise, grassland expansion into the Eastern Woodlands, and the appearance of new plant 
species (Carbone 1976:106; Hantman 1990:138).  Human settlements consisted of small base 
camps located in or near inland swamps that were convenient to access seasonally available 
subsistence resources as well as small, temporary upland hunting sites.  This adaptation, along 
with the use of a greater variety of plant resources, allowed for an increase in general foraging 
(Kavanagh 1982:50). 

The Middle Archaic Period is characterized by a variety of projectile point styles, including 
bifurcated styles (e.g., St. Albans, LeCroy, and Kanawha) that were introduced at the end of the 
Early Archaic Period (Dent 1995).  Other projectile point styles used during the Middle Archaic 
Period include Stanly Stemmed, Neville, Morrow Mountain I and II, Halifax, and Guilford types 
(Dent 1995; Lowery 2001, 2003). Morrow Mountain and Neville points are more rarely found in 
Virginia.  The former are found principally in the Southeast whereas Neville points are a typical 
Northeast type.  Brewerton and Otter Creek styles were introduced during the latter part of the 
Middle Archaic Period, and persist into the early Late Archaic Period.  Other artifact types 
characteristic of the Middle Archaic Period include groundstone tools (e.g., adzes and gouges), 
as well as scrapers, perforators, spokeshaves, and expediently-made flake tools for a variety of 
functions (Dent 1995; Lowery 2001, 2003).  Rhyolite became more commonly used for making 
tools, though other local resources such as quartz and quartzite were utilized as well.  The 
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tendency towards greater reliance on local lithic sources led to a marked increase in numbers of 
informal flake tools for short-term use. 

Middle Archaic Period sites have been documented on the Delmarva Peninsula, and include 
isolated point finds as well as sites with buried components (Dent 1995; Lowery 2001, 2003).  
Community pattern and settlement data are somewhat limited due to the scarcity of Middle 
Archaic Period sites with good, interpretable depositional contexts.  Surface sites are, however, 
located in a variety of settings including uplands, river terraces, and wetland areas.  Middle 
Archaic Period sites on the Delmarva Peninsula have been documented along Carolina Bay 
features, spring-fed interior wetlands, upland terraces, and confluences of freshwater streams 
(Lowery 2001, 2003).  Subsistence patterns appear to be very similar to the preceding Early 
Archaic Period, based on the limited data that are available (Dent 1995; Lowery 2001, 2003).  
Middle Archaic points in nearby areas of Maryland have been found on sites (e.g., 18SO75 and 
18SO105) along Kings Creek and the Manokin River. Like earlier Holocene manifestations, 
most of sites are known through isolated point finds on river terraces and along eroding 
shorelines. 

3.1.5 Late Archaic Period (3,000 – 1000 BC) 
Modern vegetation had become established in the region by approximately 3,000 BC, and the 
climate was punctuated by alternating periods of dry and moist conditions (Brush 1986:150).  
The Late Archaic Period is characterized by a warmer and drier climate than today, with the 
development of xeric forests (e.g., oak and hickory) and open grasslands (Carbone 1976; Custer 
1984b).  Sea level continued to rise, but was relatively stable by the end of the Late Archaic 
Period (Dent 1995; Lowery 2001, 2003).  The warmer and drier climate appears to have 
stabilized stream valleys and estuaries in the region, making such localities more attractive for 
settlement.  These settings developed into rich habitats with a great diversity of exploitable 
resources, particularly shellfish and anadromous fish (Davidson 1981; Hughes 1980). This is 
reflected in the changes manifested in Late Archaic tool kits as well as in the number of site 
types and site locations utilized.  For example, settlement data from the lower Eastern Shore 
show increased use of riverine and estuarine settings, and there is a concomitant use of 
ephemeral settings as well, including headwaters, and low and high order stream areas (Davidson 
1981, Hughes 1980).  

The Late Archaic Period is characterized by a large variety of projectile point styles, including 
Otter Creek, Vosburg, and Brewerton, Lackawaxen, Bare Island, Halifax Side-Notched, Vernon, 
Clagett, Piscataway (a type that persists into the Woodland Period), and Holmes (Dent 1995). 
The initial sequence for the Late Archaic was developed by Stephenson and Ferguson (1963) and 
referred to Piscataway, Otter Creek, Vernon, and Brewerton projectile point styles.  Otter Creek 
points have been recovered from Middle and Late Archaic contexts including an Otter Creek 
component identified at the Higgins site (Ebright 1989). Other Otter Creek sites in the Middle 
Atlantic region and the Northeast in general are described by Steponaitis (1980) and Funk 
(1965). 

Projectile point styles characteristic of the end of the Late Archaic (sometimes referred to as the 
Terminal Archaic Period) include “broadspears” such as the Savannah River, Susquehanna 
Broadspear, Koens-Crispin, Lehigh, and Perkiomen types (Dent 1995).  Other projectile point 
types found during the Terminal Archaic that persist into the Early Woodland Period include the 
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Orient Fishtail and Dry Brook types. The Fishtail phase marks the end of the Archaic period and 
the beginning of the Early Woodland. 

Besides the established formal projectile point styles, there appears to have been an increase in 
the production of informal tools made out of flakes (Klein and Klatka 1991:98).  Other artifacts 
characteristic of the period include steatite (soapstone) bowls, groundstone tools (axes, adzes, 
celts, gouges), perforators and drills fashioned from broken projectile points, and scrapers (Dent 
1995).  Rhyolite was established during this period as a preferred lithic raw material for tool 
manufacturing.  It was during the Terminal Archaic as well as the succeeding Early Woodland 
Period that large amounts of rhyolite were transported from sources in the Blue Ridge to the 
Coastal Plain.  The network that facilitated trade in rhyolite is not well understood (Kavanagh 
1982:99).  

Surface collections in the Delmarva region show greater use of locally available lithic raw 
materials (e.g., quartz and quartzite) during the Late Archaic. Broadspears recovered from 
eastern shore sites, especially the Susquehanna broadspears, are almost exclusively made from 
South Mountain (Blue Ridge) rhyolite. In the lower eastern shore of Maryland, these have been 
recovered, along with bannerstones and gorgets, from sites (e.g., site 18WO32) along the 
Pocomoke River. 

The Late Archaic was characterized in the eastern United States by evidence of population 
growth, patterns of regional differentiation, and increased technological specialization.  Trade 
networks appear to have been established for the exchange of raw materials and finished goods.  
The first large, semi-sedentary (i.e., occupied for several months or seasons) base camps were 
established along rivers and streams, and along estuaries on the Delmarva Peninsula.  Surface 
site data show increases in site size, which may simply represent multiple, repeated occupations 
rather than single, large group manifestations.  Site types postulated for the area include base 
camps, temporary camps, and resource procurement stations (Dent 1995). 

Subsistence was still largely based upon gathering and hunting, although there was an increased 
reliance on riverine resources toward the end of the period (Steponaitis 1980).  Seasonal hunting 
and foraging continued, but exploitation of riverine resources rapidly became an important part 
of the subsistence base.  This continues the earlier trend toward a broad spectrum adaptation in 
which a variety of resources were exploited in many different environmental settings.  The result 
has been the identification of Late Archaic sites in just about every habitable setting in the 
region. This broad spectrum adaptation is another way of characterizing what Caldwell (1958) 
originally called primary forest efficiency in the Archaic of the Eastern Woodlands. 

A number of indicators point to an intensification of certain subsistence strategies ca. 2000 BC, 
which represents a major change in lifeways.  This intensification has been explained as a 
consequence of gradual change (Caldwell 1958) and as episodic change relating to a shift in the 
composition of the environment (Carbone 1976).  Structures such as fish weirs, used to exploit 
anadromous fish runs, were constructed during this period, and reflect the intensive riverine 
focus of the latter part of this period.  While riverine resources were certainly important, interior 
and upland areas continued to be utilized by Late Archaic peoples.  Late Archaic subsistence 
economies may be described as diffuse, considering the use of upland areas for a broad range of 
resource procurement activities gathering foods such as acorns, hickory nuts, and butternuts as 
well as large and small game (Cleland 1976).  Subterranean storage pits and steatite containers 
appear in the archaeological record by 1500 BC.  These technological developments led to food 
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surpluses and the subsequent preservation of these surpluses over an extended period.  The 
appearance of large numbers of implements, useful in processing seed and fiber products, is 
further evidence of this emerging economic pattern. 

3.1.6 Woodland Period (1000 BC – AD 1600) 
The Woodland Period dates from 1000 BC – AD 1600, and is conventionally divided into the 
Early (1000 BC – AD 300), Middle (AD 300 – 1000), and Late (AD 1000 – 1600) sub-periods 
based on changes in ceramic types, lithic technologies, subsistence patterns, and social 
development.  The climate during the Woodland Period is characterized by a return to cool, 
moist conditions and establishment of vegetation that is characteristic of the region today.  The 
Woodland Period is marked by the introduction of ceramics, significant population growth, and 
an increasingly sedentary way of life.  Hunting and gathering of wild floral and faunal resources 
remained important, but incipient horticulture, based on maize cultivation, eventually formed an 
important part of the subsistence base.   

3.1.6.1 Early Woodland Period (1,000 BC – AD 300) 
It was previously thought that the transition between the Late Archaic and Early Woodland 
Period represented the introduction of horticulture (e.g., Fritz 1993; Smith 1992, 1995).  
Although Early Woodland groups in the South and Midwest used cultivated plants, there is 
presently no evidence that cultivated foods played a role in the diet of Early Woodland people in 
the Chesapeake Bay area.  Efficient hunting and gathering systems stemming from several 
millennia of development (e.g., Caldwell 1958), including the exploitation of riverine and marine 
species, apparently slowed the acceptance of viable cultigens.  Cultivated foods begin to assume 
an important role after 800 to 900 AD, when varieties of tropical cultigens arrived in the Middle 
Atlantic area (Smith 1995). These complemented cultigens of the eastern agricultural complex 
(e.g. sunflower, goosefoot, sumpweed, and little barley) that had been developing for centuries. 

The introduction of pottery around 1,000 BC marks the beginning of the Woodland Period.  
Potters’ innovations, as reflected in ceramic types, have become a significant basis for dating 
Woodland Period archaeological site components.  The earliest ceramic types from the Eastern 
Shore are the steatite-tempered Marcey Creek ware and the crushed rock-tempered Dames 
Quarter ware.  Both of these wares were later replaced by the sand or crushed quartz-tempered 
Accokeek wares, Wolfe Neck wares, and the grog-tempered (crushed clay) Coulbourn wares 
(Custer 1983, 1989; Dent 1995; Egloff and Potter 1982; Mouer 1991; Stephenson et al. 1963).  

Stone artifacts characteristic of the Early Woodland Period include Calvert, Rossville, Potts, and 
Piscataway types, some of which are also found in Late Archaic contexts (Dent 1995; Lowery 
2001, 2003; Hranicky 1991, 1993, 1994; Hranicky and Painter 1989).  Other artifact types 
include drills, perforators, flake tools, scrapers, bifaces, anvil stones, net sinkers, mortars, 
pestles, manos, metates, groundstone tools (axes, adzes, celts), ground slate, gorgets, and tools 
made from animal bone and teeth (Dent 1995).   

The Early Woodland Period is marked by an intensification of burial ceremonialism.  Influences 
from the Ohio River Valley include the Adena culture, which is represented on a few key sites in 
the Middle Atlantic region during the Early Woodland Period.  Artifacts associated with the 
Adena culture include Cresap stemmed points, large bifaces, blocked-end tubular pipes, effigy 
pipes, copper beads and other copper artifacts, gorgets, pendants, bird stones, bar stones, ground 
slate objects, and red ochre (Dent 1995; Lowery 2001, 2003).  Although these artifacts are most 
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typically found associated with cremation burials, Adena artifacts have been recovered from 
habitation sites in the region (Dent 1995; Lowery 2001, 2003).  Evidence for Adena influence in 
the region has also been documented as surface finds of trade items (e.g., Adena blocked-end 
tubular pipes) along major streams and occasional finds of Adena projectile points (e.g., site 
18WO144).  The Nassawango site near Salisbury (Wise 1974) contained more substantial 
evidence of an Adena presence on the Coastal Plain in Maryland.  Mortuary data have also come 
from Adena sites in nearby Delaware, such as Killens Pond (7K-E-3), Saint Jones (7K-D-1), and 
the Frederica site (7K-F-2) (Custer 1984a:121-2).  On the western shore of Chesapeake Bay, a 
cremation site (West River Site) from which Adena artifacts were recovered is one of the few 
buried features dating to this time period in the region (Ford 1976). 

Early Woodland settlement patterns were still predominantly riverine, with sites most often 
identified at the junction of freshwater and brackish water streams.  Early Woodland sites are 
generally larger than those of previous times, and there seems to have been an increasing reliance 
on riverine and estuarine resource areas.  The smaller camps were established seasonally in areas 
where ripening resources or concentrations of game could be found.  Gardner (1982:60) notes 
that the settlement-subsistence system of this period was focused primarily on a series of base 
camps where people gathered together to exploit seasonally available resources.  These base 
camps were used to harvest anadromous fish in the spring and early summer, and to exploit 
estuarine resources in the fall and early winter.  Barber (1991) contends that an increase in 
sedentism was in part a result of a stabilized sea level that facilitated the establishment of 
resource-rich environments.  Other than a trend toward sedentism and more focused hunting and 
gathering, subsistence patterns were similar to the preceding Late Archaic period with increasing 
reliance on marine resources (e.g., shellfish) and cultivated plants (Dent 1995; Lowery 2001, 
2003).   

3.1.6.2 Middle Woodland Period (AD 300 – 1000) 
The Middle Woodland Period (AD 300 – 1000) generally is not well-defined, and researchers 
disagree about the exact boundaries of the period.  Dent (1995:235) has referred to this period of 
“technological homogenization” where “ceramic and projectile point variability becomes limited 
to fewer types.”  Despite the presence of fewer ceramic and projectile point styles, the Middle 
Woodland Period represents a continuation and further development of cultural complexity that 
culminates in the Late Woodland Period.  The intensification in trade networks over a large 
region is one of the notable trends evident by the onset of the Middle Woodland Period.  It is 
thought that warmer and drier conditions may have prevailed during this period (Kellogg and 
Custer 1994; Lowery 2001, 2003). 

The major ceramic types for the period are Popes Creek and Mockley wares (Dent 1995).  Popes 
Creek ceramics were first manufactured in the Early Woodland Period, and the style persisted 
through the early Middle Woodland Period in the region (Maryland Archaeological Conservation 
Laboratory 2002).  Mockley shell-tempered ceramics are common in the latter half of the Middle 
Woodland Period. 

Stone tool kits utilized by Middle Woodland peoples are basically the same as those used during 
the succeeding Late Woodland, but more exotic lithic materials are evident in Middle Woodland 
assemblages. The technology evident in many Middle Woodland sites seems to favor bifacial 
tool production rather than the prepared core and blade flake technology that typifies Ohio 
Valley cultures.  Projectile points characteristic of the Middle Woodland Period include Selby 
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Bay/Fox Creek and the Jack’s Reef  types (Custer 1989; Dent 1995; Potter 1993; Stewart 1992).  
Other tool types found during the Middle Woodland Period are similar to those found during the 
Early Woodland Period, and include drills, perforators, flake tools, scrapers, bifaces, anvil 
stones, net sinkers, mortars, pestles, manos, metates, groundstone tools (e.g., axes, adzes, celts), 
ground slate, gorgets, and tools made from animal bone and teeth (Dent 1995).  Dent (1995) 
notes that bone tools, such as awls and needles, appear to be more ubiquitous during the Middle 
Woodland than the Early Woodland Period.  The presence of non-local rhyolite, argillite, and 
jasper at a few sites suggests that exchange networks may have been established between the 
Costal Plain and areas near western Maryland and the New Jersey Fall Line.   

There are a few sites in the Chesapeake Bay region that evidence an elaboration of mortuary 
ceremonialism, with projectile points, ceramics, bone artifacts, shell beads, large pentagonal 
bifaces, platform pipes, bannerstones, and pendants (Lowery 2001, 2003).  These sites appear 
later in Middle Woodland period, suggesting a reemergence of mortuary ceremonialism and 
continued selective influences from the Ohio River Valley/Great Lakes region (Lowery 2001, 
2003). 

Settlement patterns were largely similar to those of the Early Woodland Period, although base-
camp settlements located at freshwater/brackish water junctions appear to have been abandoned 
in favor of broader floodplain sites where maximum resource exploitation of both non-tidal and 
tidal aquatic resources was possible.  The large number of sites for this time period and the 
extensive size of some of the sites support the argument for possible seasonal aggregation and 
dispersal. There is some evidence for a significant shift toward settlement of coastal and 
estuarine areas (Davidson 1981) though Hughes (1980) notes that inland areas along swamps and 
small streams are still being utilized at that time.  Hunting and gathering continued as the 
primary food sources, with increased reliance on riverine and domesticated plant resources.  The 
presence of large, shell Midden sites during the Middle Woodland Period indicates the increased 
reliance on shellfish.  There is also an intensification of horticultural practices, although hunting, 
fishing, and plant collecting are still important subsistence pursuits. The subsistence economy is 
also marked by the initiation of maize horticulture.   

3.1.7 Late Woodland Period (AD 1000 – 1600) 
Cultivated crops came to play an important role in subsistence for much of the region during the 
Late Woodland Period (AD 1000 – 1600 (Dent 1995).  Some researchers (e.g., Lowery 2001, 
2003) suggest, however, that agriculture did not play a big role on the Delmarva Peninsula, and 
that hunting, gathering, and fishing were the basis of the subsistence economy.  The climate had 
stabilized by this period, and “environmental conditions were essentially modern in character” 
(Lowery 2001:87).   

Chesapeake Bay region artifacts characteristic of the Late Woodland Period include a variety of 
ceramic types, including Cashie Currioman, Gaston, Killens, Minguannan, Moyaone, Potomac 
Creek, Rappahannock, Roanoke, Sullivan Cove, Townsend, and Yeocomico wares (Dent 1995; 
Maryland Archaeological Conservation Laboratory 2002).  Only the Killens, Minguannan, 
Rappahannock, and Townsend wares appear on Delmarva Peninsula archaeological sites (Custer 
1989; Dent 1995).   

Projectile points characteristic of the Late Woodland Period include small triangular styles, such 
as the Madison and Levanna types and their variants (Custer 1989; Dent 1995; Lowery 2001, 
2003).  There is an apparent preference for locally available stone material for making points.  
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Other stone artifacts recovered from Late Woodland Period sites include scrapers, perforators, 
bifaces, hoes, choppers, net sinkers, groundstone axes, celts, adzes, mauls, grinding slabs, 
metates, manos, mortars, pestles, pendants, boatstones, bannerstones, and abraders (Dent 1995; 
Stephenson et al. 1963).  Artifacts made from shell and bone are recovered from Late Woodland 
Period sites, including fish hooks, scraping implements, pendants, beads, awls, bodkins, 
beamers, needles, pins, and beads (Dent 1995).  Clay tobacco pipes were manufactured during 
this period.  Copper beads and pendants are also, but rarely, found (Dent 1995). 

Unlike the rich mortuary traditions of the Early and Middle Woodland Periods, Late Woodland 
mortuary sites consist of large ossuaries containing human remains and few grave goods.  Exotic 
items found in Early and Middle Woodland Period mortuary contexts are absent from Late 
Woodland ossuaries (Dent 1995; Lowery 2001, 2003).  Smaller, single interments are found 
throughout the Chesapeake region.  Late Woodland Period dog burials have also been recorded 
in Virginia (Dent 1995). 

The establishment of stable agriculture during the Late Woodland Period led to the development 
of sedentary floodplain village communities.  Villages were often located within palisades near 
agricultural fields.  The reliance on agriculture, and the presence of village palisades, hearths, 
storage pits, Middens, and burials, is indicative of the greatest degree of sedentism seen until this 
time.  Settlements were generally located on broad floodplains, often near the junction of a 
tributary stream and river.  Small transient camps have been found in upland settings (Gardner et 
al. 1984:18-20). Hunting and gathering was conducted from larger estuarine camps surrounded 
by micro-band camps. Other trends include shifts in lithic raw material preferences, perhaps 
related to the development of more sedentary lifestyles.  Smaller foraging and hunting ranges 
would have resulted in more limited exploration for lithic raw materials and greater dependence 
on resources found near the camps, as well as those regularly obtained through exchange with 
other groups.  

Increased population density and competition for choice land and resources led to the rise of 
chiefdoms and a hierarchical type of political organization.  Hunting, gathering, and fishing were 
still practiced, but to a lesser extent than earlier.  Agriculture does not appear to have played a 
major role in the Late Woodland Period subsistence economy on the Delmarva Peninsula, though 
populations do seem to have adopted a more sedentary lifestyle.  There was an increase in social 
and political interaction among native tribes in the region after AD 1500, and Potter (1993:151) 
has suggested that an alliance of coastal plain Algonquian groups was formed prior to European 
contact. 

3.1.8 Potential to Encounter Prehistoric Sites within the Project Area 
The most likely sites to be encountered in the project area are Paleoindian in nature, because the 
offshore landforms being evaluated may have been exposed during the Late Pleistocene.  
Paleoindian sites are rare on the Delmarva Peninsula, and usually consist of isolated projectile 
point finds.  Large habitation sites that may be detectable with remote sensing technologies are 
not associated with early prehistory.   

A sub bottom profiler array can, in theory, detect buried relict channels that may have been 
exposed during the Late Pleistocene.  The margins and confluences of these buried channels 
represent locations where Paleoindian Period peoples may have frequented.  The preservation 
potential within the survey areas, which will be discussed in the next section, is very low, and it 
is highly unlikely that any buried relict channels have survived intact to the present time. By 
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extension, there is a very low possibility to find an intact prehistoric site where there are no intact 
buried relict channels.  

 

3.2 MARITIME HISTORIC CONTEXT 
Wallops Island is a barrier land mass located on the eastern shore of the Delmarva Peninsula in 
Accomack County, Virginia.  The maritime history of this sparsely inhabited island is intimately 
related to the political, economic, and cultural background of Virginia’s Eastern Shore, 
particularly Accomack County.  This maritime context will focus on the history of this portion of 
Virginia for this reason.  Details regarding the history of Wallops Island are included throughout.     

3.2.9 Contact Period (1524-1606) 
The Contact Period begins as European explorer’s first venture into North America in search of a 
northwestern passage to Asia and Cathay. Early voyages to the Eastern Shore of Virginia began 
in the early 16th.  The first documented landing took place in 1524, when French adventurer 
Giovanni da Verrazano landed approximately 16.1 kilometers (10 miles) north of Cape Charles. 
Contracted to explore the new world by Francis I of France, Verrazano hastily mapped the 
eastern shore of the Chesapeake Bay and daringly penetrated the headwaters of the Pocomoke 
River in his carrick, La Dauphine.  He also documented lifeways of the indigenous Accomac 
peoples, including the construction and use of seaworthy dugout canoes.  Verrazano dubbed the 
region Arcadia in a subsequent report to the French crown (Wise 1911, Lowery 2000).  A second 
landing took place in 1525.  Explorer Lucas Vasquez d’ Ayllon cruised the interior of the Eastern 
Shore of Virginia in an effort to identify a northern passage out of the Chesapeake Bay.  He 
surveyed numerous waterways during this venture and landed several times to provision his 
vessel (Wise 1911). 

Other explorers who sailed Virginia’s Eastern Shore between 1571 and 1606 were Englishman 
Bartholomew Gilbert and Dutch captain Richard Hakluyt (Wise 1911, Lowery 2000). 
Bartholomew Gilbert explored the southern coasts of Virginia, beginning in 1602, in search of 
the lost residents of Roanoke Island. Sailing a fifty ton bark with a small crew, Gilbert was 
caught in a storm off the Capes of Virginia during the summer of 1603. To escape the storm he 
sailed into the Chesapeake and anchored one mi (1.6 km) off the eastern shore. In need of 
provisions and water, Gilbert and a small well armed party went ashore. After travelling only a 
short distance on the beach they were attacked by the local Accawmack tribe, and Gilbert and a 
crew member were killed (Wise 1911).  

Vessels employed by European explorers between 1525 and 1600 shared similar characteristics.  
The 16th century was the first period during which ship design was based on predetermined 
mathematical projections. Vessels developed from these projections maintained rounded hulls 
with a length to breadth ratio between 2.8 and 3.1 to 1. These characteristics resulted in slow, 
seaworthy ships with a massive tonnage or carrying capacity. Waterline length varied between 
20 and 45 meters (65.6 and 147.6 feet) (Steffy 1994).  Ships of this time were called carrick, 
galleon, nao, caravel, pinnace, bergaitin, and fluit (Unger 1994).    

3.2.9.1 Settlement to Society (1607-1750) 
Much like the rest of the Chesapeake Bay region, Virginia’s eastern shore was primarily settled 
by English immigrant farmers.  Explorer John Smith attracted his countrymen to the area in 1607 
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when he exclaimed that the area was a fertile, wooded land with many creeks, bays and inlets 
that permitted navigation into the interior.  The first settlement in the area was a satellite 
community hailing from Jamestown.  Governor Thomas Dale sent Lieutenant William Craddock 
and a score of men to Smith Island in 1614 to provide salt and fish for the struggling Virginia 
colony (Wise 1911, Ames 1940).  The success of this small town, called Dale’s Gift, generated 
interest among colonists, thus initiating the permanent settlement of the region.  Salt production 
became the first industry of Virginia’s Eastern Shore, and it remained a profitable one until the 
early 18th century (Ames 1940). 

The southern portion of the Delmarva Peninsula was formally recognized by the English crown 
in 1634 when the House of Burgesses established Accomac Shire under the direction of England 
and King Charles I.  It stood as one of the original eight shires of Virginia and was named for the 
local Accawmack tribe.  This shire was divided into Accomack and Northampton Counties in 
1671 (Wise 1911). The earliest permanent settlement on Virginia’s eastern shore was located on 
the southwestern side of the peninsula along the Chesapeake Bay where it was more protected 
from the elements. This settlement, known as Accomack Plantation, was composed of three 
distinct settlements along Kings Creek, Old Plantation Creek, and Magothy Bay at Cape Charles 
(Turman 1964). The town of Accomac became the location of a county courthouse on the 
seaward side of the peninsula.  

English and Dutch settlement on the eastern shore gradually increased throughout the 17th 
century, and land grants were routinely issued throughout Accomack County for parcels ranging 
from 200 to 2,000 acres.  The grant for Wallops Island was awarded during this land rush.  
Englishman John Wallop was given 1,450 acres on then Kickotank Island in 1672 to reward his 
effort to seed Accomack with British colonists.  This grant was later revised to 1,800 acres in 
1682 and then 1,500 acres in 1692. The island, which was later dubbed Wallops Island, is shown 
on the 1693 map of the region done by Daniel of St. Thomas Jenifer (Figure 3-1)  It was intended 
that all lands granted by the English crown be farmed speculatively by the owner for the benefit 
of mother England and the still isolated peninsula (Whitelaw 1968). After being granted to 
Wallop, the island became known as Wallops Island and was passed down to his children and 
grandchildren. 

The colonial economy of the Delmarva Peninsula was more diverse than that of the tobacco 
dominated western shore.  Salt making began on Smith Island in 1619, and became a luxury 
commodity throughout the colonies until the first quarter of the 18th century.  Fertile fields 
throughout Accomack and Northampton Counties yielded excellent grain, corn, and tobacco. 
Industries associated with these crops, such as grain mills and tobacco cask manufacturing 
houses, dotted the landscape as additional plantations were established.  Hemp and flax were also 
grown for the manufacture of cloth, and bricks were made for the construction of permanent 
structures on plantations and at Accomac Town.  Fishing and boat manufacture were also 
growing industries at coastal settlements (Ames 1940).  Vessel production was so vital to the 
success of the region that the Accomack assembly offered an incentive in 1661 of 50 pounds of 
tobacco for every vessel ton produced (Wise 1911).  The diverse eastern shore economy 
established in the early 17th century continued with little change over the next 300 years. 

Prospective buyers in Amsterdam, Boston, Baltimore, London, and the Greater Antilles 
clamored for eastern shore products, and maritime trade became key to the prosperity of this 
isolated community between 1630 and 1750.  Dutch and English trading houses located 
throughout Accomack County owned seaworthy vessels that traveled between Boston, England, 
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Baltimore, and the Greater Antilles with cargoes of grain, tobacco, flax, and salt.  These 
moderately sized 20 to 40 ton ships returned laden with molasses, sugar, rum, and refined goods 
slated for re-distribution among prospering colonists (Ames 1940).  These trading craft, called 
Africa, Blessing of Virginia, Deliverance, Anne Clear, May Flower, and Artillery, became the 
face of eastern shore commerce for 120 years, and generated fortunes for merchants such as 
Richard Scarburgh and William Claybourne (Wise 1911).  

The success of merchant fleets throughout colonial America did not go unrecognized by the 
English Crown, and Parliament passed a series of acts that restricted the local trade of competing 
nations.  The first of these navigation acts was passed in 1651, and it stated that goods shipped to 
England had to be carried by English vessels.  This declaration infuriated foreign merchants, 
particularly the large Dutch population on the eastern shore.  The resultant regional conflict 
between Dutch and English traders became known as the Dutch War, which raged between 1651 
and 1653.  The war was contested politically on land and between Dutch and English privateers 
at sea, and many merchant vessels were sunk or taken as prizes as a result (Wise 1911, Ames 
1940).  Dutch interests suffered terribly during the conflict, and they ceased to be a major 
economic factor in the region after the war. 

Maritime prosperity on the eastern shore also enticed those motivated by quick profit, and piracy 
was a looming threat along the eastern seaboard throughout the seventeenth and early eighteenth 
centuries.  The isolated barrier islands of the southern Delmarva Peninsula served as excellent 
havens for captured prizes and pirate vessels alike (Shomette 1985).  John James of Providence 
Frigate, William Kidd of Adventure Galley, Edward Davis, and John Cook all harried merchant 
shipping in the region (Middleton 1953).  Fear of piracy along the eastern shore prompted local 
officials to establish lookouts along the coast; Captain Gilbert Moore was commissioned to 
patrol the coast in search of possible culprits.  Accomack assembly member John Custis also 
petitioned the Virginia governor for a royal frigate to discourage further predation.  Captain 
Edward Teach, commonly known as Blackbeard of Queen Anne’s Revenge, was born and raised 
in Accomack County (Wise 1911, Shomette 1985). 

As the Eastern Shore is relatively isolated from the mainland of Virginia, the most expedient way 
to travel between the two locations was by boat. In order to facilitate travel, a ferry system was 
established. A ferry had been making two round trips per week from the port of Northampton to 
York and Hampton since 1705. John Masters was given rights to operate a ferry from the Eastern 
Shore to the ports of York and Hampton in 1724. During his operation of the ferry the main port 
was soon moved to Mattawoman Creek, the main branch of Hungars. He provided one transport 
for the passage of foot passengers and one for men and horses (Turman 1964). 

The importance of shipping on Virginia’s Eastern Shore in this period became evident in the 
increased restrictions placed on shipping. Towns that could become ports and attract shipping 
grew exponentially both in population and wealth. Virginia passed “An Act for Cohabitation and 
Encouragement of Trade and Manufacture” in 1680 (Henning 1819b). This act was designed to 
establish towns for storehouses in order to better control the moment of tobacco and other 
exports. All produce was to be carried to the designated towns before export and all goods 
brought into the colony including “servants, Negros, and other slaves” were to be landed only in 
these towns (Henning 1819b: 477). Only one such town was established for Accomack County, 
called Onancock, on the bay side of the peninsula. This town was the site of brisk trade with the 
western shore of Virginia and was one of the major ports of the colony.  In an attempt to limit the 
number of ports to concentrate prosperity, customs began being collected. Each port from which 
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boats entered and departed had a customs collector, and each ship captain was responsible for 
ensuring that goods loaded aboard his ship had been properly inspected and a certificate from the 
customs collector (Turman 1964). 

In 1691, Virginia passed an act concerning the establishment, location, and operation of ports 
throughout Virginia (Henning 1819a).  This designated where vessels could load and unload 
goods and where goods could be sold (Henning 1819a).  It also decried the home of the Naval 
Officer who kept track of the vessels coming and going for each district.  This port was located 
in Accomack County at Onancock, where by 1691 “the court house, several dwelling houses and 
warehouses are already built” (Henning 1819a).  The court remained at Onancock until 1786 
when it was moved to the sea ward side of Accomack, as this location was considered more 
convenient for the local population (Wise 1967:233).  Ports at Accomack in Folly Creek 
(seaside) and Onancock (bayside) were designated official ports in the same year (Henning 
1819c:321).  The two towns are only 4.5 mi apart by land. 

As ports became larger and supported greater volume of incoming and outgoing traffic, it 
became necessary to protect the channels leading to these ports.  Sailing vessels brought in 
significant amounts of sand, gravel and ballast stone, which were often dumped in the channels 
and wharves surrounding these ports.  The General Assembly passed a law requiring every 
county adjacent to a navigable stream to provide a place to deposit ballast on shore where it 
would not wash back into the waterway and obstruct navigation (Turman 1964). They were also 
required to provide an overseer to regulate this process. Ship captains were required to pay the 
overseer a fee for unloading ballast on shore, which prompted many vessel operators to load their 
vessels with paying ballast such as limestone, chalk, bricks, and stones to avoid paying the 
ballast fee while earning freight charges.  

Virginia, as a colony of Great Britain, was discouraged from manufacturing finished goods, and 
the crown mandated importation of nearly all housekeeping materials. Colonial officials reported 
to the Lords of Trade in 1741 that “The colonial Virginias has all the necessities they wished for 
the adornment of their persons or for the furnishing of the homes just as if they lived in Great 
Britain” (Coulter 1945:296). The majority of manufactured goods came from Great Britain, but 
other goods arrived from all over the known world. Five British ports dominated trade with 
Virginia during the 18th century; these were (in order of importance) London, Bristol, Glasgow, 
Liverpool and Whitehaven.  England’s center of shipping was London, and “Drawing into its 
markets the manufactures of Britain, continental Europe, and Asia, and having its own special 
products, 18th century London was the world emporium of trade” (Coulter 1945:297). Vessels 
destined for Virginia may have originated in Britain, but the cargo came from all over the world. 

There was considerable trade between Virginia and the British West Indies during the colonial 
period. The islands of Barbados, Antigua, St. Kitts and Jamaica were producers of sugar and 
rum, and imported food and wood from the colonies in return.  Vessels traveling to Virginia from 
the West Indies usually carried a cargo of sugar and a few slaves.  The vessels were smaller 
sloops, not the larger African ships devoted to slaving (Kline 1975). Moreover, slaves that had 
spent time in the West Indies were considered “seasoned” or acclimated to the climate and 
culture of colonial America. These were preferred to slaves that came directly from Africa for 
reasons associated with disease, language, and conduct (Coulter 1945).   

Accomack County and its district port of Accomack were a common destination for the smaller 
coastal vessels from northern American colonies and the West Indies (Kline 1975).  Larger 
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vessels, such as the slavers coming directly from Africa, would call on the larger ports of the 
South Potomac, Rappahannock, and York River districts (Klien 1975).  Accomack, being small 
and removed from the rest of the colony, was not a favored destination of slave traders. Only 125 
slaves were brought to the county (via the port at Accomack) during the 42 year period of 1727 
to 1769. None of the voyages to Accomack came directly from Africa, but from the West Indies 
and other colonies.  In contrast, the district of York River received 15,607 slaves during the same 
period, with 60 percent of the voyages coming directly from Africa (Kline 1975). There was a 
direct correlation between the size of the vessels and the size of the port it was able to enter. 

Craft common to the southern eastern shore between 1607 and 1750 were varied. During both 
the 17th and 18th century, vessels operating in the Wallops Island area would have been small 
craft used to move small amounts of goods and produce up and down the seaside of the 
peninsula. Their capacity would have been that of livery, or transport, to the larger transatlantic 
vessels that would carry hundreds of large hogsheads of tobacco to London and beyond. One 
colonist described the Chesapeake Bay and the surrounding waterways in 1724 as “navigable for 
sloops, shallops, long-boats, flats, canoes and Periaguas” (Brewington 1953).  Vessels used in 
the American colonies were very similar to their European counterparts, as locally constructed 
vessels were not typically built for a specific purpose, but could be used for anything befitting 
their size (Chapelle 1951). There were few distinctly colonial vessel types recorded during this 
period. Modifications of previously used vessels were made, but there are seldom detailed 
descriptions or terms for these regionally modified vessels. The major vessel types used during 
this period include the dugout/log canoe, the punt or flat boat, bateau, the sloop, and the shallop.   

The dugout represents the earliest vessel type employed in the Chesapeake region. It originated 
from the local Native American population that inhabited Virginia’s Eastern Shore. These 
vessels were typically carved from a single log to form a trough-like vessel (Brewington 1963). 
This vessel type, which was embraced and modified by the colonists, ultimately resulted in a 
craft ranging from 12 to 40 feet in length that could be constructed of several logs shaped and 
mortised together.  Adaptations of this general form included the addition of multiple logs, which 
allowed the vessels to be larger, more stable, and have a deeper draft. They were typically 
undecked, and sometimes had framed and planked topsides with sharp ends. These canoes were 
likely originally rowed and punted, but were adapted to be rigged with one or two spritsails and 
could have a jib set on raking, unstayed pole masts (Brewington 1966). Large dugout canoes 
fitted with sails were often referred to as periaguas (Chapelle 1951).  

The punt and flat represent very similar vessel types; the distinction between the two was the 
presence or absence of sails. The flat was frequently employed as a ferryboat, and possessed 
curved ends with platforms at the bow and stern with the rest of the hull left open (Chapelle 
1951). This vessel was typically flat bottomed, and double ended. The flat was commonly rowed 
or punted, and generally did not have a sail. The punt was constructed very similarly to the flat 
but it possessed a single forward mast and a boomless spritsail (Chapelle 1951). Both the flat and 
the punt were simple to construct and very efficient in the shallow, shoal waters of the 
Chesapeake. They were used as ferry boats and for transporting goods.  

The bateau, which translates to boat in French, became a specialized vessel type in the 
Chesapeake during the 18th century.  Regionally, the term bateau was applied to a chine built hull 
that averaged 40 to 45 feet long (Chapelle 1951). These vessels could be rowed or poled. They 
were occasionally fitted with sails and external keels to facilitate sailing close-hauled.  
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The sloop was the most popular vessel type used in the British colonial period. Sloops varied in 
capacity from 25 to 70 tons during the 18th century, and were typically rigged fore and aft 
(Chapelle 1951). These vessels would have a single mast with a gaff mainsail, two to three 
headsails, a square topsail and a square lower sail (Chapelle 1935). Sloops were designed with an 
external rudder, a flat transom, a slightly curved bow, and a single mast with no bowsprit 
(Chapelle 1935). They tended to be at least partially decked. Sloops were small in the beginning 
of this period, but were constructed larger as the 18th century progressed.  

The shallop represents one of the many vessel types used during the colonial period for which 
the name can represent many vessel configurations. The authors of the 17th and 18th century were 
not overly familiar with nautical terminology, and used various terms to describe them. The 
shallop was often referred to as a ship’s boat, longboat, or launch. These vessels were initially 
used to lighter crew from ship to shore, and were very popular in the Chesapeake due to a 
shallow draft and ease of handling. It was a versatile vessel that was easy and inexpensive to 
construct.  Shallops could be used for fishing and transportation of goods and people in a region 
that favored water transport over road travel (Baker 1966). The shallop often acted as a farm and 
household boat to be used for everyday purposes. These vessels were typically two masted, open 
boats without a boom on the main mast which could range from 18 to 28 feet along the keel 
(Chapelle 1951). A less common variation included decking with a boomed mainsail.  

3.2.10 Colony to Nation (1750-1789) 
The second half of the 18th century along Virginia’s Eastern Shore was fraught with conflict. The 
Seven Year’s War, which began in 1755 and lasted nine years in Virginia, was a dispute between 
England and France.  It had a notable influence upon Virginia. Fighting occurred throughout 
North America, including the Eastern Shore. The Virginia General Assembly met in 1755 to 
establish a quota of men to be recruited from each county (Turman 1964).  The conflict was to 
establish British supremacy on the North American continent, but Eastern Shore residents were 
more concerned with preventing British occupation of their homes. Many local men were placed 
on guard duty or sent to occupy the frontier to such an extent that tobacco production diminished 
and overall trade declined. Militiamen were placed on guard in all navigable creeks and rivers.  
Several forts were also established (Turman 1964).  

The war had a detrimental effect on tobacco production and trade on the Eastern Shore, but it 
also began to make the local population more self sufficient. With a limited ability to receive 
goods from British ships, Eastern Shore residents began making many of their own goods. 
Travelling weavers, tailors, and shoemakers also went from town to town making necessary 
items. Virginia-made linen sheets and pillow cases became more prevalent, and weaving 
equipment became a necessity on every plantation (Turman 1964).  

King George III succeeded his grandfather as ruler of England after the Seven Year’s War, and 
began exerting his authority over the colonies in ways that had never before been experienced. 
Parliament passed the Townshend duties in 1767, which taxed lead, paint, paper, tea, and glass 
(Turman 1964). This act had a dramatic impact on residents of the Eastern Shore, as the paper 
tax affected all legal documents as well as newspapers and almanacs. The paint tax represented a 
hardship to ship builders who were now unable to paint ship bottoms. It also challenged the 
residents who painted their homes in order to preserve the wood in the damp seaside climate.  
This act was repealed in 1770 following intense protest and the boycott of goods, with the 
exception of the tax on tea.  
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The boycotts of British made goods, as well as the difficulty in receiving imported goods during 
the Seven Years War, made Virginia’s Eastern Shore largely self sufficient. They were capable 
of producing many necessities themselves, saving money typically used for imported products 
from England and other European nations. Tobacco remained the principal cash crop, but pork, 
beef, hides, shoes, corn, wheat, salt and sea food also became major exports. Records show that 
castor oil, which could be used for medicine, soap, axle grease, and paint, was also produced in 
quantities large enough for export (Turman 1964). Flax was also produced for domestic use and 
export. It could be used to produce linen, and its seeds were used in the production of house and 
boat paint.  

When the war for independence broke out with England, the general sentiment on the Eastern 
Shore was in favor of colonial independence.  The two Eastern Shore counties supplied seven 
companies of soldiers, one captain, two lieutenants, one ensign, four sergeants and a drummer to 
the Ninth Virginia Regiment (Turman 1964).  

War soon touched the lives of residents of Accomack and Northampton Counties, as British 
warships took control of the mouth of the Chesapeake Bay. The ports of these two counties soon 
became a major part of the Colonial supply line. The 1751 Fry and Jefferson map illustrates 
many of the important creeks and islands which became vital cogs in supplying the Continental 
Army (Figure 3-2). Ports along the ocean side of the peninsula, including Metompkin and 
Chincoteague Creeks, were able to receive supplies from France and other neutral countries and 
transport them to the interior. Medicine, munitions, and other necessary supplies were received 
along the seaside, transported over land, and reloaded onto small vessels in the creeks and rivers 
of the Chesapeake, where they were transported to the head of the Bay and down the western 
side of Virginia and Maryland (Turman 1964). This round-about route was necessary to avoid 
blockading British vessels and raiding barges operating throughout the Chesapeake region.  

A fort was established on Parramores Beach in order to prevent British raiding barges from 
entering the vital port of Metompkin Creek, and to protect incoming ships (Turman 1964).  The 
fort and other defensive measures along the Eastern Shore peninsula did not prevent the British 
from seizing a portion of the shore in 1779. This action, and the establishment of a base on Hog 
Island under the command of Captain John Kidd, infuriated Virginians. This base allowed the 
British to send out small ships, tenders, and barges to raid surrounding farms and plantations to 
supply nearby warships.  Raids typically took place at night when livestock were corralled and 
poultry were in their roosts.  It was not uncommon for British raiding parties to burn the property 
of, and steal silver and valuables from, resistors (Turman 1964).  

Ferry service between the Eastern Shore and the mainland was discontinued during the British 
occupation.  Vessels that had been involved in the ferry service were leased to the fledgling 
American government and used to transport troops and goods along the Bay (Turman 1964). 
These ferries and similar privately owned transport vessels were used to transport Washington 
and his troops from the Head of the Chesapeake to just north of Yorktown in 1781 where the 
decisive battle of the war was fought.  

Yorktown, which is commonly touted as the last battle of the American Revolution, was fought 
in 1781, but the last naval engagement of the war involving the Eastern Shore took place in 
November 1782. The Battle of the Barges occurred when Commodore Whaley of Maryland, who 
was charged with barges ordered to protect Maryland from British Commodore Kidd’s 
marauding vessels, traveled into Onancock Creek to select volunteers for a skirmish with six 
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enemy barges (Turman 1964).  Buoyed by 25 new volunteers and a vessel to be commanded by 
Colonel John Dropper, Whaley and his fleet successfully discerned the size of the British fleet 
and their location at Cadger’s Strait (Shomette 1985). After a quick, forceful attack by Whaley, 
the British vessels nearly fled. The battle would have been a victory for the Americans, but the 
powder magazine exploded on one of the colonial vessels, causing death, destruction, and 
general pandemonium. The ensuing chaos allowed the British to board and capture Whaley’s 
fleet, rending the conflict an embarrassing loss (Shomette 1985). 

A significant trade conflict arose on the Eastern Shore between the adoption of the Virginia 
Constitution in 1776 and the adoption of the United States Constitution. Virginia’s right to 
charge a toll on ships travelling between the Virginia Capes and Maryland was disputed along 
with the right to build piers and fish on the south bank of the Potomac.  The agreement that was 
reached allowed Maryland ships to travel through the entrance to the Chesapeake without being 
charged in exchange for use of the Potomac River by Virginia citizens for commerce and fishing 
(Turman 1964). This agreement remains in effect to the present and illustrates the importance of 
maritime commerce and navigation to the residents of Virginia and Maryland.  

Vessels used during this era were the same as those of the previous period with few additions.  
General craft continue to be small to accommodate travel in the often shallow, shoal prone 
waters of the Chesapeake and the barrier islands. This period and the one prior continue to 
exhibit ambiguity in vessel and rig types. A vessel could be described by its hull form or its 
rigging.  The major addition of this period was the schooner.  

The schooner is mentioned at various times during the first quarter of the 18th century in 
reference to a rigging style that was largely un-standardized (Chapelle 1935).  The term 
“schooner” supposedly arose in 1713 when upon the launch of a new vessel, a spectator 
commented “Oh, how she scoons!”  The owner of the vessel was enamored with this comment, 
and declared that it should be called a schooner (MacGregor 1997). While this may or may not 
be the origin of the term, these vessels became standardized by the second half of the 18th 
century (Chapelle 1935). Howard Chapelle (1935) suggests that the schooner is one of the first 
distinctive American vessels. These vessels were the most common type found in colonial waters 
by the time of the American Revolution because they were fast and relatively simple to construct 
and sail. The schooner was quickly adopted for legal and illegal trade throughout the colonies.  

Most schooners were sloop hulls with two fore and aft rigged masts, with the occasional topsail 
added (Chapelle 1935 and Brewington 1966). They were designed to be very sharp and fast with 
a large sail plan. Schooners tended to be relatively small, ocean going vessels that were often 
used by the Royal Navy as transports (Chapelle 1935). The schooner that became the workhorse 
of the Chesapeake Bay had a shorter sail plan, more upright spars, and a topmast on the main 
mast only. This adaptation contrasted with the schooners involved in the ocean trade 
(Brewington 1966). Schooners would increase in length over time and ultimately transformed 
into clipper ships.  

3.2.11 Early National and Antebellum (1789-1860) 
The end of the American Revolution and the establishment of the fledgling United States ushered 
in a period of peace and growth on the Eastern Shore.  The Eastern Shore accounted for three 
percent of the Virginia population with a total of 20,848 people during the first United States 
census in 1790 (Turman 1964). The population of the two Virginia Eastern Shore counties had 
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increased slightly by 1800 to 22,456 with 8,479 in Accomack County (Turman 1964). Wallops 
Island had 30 residents, 14 of them above the age of 16.   

Industry on the Eastern Shore continued unchanged. Tobacco was still a major cash crop, with 
warehouses constructed near ferry landings to store the crop before transportation to market. 
Tobacco was placed in a “rolling house” before being transported via a “rolling road” 
constructed from the bayside to a warehouse along the seaside. The large hogsheads of tobacco 
could be attached to a frame which allowed it to roll and be pulled by a horse or ox (Turman 
1964). Madison’s 1807 map of Virginia illustrates the major islands and creeks of the Eastern 
Shore that were vital for the tobacco trade (Figure 3-3). 

The production of flax was also important, and was used in the production of linen cloth, boat 
sails, thread, fishing lines, nets, and rope. Flax seed was also a lucrative byproduct of flax 
production, for the seeds could be used for making medicine and linseed oil for paints. Wool had 
also become an important home industry on the Eastern Shore (Turman 1964).  

Ferry service between the Eastern and Western shores resumed, with two trips per week made 
from the port of Hungars. The major change to the ferry service was the addition of a mail 
contract.  The operators of the Hungars ferry were to pick up the mail from the Western Shore on 
each trip across the Bay to deliver it to the post office on the Eastern Shore (Turman 1964).  

War was again declared between the United States and Great Britain in June 1812, and the 
Eastern Shore was vulnerable to attack and possible occupation. The militia continued to drill 
regularly, and men from both Accomack and Northampton counties were called to defend their 
homes.  The militia rotated watches along the mouths of bayside creeks. The British did not 
bother landing on the seaward side of the peninsula, but instead concentrated on taking control of 
the Chesapeake Bay. The appearance of enemy ships at the mouth of the Chesapeake once again 
brought an end to ferry service between the Eastern and Western shores (Turman 1964). 

The British soon turned their attention to preparing to attack the American capital, Washington, 
D.C. The British navy selected Accomack County as its base of operation. The attack was to be a 
naval campaign and the Navy needed a base out of reach of the Eastern Shore militia.  They 
selected Tangier Island located on the Chesapeake Bay to this end. Tangier Island was occupied 
on April 5, 1814, under command of British Rear Admiral George Cockburn. They constructed a 
fort there and used it until the end of the war.  

The first record of attack on Virginia from this base occurred near Pungoteague on May 30, 
1814. Known as the Battle of Pungoteague, British barges and tenders fired cannon at the mouth 
of Onancock Creek in order to draw the American militia there. The British soon crossed the bar 
of Pungoteague Creek in 11 tenders and barges before landing on the north side of the creek and 
advancing more than one mile (1.6 km). The militia engaged them briefly with no notable 
results. The British soon retreated back to Tangier Island. This battle, however, marked the only 
battle on the Eastern Shore against a European nation (Turman 1964).  

Trade during the war was impaired but not paralyzed. Eastern Shore residents found themselves 
experiencing great difficulty transporting and receiving goods from northern cities, but local 
industry had developed to such an extent that they were largely self sufficient. This self 
sufficiency produced most of the necessities and allowed them to purchase goods from New 
England, France, and other friendly European countries as vessels were able to evade the British 
and land at seaward ports.  
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The war ended with little damage to the Eastern Shore, and ferry service resumed in 1815 at 
Hungars Ferry. This ferry, which had operated since 1724, soon faced competition from the Port 
of Pungoteague. The new ferry also ran two trips per week from one shore to the other (Turman 
1964). A steamboat ferry service was established by the early 1840s, and it ran between the 
Eastern Shore and Norfolk, Hampton, and Yorktown on the Western Shore.  A steamboat 
company was able to obtain a franchise to operate in both Northampton and Accomack Counties, 
and the terminal was moved to Cherrystone Creek where two trips per week were made to the 
mainland (Turman 1964). Once per week a steamer was sent to Pungoteague. The vessels used 
on this route included steamboats Star and Joseph E. Coffee.  

The end of the war ushered another period of growth on the Eastern Shore. The principal crops 
were wheat, rye, oats, beans, peas, Indian corn, cotton, and potatoes. Castor beans were also 
frequently produced to manufacture castor oil. Tobacco, while still produced, was slowly being 
replaced by other crops.  The first agricultural figures were officially recorded in the 1840 
census, and the transition from staple crops to production of commercial vegetables had begun 
(Turman 1964). The census reports that 10,254 pounds of cotton, 107 tons of flax, and 112 
pounds of tobacco were produced along with 173 pounds of beeswax, 4,598 bushels of salt, and 
3,372 cords of firewood (Turman 1964). Farm products produced here were in demand in 
Washington, D.C., Baltimore, Philadelphia, and New York. Completion of the Chesapeake and 
Delaware Canal across the 14 mi neck of the Delmarva Peninsula in 1829 aided the transport of 
goods to the northern markets. The eventual development of steam also allowed Eastern Shore 
produce to be transported to market with greater speed than sailing vessels.  

The increase in commercial agricultural production, especially wheat and corn, prompted the 
construction of mills for grinding these crops. There were a total of 75 mills between both 
counties by 1840. There were also five lumber mills and one brick making plant (Turman 1964). 
The seafood industry was also becoming increasingly important. It had become such a booming 
industry that the legislature was required to prohibit the sale of oysters between the first of May 
and the first of September in order to conserve the supply.  

The location of Virginia’s Eastern Shore on a peninsula with numerous small creeks, shoals, and 
tributaries made vessel travel necessary and hazardous. The need for lighthouses had been clear 
since colonial times, but the first lighthouse was not started until the late 1820s. The Cape 
Charles Light on Smith Island was completed in 1832 at a cost of $7,398.82. Lighthouses were 
completed on Assateague Island and Watts Island in 1833. A study was conducted at this time 
regarding the placement of a lighthouse on Hog Island, but it was not until 1852 that Congress 
appropriated money for its construction.  Dwellings for the light keeper and assistant keeper 
were also constructed. Smaller lighthouses also marked the entrances to Occohannock and 
Pungoteague Creeks. The lights were fueled by oil with reflectors, which required regular 
cleaning and daily care by the lighthouse keeper. The lighthouse keeper was a vital part of 
Eastern Shore life until the lights were electrified nearly a century later.  

19th century vessel types were designed to meet demand.  The main economic stimulus in the 
Chesapeake was the oyster harvest, and this encouraged vessel development. Vessels became 
larger but retained the sails, shallow drafts, and flat bottoms necessary for navigation in the 
marshes, cuts, and islands of both the seaward side and bay of the Eastern Shore. Centerboard, or 
drop keel vessels became popular in the Eastern Shore region after 1850 (Chapelle 1951).  
Vessel names varied by region, but were largely dependent on the type of rigging employed.  
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Craft used during this period included the earlier forms like the sloop and schooner, but also 
boasted the clipper, various regionalized watercraft, and steam powered vessels.  

The heyday of the fast clipper ships, regionally known as Baltimore Clippers, was 1845 to 1860 
(Crothers 1997). This vessel type is a result of the rising demand for fast ships. Their 
construction design often sacrificed cargo space and low operating costs in favor of speed 
(Chapelle 1935). It was this disregard for practical aspects of sailing and ship construction that 
led to a relatively short period of use. The clippers which have been greatly popularized and 
romanticized are not constructed with a single characteristic hull form but rather used three basic 
models. These consisted of the Baltimore Clipper, which was characterized by a very sharp 
deadrise and fine ends, the sharp ended clipper with a very full midrise and very small deadrise, 
and a compromise between the two extremes, which was characterized by a noticeable, but not 
extreme amount of deadrise (Chapelle 1967). None of these models became dominant, as all had 
advantages and disadvantages and were used for different purposes.  The common clipper varied 
in length along the waterline from 105 feet to 228 feet (Crothers 1997).  The bow and stern were 
extremely V-shaped and very sharp at the waterline. They were typically wide at midship to 
accommodate cargo. Most clipper ships were three masted, but four masted vessels were also 
common.  Four masted variants were rigged with a spanker gaff and boom on a smaller mast set 
near the stern (Crothers 1997). Typical rigging plans had as many as 15 yards to support sails 
(Crothers 1997).  

A number of more regional watercraft were also being used during this period. These include the 
scow and the pungy. The scow first appeared in the 1750s, but was most popular in the early 19th 
century. It was characterized by square raked ends, hard chines, and a flat bottomed hull 
(Brewington 1966). They were typically rigged as a sloop or a schooner, and were fitted with a 
leeboard rather than a keel or centerboard. Ranging from 30 to 50 feet in length, these watercraft 
were considered workhorses used to haul goods and crops (Brewington 1966).  

The pungy was another regional craft operating along the Eastern Shore, and has been 
considered the best of all native Chesapeake watercraft. While very similar in configuration to 
the schooner, this vessel type was characterized by a much deeper stern than bow, with a greater 
deadrise. The beam was greatest further forward, the ends were more raking, and a log rail was 
employed rather than the bulwarks of the schooner (Brewington 1966). The transom was also 
hewn from a solid timber rather than built plank over frame.  It employed a very similar sail plan 
to that of the schooner but tended to be taller with lighter spars and more sharply raked rigging 
(Brewington 1966). While lamenting its demise, one waterman noted “no pungy was ever lost 
except by bad management. A pungy is all keel and no hold. She can’t carry much more than a 
common freight car” (Peninsula Enterprise, July 20, 1907).  A few variations on the pungy 
existed, including one fitted with a centerboard for navigating shoal waters. That same waterman 
also commented on the speed and maneuverability of the pungy saying “a deep model, what I 
call long-legged, with only one topsail, no jibboom and nothin’ but a standin’ jib is surely goin’ 
to be a little lazy in a calm. But the more it blows the faster a pungy is. In oyster weather, fall 
and winter, she’s a goer. She’s got the stern to be fast” (Peninsula Enterprise, July 20, 1907).  
One of the most obvious traits of the pungy was its distinctive paint scheme. They would be 
painted with “the bottom, copper; the boot-top, “flesh” pink the bends, bottle green; and the 
bead, scarlet” (Brewington 1966).  

Schooner hulls were converted into steam vessels in the Chesapeake region by making room 
below decks for engines and equipment and installing exhaust piping on deck. When purpose 
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built steam vessels were constructed, they had long, narrow hulls with a vertical single cylinder 
engine and side paddle wheels (Labaree et al. 1998). The boilers, like those on locomotives, were 
first wood burning, then coal and later diesel. Bay and river vessels employed a superstructure to 
prevent hogging and to stiffen the vessel (Labaree et al. 1998).  They typically had two decks 
with the greater part of the vessel above the waterline.  These vessels were ideal for carrying 
bulk cargo.  

Steamboats in the Chesapeake region retained a shallow draft and stern paddle wheels that suited 
the calmer waters of the region. Ocean going steam vessels employed propellers and were 
constructed with a sharper hull (Labaree et al. 1998).  There was great variation in hull form in 
steam powered vessels, but a majority of builders eventually moved both storage and cabins 
from below to above deck. One example of an early steamboat is the Alabama. This wooden 
hull, side wheeler was built in 1838 and was “210 feet in length, by 24.6 beam and 13.5 depth of 
hold” (Brown 1938:392). This vessel was owned by the Maryland and Virginia Steamboat 
Company and did the Baltimore to Norfolk run (Brown 1938). Vessels of this period boasted 
speeds of up to 10 to 14 miles-per-hour (Brown 1938).  

The Chesapeake Bay was home to some of the earliest steam powered vessels, and by 1813 
steam service began between Baltimore, Frenchtown and Philadelphia (Labaree et al. 1998:256). 
The first steamboat operating on the Eastern Shore was owned by the Floyd family and ran from 
Townfields to the Hampton Roads area (Whitelaw 1968). Steam vessels were employed as 
transport ships that offered regular service from cities such as New York and Baltimore to 
Norfolk and New Orleans; “In the year 1838 Maryland had nineteen registered steamboats and 
Virginia, sixteen” (Brown 1938:391). The railroads and steamships worked in tandem to move 
produce, goods and people up and down the bay by the 1850s.  

Different types of work vessels evolved with the advent of steam. The steam tug boat was used 
to move sailing vessels through canals and rivers out to sea (Labaree et al. 1998).  These hulls 
were both wood and metal. They set low in the water and were designed with a low, rounded 
stern to accommodate lines off the aft deck. 

Civil War (1861-1865) 

Virginia’s Eastern Shore had become a vital farming and maritime region on the eve of the Civil 
War. Water transportation was far more expedient than road travel during this period. 
Steamboats were making scheduled stops on both the bayside and seaside ports to take on 
cargoes of produce, seafood, and other goods. While steam had gained a significant foothold in 
shipping commercial goods, the local people still relied upon sail transport (Turman 1964). 
Sailing vessels and rigging had improved to the point that more speed could be gained with 
smaller crews. Sail propelled vessels could also be locally produced while steam was more costly 
and complicated.  Fleets of sailing vessels under the ownership and direction of local people 
were trading as far as Cuba and northern cities.  

Delegates from Accomack and Northampton Counties traveled to Richmond in February of 1861 
for a convention considering a referendum that allowed people to determine whether to join the 
Confederacy or remain in the Union. The convention chose to allow the referendum and it was 
scheduled for May 23, 1861 (Turman 1964). Union ships blockaded the lower Chesapeake 
before the referendum could take place.  Lighthouses were darkened by Confederate forces and 
ferry service was once again halted between the Shore and the mainland. The only lighthouse 
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that continued operation was the Assateague Light.  Both counties, with the exception of the 
Chincoteague precinct, voted to join the Confederacy when the referendum took place.  

The courts of both Accomack and Northampton Counties authorized funds for recruiting, arms, 
and ammunition after deciding to join the Confederate cause. This resulted in 800 men being 
organized into eight companies of infantry, two cavalry, and one light artillery. These men were 
later divided into three regiments, two from Accomack County and one from Northampton. This 
arrangement was a holdover from the War of 1812 (Turman 1964).  Every capable man on the 
peninsula was already in the militia and was required to drill three times per year.  

The Eastern Shore of Virginia was a prime location for smugglers due to the many miles of 
coastline and small inlets that made hiding a vessel from Union patrols a relatively simple task. 
Fake licenses to operate were being issued to Virginia boat owners that identified them as 
Maryland residents.  These documents allowed them to fill up their small schooners and 
rowboats and take them down to the Eastern Shore to supply the Confederacy (Mills 1996). 
Supplies could also be smuggled from the North to Chincoteague on the ocean side, and then 
transported overland to waiting boats along the Bay (Mills 1996). The prevalence of smuggling 
led to a boat burning expedition led by the Union army. They ran from Fort Monroe up Back 
Creek and successfully captured or destroyed several vessels engaged in smuggling (Mills 1996).  

Major General John Dix was put in command of the defense of Maryland to prevent goods and 
men from flowing through Maryland to the Confederacy and to intimidate rebel troops (Mills 
1996). His major responsibilities including ensuring supplies did not flow into Accomack and 
Northampton Counties. To achieve this end he devised a plan to occupy the two Eastern Shore 
Counties.  

Brigadier General Henry H. Lockwood was to head the occupying army. He received a report on 
Confederate activities in the region and requested an army large enough to convince them that 
resistance was unwise (Turman 1964).  Dix sent a letter to the people of Virginia’s Eastern Shore 
offering protection of private property if the people would not resist occupation. He also 
promised to restore trade with those counties and to restore the lights in the lighthouses (Mills 
1996).  

Confederate General Smith ordered his men and the militia to the northern part of Accomack 
County to mount a defense, but he had no choice but to retreat when he received the 
proclamation from Dix (Turman 1964).  A total of 44 officers and 64 enlisted men were able to 
escape to the Western Shore by boat before the Union army completely occupied the Shore. 
Young men who were away in college also enlisted, and others ran the blockade to join the 
Confederate army (Turman 1964). A total of 197 men from Accomack County and 255 from 
Northampton County served in the Confederacy.  

Several attempts were made to run the blockade during the Union occupation, so guards were 
placed at the mounts of 16 streams and landings including Cape Charles, Cherrystone Inlet, 
Hungars Creek, and Pungoteague Inlet. Strict orders were issued that no trade was to be 
permitted between locals and soldiers except under very strict regulations (Turman 1964). 
Penalty for violation of these orders was one month hard labor or one month’s imprisonment 
with bread and water. Once occupied, the Eastern Shore was cut off both geographically and 
politically from the rest of Virginia.  Smuggling and blockade running continued throughout the 
war, but it was not as flagrant or frequent as it was originally (Mills 1996).  
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Despite the fact that Virginia had seceded from the Union, there were those who lived on the 
Eastern Shore with no interest in the war. They were simply interested in selling their daily catch 
of oysters. Many on Chincoteague Island remained loyal to the Union and signed an oath of 
allegiance on October 15, 1862, which gained them Union protection and permission to sell their 
oysters as far north as New York and Philadelphia (Mills 1996).  

The Eastern Shore had become an important link in communication between Washington D.C. 
and Fort Monroe in the Hampton Roads area. A telegraph line was quickly constructed through 
the Eastern Shore to Cherrystone Inlet and a cable was laid to Old Point. Troops could also be 
moved down the shore to reinforce Fort Monroe. Steamboat service was established by the army 
to more easily transport goods and soldiers (Turman 1964).  

There were no new vessel types introduced on the Chesapeake during the Civil War, but local 
craft continued to be used, as well as steam powered vessels.  Vessels employed during the 
period leading up to the Civil War continued in use. It was not uncommon for residents of the 
Eastern Shore to construct work vessels for their own use in blockade running or for everyday 
work.  The oyster industry was disrupted during the war to such an extent that watermen found 
the freight and ferry business to be far more profitable than oystering (Wennersten 1978) 

3.2.12 Reconstruction and Growth (1865-1914) 
Virginia was designated a territory following the surrender at Appomattox in 1865, and was part 
of Military District Number 1 (Turman 1964). This included Accomack and Northampton 
Counties. A constitutional convention was held in 1867, and produced a constitution that was 
ratified by voters in 1869. Virginia was readmitted to the Union in 1870 (Turman 1964). After 
being under military rule for more than eight years, residents of the Eastern Shore were excited 
to have self government restored.  

The Federal Government realized the need to establish lifesaving stations along the Shore in 
1874. Congress created the Life Saving Service in 1871 but it took three years for stations to be 
authorized and funds appropriated for construction in Accomack and Northampton Counties 
(Turman 1964). Stations authorized in 1874 included Assateague Beach Station, Wachapreague 
Beach Station, Hog Island Station, Cobbs Island Station, and Smith Island Station. Four more 
stations were authorized in 1878 and 1882, including one on Wallops Island, which is visible in 
the 1892 Coast and Geodetic Survey Map (Figure 3-4, Turman 1964). 

Prior to the authorization of life saving stations, volunteers stepped in whenever they found a 
ship in distress. The addition of formal life saving stations meant that trained men with the 
proper equipment were always on duty and ready to assist a vessel or sailor in distress. The 
stations were composed of two story frame houses constructed with rooms for lifeboats which 
were always ready for deployment, as well as living quarters for the men. Those serving at a 
station were on duty for one week with at least that much time off before the next shift (Turman 
1964). The keeper of the station had the same status as a commissioned officer and was tasked 
with training and drilling the men and directing a rescue.  The coastline from Delaware Bay to 
the Mouth of the Chesapeake Bay made up Life Saving District 6 (Turman 1964). This district 
was under command of Captain Benjamin Rich from 1875 until his death in 1901. While under 
his command more than 800 disasters involving 6300 people were addressed as well as $12 
million in property of which more than $8 million was saved. During this 26 year period, only 45 
lives were lost (Turman 1964).  
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The Eastern Shore and much of Virginia was forced to shift from a tobacco and slave based 
economy to one more diversified. This eastern coastal region of Virginia began to export 
produce, peanuts, fish, and oysters to the western part of the state and beyond (Surface 1907).  
Chincoteague Island and the Bay islands of the Chesapeake became known for oyster harvesting, 
tonging, dredging, and dragging. Chesapeake oysters were exported all over the world.  Oysters 
were harvested in vessels including sloops, schooners, bugeyes and skipjacks, first via wind 
power, then steam.  

In the late 19th century, truck farming—the cultivation of a few crops for shipment to localities in 
which such crops cannot be grown, became very important to the Eastern Shore of Virginia and 
Maryland (Gemmill 1926). Large farms producing a few main crops for sale to the open market, 
often at some distance from the farm, became the norm on the peninsula. This required seasonal 
labor and reliable transportation. The need for transportation was met by wagon, boat, and rail. 
Farmers brought their produce to local wholesale markets by wagon and boat, where it was then 
transported by rail to Baltimore, Philadelphia, and New York. Skipjacks and buyboats brought 
the produce from remote areas. Steam vessels would transport large loads of produce from areas 
without ready access to the railway. Remote areas were able to receive a wider range of goods 
due to new transportation routes. 

A railroad line was initially proposed for the Eastern Shore of Virginia and Maryland as early as 
1835 (US Senate 1937).  It was considered again in 1855 when plans and maps were drawn but 
the project abandoned (Turman 1964).  The oyster trade prompted the establishment of the first 
rail line on the Eastern Shore. “The railroad first touched the Eastern Shore seaside in 1876 when 
a line… laid southwestward of Snow Hill, Maryland reached its terminus just below the 
Maryland-Virginia boundary and next to the Chincoteague Bay oyster grounds at what became 
Franklin City” (Thomas, Barnes, and Szuba 2007). This area was not only famous for oysters but 
also for the outdoor sports of duck hunting and fishing. Advertisements highlighted the easy 
transportation to the Virginia Eastern Shore: “The upper portion of the peninsula can be reached 
daily by rail from Philadelphia, the terminus being Greenbackville, on the sea side opposite to 
Chincoteague Island, and distant from it about five miles. A steam ferryboat conveys passengers 
from the depot to the island” (Hallock 1877). 

Ready access to the railroad, and the advent of refrigerated boxcars encouraged the growth of the 
seafood industry. It opened many new markets and increased the demand for Chesapeake Bay 
seafood.  A rail line was established in 1884, serving the length of the peninsula (Turman 1964). 
The New York, Philadelphia and Norfolk Railroad, which also owned steamships, undertook the 
construction of the line, running north to connect with the existing rail line near the state boarder 
(General Assembly of Virginia 1884).  This coincided with the construction of a harbor and 
wharf at Cape Charles that was deep and large enough to accommodate steamships (Turman 
1964). “By 1889 more than one hundred vessels from 5 to 65 tons and about two hundred decked 
vessels of under five tons participated in the upper seaside oyster trade” (Thomas, Barnes, and 
Szuba 2007).  These transportation advancements promoted both truck farming and the oyster 
trade as tomatoes, potatoes and oysters could be put on the train in the morning and served in a 
restaurant in Baltimore or New York that same evening. 

There was a pleasure club on Wallops Island by 1891, complete with a steam powered pleasure 
boat for excursions (Peninsula Enterprise, May 16, 1891). Other sporting clubs soon opened as 
the news of the fine hunting and fishing spread; “There are three clubs located on the ocean side 
of Accomack, one on Wallops Beach, composed principally of Pennsylvanians; one on Revels 
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Island and one of Wachapreague” (Johnson 1899).  This was all made possible by trains and 
motor powered boats operating in the region. 

Many of the vessels used during this period were similar to those of the previous period, with 
developments and innovations most often focused on the oyster business. The Chesapeake Bay 
was known for producing regionalized vessels designed for the oyster harvest and to meet local 
needs.  Many of these vessel types and the miniscule distinctions between them have been lost 
with the shipwrights who constructed them. The vessels which became prominent during this 
period included the flattie, the skipjack, the bugeye, and the buyboat.   

The flattie was originally used to transport produce on the Virginia and Maryland tidewater 
streams, as well as for use in oystering, crabbing, and duck hunting (Chapelle 1951). These 
vessels likely first appeared prior to the Civil War, but were most prominent during the last 
portion of the 19th century and represent the smaller predecessor to the skipjack. They are 
characterized by a V-bottom with some deadrise aft.  They ranged from 16 to 30 feet in length, 
and tended to be partially decked (Chapelle 1951).  This vessel type was supposedly out of use 
by the 1890s, but Chapelle notes seeing a number on the Eastern Shore in 1940 (Chapelle 1951).  
This vessel is said to have been created to “produce a wide sharpie that would sail well” 
(Chapelle 1951:312).  They were said to sail very well when properly canvassed and were 
commonly constructed by Eastern Shore mariners for their own use.  Accomack County is said 
to have produced the greatest number of these vessels (Chapelle 1951).  

The skipjack, which was a dead-rise skiff with a V-bottom, first appeared after 1860 but did not 
become popular until the 1880s (Chapelle 1951).  The term skipjack is frequently associated with 
the rigging of the Chesapeake oyster boats rather than a specific hull form. The name is said to 
be after the bluefish that is known to “skip” across the surface of the Bay (Wennersten 1978). 
The characteristic rigging is a sprit sail and a jib, without the topsail which was characteristic of 
older, similar vessels (Chapelle 1951). Construction was done in a very plain, craftsman-like 
fashion. Skipjacks usually had one raking pole mast on the foredeck and an external rudder on a 
square transom. One author in 1880 comments that skipjacks are “very wide, with sharp rise of 
floor the full length of the bottom, jib-and-mainsail rigged, heavily canvassed, and with a 
reputation for being very fast and Weatherly (Chapelle 1951:306).” A very specialized type 
originated at Chincoteague Island with masts located fore and aft that could be operated single-
handedly (Chapelle 1951:330). 

The bugeye originated in the Chesapeake region in the second half of the 19th century when the 
demand for simple, inexpensive to construct oyster dredging vessels peaked. The bugeye 
persisted as a popular type until nearly 1920, and is noted as the preferred vessel for oyster 
dredging due to its simple operation and the ability to be operated by one man (Wennersten 
1978).  The bugeye was originally little more than an enlarged, decked log canoe with a fixed 
rig, but it gradually grew and was refined. Employed primarily in oyster dredging, this vessel has 
been described as a “flat-bottomed centerboard schooner of small size (3 to 15 tons) decked over 
and with a cabin aft” (Brewington 1964:35). These watercraft typically have two masts, one 
situated on the foredeck and one located aft of amidships with a leg-of-mutton foresail, a 
mainsail and jib with a single halyard and sheet (Brewington 1964:59). They tend to have a sharp 
bow with a stubby bowsprit.  This vessel type ranged in size between three to fifteen tons, 30 to 
80 feet in length, 10 to 23 feet in beam and 2.5 to 5.5 in draft.  The average vessel measured 50 
feet in length, 15 feet in beam with a 4 foot draft (Brewington 1966). Hull variations began 
appearing in the 1880s as a means of gaining deck space. These variations included round and 
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square sterned vessels as well as the “patent stern” which developed in 1908 as an outboard 
projection of the deck. They are characterized by flat bottoms and hard bilges (Chapelle 1935).  

One of the more notable vessels used in oystering, specifically tonging, was a round bottomed 
boat that was formed from three dug out logs that were joined together.  This vessel type was 
used through the end of the 19th century and was rigged with a jib and one or two sails, and had 
no deck. They tended to be approximately eight to 25 feet in length and are noted to be 
especially seaworthy (Wennersten 1978). 

The buyboat is synonymous in the modern Chesapeake Bay. The term “buy-boat” originated 
from their utility. These vessels met oyster boats, purchased their catch and transferred it on the 
water from boat to boat. The buyboat, though engine powered, continued to possess a main mast 
and limited rigging needed for a boom crane.  It was developed at the dawn of the 20th century 
with the advent of the gas motor (Chowning 2003). It represents the end of sail power and the 
beginning of motor vessel ascendancy. Even though steam powered vessels were in use before 
gas or diesel engines, early bay vessels were too small for the boiler assembly (Chowning 2003).   

The traditional schooner, skipjack or bugeye hulls would be fitted with an engine during the 
early years of motor adaptation, but appearance of the vessel was largely unchanged (Chowning 
2003:34). Some early buyboats were bugeyes or skipjacks with cut masts, the bow sprit 
removed, and a small cabin on deck for shelter.  The buyboat hull was designed and built to 
utilize both sail and motor propulsion. Buyboats were versatile and purpose designed for 
watermen as they could use sail power to harvest oysters (in Maryland waters power harvesting 
was restricted for preservation purposes) and could be used under power for hauling and other 
types of fishing (Chowning 2003).  They ranged in length from 40 to 100 feet, with a stub mast 
and boom forward of the hold, a pilothouse aft, and a decked hull (Chowning 2003:3).  They 
have three main hull configurations: frame-built, log built, and deadrise or box-built (Chowning 
2003:3). The buyboat was used to haul grain, coal, log wood, produce, people, and sometimes 
vehicles in a time before bridges and extensive roadways (Chowning 2003). They continue to be 
used to the present.  

Two shipwrecks from this time period are known to have been lost within 13 mi (21 km) of the 
Wallops Island area. Both vessels were schooners. The first, the Jennie N. Huddel, was a 279 ton 
vessel built in 1870 that was stranded at Carters Shoal in Chincoteague in 1910. The second 
vessel was the Lizzie Godfrey, a 77 ton schooner stranded at Chincoteague Inlet in 1914. These 
two vessels represent the first craft identified to have been lost in the vicinity. While there were 
likely many vessels lost here in the preceding periods, these are the first for which 
documentation exists.   

3.2.13 World War I to the Present (1915-Present) 
World War I was officially declared in 1917, and the US Coast Guard was the only armed 
protection available on the Eastern Shore (Turman 1964). Beaches were closely patrolled to 
prevent landing of enemy spies and submarines.  Watch was also kept at the Cape Charles 
Station for enemy ships and submarine periscopes.  The Life Saving Service had been combined 
with the Revenue Cutter Service to form the US Coast Guard in 1915. It remained under the 
Treasury Department, but the men serving in the Coast Guard became naval reserve units for use 
in time of war.  The Eastern Shore became part of the Fifth Coast Guard District. Stations were 
linked by telephone so that in the event of a large disaster men and resources could be drawn 
upon from multiple stations (Turman 1964).  
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World War I did not have a dramatic influence upon life on the Eastern Shore of Virginia, but 
the end of the war and the return of troops brought remarkable changes and prosperity.  
Automobile use had grown so much that it had to be regulated, jobs were plentiful, and a college 
education was attainable (Turman 1964).  Every steamboat returning to the Eastern Shore 
brought new cars from Baltimore. Trains also brought them on flat cars (Turman 1964). Filling 
stations and garages had to be erected to accommodate the flood of new automobiles.  Land 
prices were also spiraling upward as people invested in stocks, bonds, or loans to others to grow 
more Irish potatoes, a major cash crop. Approximately 53,267 acres of Irish potatoes were grown 
in 1920 with amounts increasing yearly.  

Prompted by rapid growth, the Chincoteague Toll Road and Bridge Company was organized in 
1919 (Turman 1964). The road and bridge was a lifelong dream of John B. Whealton. He 
surveyed the land from the south of Chincoteague Island to Wallops Neck before convincing 
Company directors that the bridge should run into the business section of town (Turman 1964). 
The land was resurveyed and permission was granted by the Federal Government for a 
drawbridge spanning the Chincoteague Channel. The Virginia General Assembly then granted 
permission to build 

“A road from A.F. Jester’s dock, next to the Atlantic Hotel Dock, leading across 
Chincoteague Channel to the marsh and then across Black Narrows Channel and marsh, 
then in a southwestern direction across Wide Narrows to Queen Sound at the mouth of 
Shell Bay, then in a westerly direction to W.H. Hickman’s Farm in Wallops Neck” 
(Turman 1964:226).  

The road was opened on November 15, 1922 with nearly 4,000 visitors arriving on the island to 
witness the ribbon cutting and hear the Governor speak. The newly constructed earthen 
causeway was eroded by rain during the speech, and many travelers became stranded on the 
causeway to be rescued by small boats (Turman 1964). The following day the stranded cars were 
rescued by ferry and renovations of the road began. The causeway reopened by Christmas of the 
same year.  

The 1920s continued to bring changes to Accomack and Northampton Counties, including new 
buildings, changes to the school system, troopers appointed for highway safety, and increased 
public involvement by women who had been granted the right to vote.  Farmers, watermen, and 
professionals associated with these two industries also experienced renewed success during this 
period (Turman 1964).  

The prosperity of the 1920s was evident in the local recreational facilities. Hotels were built and 
visited by sportsmen during both hunting and fishing seasons. Local people also enjoyed these 
facilities which included three country clubs, each with a nine hole golf course (Turman 1964). 
Many residents also owned pleasure boats that were often raced. 

The railroad was also prospering, and the railroad companies invested in several new ferries, 
including Virginia Lee, which was touted as the finest steamboat running between Norfolk, Old 
Point, and Cape Charles (Turman 1964). This steamer was 300 feet long with an auto deck 
capacity of 80 cars.  Virginia Lee and Maryland made three round trips per day between Cape 
Charles, Norfolk, and Old Point. While Maryland was capable of ferrying cars on an improvised 
automobile deck, fares were high enough on all steamers to encourage travel by train rather than 
private automobile (Turman 1964).  
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A ferry franchise was granted to the Peninsula Ferry Company in 1930. They began operating 
between the north side of Cape Charles and Pine Beach (Turman 1964). They ran a large open 
steamer with a 100 car capacity. The Peninsula Ferry Company was able to charge fares lower 
than the Pennsylvania Railroad Steamers, which contributed to their success. The Virginia Ferry 
Company, partially owned by the Pennsylvania Railroad, superseded the Peninsula Ferry 
Company in 1933 with Delmarva, a streamlined steamer designed to carry cars and trucks 
(Turman 1964). The ferry terminal was moved that same year to the Pennsylvania Railroad 
Terminal, while the southern terminal was at Little Creek, where the railroad had built tracks for 
box car barges (Turman 1964).  

The stock market crashed in October 1929, but the real impact of the Depression did not peak 
until 1934 (Turman 1964). The price of Irish potatoes fell dramatically, which brought hardship 
to farmers, merchants, and professionals due to the prevalence of the potato as a cash crop. When 
the price of potatoes fell below the cost to produce them, Virginia’s Eastern Shore felt the effects 
of the Great Depression in earnest.  

Canning and gardening began to increase in an attempt to recover from the effects of the potato 
failure, and thrift and industry again returned. The WPA stepped in to assist in the recovery by 
developing roads, mosquito control, and water systems, and opening sewing rooms for women to 
produce linen curtains (Turman 1964). Flax was once again produced for linen. 

Farmers were harvesting crops that did not include potatoes when World War II broke out in 
1939.  Soybeans and vegetables that could be canned were being grown, and many of them were 
shipped by truck to canneries and a newly opened quick-frozen food plant (Turman 1964). 
Farmers were growing tomatoes, potatoes, sweet potatoes, corn, peas, string beans, lima beans, 
turnip greens, broccoli, spinach, and strawberries both for personal use and for sale to the 
military (Turman 1964). The war also expanded the poultry industry that had begun in the 1930s, 
and 5,745,420 chickens were fattened in Accomack County in 1945 (Turman 1964).  Many other 
veterans were seeking employment in shipyards and war material plants by 1940.  

The war brought recovery to the region, but it also brought uncertainty. The return of the draft 
and quotas made the war more of a reality. The Federal Government acquired land at the mouth 
of the Chesapeake Bay in 1940 to construct Fort John Custis (Turman 1964). This represented 
the first visible sign of war on the Eastern Shore.  

Coastlines were being very closely monitored by 1942, especially the Atlantic side of the 
peninsula. Small army posts had been established at the towns of Chincoteague and Accomack, 
and were responsible for patrolling the shores with trained dogs from dusk to dawn (Turman 
1964). These patrols were designed to locate submarines and to prevent enemy landings. While 
the number of submarines sunk in the Atlantic by the Civil Air Patrol operating out of Accomack 
and Northampton counties is unknown, there were at least 10 American ships recorded as 
torpedoed by enemy submarines (Turman 1964). It was not unusual for those living near the 
coast to hear explosions or feel their homes shake when the Civil Air Patrol was working 
(Turman 1964). 

The government purchased land on Wallops Neck for a naval air station in 1942 and 
subsequently constructed a landing strip and buildings for officers and members of the unit. The 
Chincoteague Naval Air Station was commissioned in March of 1943 (Turman 1964). This was 
soon followed by the opening of a base on Wallops Island under the command of Langley Field 
Research Center of the National Advisory Committee for Aeronautics. They surveyed the island 
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in 1945, which was then owned by a group of sportsmen using it for fishing and hunting, and a 
portion was owned by the U.S. Lifesaving Service (Figure 3-5, Turman 1964).  A total of 80 
acres at the south end of the island were purchased and 1000 acres leased. Construction of 
facilities for firing rockets started in May 1945 and the first test rocket was fired in June. The 
remaining portions of Wallops Island were purchased by the Federal Government in 1949 
(Turman 1964). 

The end of World War II brought another period of growth to Accomack and Northampton 
Counties. Crops were bringing in good prices and canneries were operating to full capacity 
(Turman 1964). Televisions, refrigerators, and new cars were popular post-war purchases.  

The Virginia Ferry Company was taken over by the Chesapeake Bay Ferry Commission in 1954 
by authorization of the General Assembly (Turman 1964). The fleet boasted five vessels, three of 
which would be enlarged, with two more joining the fleet.  They began exploring the possibility 
of constructing a combination bridge and tunnel across the Bay not long after the Commission 
was formed.  This would be completed in the 1960s. 

The Chincoteague Naval Air Station closed in June 1959 and preliminary negotiations were 
underway to allow NASA to acquire the 1,000 acres of land west of Wallops Island (Turman 
1964).  It was ultimately decided that the NASA expansion would take place on the former 
Naval Air Station site. The administrative and technical support facilities on Wallops Island were 
moved to the mainland on July 1, 1959, which allowed NASA to occupy the location formerly 
used by the Langley Field Research Center (Turman 1964). NASA was now in control of 
Wallops Island, which was connected to the mainland by bridge in 1960. 

The close of the 20th century and the beginning of the 21st century was marked by a period of 
declining numbers of farms, but the rise of large farms made it possible for fewer permanent 
workers (Turman 1964). The major crops included potatoes, both Irish and sweet, tomatoes, snap 
beans, strawberries, soybeans, and other assorted vegetables. The food packing and processing 
industry as well as the frozen food industry also became very profitable. The seafood industry 
remained important but was in decline. Clams, oysters, and crabs continued to be sold in large 
quantities, and a number of deep sea fishing fleets operate from Virginia’s Eastern Shore 
(Turman 1964).  

Lifeboat stations operate on the ocean islands including Smith, Cobb, Hog, Little Machipongo, 
Parramore, Metompkin, Assateague, and Popes Islands to provide protection for mariners.  These 
stations are under the purview of the Fifth Coast Guard District. Each station continues to 
provide living quarters for men on duty as well as rescue equipment and boats. While employees 
live on the mainland and work in shifts, all personnel will be subject to duty around the clock in 
the event of a disaster (Turman 1964). 

The 20th century is not characterized by any distinctive regional vessel types. The primary forms 
operating in the region were ferries, barges, fishing vessels, tugs, and pleasure craft. These vessel 
types were all associated with the various maritime activities of the region.  

Numerous barges and ferries were operating in the Wallops Island region during the early 20th 
century. Barges were used as a means of transporting large objects along the coast. There are 
several reports of tug towed barges transporting cars or boxcars being lost in storms (Turman 
1964). One 1906 newspaper remarked that, “there are some 100 barges, with 15 tugs to attend 
exclusively to bay towing” (Turman 1964: 237).  Fishing boats were extremely prominent in this 
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area and remain so to the present. The Chesapeake Bay produced nearly nine times more tons of 
fish per square mile (2.6 square km) than did the fishing grounds of New England in the late 
1920s (Labaree et al. 1998). 

A 1912 report from the United States Army to Congress to assess the necessity of dredging the 
Chincoteague Inlet produced the following list of vessels registered in the area during this period 
(United States Secretary of War 1912). 
 

600 small boats, not registered, value each $250 $150,000 
300 gasoline boats, value each $700              $210,000 
100 boats between 5 and 20 tons, value each $800 $80,000 
18 vessels over 20 tons, value each $2,000  $36,000 
500 barges, scows, etc., value each $40  $20,000 
1 steamer (ferryboat)     $10,000 
1 steamer (tugboat)     $3,000 

 
These vessels provide a snapshot of the types and importance of the vessels operating in the 
Wallops Island vicinity during the early 20th century. The emphasis is on practical, working 
vessels.  
The majority of the documented wrecks in within 21 kilometers (13 miles) of the Wallops Island 
area occurred during this period. The eight vessels lost include two schooners, one fishing 
trawler, one tug, three barges, and one of unknown type. This likely does not represent the full 
range of vessels lost in the vicinity, but does provide a cross section of the types of vessels 
operating in the area during the post World War I era.  

3.2.14 Shipwreck Potential within the Project Area 
There was a moderate potential to encounter shipwrecks in the project area. This determination 
was based upon evaluation of known shipwrecks in the area and upon archival research. The 
likelihood of encountering vessels from the Contact Period through the late 18th century is slight 
because relatively few vessels traversed the Wallops Island coastline during this time period. 
Vessels common to this period, which include sloops, bateau, punts, flats, and shallops, were 
also small coastal vessels that rarely ranged that far from shore.  They were also lightly 
constructed and less likely to have survived to the present.  

Potential for encountering vessels from the 1840s to the present increases over the previous 
periods because the relative prosperity of Virginia’s Eastern Shore generated a sharp rise in 
seagoing merchant vessel traffic and a general increase in seaworthy vessel forms. The most 
common seagoing craft operating near the project area were schooners, steamboats, barges, and 
assorted regional watercraft such as larger skipjacks and bugeyes. 

A total of 12 known ships were reported wrecked in the project area vicinity (Table 2-4), and all 
were lost during the 20th century.  The loss of four schooners constructed during the last quarter 
of the 19th century, along with three turn of the century barges, are illustrative of the vessel 
classes expected offshore of Wallops Island.  The preponderance of these two forms on the list 
suggests that schooner type vessels and barges were common sights along the Wallops coastline, 
and that they were susceptible to loss in sea conditions endemic to that stretch of the sea.  The 
overall potential to encounter shipwrecks in the project area is moderate, and those that may have 
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been encountered would most likely date from 1840 to the present, and would represent 
schooners, barges, or other working vessels.  
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4.0  PROJECT LOCATION AND DESCRIPTION 
 
The WFF is located on the Delmarva Peninsula in the northeastern portion of Accomack County, 
Virginia.  The Delmarva Peninsula is bordered by the Atlantic Ocean to the east and the 
Chesapeake Bay to the west.  The WFF is located approximately 8 kilometers (5 miles) west of 
Chincoteague Island.  The WFF project area consists of three areas totaling approximately 2,428 
hectares (6,000 acres):  the Wallops Main Base (902.4 hectares [2,230 acres]); the Wallops 
Mainland (40.5 hectares [100 acres]); and Wallops Island (1699.7 hectares [4,200 acres]), which 
includes approximately 404.7 hectares (1,000 acres) of tidal marsh.  The Main Base is located off 
Virginia Route 175 and approximately 3.2 kilometers (2 miles) east of U.S. Route 13 (NASA 
2005).  The entrance gate for the Wallops Mainland and Wallops Island is located approximately 
11 kilometers (7 miles) south of the Main Base (NASA 2005).  This section summarizes the 
topography, natural setting, and present land use of the project area.  This summary will serve as 
an environmental context from which regional occupations can be interpreted. 
 

4.1 PHYSICAL ENVIRONMENT 
 
The project area lies “in the Tidewater region of the Embayed section of the Atlantic Coastal 
Plain” Physiographic Province (United States Department of Agriculture, Soil Conservation 
Service [USDA:SCS] 1994).  Three major landforms are found in Accomack County: mainland, 
tidal marsh, and barrier island.  All three are found in the WFF project area.  The mainland 
includes low and high terraces separated by a discontinuous escarpment at 7.62 meters (25 feet) 
above mean sea level (amsl).  Low terraces are found west of Route 13 (outside the project area) 
and on the extreme eastern edge of the mainland.  The low terrace “consists of broad to narrow 
flats bordered by tidal marshes on the east and a discontinuous escarpment on the west” (USDA, 
SCS 1994).  The high terrace ranges in elevation from 7.62 to 15.2 meters (25 to 50 ft)  amsl.  
The high terrace topography is more complex than the low terrace, and “is generally 
characterized by broad, nearly level terraces that are broken by narrow elliptical ridges [Carolina 
Bay features], gentle escarpments, tidal creeks, and drainageways” (USDA, SCS 1994).  
Extensive tidal marshes are located between the mainland and barrier islands.  The marshes flood 
regularly with the tides, are drained by an extensive system of meandering creeks, and have 
immature soils.  Barrier islands are roughly parallel to the mainland and are generally less than 3 
meters (10 feet) amsl.  Topography varies from nearly level to steep, and soils are immature and 
vary widely from very poorly to excessively drained (USDA, SCS 1994). 
 
The majority of the WFF Main Base is located on a high terrace landform (7.6 to 12.2 meters [25 
to 40 feet] amsl) with the northern and eastern portions located on low terrace (0 to 7.6 meters 
[25 feet] amsl) and tidal marsh.  The Wallops Mainland is primarily located on low terrace (0 to 
7.6 meters [25 feet] amsl) and tidal marsh, and Wallops Island is a barrier island with extensive 
tidal marshes between the island and the Wallops Mainland.   
 
The area is underlain by Quaternary Period (ca. two million years ago to present) sands, gravels, 
silts, and clays (United States Geological Survey [USGS] 1973).  The surface geology of the 
project area varies somewhat according to landform.  The Accomack Member of the Omar 
Formation is found on the mainland, and consists of sand, gravel, silt, clay, and peat deposits 
(USGS 1973).  Tidal marsh areas are underlain by Joynes Neck Sand, a fine to coarse-grained 
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sand that coarsens downward to gravel and sand.  Tidal marsh areas also include organic-rich 
silts and clays.  The barrier islands contain beaches and dunes that are composed of fine to 
coarse-grained quartz sands that are poorly to well-sorted (USGS 1973). 
 
Soils in Accomack County were formed from parent material consisting of transported sediments 
moved and deposited by marine and stream action (USDA, SCS 1994).  Within the project area, 
soils mapped for the terraces include Bojac, Nimmo, Molena, and Polowana series.  These soils 
are sands and sandy loams that vary from fine to coarse in texture.  Soils mapped for the tidal 
marshes within the project area include Chincoteague and Magotha series.  Chincoteague soils 
are gleyed silt loams.  Magotha soils are also gleyed silt loams, but are located in higher 
elevations within the marshes and have a mature soil profile.  These areas were former uplands 
before they were transformed to tidal marsh by rising sea levels.  Soils mapped for the barrier 
island in the project area (i.e., Wallops Island) include beaches, the Camocca series, and the 
Fisherman-Assateague complex.  Beaches are unconsolidated sands with no soil development.  
The Camocca series and Fisherman-Assateague complex soils formed from sandy sediments and 
are immature soils as indicated by the absence of  surface pedogenic horizons (i.e., there is no A 
Horizon overlying parent materials). 
 
The lack of soil development on Wallops Island reflects the dynamic environment typical of 
barrier islands.  On the Delmarva Peninsula, barrier island shorelines are constantly migrating 
inland.  As the Atlantic Ocean-side is eroding, sand is deposited behind the active dunes on the 
landward-side of the island.  This process leads to erosion of the former land surface on the 
Atlantic Ocean side of the island and burial of the former land surface by dune migration on the 
landward side of the island (Fehr et al. 1988).  On Wallops Island, these soil disturbing processes 
have been slowed through recent human intervention (e.g., emplacement of seawall and facility 
construction on the island).  In addition to the dynamics of barrier island formation, sea level rise 
during the Holocene has led to inundation of formerly dry land surfaces and extensive 
development of tidal marshes between the barrier islands and the mainland.  The northern end of 
the island has been building towards Chincoteague Island over the past one hundred years.  In 
addition, at the southern end of the island, Assawoman Inlet, which separates Assawoman Island 
from Wallops Island, was filled in 1986 due to a storm (NASA 2005).  The inlet was temporarily 
reopened in 1987, but has since filled in again.  These changes reflect the dynamic nature of 
barrier island environments.  The Wallops Main Base and Mainland have been protected from 
tidal erosion due to the presence of the barrier islands and tidal marshes, and are not subject to 
the same dynamic forces that affect barrier islands.   
 
4.2 NATURAL ENVIRONMENT 

Vegetation for the area varies with landform association.  On the Wallops Main Base and 
Wallops Mainland (mainland landform) areas include loblolly pine, black cherry, red maple, 
black willow, sassafras, and wax myrtle (NASA 2005).  Wallops Island (barrier island landform) 
vegetation includes seabeach orach, common saltwort, sea rocket, American beachgrass, seaside 
goldenrod, northern bayberry, wax myrtle, groundsel-tree, phragmites, poison ivy, greenbriar, 
loblolly pine, cherry, and duckweed (NASA 2005).  The tidal marsh areas between Wallops 
Island and the mainland are dominated by saltmarsh cordgrass and salt meadow cordgrass 
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(NASA 2005).  Areas of marsh are also located along Mosquito Creek on the northern fringe of 
the Main Base area (NASA 2005).  Areas of lawn are maintained in all three areas of the WFF. 
 
Both terrestrial and aquatic faunal species are found throughout the WFF (NASA 2005).  
Invertebrate species include a variety of insects, snails, and crabs.  In addition, sand shrimp, 
moon jelly, and squid are found.  Fish species include sandshark, smooth dogfish, smooth 
butterfly ray, bluefish, pipefish, spot, croaker, sea trout, and flounder.  Amphibian and reptile 
species include Fowler’s toad, green tree frog, black rat snake, hognose snake, box turtle, and 
northern fence lizard.  Several species of sea turtle and whales are also found in the waters of the 
area.  Bird species include several species of sparrows and gulls, red-winged blackbird, boat-
tailed grackle, fish crow, gray catbird, mourning dove, swallows, mockingbirds, robins, and 
starlings.  Migratory birds include numerous species of ducks, geese, shorebirds, and songbirds.  
Predatory birds (raptors) include the osprey, bald eagle, and peregrine falcon.  Mammalian 
species include white-tailed deer, raccoon, red fox, white-footed mouse, meadow vole, opossum, 
gray squirrels, and cottontail rabbit (NASA 2005).   
 
4.3 PRESENT LAND USE 
 
The Wallops Main Base was developed as a flight training center by the U.S. Navy in the 1940s 
(NASA 2002).  NASA acquired the property in 1959, as well as the Mainland property, and 
continues to operate the runways.  The Main Base also houses research facilities, operations 
centers, and permanent orbital and suborbital tracking centers.  The Mainland provides access to 
Wallops Island (via a causeway across the tidal marshes), and contains Doppler radar and 
tracking facilities.  The National Advisory Committee for Aeronautics (NACA) authorized the 
Langley Research Center in 1945 to proceed with development of Wallops Island as a site for 
rocket propelled models.  This was an essential step in the nation’s efforts to conduct 
aerodynamic research at high speeds, leading to advances in aeronautics and space science.  
NASA acquired the property in 1958 and continues to operate its runways.  Launch sites are still 
located on the island, and are actively used today (NASA 2002).  In addition to current use by 
NASA, through cooperative agreements the WFF is also used by the U.S. Navy, Virginia 
Commercial Space Flight Center, National Oceanic and Atmospheric Administration (NOAA), 
and the U.S. Coast Guard. 
 
The majority of the WFF has been subject to continuous change and development since its 
founding in the 1940s.  Changes to the property include frequent construction, upgrade, and 
removal of structures and facilities caused by technological developments and advances in rocket 
science and related fields.  Few undeveloped areas remain on the WFF, and those areas are 
located along the fringes of the property, and for the most part, in the tidal marshes (though 
dredging activities have occurred in some areas adjacent to the Main Base and Mainland).  
Wooded areas are located in the southern and northern portions of the Main Base, as well as the 
northern portions of Wallops Island.   
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5.0 RESEARCH DESIGN 
 
5.1 OBJECTIVES 
 
The objectives of the four archaeological tasks conducted at WFF were to locate and identify 
potentially significant cultural resources, as shell middens or other prehistoric sites, shipwrecks, 
or historic maritime sites or structures. These objectives will be met by a series of archaeological 
tasks, including a remote sensing of the proposed breakwater location, a scientific diving survey 
of the proposed beach groin location, a pedestrian survey of the Wallops Island shoreline, and 
the archaeological monitoring of geotextile tube installation on the same shoreline. 
 
The project area is composed of three separate survey parcels, which includes the proposed 
beach groin location, the proposed breakwater location, and the entire Wallops Island coastline 
contained within the bounds of WFF (Figure 1-2).  The APE for the Wallops Island shoreline is 
3.85 mi (6.2 km), or approximately 69 acres, of coastal beach in Accomack County, on 
Virginia’s Eastern Shore.  The pedestrian survey was undertaken from the waterline to the beach 
edge within this portion of WFF.  Archaeological monitoring of the 4,600 ft (1,402 m) of 
shoreline that received geotextile tubes occurred within this study area, beginning at the southern 
terminus of the seawall and extending to the camera station at the southern end of NASA 
Property.  The APE of the proposed beach groin is located in the Atlantic Ocean, directly 
opposite of the camera station at the southern end of NASA property.  It measures approximately 
500-ft long (152.4-m) by 100-ft wide (30.5-m), or 1.1 acres. The APE of the proposed 
breakwater is intended to address any ancillary impacts such as anchoring, or jack-up barges, and 
is located on the seaward edge of the proposed beach groin, and extends 400 ft (121.9 m) to 
either side of the groin.   It measures approximately 1,200 ft long (365.9 m) by 800 ft wide 
(243.9 m), or 22 acres.  
    
5.2 METHODS 
 
5.2.1 Background Research 
 
The purpose of background research is to develop cultural contexts for identifying and 
evaluating archaeological sites that may be encountered within the project area. Research was 
conducted at the National Archives in Washington, D.C. and at various online repositories. 
Reports of previous cultural resources investigations and previously recorded architectural and 
archaeological sites as well as known shipwrecks were obtained from the Virginia Department of 
Historic Resources. Historic maps and accounts of the development of Wallops Island were 
obtained from the National Archives and through books and periodicals.   
 
5.2.2 Pedestrian Survey Methods 
 
The area covered during the shoreline pedestrian survey spans 6.2 kilometers (3.85 miles) of 
Wallops Island shoreline, or approximately 27.9 hectares (69 acres Figure 5-1).  The topography 
of the parcel was that of a flat barrier island beach and dune face that varied in width from 
approximately 91 meters (250 feet) to nothing at areas along the bare rock seawall.  The beach in 
the central portion of the surveyed coastline (approximately 56.1 percent of the project area) was 
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completely eroded to rock seawall (Plate 5-1) during recent storm events, and no systematic 
survey was possible in this area.  Beaches to the northeast and southwest of this rock seawall 
(Plates 5-2 and 5-3) were the focus of the pedestrian survey.   
 
Due to the flat topography and constantly shifting sediments of the Wallops Island beach, the 
northeast and southwest extremities of the survey area were subjected to a systematic pedestrian 
survey, in which three archaeologists traversed transects that extended along the existing beach 
from the surf line to the fringe of the marsh or seawall at 20 meter (65 feet) intervals.  The 
position of any significant cultural resource discovered during the survey was to be plotted via a 
Global Positioning System (GPS) unit and photographed.   
 
Previous research conducted on Wallops Island during the Cultural Resource Assessment of 
Wallops Flight Facility, which was completed by URS in 2003, indicated that three potentially 
significant cultural resources may exist on the northern half of the island, including the remnants 
of a U.S. Coast Guard Station established in 1883, a small civilian occupation that dated to the 
first half of the 20th century along the southern beach remnant, and prehistoric shell middens.  
Archaeologists targeted these areas, along with recent flotsam that may have been washed to the 
beach from previously buried shipwrecks located near the shoreline of Wallops Island. 
 
5.2.3 Archaeological Monitoring Methods 
 
Monitoring took place on a 1,402 meter (4,600 foot) stretch of shoreline where Geotextile tubes 
are to be installed, beginning at the southern terminus of the seawall, and extending to the 
camera station at the southern end of NASA property (Figure 5-2).  Geotextile tubes are durable 
textile cylinders that are 4.3 meters (14 feet) wide, 1.7 meters (5.5 feet) high, and have a 10.4 
meter (34 foot) circumference.  These are filled with sand and serve as a temporary bulwark to 
further impede beach erosion.  Ground disturbances associated with this action included the 
preparation of the project corridor and the excavation of two sand slurry pits to facilitate tube 
filling.  Approximately 304.8 meters (1,000 feet) of the northern portion of the Geotextile tube 
corridor were graded.  The monitor was responsible for the review and photo-documentation of 
these actions, and also ensured that historic properties were not damaged or destroyed.  
 
5.2.4 Scientific Diver Survey Methods 
 
Field examination of the proposed groin site was undertaken as a controlled scientific diver survey.  
The proposed beach groin survey area was located in the Atlantic Ocean, directly opposite of the 
camera station at the southern end of NASA property (Figure 5-3, Plate 5-4).  It measured 
approximately 152.4 meters (500 feet) by 30.5 meters (100 feet), or 0.4 hectares (1.1 acres). This 
parcel was divided into 11 transects spaced at 3.1 meter (10 foot) intervals, which yielded 1676.8 
linear meters  (5,500 linear ft) or 1.676 linear kilometers (0.96 linear survey mi).  Water depth 
ranged between 0.3 and 3 meters (1 and 10 feet) in this survey area.  Divers established 
underwater transects spaced at 3 meters (10 feet) and running the length of the proposed groin, and 
will used an underwater metal detector to identify potentially significant cultural resources.  The exact 
position and nature of the encountered metallic materials were noted based on the diver’s position 
along a fixed baseline.  Divers also visually inspected the sediments to insure that no prehistoric 
materials are in the proposed project area.  The dive team consisted of three scientific divers working 
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in tandem, a communications operator, and a dive supervisor.  The safety divers and dive supervisor 
used a small inflatable boat (Zodiac) when dive operations were more than 76.2 meters (250 feet) 
away from the beach, or when water depths required a support vessel.  The expected water depths 
within the survey area ranged between 0.3 and 3.7 meters (1 and 12 feet) in depth.   

 

5.2.4.1 Dive Team Role Definitions 
 
The URS scientific dive team consisted of five archaeologists, all of whom are certified divers 
trained in nautical archeology.  There were three defined roles within the URS scientific dive 
team for the field examination of proposed groin site at Wallops Island; these roles were Dive 
Supervisor, Communications Operator, and Scientific Diver.  These roles are described below.  
No safety divers were employed during this survey because three trained scientific divers were 
working in close proximity to one another at the same time.  
 
Scientific Diver 
 
The role of the scientific diver on this project was designed around three main tasks.  The first 
task was to set up the survey area using marker buoys, anchors, and measuring tapes.  The 
second task was to swim established survey transects while visually inspecting sediments for 
cultural resources, sweep the transect area with a survey grade underwater metal detector, and 
identify any potential targets. The third task was to establish new transects after the previous 
transect had been surveyed.  There were three scientific divers operating in tandem to 
accomplish these tasks.  
 
Communications Operator 
 
The role of Communications Operator (CO) was designed to serve as the nerve center for each 
planned dive.  The DSC was responsible for communicating with the Scientific Diver, for 
relaying and recording archaeological data, and for logging all dive related information on the 
Dive Log Form (DLF).  Data recorded on the DLF by the CO includes diver name, dive time, the 
date, general dive objectives, and the current weather and water conditions.  The dive records 
created by the DSC were curated as project data.  The communications operator was stationed on 
a small inflatable survey boat (zodiac) positioned on the seaward edge of the survey area. 
 
Dive Supervisor/Primary Archaeologist 
 
The Dive Supervisor/Primary Archaeologist (DSA) was responsible for orchestrating the field 
survey in a safe, systematic manner.  The supervisor continually monitored sea and general 
weather conditions, and will decided if operations can proceed based on these factors.  The DSA 
was also responsible for ensuring that the survey was conducted in a systematic manner, 
ensuring that the entire survey area has been adequately surveyed for cultural resources.  The 
final role of the DSA was to guarantee that the dive efforts conducted at Wallops Island conform 
to the Health and Safety Plan (HASP) designed for this project.  The HASP was be reviewed and 
approved by certified Industrial Hygienists and the URS Dive Safety Control Board. The DSA 
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was stationed on a small inflatable survey boat (Zodiac) positioned on the seaward edge of the 
survey area.  He also served as the vessel operator. 
  
5.2.4.2 Survey Area Setup 
 
The survey area for the proposed beach groin extension extended perpendicular to the Wallops Island 
shoreline at the location of the current groin remnant.  The rectangular parcel measured 30.5 meters 
(100 feet) wide and extended 152.4 meters (500 feet) into the Atlantic Ocean.  The survey area was 
delineated on shore with a 30.5 meter (100 foot) measuring tape, the extremities of which (corners of 
the survey area) were clearly marked with red flags.  The seaward extreme of the survey area was 
delineated by two large red buoys firmly fixed with anchors.  The positioning of these buoys was 
established with a survey grade ranging device set up on the shoreline.  Special care was taken to 
ensure that there was not excessive scope in the buoy line, thus ensuring that the buoys accurately 
represented the limits on the survey area.  Two additional lines of five red buoys were placed at 30.5 
meter (100 foot) increments between the shoreline flags and the seaward most buoys.  These floats 
served as control points that effectively divided the survey area into five smaller 30.5 meter (100 foot) 
by 30.5 meter (100 foot) survey blocks.  The positioning of these floats was also established with a 
survey grade ranging device set up on the shoreline.  Survey tapes that measure 30.5 meter (100 foot) 
in length were aligned on the bottom between each 30.5 meter (100 foot) buoy pair to serve as a set of 
underwater control points.  They were fixed to the sea bottom using carabineers and 0.6 meter (two 
foot) lengths of iron rebar.  
 
5.2.4.3 Survey Design 
 
The scientific diver survey of the proposed beach groin extension was designed to employ three 
scientific divers working in concert.  Each diver was equipped with underwater communications that 
allow contact with the communications operator at the surface and with each other.  The overall 
survey area was evaluated in smaller 30.5 meter (100 foot) by 30.5 meter (100 foot) survey blocks that 
were delineated with surface buoy markers and underwater measuring tapes.  Each block was denoted 
as Block A through Block E.  Transects within the blocks were spaced every 3 meters (10 feet) and 
were assigned the letter designation of the corresponding block along with a number designation 
beginning at 1 and continuing to 11. 
 
There were two tasks required of the three scientific divers assigned to this survey.  Two divers 
aligned and fixed a 30.5 meter (100 foot) transect tape between underwater control tapes at 3 meter 
(10 foot) increments, beginning at 0 ft and extending to 30.5 meters (100 feet). The third diver swam 
along this transect tape investigating the bottom for cultural resources and fanning five feet to either 
side of the transect tape with an underwater metal detector to identify any metal objects located 
beneath the sediments.  The location of any finds were derived from its position along the transect tape 
and the perpendicular distance to the left or right of the transect tapes as measured by a 1.8 meter (6 
foot) folding rule.  These coordinates were reported to the communications operator, along with an 
identification of the anomaly or surface find.  These data also were recorded by the diver on an 
underwater dive slate.  A map of underwater debris and cultural resources was created with these data.  
Potentially significant cultural resources were assigned a Resource Number and were identified with 
secondary floats marked with the corresponding number.  The control divers moved the transect tape 
3 meters (10 feet) further down the control tapes after the transect procedure had been completed.  
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There were eleven 30.5 meter (100 foot) long transects surveyed in this manner per survey block, and 
a total of fifty- five (55) 30.5 meter (100 foot) transects for the entire survey area.  
 
5.2.4.4 Dive Equipment Summary 
 
Each diver was equipped with an OTC full face mask with an integrated underwater acoustic 
communications system.  The primary stage array contained a buoyancy compensator (BC) 
whip, mask whip, drysuit whip, and an integrated depth/compass and air gauge console.  The 
diver was also outfitted in a standard BC, wetsuit or drysuit, fins, dive knife and weight belt.  
Portions of the survey were snorkeled with standard snorkeling gear as depth and visibility 
permit.   
 
5.2.5 Remote Sensing Methods 
 
The proposed breakwater location was subject to an extensive cultural resources remote sensing 
survey.  The survey area was located on the seaward edge of the proposed beach groin site, and 
extends 121.9 meters (400 feet) to either side of the groin (Figure 5-4).  It measured 
approximately 365.9 meters (1,200 feet) long by 243.9 meters (800 feet) wide, or 22 acres. This 
parcel was divided into 17 transects spaced at 15.2 meters (50 foot) intervals, which yielded 
4,390.2 linear meters (14,400 linear feet) or 4.39 linear survey kilometers (2.72 linear survey 
miles).  Water depth ranges between 0.3 and 6.1 meters (10 and 20 feet).   This survey was 
designed to identify magnetic and acoustic anomalies that may represent significant submerged 
cultural resources, including submerged watercraft and buried archaeological sites.  A well 
designed survey conducted with sensitive, high resolution sensors can detect submerged 
habitation sites and shipwreck debris, and can reliably differentiate these finds from the earth’s 
ambient magnetic field and natural bottom topography.  
 
A carefully defined set of criteria were used to distinguish naturally occurring magnetic and 
acoustic anomalies from significant cultural resources. Magnetic anomalies were evaluated based 
on data points that include anomaly duration (both time and distance), magnetic amplitude in 
nanoTesla (nT), and magnetic signature. Magnetic signatures were denoted as dipoles (D), 
monopoles (±M) or multi-components (MC) (Figure 5-5). Positive and negative monopoles refer 
to one half of a dipolar perturbation, and usually indicate an isolated magnetic source located 
some distance from the sensor. Monopoles produce either a positive or negative deflection from 
the ambient magnetic field.  The polar signature depends on whether the positive or negative 
pole of the object is oriented toward the magnetometer sensor. Dipolar signatures display both a 
rise and a fall from the ambient field, and they are generally associated with single source 
anomalies located directly under the magnetic sensor.  Multi-component magnetic perturbations 
represent several, randomly scattered ferrous objects with different magnetic orientations. 
Anomalies with these signatures are likely associated with man-made objects, possibly 
shipwrecks. The last two criteria are the location of the anomaly center, and the distribution and 
patterning of anomalies within the survey area.  
 
Side scan sonar data were used to image the sea floor, to locate and identify culturally significant 
materials, and to map the geomorphic and bathymetric anomalies within each survey area. A sub 
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bottom profiler was used to detect buried structures or geomorphic features, such as buried relict 
channels, shell middens, shipwrecks, or buried cables and pipelines.  
 
Data acquired from these instruments were first evaluated separately, and then as an integrated 
data set. Potential cultural targets are often comprised of related magnetic and acoustic anomaly 
groups. Targets are identified as significant if the various anomaly groups reflect parameters 
established for shipwrecks and other significant cultural features. 
 
The survey array used for the WFF  Beach Replenishment survey consisted of the following: a 
Differential Global Positioning System (DGPS), a cesium vapor marine magnetometer, side scan 
sonar, a continuous transmission FM chirp sub bottom profiler and an echo sounder (Plates 5-5 
and 5-6). Hydrographic and navigational controls were achieved by the use of Hypack’s survey 
software.  
 
5.2.5.1 Positioning 
 
A Hemisphere Crescent R130 DGPS with inertial navigation corrections (for up to 45 minutes 
after loss of signal) was used for this survey. The Hemisphere system transmits information in 
NMEA 0183 code to a computer navigation system using the Hypack 2009a survey software. 
The Hypack software incorporates the NMEA 0183 data string and displays vessel position on a 
computer screen relative to pre-programmed track lines and each instrument sensor. It also 
performs instantaneous data translations between various geodetic projections, which combine 
all incoming data with accurate positions for seamless data integration and post acquisition 
processing. Navigation files within Hypack 2009a can be utilized to produce track line maps and 
derive X, Y, and Z data sets for analysis and contour plotting. Positioning control points were 
obtained every 100 ft (30.5 m) along survey transects. The Hemisphere Crescent 130 DGPS is 
considered to be accurate to within 8 inches Root Mean Square (RMS) values under optimal 
conditions. 
 
5.2.5.2 Magnetometer 
 
A Geometrics G882 marine magnetometer was used for the magnetic survey. The G882 
magnetometer is a 0.01 nT (RMS) sensitivity cesium magnetometer that is linked to Hypack 
2009a, which enables precise, real-time positions for recorded magnetic data. Survey was 
terminated if induced magnetic background noise exceeded +/-3 nanoTesla (nT). The 
magnetometer sensor was towed a sufficient distance from the transom of the survey vessel to 
avoid magnetic interference from the propulsion and electrical systems.  
 
5.2.5.3 Side Scan Sonar  
 
A MarineSonic 600 kHz side scan sonar system was used to collect acoustic data for this survey. 
The 600 kHz system produces high resolution images with moderate ranges of a few hundred 
feet. Navigation fixes are imbedded with the acoustic data in real time, which allows images to 
be geo-referenced and side scan mosaics created for analysis. 
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5.2.5.4 Sub Bottom Profiler 
 
A Benthos Chirp III sub bottom profiler was used to record sediment structure and any cultural 
material deposited beneath sediments. The Benthos system uses a continuously transmitted 
acoustic pulse that begins at 2 kHz and continues to a maximum of 20 kHz. This swept 
frequency can image sediment structure with up to 2 cm (0.78 in) resolution. The DGPS system 
feeds positioning data to the sub bottom profiler receiver and is used to control recording speed 
and data point position. 
 
5.2.5.5 Echo Sounder    
 
An ODEM Hydrotrac digital echo sounder was used to record bathymetric data for each survey 
transects. Hypack 2009a recorded the position and bottom depth every tenth of a second and 
corrected for transducer layback and offset values. The bathymetric data is used to better 
understand the geomorphology of the survey area and how that affects the distribution of 
magnetic and acoustic anomalies, as well as to delineate any features sitting above the sediment 
surface.  
 
5.2.5.6 Data Collection and Position Control  
 
Hypack 2009a survey software was used for survey planning and data collection. Once the 
survey was designed and track lines planned, Hypack survey module was used to establish 
survey control and data collection and correction. While surveying, the planned transects were 
projected onto the navigation screen and the data being collected, which permits “real time” 
quality control and field data logging of anomalous data.  
 
All remote sensing data were correlated with DGPS positioning data and time through Hypack 
2009a. Positions for all data were then adjusted for sensor layback and offsets. Positioning was 
recorded using Virginia State Plane South, US Survey foot, referencing the North American 
Datum of 1983 (NAD-83), and U.S. survey feet were the units of measure.  
 
 

5.2.6 Marine Data Analysis 
 
Magnetic and acoustic data were reviewed for anomalies during data collection, and that data 
were reviewed again during post-processing using Hypack data review module, Chesapeake 
Technology’s SonarWiz.Map 4.04, and Golden Software’s Surfer (Version 8). These computer 
programs were used to assess the duration, amplitude, and complexity of individual magnetic 
disturbances, and to review side scan sonar (SSS) and sub bottom profiler (SBP) data for 
anomalies. The software was also used to plot anomaly positions within the project area to better 
understand their spatial distribution and association with other anomalies.  
 
Nautical archeologists maintained field notes on the locations of modern sources of ferrous 
material, such as pipeline and cables corridors as well as fishing grounds and charted shipwrecks 
that would have altered regional magnetic field readings. Magnetic perturbation of 3 nT or 
greater with durations greater than 10 ft (3 m), were cataloged for further analysis. Acoustic 
imaging was reviewed for anomalous returns that could be associated with significant submerged 
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cultural resources. SBP data were reviewed for buried shipwrecks, submerged prehistoric 
features and relict landforms that have potential to contain intact prehistoric deposits. All data 
sets were cross-checked for relevant correlations. Anomalies in clear association were identified 
as targets and underwent further analysis.   The presence of known shipwrecks in the vicinity of 
Blackfish Bank suggests that the area has a moderate potential for containing shipwrecks and 
other maritime cultural resources.  
 
5.3 EXPECTED RESULTS 
 
Research and analysis presented in Sections Two and Three suggest that there was a moderate 
probability to encounter significant cultural resources within the survey areas.  Evidence of 
historic and prehistoric activity along the Wallops Island shoreline might be encountered during 
the pedestrian survey of the coastline and the monitoring of geotextile tube installation.  It was 
anticipated that archaeologists might encounter remains associated with the early Coast Guard 
Station of 1883, the civilian hunting activities of the early 20th century, or shell middens 
associated with prehistoric occupations.  It was also anticipated that the results of the diving 
survey of the proposed beach groin and remote sensing survey of the proposed breakwater 
location would represent recent construction and dumping activities from the 1950-1960’s 
associated with WFF shoreline protection projects. 
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6.0 RESULTS OF CULTURAL RESOURCES INVESTIGATIONS 

 
Cultural resources tasks associated with SRIPP were undertaken to assist WFF with compliance 
under Section 106 of the National Historic Preservation Act of 1966, as amended; the 
Abandoned Shipwreck Act of 1987; and the National Environmental Policy Act (NEPA) (42 
U.S.C. 4321 et seq.) of 1970.  These efforts included the pedestrian survey of the Wallops 
shoreline, and scientific diving survey of a proposed groin location, the remote sensing survey of 
a proposed breakwater location, and the archaeological monitoring of Geotextile tube 
installation.  A detailed review of the results of each effort in provided below.  
 
6.1 RESULTS OF THE PEDESTRIAN SURVEY OF THE WALLOPS SHORELINE  
 
A total of 6.2 km (3.85 mi) of beach line was traversed during the Wallops Island shoreline 
cultural resources survey on September 18, 2006.  No significant cultural resources were 
identified during this evaluation.  The north and south beaches were littered with modern 
materials thrown to shore during recent storm events.  These materials included wooden pallets, 
portions of wooden decks, and fishing nets (Plate 6-1).   

There was no evidence of the three potentially significant cultural resources that may have 
existed on the northern half of the island.  These resources include remnants of a U.S. Coast 
Guard Station established in 1883, a small civilian occupation that dated to the first half of the 
20th century along the southern beach remnant, and prehistoric shell middens.  The southern 
portion of the beach contained evidence of structures at the surf line and in the sea itself, 
including caisson foundation posts (Plate 6-2) and pier remnants (Plate 6-3).  Although these 
structural features relate to the previously discussed civilian occupation of Wallops Island, they 
were previously noted in the Cultural Resource Assessment of Wallops Flight Facility completed 
by URS in 2003 and will not be discussed further (Meyers 2003).  None of the identified features 
appears to be eligible for listing in the National Register of Historic Places.   

 

6.2 RESULTS OF CULTURAL RESOURCES MONITORING OF GEOTEXTILE TUBE 
INSTALLATION  

 
A URS Senior Archaeologist inspected the Geotextile tube installation work on behalf of WFF 
on January 22, 2007.  The APE for the cultural resource monitoring effort consisted of 4,600 ft 
(1,402 m) of shoreline that received geotextile tubes which began at the southern terminus of the 
seawall and extended to the camera station at the southern end of NASA property.   
 
Ground disturbances during this action include the preparation of the 4,600 ft (1,402 m) corridor 
for the placement of Geotextile tube and the excavation of two sand slurry pits to facilitate 
filling. Approximately 1,000 ft (304.8 m) of the northern portion of the Geotextile tube corridor 
was also machine graded during monitoring.  Machine grading was less than one ft in depth and 
did not extend below sand deposited by recent storm events (Plates 6-4). No artifacts or cultural 
features were observed during the grading effort. 
 



SECTION Six Results of Cultural Resources Investigation 

 6-2 

Excavation of the northern sand slurry pit was not monitored because Geotextile tube filling was 
in progress, but fill material from this pit was inspected.  No cultural materials were noted during 
the inspection of the backdirt surrounding the pit. Soils from this excavation were comprised of a 
dark yellowish brown loamy sand A-horizon, mixed with an equal amount of pale brown sands 
with seashell fragment inclusions (Plate 6-5).  This sand deposit was consistent with natural, 
unconsolidated beach sediments. No cultural materials were noted in this area. 
 
Review of the soil profile from the 1.8 meters (6 feet) deep southern sand slurry pit, which 
measured approximately 12.2 meters (40 feet) by 3.9 meters (13 feet), revealed extensive soil 
disturbance.  A soil anomaly and associated lumber and trash deposit were visible in the 
southwestern pit wall (Plate 6-6).  Several fragments of machine milled lumber were also seen in 
the nearby backdirt pile.  Closer examination of the pit profile and backdirt revealed that the 
majority of trash consisted of modern aluminum and plastic soft drink containers, plastic 
electrical fittings and rubber cable sheathing.  Personnel on site mentioned that the general area 
was recently used as a construction site for an asphalt pad used to support an electrical panel.  
The pad and electrical panel are still present to the south of the southern sand slurry pit.  
Reconnaissance of the general area revealed a wide scatter of similar material on the surface.  
None of the materials encountered in or near the southern slurry pit constitute a significant 
cultural resource. 
 
Ground disturbances from Geotextile tube installation did not impact any significant cultural 
resources.  WFF therefore concluded that no historic or prehistoric resources were affected by 
the emergency installation of these cylinders on the beachfront.  VDHR concurred with this 
finding in a response letter dated January 27, 2007 (Appendix C).  

 
6.3 RESULTS OF ARCHAEOLOGICAL DIVER SURVEY ON THE PROPOSED  

BEACH GROIN LOCATION  
 
The proposed beach groin survey area is located in the Atlantic Ocean, directly opposite of the 
camera station at the southern end of NASA property.  It measures approximately 152.4 meters 
(500 feet) long by 30.5 meters (100 feet) wide, or 1.1 acres. This parcel was divided into 11 
transects spaced at 3.1 meters (10 foot) intervals, which yields 1,676.8 linear meters (5,500 feet) 
or 1.7 linear survey kilometers (0.96 miles).  Water depth ranges between 0.3 and 3 meters (1 
and 10 feet).    
 
The archaeological survey of the proposed groin location was designed as a systematic scientific 
diving investigation.  This investigation survey was intended to cover the footprint of the original 
groin structure and the proposed location of a rock jetty.  Cursory visual inspection of the study area 
revealed that the proposed groin site was filled with concrete rubble and other construction waste 
(Plate 6-7).  This waste may have been dumped and along the shoreline as a temporary repair to the 
old wooden groin.  This rubble is intermixed with concrete pipe fragments and brick, all of which 
contain exposed iron rebar and re-wire (Plate 6-8).  The corroded extremities of this rebar and re-wire 
represent a serious impalement and laceration hazard to divers operating in the near zero visibility 
water of the turbulent swash zone. 
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The survey plan for the proposed groin location was altered from a scientific diver survey to a 
systematic wading survey due to safety hazards inherent to that locale.  Archeologists began carefully 
traversing transects at the proposed groin location at low tide, and inspected the sea bottom in the 
troughs of waves.  Each transect was traversed to a depth of 1.4 to 1.5 meters (4.5 to 5 feet), which 
was the depth that could be safely reached in very low visibility water and a high surge.  No 
significant cultural materials were identified during this portion of the proposed beach groin survey. 
 
The final 60.9 meters (200 feet) of the 152.4 meters (500 foot) long survey area was not traversed due 
to the afore- mentioned safety concerns, and because this 60.9 meter (200 foot) by 30.5 meter (100 
foot) section has the very low potential to contain significant historic resources.  This assessment is 
based on the general ground disturbance that has occurred at this site. These disturbances include the 
construction of the original groin, and the disposal of concrete construction waste throughout the area, 
and the substantial erosion and sediment transport that has removed a large portion of the Wallops 
shoreline.  
 
6.4 RESULTS OF CULTURAL RESOURCES REMOTE SENSING SURVEY OF A 

PROPOSED BREAKWATER LOCATION  
 
Magnetic and acoustic (side scan sonar, sub bottom profiler and echo sounder) data detected 
during the survey were reviewed during data collection for anomalies, and reviewed a second 
time during post-processing efforts using the Hypack (version 2009a) data review module and 
Golden Software’s Surfer® (Version 8).  These software programs were used to assess the 
duration, amplitude, and complexity of individual magnetic disturbances, and to plot the 
positions of these anomalies within the survey areas to better understand spatial patterning and 
their association with acoustic and bathymetric anomalies.  
 
Archeologists maintained field notes on the locations of modern sources of ferrous material such 
as underwater cables, pipelines, or beach engineering structures such as pilings, piers groins, or 
breakwaters as well as other jettisoned debris.  Magnetic perturbations with an intensity of 3 nT 
or greater and a duration longer than 20 ft (6.1 m), were cataloged for further analysis.  Acoustic 
imaging data were reviewed for anomalous returns that could be associated with significant 
submerged cultural resources.  Acoustic images and magnetic contouring were checked against 
bathymetric data for potential correlation. 
 
The proposed breakwater is situated on the seaward edge of the proposed beach groin site.  It 
measures approximately 365.9 meters long (1,200 feet) by 243.9 meters wide (800 feet), or 22 
acres. The survey area was divided into 17 transects spaced at 15.2 meter (50 foot) intervals, 
which yields 4390.2 linear meters (14,400 feet) or 4.39 linear survey kilometers (2.72 miles).  A 
total of 12 transects were surveyed during this effort; the remaining five were not completed due 
to shoal water.  Water depths decreased to 1.8 meters (6 feet) beneath the keel at Transect 12, 
and the sea height at that time was between 0.6 and 1.2 meters (2 and 4 feet).  The potential to 
ground the survey vessel and magnetic sensor in wave troughs was very high, and the remaining 
transects were abandoned for the safety of the crew and survey sensors.  
 
There are four side scan sonar anomalies (Figure 6-1, Table 6-1), twenty one magnetic anomalies 
(Figure 6-1, Table 6-2), and several bathymetric anomalies recorded in the proposed breakwater 
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area.  Each anomaly was assigned a number preceded by A (acoustic anomaly) or M (magnetic 
anomaly).   
 
A Benthos Chirp III sub bottom profiler was selected for this survey to image buried cultural 
resources.  These resources include historic properties, such as shipwrecks, and ancient 
landforms, such as relict river channel margins that may have been frequented by Paleolithic 
Period peoples.  The Benthos Chirp III sensor requires a minimum of 1.8 meters (6 feet) of water 
above and 2.7 meters (9 feet) of water beneath the sensor to collect data at frequencies needed 
for high resolution images.  It was apparent that water depths in the survey area were not deep 
enough to safely collect reliable data.  To account for the loss of sub-bottom profiler data, 
magnetic data, which was collected from a sensor height of between two and four feet above the 
sea floor, were examined for very short duration, low amplitude anomalies.  These small 
perturbations serve as reliable indicators of cultural artifacts and features such as ancient hearths 
or deeply buried shipwrecks.  
  
6.4.1 Target Descriptions 
 
A total of five targets were derived from these data for further analysis (Figure 6-1, Table 6-3).  
Each target cluster is comprised of associated acoustic or magnetic anomalies, or combinations 
of both.  These data were grouped based on proximity, spatial patterning, and magnetic 
signature, amplitude, or duration.  Targets were assigned the prefix T to aid in plotting and 
differentiation.  A detailed description and analysis of each target is described in below. 
   
6.4.2 Target 1 
 
Target 1 is comprised of magnetic perturbations M5, M8, and A1 (Figure 6-1, Tables 6-1 and  
6-2). Anomaly M5 is a positive monopolar anomaly with a low amplitude of 6.6 nT, a long 
duration of 68.3 meters (224 feet), and a calculated ferrous mass of approximately 0.31 
kilograms (0.68 pounds) with the height of sensor at 3.3 meters (10 feet) off the bottom (Tables 
6-2 and 6-3, Figure 6-1).  Anomaly M8 is a dipolar anomaly with a low amplitude of 11.9nT, a 
medium duration of 78.65 meters (258 feet), and an estimated ferrous mass calculated to be 
15.45 kilograms (2 pounds) with the height of sensor at 3.3 meters (10 feet) off the bottom.  The 
data was reviewed for magnetic pattern analysis and magnetic contouring (Figure 6-1).  A single 
side scan sonar anomaly (A1) was recorded in the vicinity of Target 1 (Table 6-1).  Anomaly A1 
is a 6.7 meters (22 foot) section of pipe or cable that protrudes just above the sea floor. Analysis 
indicates that this anomaly consists of a single small ferrous mass that extends onto an adjoining 
survey line.  It likely represents a section of discarded wire rope, cable or pipe.  Target 1 does not 
represent a significant submerged cultural resource and no further work is recommended.   
 
6.4.3 Target 2 
 
Target 2 is composed of magnetic perturbations M19 and M21 (Tables 6-2 and 6-3, Figure 6-1).  
Anomaly M19 is a dipole with a long duration of 113.4 meters (372 feet), a low amplitude of 16 
nT, and a calculated ferrous mass of 7.6 kilograms (16.7 pounds).  Anomaly M21 is a dipolar 
anomaly with a low amplitude of 15.5 nT, a long duration of 114.3 meters (375 feet), and a 
calculated ferrous mass of 7.3 kilograms (16.1 pounds).  The data was reviewed for magnetic 
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pattern analysis and magnetic contouring (Figure 6-1). The dipolar signature of all perturbations 
indicates that the magnetic sensor passed directly over or just next to the detected ferrous mass.  
Magnetic analysis indicates that Target 2 is a simple isolated ferrous object, such as a section of 
discarded wire rope or cable.  There were no acoustic anomalies associated with Target 2.  
Target 2 does not represent a significant submerged cultural resource and no further work is 
recommended.   
 
6.4.4 Target 3 
 
Target 3 is comprised of magnetic anomalies M3 and M4 (Tables 6-2 and 6-3, Figure 6-1).  
Anomaly M3 is a dipolar anomaly with a low amplitude deflection of 13 nT, a medium duration 
of 51.2 meters (168 feet), and a calculated ferrous mass of 6.27 kilograms (13.8 pounds).  
Anomaly M4 is a dipole with a low amplitude deflection of 13.2 nT, a medium duration of 63.1 
meters (207 feet), and a calculated ferrous mass of 6.24 kilograms (13.7 pounds).  The data was 
reviewed for magnetic pattern analysis and magnetic contouring (Figure 6-1). The magnetic 
analysis of Target 3 indicates that it is a simple dipolar anomaly that lacks the complexities 
associated with submerged cultural resources.  This target, much like Target 2, likely represents 
a section of wire rope or ferrous construction debris.  Acoustic data recorded in this vicinity does 
not show any anomalous surface features.  Target 3 is clearly not associated with any significant 
cultural resource; no further work is recommended. 
 
6.4.5 Target 4 
 
Target 4 consists of magnetic anomalies M16, M18, and M20 (Tables 6-2 and 6-3, Figure 6-1).  
Anomaly M16 is a dipolar perturbation with a low amplitude deflection of 10.6 nT, a long 
duration of 117 meters (383.8 feet), and a calculated ferrous mass of 5 kilograms (11 pounds).  
Anomaly M18 is a dipolar anomaly that has a low magnetic deflection of 11.3 nT, a long 
duration of 109.2 meters (358.3 feet), and a calculated ferrous mass of 5.36 kilograms (11.8 
pounds).  The data was reviewed for magnetic pattern analysis and magnetic contouring (Figure 
6-1). Acoustic data recorded in this area did not record any anomalous objects on the seafloor.  
Analysis of this target indicates that it has a simple magnetic pattern indicative of construction 
debris likely associated with the material deposited on the old groin location.  No further work is 
recommended for Target 4. 
 
6.4.6 Target 5 
 
Target 5 consists of magnetic anomaly M15 (Tables 6-2 and 6-3, Figure 6-1).  Anomaly M15 is a 
multi-component perturbation with a low magnetic deflection of 8.5 nT, a medium duration of 
63.4 meters (208 feet), and a calculated ferrous mass of 4.1 kilograms (9 pound).  Multi-
component anomalies are more frequently associated with submerged cultural resources and 
generally represent several ferrous objects oriented in different planes.  Magnetic pattern analysis 
and magnetic contouring on adjacent survey lines indicate that there is no linkage with other 
anomalous data (Figure 6-1). The side scan sonar system did not record any anomalous surface 
features in this area other than low amplitude sand waves.  Analysis of Target 5 indicates that 
anomaly M15 likely represents an isolated scatter of ferrous materials.  Target 5 lacks the 



SECTION Six Results of Cultural Resources Investigation 

 6-6 

characteristics of a shipwreck or other significant submerged cultural resource.  No further work 
is recommended for Target 5. 
 
6.4.7 Discussion 
 
Analysis of the five of the target clusters indicates that the inshore area in the vicinity of the 
demolished beach groin was scattered with concrete construction debris that contained rebar and 
re-wire.  This material originated from the groins and piers that dotted the southern WFF 
shoreline.  Other ferrous debris likely originated from erosion control structures that have been 
built across the WFF beach.  The small calculated ferrous mass of the magnetic perturbations, 
and the random spatial patterning of all anomalies suggest that the seafloor of the proposed 
breakwater location is littered with construction debris that has been re-distributed by storm 
events and general wave action.  None of the anomalies recorded during the survey display 
characteristics typical of significant cultural resources.  
 
The final 61 meters (200 feet) of the survey area not covered during the survey (for safety 
reasons) have a very low potential to contain significant cultural resources.  This determination is 
based on data recorded in the first 183 meters (600 feet) of the survey, on the construction, 
demolition, and dumping activities that have taken place in that area, and on the high energy 
surge endemic to the Wallops Island coastline.   
 

Table 6-1. Acoustic Anomalies 
 

Anomaly 
Number Block/ Line Magnetic 

Association 

Dimensions   
L x W x H    

(Ft) 
Shape 

X             
NAD 83 VA 
South State 

Plane, US Srv 
Ft 

Y             
NAD 83 VA 
South State 

Plane, US Srv 
Ft 

Identification 

A1 Breakwater 
L4_1 M5 and M8 22 ftx.6ft Pipe 12351195.09 3836604.111 Pipe Segment 

A2 Breakwater 
L9_1   70 

ftx20ftx1.5 linear 12350818.8 3836153.72 Cable or Wire 
Rope 

A3 Breakwater 
L9_2   5ftx1ftx1.2ft Rectangle 12350826.28 3836448.456 Concrete 

Debris 

A4 Breakwater 
L10_1   

24ftx7ftx.75
ft            

19ftx10ftx1.
5ft 

Scatter 12351047.37 3836811.322 Scatter of Two 
Buried Objects 
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Table 6-2. Magnetic Anomalies 

 

Block Line 
# 

Anom  
# 

X            
NAD 83 VA 
South State 
Plane, US 

Srv Ft 

Y            
NAD 83 VA 
South State 
Plane, US 

Srv Ft 

Amplitude  
(nT) Sign Duration  

(ft) 
Height 

of 
Sensor 

(ft) 
Breakwater 12 M1 12350673.13 3836287.962 10.2 D 323.221 10 
Breakwater 10 M2 12350583.83 3836098.596 5.79 -M 139.759 10 
Breakwater 9 M3 12350564.34 3835969.092 13.36 D 168.725 10 
Breakwater 9 M4 12350525.09 3835928.96 13.26 D 207.76 10 
Breakwater 8 M5 12351127.25 3836647.999 6.61 +M 224.268 10 
Breakwater 8 M6 12351025.01 3836504.871 9.37 D 211.341 10 
Breakwater 8 M7 12350623.54 3835959.099 10.03 D 313.419 10 
Breakwater 7 M8 12351171.03 3836616.551 11.97 D 258.19 10 
Breakwater 6 M9 12351159.77 3836516.738 13.45 D 411.063 10 
Breakwater 6 M10 12350805.52 3836052.279 4.14 D 98.3974 10 
Breakwater 6 M11 12350695.8 3835902.688 9.21 D 225.102 10 
Breakwater 5 M12 12350778.14 3835929.702 8.94 D 193.59 10 
Breakwater 5 M13 12351319.12 3836643.236 13.38 D 353.68 10 
Breakwater 4 M14 12351327.49 3836556.754 9.17 +M 106.476 10 
Breakwater 4 M15 12350734.25 3835785.791 8.75 MC 208.151 10 
Breakwater 3 M16 12350919.96 3835946.283 10.65 D 382.866 10 
Breakwater 3 M17 12351217.39 3836356.627 9.43 +M 319.62 10 
Breakwater 2 M18 12350954.42 3835915.874 11.39 D 358.333 10 
Breakwater 2 M19 12351316.35 3836400.545 16.12 D 372.08 10 
Breakwater 1 M20 12350950.43 3835910.478 11 D 360.387 10 
Breakwater 1 M21 12351311.5 3836395.509 15.51 D 375.209 10 

 
Table 6-3. Targets Identified during the WFF Proposed Beach Groin Survey Project  

 
Target 

No. 
Magnetic Anomalies Associated with Each 

Target 
Associated SSS/ 

SB 
T1 M5, M8 A1 

T2 M19, M21   
T3 M3, M4   
T4 M16, M18 and M20   
T5 M15   
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7.0 SUMMARY AND RECOMMENDATIONS 
 
This chapter presents recommendations for four archaeological efforts undertaken as part of the 
NASA WFF SRIPP, Wallops Island, Virginia. These efforts include a cultural resource remote 
sensing of the proposed breakwater location, a scientific diving survey of the proposed beach 
groin location, a cultural resources pedestrian survey of the Wallops Island shoreline, and the 
cultural resources monitoring of Geotextile tube installation on the same shoreline.  Management 
recommendations and a summary of the results of each effort are provided below.  
 
7.1 PEDESTRIAN SURVEY OF THE WALLOPS SHORELINE  
A total of 6.2 kilometers (3.85 miles) of coast was traversed during the Wallops Island shoreline 
cultural resources pedestrian survey on September 18, 2006.  The beach was littered with modern 
debris deposited by recent storm events, and no significant cultural resources were identified 
during this survey.  No further work on this shoreline is merited or recommended.   
 
 
7.2 CULTURAL RESOURCES MONITORING OF GEOTEXTILE TUBE 

INSTALLATION  
 
A URS Senior Archaeologist inspected the installation of Geotextile tube on behalf of WFF on 
January 22, 2007.  The APE for the cultural resource monitoring effort consisted of 1,402 meters 
(4,600 feet) of shoreline that received Geotextile tubes, which began at the southern terminus of 
the seawall and extended to the camera station at the southern end of NASA property.   
 
No archaeological resources were identified within the APE during the cultural resources 
monitoring effort.  Ground disturbances generated by this action revealed modern landform 
modifications and buried construction debris.  Therefore, NASA concluded that no historic or 
prehistoric resources were affected by Geotextile tube installation on the beachfront.  VDHR 
concurred with this finding in a response letter dated January 27, 2007 (Appendix C). 
 
7.3 WADING SURVEY OF A PROPOSED BEACH GROIN LOCATION  
 
The first 250 ft of the proposed beach groin location was undertaken as a wading survey area.  
Scientific diving was not possible at this location because the corroded rebar that littered the area 
represented a serious impalement and laceration hazard to divers operating in the near zero visibility 
water of the turbulent swash zone.  The wading survey did not identify any significant cultural 
resources. The final 200 ft (60.9 m) of the survey area was not surveyed due to the afore mentioned 
safety concerns, and because this 200 ft (60.9 m) by 100 ft (30.5 m) section has the a very low 
potential to contain significant historic resources.  This assessment is based on the general ground 
disturbance that has occurred at this site, which includes the construction of the original groin, and the 
disposal of concrete construction waste throughout the area, and the general erosion and sediment 
transport that routinely takes place in the first 500 to 600 ft (125.4 to 182.8 m) of the Wallops 
shoreline.  No further work is recommended for the proposed beach groin location.  
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7.4 CULTURAL RESOURCES REMOTE SENSING SURVEY OF A PROPOSED 
BREAKWATER LOCATION  

 
Comprehensive analysis of survey data was conducted using criteria that included magnetic 
complexity, amplitude, duration, and contouring, along with the spatial patterning of all 
anomalies.  Analysis included review of all side scan sonar data to identify any structures or 
geomorphic features associated with submerged historic cultural materials.   
 
The breakwater survey area measured approximately 365.7 meters by 243.8 meters (1200 feet by 
800 feet; Figure 1-1) and consists of 17 transects spaced at 15.2 meters (50 foot) intervals.  A 
total of 5 target clusters (Table 6-3) were identified from the four acoustic anomalies (Table 6-1) 
and 21 magnetic anomalies (Table 6-2) recorded during the breakwater survey. 
 
Acoustic and magnetic signatures from the five targets and isolated anomalies are consistent with 
modern debris that has originated from two sources.  The first source was the rubble and 
construction debris deposited on the eastern edge of beach groin.  Other debris has likely 
emanated from early beach engineering efforts along the WFF shoreline. This may include refuse 
derived from piers, pilings, and other materials deposited by wave energy reflection.  None of the 
detected anomalies have the potential to represent significant submerged cultural resources.  The 
final 61 meters (200 feet) of the survey area were not surveyed because it has a very low 
potential to contain significant cultural resources and there was a serious safety risk to the crew 
and survey array.  No further work is recommended within the proposed breakwater survey area. 
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Plate 6-7. Construction Waste at the Western End of the
Beach Groin Survey Area, Facing NW

6-7 and 6-8
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Side Scan Sonar Anomalies



Anomaly
Number

Block/
Line

Magnetic
Association

Dimensions
L x W x H

(Ft)
Identification Image

A1
Breakwater

L4_1
M5 and M8 22 ft x.6ft Pipe Segment

A2
Breakwater

L9_1
70 ft x 20ft x

1.5
Cable or Wire

Rope

A3
Breakwater

L9_2
5ft x 1ft x

1.2ft
Concrete Debris



A4
Breakwater

L10_1

24ft x 7ft
x.75ft

19ft x 10ft x
1.5ft

Scatter of Two
Buried Objects



Appendix B:

Qualifications of Investigators



Jean Bernard (J.B.) Pelletier has over 20 years experience in marine geophysics, nautical
archaeology, marine and terrestrial remote sensing, remotely operated vehicle operation and
maintenance, underwater photography and video, technical diving, and diving safety. He is URS’
Lead Nautical Archaeologist and Marine Remote Sensing Specialist. He exceeds the Secretary
of the Interior’s Professional Qualification Standards for Archaeology. Mr. Pelletier is an expert
in the use of side-scan sonar, sub bottom profilers, single-beam echo sounders, and marine
magnetometers and gradiometers. He also has extensive knowledge of Hypack Max software for
data collection and interpretation. He has served a wide array of Federal, State, and private
sector clients including the: USACE; U.S. Navy; MMS; National Oceanic and Atmospheric
Administration; Delaware, Rhode Island, Florida, and Maryland DoTs; Maryland Department of
Natural Resources; Maryland Port Authority; and BP. He received his M.A. in History and his
B.A. in Geological Sciences from the University of Maine.

Anthony Randolph has 15 years of experience in cultural resources management, and exceeds
the Secretary of Interior Standards for Archaeology (36CFR Part 61). Mr. Randolph has
extensive experience in the management and execution of archaeological investigations. He has
managed reconnaissance and investigations on prehistoric, historic and maritime sites throughout
the eastern United States, Caribbean, and Europe. He also has extensive experience as an
archaeological conservator through positions at Mariners Museum, and the government of
Portugal. He received his Masters Degree in Anthropology from Texas A&M University in
2003 and his Bachelor’s Degree in Neuroscience/Anthropology from the University of
Pittsburgh in 1993.

Bridget Johnson has a broad background in historic and archaeological research. She has
extensive experience in data collection and management for archaeological and historical
projects. Ms. Johnson has extensive experience conducting historic research on a variety of
topics and regions throughout the United States. Specialized experience includes the creation of
three dimensional models of archaeological sites both terrestrial and underwater, as well as the
management of archaeological collections. She received her Masters degree in Anthropology
from Texas A&M University in 2008 and her Bachelors degree in History and Archaeology from
St. Mary’s College of Maryland in 2006.



Appendix C:

VDHR Response Letter to Archaeological Monitoring
of Geotextile Tube Installation



Code 228     January 24, 2007 
 
 
Ms. Kathleen Kilpatrick  
Federal Review and Compliance Coordinator 
Virginia Department of Historic Resources 
2801 Kensington Avenue 
Richmond, Virginia  23221 
 
Subject: Request for Project Review – Geotextile Tubing Installation,  

Goddard Space Flight Center’s Wallops Flight Facility, Wallops Island, Virginia  
 
 
Dear Ms. Kilpatrick: 
 
The National Aeronautics and Space Administration (NASA) has recently initiated emergency 
measures to slow the current rate of erosion along the coast of Wallops Island.  The ocean is 
encroaching substantially toward launch pads, infrastructure, and test and training facilities 
belonging to NASA, the U.S. Navy, and the Mid-Atlantic Regional Spaceport (MARS) at a 
rapid rate. Currently, assets on Wallops Island are valued at over $800 million and are 
increasingly at risk from larger than normal storm events, storm waves, and flooding damages.  
The risks to WFF could cause the interruption of missions supported by the facility and/or 
permanent loss of capabilities supported by the facility.  At this time, NASA is installing 
geotextile tubes (GeoTubes®) along the southern portion of the beachfront (Photograph 1).  
Because this Undertaking has the potential to effect historic resources, NASA is initiating 
consultation with the Virginia Department of Historic Resources (VDHR) in compliance with 
Section 106 of the National Historic Preservation Act of 1966, as amended, and its 
implementing regulations as provided in 36 CFR Part 800.   
 
Previous studies in this area included the creation of an archaeological predictive model for 
potential pre-historic and historic sites in the vicinity (which was approved by VDHR in a 
letter dated December 3, 2003).  In December 2004, the Historic Resources Survey and 
Eligibility Report for Wallops Flight Facility (URS/EG&G) was submitted to VDHR and 
included an evaluation of structures in the area for National Register eligibility.  The 
information gathered from these reports was the basis for the current evaluation of the affected 
beachfront.  
 
Current plans consist of installing approximately 1,402 meters (4,600 feet) of GeoTubes® 
from the southern terminus of the seawall to the camera station at the southern end of NASA 
property (Figure 1). This project area falls within the moderate sensitivity zone for historic 
archaeology, a sensitivity model approved by VDHR in a letter dated December 4, 2003. The 
tubes are 14 feet wide, 5.5 feet high and have a 34 foot circumference (Figure 2).  GeoTubes® 



are composed of durable textile material formed into long cylinders that are filled with sand. 
The tubes, which are used instead of hard structures such as riprap, are normally placed in the 
backbeach parallel to the shore.  Two temporary staging areas for sand and slurry have been 
created: one at the northernmost boundary of the GeoTube® line and the second midway down 
the beachfront. These two slurry pits will be restored after the project is complete.  Water 
would be pumped through one temporary pipe extending from Hog Creek and one temporary 
pipe extending from the Atlantic Ocean.   
 
On January 22, 2007 on behalf of NASA, a URS Senior Archaeologist and Architectural 
Historian inspected the current GeoTube® installation work in progress.  An Area of Potential 
Effect (APE), taking into consideration viewsheds for adjacent structures and ground 
disturbing activities associated with the proposed work, was created (Figure 3).  The 
topography of this portion of the beachfront prevents the visibility of the GeoTubes® from off 
the beach because of the severe level of erosion at the highwater mark (Photographs 2 and 3).  
Three buildings are located on the beach within the APE, one of which was surveyed for its 
National Register eligibility in Historic Resources Survey and Eligibility Report for Wallops 
Flight Facility, 2004 URS/EG&G (Table 1 and Figure 3).  The two remaining buildings within 
the APE are not eligible for listing in the National Register. These buildings, an abandoned 
concrete block storage unit (Wallops # Z-42; Photographs 4 and 5) and operating Launch 
Control Center (Wallops # Z-40, Photograph 1), are ineligible for the National Register as they 
do not meet the 50-year criterion for listing nor do they embody the necessary exceptional 
importance to be listed under Criteria Consideration G. 
 

Building Name Date of 
Construction 

National Register Eligibility Determination 

Launch Control Center 
(WFF #Z-40) 1960 Ineligible for Listing on the National Register – less 

than 50 years of age. 

Tracking Camera No. 2 
(WFF #Z-35) 1951 

Surveyed in 2004, Historic Resources Survey and 
Eligibility Report for Wallops Flight Facility, 
URS/EG&G, and found ineligible for listing on the 
National Register (VDHR # 001-0027-0122).  

Vacant Storage Unit 
(WFF #Z-42) 1969 Ineligible for Listing on the National Register – less 

than 50 years of age.  
Table 1 – Buildings within the Area of Potential Effects (APE) 

 
Ground disturbances includes the preparation of the 4,600 ft corridor for the placement of 
GeoTubes® and the excavation of two sand slurry pits to facilitate GeoTube® filling.  
Approximately 1,000 ft of the northern portion of the GeoTube® corridor had been machine 
graded during the time of site visitation.  Visual observations of this segment of the corridor 
revealed no artifacts or evidence of culturally derived features.  In general, machine grading 
was shallow (< 1 ft below ground surface) and did not extend below the recent accumulation 
of storm related sand deposit on the beach (Photographs 7 and 8).  Accordingly, the potential 
for the discovery of artifacts or intact cultural deposits was very low in the area of the 
GeoTube® corridor.   
 
Monitoring of the northern sand slurry pit involved the inspection of fill material (i.e. 
backdirt).  Actual excavation monitoring of the north pit was not possible as GeoTube® filling 



was already in progress (Photograph 9).  However, an inspection of the backdirt pile 
surrounding the pit did not reveal any cultural material.  In general, dark yellowish brown 
loamy sand representing A-horizon soils were observed at the base of backdirt pile, while pale 
brown sands with light to moderate shell fragments comprised the remaining bulk of the 
backdirt accumulation (Photograph 10).  The sand deposits containing shell is consistent with 
natural unconsolidated beach deposits.  No cultural materials were apparent in this area.   
 
An examination of soil profile from the southern sand slurry pit was possible.  The rectangular 
pit measured approximately 40 by 13 ft, with its long axis perpendicular to the adjacent 
roadway to the west.  Maximum depth of the pit extended approximately 6 ft below ground 
surface.  Upon initial inspection it was clear that an abrupt soil anomaly and an associated 
dense scatter of lumber and trash were present along the southwest portion of the profile 
(Photograph 11).  Sections of 2 by 4 ft and 2 by 6 ft machine milled lumber were also present 
in the backdirt pile (Photograph 12).  A closer examination of the pit profile and backdirt 
revealed that most of the associated trash consisted of modern aluminum and plastic soft drink 
containers, as well as what appeared to be plastic electrical fittings and rubber cable sheathing.  
Personal communication with Shari Silbert (WICC Team Member) indicated that this area was 
used to construct an asphalt pad for the operation of a modern electrical panel.  A portion of 
the pad and electrical panel is still present immediately south of the southern sand slurry pit.  
A reconnaissance of the general area revealed a wide scatter of similar material on the surface, 
along with a number of other utility related material and cabling.  As the materials encountered 
in the southern slurry pit do not constitute an archaeological resource, no impacts to any 
cultural resources have been sustained as a result of the ongoing construction activity in this 
area.   
 
Because there were no historic structures identified within the APE and because the 
archaeological review of recent ground disturbance in the area found no archaeological 
resources NASA concludes that no historic or prehistoric resources are affected by the 
emergency measures on the beachfront.  NASA is requesting that VDHR review this project 
and concur with the finding that no historic properties are affected by the emergency measures 
on the beachfront.   
 
If you have any questions of comments regarding this portion of the project, please contact me, Kent 
Stover, at 757-824-1342 or Shari Silbert, at 757-824-2327. 
 
Sincerely, 
 
 
 
 
Kent Stover 
Facility Historic Preservation Officer 
 
Enclosures: 
(1) VDHR Project Review Application Form 
(1) VDHR DSS Map of Project Area 
(2) Area of Potential Effect (APE) Map for GeoTube® Installation  
(3) Photographic Log  



Requesting a Project Review from the Department of Historic Resources 
 
The Department of Historic Resources (DHR) is Virginia’s State Historic Preservation Office (SHPO).  Section 106 of 
the National Historic Preservation Act of 1966, as amended, requires federal agencies to consult with the SHPO and 
others who may have knowledge of historic properties in identifying known historic properties which may be affected 
by a federal undertaking, and in determining the need for further survey efforts to identify previously unrecorded 
historic properties.  Information on Section 106 and the text of the Section 106 regulations are available on the web site 
of the Advisory Council on Historic Preservation (www.achp.gov). 
 
THIS APPLICATION MUST BE COMPLETED FOR ALL FEDERAL UNDERTAKINGS AND SUBMITTED TO THE 
VIRGINIA DEPARTMENT OF HISTORIC RESOURCES FOR REVIEW.  A federal undertaking is defined in the Section 
106 regulations as “a project, activity, or program funded in whole or in part under the direct or indirect jurisdiction 
of a Federal agency, including those carried out by or on behalf of a Federal agency; those carried out with Federal 
financial assistance; those requiring a Federal permit, license or approval; and those subject to State or local 
regulation administered pursuant to a delegation or approval by a Federal agency.”  This form may also be used to 
obtain the comments of DHR as part of a state review process. Please provide a completed form even in cases 
where project information is included in a separate document, such as an Environmental Impact Report.  
Environmental documents may be submitted as attachments to the form if they provide an important part of the 
project description. 
 
A program specific review application form for cell tower projects is available on DHR’s website along with 
several other attachments to the project review application relating to the rehabilitation and demolition of historic 
structures which are intended to streamline the process.   
 

Before You Complete the Project Review Application Form 
 

1. Determine if your project constitutes an undertaking that has the potential to impact historic properties, 
assuming such historic properties were present (for the definition of an undertaking, go to the Section 106 
Regulations, Definitions section, 36 CFR 800.16, on the web at www.achp.gov/regs.html). 

2. Determine the Area(s) of Potential Effect (APE) for the project.  For the purposes of Section 106, the area 
of potential effect (APE) is defined as the entire geographical area in which changes may occur to historic 
properties if any are present.  The APE for archaeological resources may be different than for architectural 
resources.  The viewshed of historic properties often extends well beyond their boundaries and is often an 
important contributing element to their historic significance.  Therefore, projects which alter the landscape 
drastically - large scale subdivisions, highway construction - or those which insert a large, intrusive 
structure into the landscape – cell towers, water towers – must take into account the surrounding viewshed 
when determining the APE.  A field inspection of the project area will help to establish the APE.  
Establishing the APE is the responsibility of the federal agency in consultation with DHR.  When acting on 
the behalf of a federal agency, the APE that is presented to DHR must be the APE that is approved by that 
agency.  The boundaries of the APE should be clearly described and indicated on a U.S.G.S. quad map 
(original or clear copy).  If there are two different APEs – one where ground disturbance is going to occur 
and one where viewshed is the only concern, for instance, these should be clearly indicated.   

3. Gather information to identify the historic properties within or adjacent to the APE that may be affected by 
your project.  Information on recorded historic properties is available in the DHR Archives, and this 
information must be collected prior to submitting project review application. The Archives are open to the 
public, and the only charges for use are 15 cents per page for copies.  If it is not possible to visit the DHR 
Archives, the archivist will provide information on recorded properties for a fee (telephone the Archives at 
804-367-2323, extension 125 for more information).  Please be aware that survey in Virginia is far from 
complete, and the absence of historic resources in DHR records does not necessarily mean that no historic 

http://www.achp.gov/
http://www.achp.gov.regs.html/


MAIL COMPLETED FORM AND ATTACHMENTS TO: 
Virginia Department of Historic Resources 

Attention:  Project Review 
2801 Kensington Avenue, Richmond, VA  23221 

www.dhr.virginia.gov  

properties are present.  Information that should be considered in the identification process may also be 
available in other repositories, such as county planning offices and historical societies.  On-site inspections 
are an essential component of the identification process.  Photographs of the subject property and any 
nearby properties that may be over 50 years old should be provided with your project review application.  
Please attach the available information on recorded historic properties within the APE and documentation 
resulting from field inspection to the project review application form.  If no historic properties are recorded 
in the APE, and if no potentially historic properties were observed during field inspection, note this on the 
application form. 

4. Following the identification process, you should complete the project review application form in its entirety 
by referring to the following instructions.  Attach or enclose the required additional information, and 
submit your application packet to DHR.  The Department of Historic Resources will respond to your 
request within 30 days.   

 
How to Complete the Project Review Application Form 

 
I. GENERAL PROJECT INFORMATION 
 
1. Indicate if the project, or any part thereof, has been previously reviewed by DHR and if so, insert the file 

number.  If we know that a project has been previously reviewed, we can often avoid asking for duplicate 
information.   

2-3. Complete this section in its entirety providing the name and location (independent city or town and county) 
of the project.  If your project involves work on a specific building, please include the street address of the 
building.  

4. Refer to the attached list of agencies and their abbreviations and indicate the abbreviation(s) for the federal 
and/or state agencies involved in the project (permitting, licensing, funding, etc.).  If more than one agency 
is involved, one must be designated the lead agency for Section 106 compliance.  If the appropriate agency 
is not included on the list, please write the full agency name in the space provided. 

5-6. It is important that complete mailing addresses be provided for both the lead federal or state agency 
 contact and the applicant.   
 
II. PROJECT LOCATION AND DESCRIPTION 
 
7. Indicate the name of the USGS quadrangle on which your project area is located.  An original or clear 

photocopy of the 7.5 minute USGS topographic quadrangle, or a clearly labeled portion thereof, showing the 
exact boundaries of the project location, and the project’s Area(s) of Potential Effect (APE) must be attached 
to this application.  Do not reduce or enlarge the map.  Topographic maps may be downloaded free of charge 
from Topozone© (www.topozone.com). 

8. Indicate the acreage of the project area.  
9. Indicate if an architectural or archaeological survey has been conducted as part of the identification process or 

in a different context by consulting DHR’s Archives.  Indicate the author, title, and date of the report and if a 
copy of it is on file at DHR.  If a survey has been completed and a copy is not on file, a copy should be 
included with the application materials.   

10. During the identification stage of the Section 106 process you should determine the presence/absence of 
structures 50 years old or older.  Indicate if the Archives search revealed any historic properties in the APE and 
if the site inspection revealed any properties over 50 years of age within or adjacent to the project area which 
may or may not be recorded at DHR.  The date of construction for structures is often indicated in county or 
state tax records.  Photographs of all structures over 50 years of age must be included with the application 
materials.    

http://www.topozone.com/
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11-12. These questions are designed to help DHR determine if your project needs to be reviewed by an architectural 
historian or an archaeologist or both.  If the answer to either of these questions is yes, a complete explanation is 
required in the Description. 

13. Description.  Attach a detailed description of the project area and the proposed undertaking, making sure to 
include the following information: 

a) Description of the existing land use.  Include photographs of the project area. 
b) Description of any recent modifications to the landscape.  [Note: If the existing landscape appears to be 

markedly different from that shown on the attached quad map, please include information to that effect 
explaining what changes have occurred since the map was last updated.]   

c) For projects involving the rehabilitation, alteration, or demolition of a structure over 50 years of age, a detailed 
description of the extent of the proposed alterations, along with photographs, architectural and engineering 
drawings, project specifications, and maps will be required.   

d) Detailed project description that includes the precise location of all construction, destruction, and other 
proposed disturbance, the horizontal and vertical dimensions of all above and below ground construction, and 
the nature and extent of any previous disturbances – i.e. it is in a plowed field or disturbed VDOT right-of-way 
– within the APE.  

 
Please Note:  A complete project review application consists not only of the fully completed form, but also a 
completed Archives search, a USGS topographic map with the APE marked, a detailed project description, and all 
required photographs and project plans.  A checklist is provided at the end of the application.  Accurate and complete 
information will help in obtaining a timely response.  If all required materials are not submitted, you will receive 
notification that your application is incomplete and the 30-day review period will not begin until all necessary materials 
are received. 
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 COMMONLY USED FEDERAL AND STATE AGENCIES  
AND ABBREVIATIONS 

 
Federal Agencies 
Advisory Council on Historic Preservation ACHP 
Department of the Interior, Bureau of Land Management BLM 
Central Intelligence Agency CIA 
Department of Defense, Army Corps of Engineers COE 
Drug Enforcement Administration DEA 
Department of Defense DOD 
Department of Defense, Army Army 
Department of Defense, Navy Navy 
Department of Defense, Marines Marines 
Department of Defense, Air Force Air Force 
Department of the Interior DOI 
Department of Justice DOJ 
Department of Labor DOL 
Defense Security Service DSS 
Department of Education ED 
Department of Commerce, Economic Development Administration EDA 
Environmental Protection Agency EPA 
Department of Transportation, Federal Aviation Administration FAA 
Federal Bureau of Investigation FBI 
Federal Communications Commission FCC 
Federal Deposit Insurance Corporation FDIC 
Federal Emergency Management Agency FEMA 
Department of Energy, Federal Energy Regulatory Commission FERC 
Federal Highway Administration FHWA 
Federal Railroad Administration FRA 
Department of Transportation, Federal Transit Administration FTA 
Department of Housing and Urban Development HUD 
General Services Administration GSA 
Department of Health and Human Services HHS 
Interstate Commerce Commission ICC 
Library of Congress LC 
Metropolitan Washington Airports Authority MWAA 
National Aeronautics and Space Administration NASA 
National Capital Planning Commission NCPC 
National Endowment for the Humanities NEH 
National Imagery and Mapping Center NIMA 
Nuclear Regulatory Commission NRC 
Department of Commerce, National Oceanic and Atmospheric Administration NOAA 
Department of the Interior, National Park Service NPS 
Department of Agriculture, Natural Resources Conservation Service NRCS 
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Comptroller of the Currency OCC 
Department of the Interior, Office of Surface Mining OSM 
Department of Agriculture, Rural Development RD 
Rural Utilities Service RUS 
Small Business Administration SBA 
Smithsonian Institute SI 
Surface Transportation Board STB 
Technology Administration TA 
Tennessee Valley Authority TVA 
United States Coast Guard USCG 
United States Department of Agriculture USDA 
United States Department of Commerce USDOC 
United States Department of Energy USDOE 
Department of Agriculture, Forest Service USFS 
Department of the Interior, Fish and Wildlife Service USFWS 
United States Geological Survey USGS 
United States Postal Service USPS 
Department of Veterans Affairs VA 
 
State Agencies 
Christopher Newport University CNU 
Central Virginia Community College CVCC 
College of William and Mary CWM 
Department of Criminal Justice Services DCJS 
Department of Conservation and Recreation DCR 
Department of Environmental Quality DEQ 
Department of Game and Inland Fisheries DGIF 
Department of General Services DGS 
Department of Housing and Community Development DHCD 
Department of Historic Resources DHR 
Department of Juvenile Justice DJJ 
Department of Mental Health, Mental Retardation and Substance Abuse Services DMHMRSAS 
Department of Mines, Minerals and Energy DMME 
Department of Motor Vehicles DMV 
Department of Accounts DOA 
Department of Corrections DOC 
Department of Education DOE 
Department of Forestry DOF 
Department of Veterans Affairs DVA 
Frontier Culture Museum of Virginia FCM 
Germanna Community College GCC 
Gunston Hall GH 
George Mason University GMU 
James Madison University JMU 
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Radford University RU 
State Corporation Commission SCC 
Science Museum of Virginia SMV 
Tidewater Community College TCC 
Thomas Nelson Community College TNCC 
University of Mary Washington UMW 
University of Virginia UVA 
Virginia Community College System VCCS 
Virginia Commonwealth University VCU 
Department of Agriculture and Consumer Services VDACS 
Department of Health VDH 
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Virginia Museum of Natural History VMNH 
Virginia Outdoors Foundation VOF 
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Library of Virginia VSLA 
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Virginia State University VSU 
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Project Review Application Form 
 
This application must be completed for all projects that will be federally funded, licensed, or permitted, or that are 
subject to state review.  Please allow 30 days from receipt for the review of a project.  All information must be 
completed before review of a project can begin and incomplete forms will be returned for completion. 
  
I. GENERAL PROJECT INFORMATION 
 
1.  Has this project been previously reviewed by DHR? YES  NO X DHR File #  

2.  Project Name Geotube Installation Along Wallops Island, Wallops Flight Facility 

3.  Project Location Wallops Island  Accomack 
 City Town County 

4. Specify Federal and State agencies involved in project (providing funding, assistance, license or  
 permit).  Refer to the list of agencies and abbreviations in the instructions. 

Lead Federal Agency NASA 

Other Federal Agency  

State Agency  

5.  Lead Agency Contact Information 
Contact Person Kent Stover, Facility Historic Preservation Officer 

Mailing Address 
NASA Wallops Flight Facility 
Wallops Island, VA 23337 

Phone Number 757-824-1342 Fax Number 757-824-1831 

Email Address Dalton.K.Stover@nasa.gov 

6.  Applicant Contact Information 
Contact Person Shari Silbert, Environmental Scientist 

Mailing Address 

EG&G 
NASA Wallops Flight Facility 
Wallops Island, VA 23337 

Phone Number 757-824-2327 Fax Number 757-824-1819 

Email Address Shari.A.Silbert@nasa.gov 
  
II. PROJECT LOCATION AND DESCRIPTION 
 

7.  USGS Quadrangle Name Wallops Island 

8.  Number of acres included in the project 
A length of 4,600 feet of shoreline approximately 14 feet in 
width running parallel to the ocean.  
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9.  Have any architectural or archaeological surveys of the area been conducted? YES_X_ 

  NO___ 
If yes, list author, title, and date of report here.  Indicate if a copy is on file at DHR. 
1. Cultural Resources Assessment, NASA Wallops Flight Facility, URS/EG&G, Nov 2003 – copy on 
file at DHR  
2. Historic Resources Survey and Eligibility Report, Wallops Flight Facility, URS/EG&G, Dec. 
2004 – copy on file at DHR 
3. Integrated Cultural Resource Management Plan for NASA Wallops Flight Facility, URS/EG&G, 
Dec. 2006 – copy on file at DHR 

 

10.  Are any structures 50 years old or older within or adjacent to the project area? 
Three buildings are located within the APE.  Two of these are less than 50 years of age. The third 
was constructed in 1951 and was previously evaluated for its National Register eligibility. It was 
found ineligible for listing in the National Register in Historic Resources Survey and Eligibility 
Report, Wallops Flight Facility, URS/EG&G, Dec. 2004 (VDHR # # 001-0027-0122). 

YES_X_ 
  NO___ 

If yes, give date(s) of construction and provide photographs. 
See attached photo log for photographs of the three buildings within the APE.  

 

11.  Does the project involve the rehabilitation, alteration, removal, or demolition of any 
structure, building, designed site (e.g. park, cemetery), or district that is 50 years or older?  If 
yes, this must be explained fully in the project description. 

YES___ 
  NO_X_ 

12.  Does the project involve any ground disturbance (e.g. excavating for footings, installing 
sewer or water lines or utilities, grading roads, etc.)?  If yes, this must be explained fully in the 
project description.   
The project involved the excavation of two sand slurry pits and the preparation of a 4,600 ft 
corridor for placement of a geotextile tube as part of an ongoing beach restoration project.  
 
(Please see attached letter report.) 
 

YES_X_ 
  NO___ 

13.  DESCRIPTION:  Attach a complete description of the project.  Refer to the instructions for the 
required information.  See attached DOPAA and Reconnaissance Level Archaeology Survey for further 
information.  

 
To the best of my knowledge, I have accurately described the proposed project and its likely impacts.   
 
 __Kristin Leahy, URS Corp. ___________________________  ____________1/23/07___ 
 Signature of Applicant/Agent        Date 
 

The following information must be attached to this form: 
 
 
 
 
 
 

X Completed DHR Archives search 
X USGS map with APE shown 
X Complete project description 
X Any required photographs and plans 
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____ No historic properties affected  ______ No adverse effect 
____ Additional information is needed in order to complete our review. 

____ We have previously reviewed this project.  A copy of our correspondence is attached. 
Comments: _________________________________________________________________________ 
___________________________________________________________________________________ 
___________________________________________________________________________________ 
___________________________________________________________________________________ 
 
Signature_______________________________________________  Date _______________________ 
 

Phone number ________________________   DHR File # __________________________ 
This Space For Department Of Historic Resources Use Only 
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Client Name: NASA 
 

Site Location: Wallops Flight Facility, Wallops 
Island, Accomack County, Virginia  
 

Project No. 
15299035 

Photo No. 
1 

Date: 
1/22/07 

Direction Photo 
Taken:  
 
Northeast 
 

Description: 
 
Photograph of Geotube 
Construction at 
Northernmost end of 
APE.  Two of three 
buildings within 
identified APE in 
background - Launch 
Control Center (WFF 
#Z-40) and Tracking 
Camera No. 2 (WFF 
#Z-35; VDHR # 001-
0027-0122).  
  

 
Photo No. 

2 
Date: 
1/22/07 

Direction Photo 
Taken:  
 
Southwest 
 
 

Description: 
 
Photograph of Beach 
Erosion to high water 
mark.  
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Site Location: Wallops Flight Facility, Wallops 
Island, Accomack County, Virginia  
 

Project No. 
15299035 

Photo No. 
3 

Date: 
1/22/07 

Direction Photo 
Taken:  
 
Northeast 

Description: 
 
View of beachfront from 
southernmost end of 
anticipated Geotube 
construction.  Note that 
no structures are found 
in the vicinity of the 
beachfront at the 
southernmost end of 
the project area APE.  
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Direction Photo 
Taken:  
 
Northeast 

Description: 
 
Photograph of vacant 
storage building (Z-42). 
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15299035 

Photo No. 
5 

Date: 
1/22/07 

Direction Photo 
Taken:  
 
Southwest 
 

Description: 
 
Photograph of vacant 
storage building (Z-42). 
Note level of sand 
deposited into vacant 
building during previous 
storm events.  
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Date: 
1/22/07 

Direction Photo 
Taken:  
 
Southwest 
 

Description: 
 
Geotube construction 
from northern limit of 
APE.  Note vacant 
storage building (Z-42) 
south of current 
construction along 
beachfront.   
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Southwest 
 

Description: 
 
Geotube Corridor 
Grading 
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Direction Photo 
Taken:  
 
Northeast 
 

Description: 
 
Geotube grading 
showing present beach 
surface.    

 

 



 
 

 

PHOTOGRAPHIC LOG 
Client Name: NASA 
 

Site Location: Wallops Flight Facility, Wallops 
Island, Accomack County, Virginia  
 

Project No. 
15299035 

Photo No. 
9 

Date: 
1/22/07 

Direction Photo 
Taken:  
 
North 
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Northern sand slurry 
pit.  
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West 
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Northern sand slurry pit 
and backdirt pile.    
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Southern sand slurry 
pit.  
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SECTION 404(b)(1) EVALUATION REPORT 
 

SHORELINE RESTORATION AND INFRASTRUCTURE PROTECTION 
PROGRAM (SRIPP)  

NASA WALLOPS FLIGHT FACILITY 
WALLOPS ISLAND, VIRGINIA 

 
 
1.0 INTRODUCTION 
 
The following evaluation is provided in accordance with Section 404(b)(1) of the Clean 
Water Act and the Section 404(b)(1) Guidelines provided in 40 CFR 230.  The impact 
evaluation is summarized from the Draft Programmatic Environmental Impact Statement 
(DPEIS) for the SRIPP.  References to sections of the DPEIS where more information 
may be obtained are given throughout this analysis. 
 
2.0 PROJECT DESCRIPTION 
 
2.1 Location 
 

Wallops Flight Facility (WFF) is located in the northeastern portion of Accomack 
County, VA, on the Delmarva Peninsula, and is comprised of the Main Base, Wallops 
Mainland, and Wallops Island (Figure 1, DPEIS).  Wallops Island is bounded by the 
Chincoteague Inlet to the north, the Assawoman Inlet to the south (which is presently 
filled in), the Atlantic Ocean to the east, and the estuaries to the west. 

 
2.2 General Description 
 
Currently, there is no beach along approximately 4.3 km (2.7 mi) of the Wallops Island 
shoreline.  Along this stretch, an existing rock seawall fronts the Atlantic Ocean.  A 
beach is present south of the seawall and along the extreme northern portion of the 
seawall (Figure 3, DPEIS).   

The project would be comprised of an initial construction phase with follow-on 
renourishment cycles. The initial construction phase would include two distinct elements: 

1. Extending Wallops Island’s existing rock seawall a maximum of 1,400 meters 
(4,600 feet) south of its southernmost point; and 

2. Placing sand dredged from Unnamed Shoal A, located offshore in Federal waters, 
along the Wallops Island shoreline.  The initial fill would result in approximately 
2,446,000 m3 (3,199,000 yd3) of sand being placed along nearly 6.8 km (4.2 
miles) shoreline. 

Subsequent beach renourishment cycles would vary throughout the life of the project.  
The renourishment cycle is anticipated to require approximately 616,000 m3 (806,000 
yd3) of sand every 5 years. 
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The initial fill plus the estimated fill volume over nine renourishment events would result 
in approximately 7,992,000 m3 (10,453,000 yd3) of sand being placed on the shoreline. 

Seawall Extension 
The southerly extension of the existing seawall would be implemented first and would 
consist of the placement of approximately 1,400 meters (4,600 feet) of 4.5- to 6.4-metric-
tonne (5- to 7-ton) rocks parallel to the shoreline. The seawall extension would be 
constructed in the approximate location of the geotextile tubes. It would be placed in the 
beach (some rock slightly below the beach surface, the majority of rock sitting on top of 
the beach surface), and would be approximately 5 meters (14 feet) above the normal high 
tide water level, depending on the extent of existing shoreline retreat. 

Beach Fill 
In the initial nourishment, NASA would place an estimated 2,446,000 m3 (3,199,000 yd3) 
of fill in a south to north direction that would extend for approximately 6.0 km (3.7 mi) 
north of WFF’s southern property boundary at Assawoman Island. The new beach would 
provide a surface to dissipate wave energy and contribute additional sediment to the 
nearshore system.  

Sand for initial nourishment would be dredged from Unnamed Shoal A and placed onto 
the beach, as described in Section 2.6.2 of the EIS. For renourishment fill volumes, it is 
anticipated that approximately half of the fill volume could be excavated from the north 
Wallops Island borrow site, and the remaining half could be dredged from either 
Unnamed Shoal A or B. 

The initial beach fill would extend 21 meters (70 feet) from the present shoreline in a 1.8-
meter-high (6-foot-high) berm, and then would slope underwater for an additional 52 
meters (170 feet) seaward; the total distance of the fill profile from the current shoreline 
would be 73 meters (240 feet). The fill would occur along 6.8 km (4.2 miles) of beach 
between the northern end of the rock seawall and the southern end of the existing 
geotextile tubes. The beach fill profile will also include a 4.3 meter (14 ft) high dune at 
the seawall.   

Subsequent beach renourishment cycles would vary throughout the life of the project. 
Storm frequency and severity would dictate the magnitude and rate of recurrence of 
beach renourishment. The exact locations and magnitude of renourishment cycles may 
fluctuate because of the dynamic nature of the ocean environment; therefore, additional 
NEPA documentation for future renourishment actions may be required and would be 
prepared, as appropriate.  The renourishment cycle is anticipated to require 
approximately 616,000 m3 (806,000 yd3) of sand every 5 years. The initial fill plus the 
total fill volume over nine renourishment events would result in approximately 7,992,000 
m3 (10,453,000 yd3) of sand being placed on the shoreline. The topography and 
bathymetry of the beach would be monitored on a regular basis to determine sand 
movement patterns and plan when renourishment is needed. 

The absence of sand retention structures would result in a larger amount of sand being 
available for erosion and longshore transport. Over the 50-year project life, the frequency 
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of beach nourishment would be determined by a monitoring program that will be 
established that will monitor the beach profile and shoreline and volumetric changes.   
 
2.3 Authority and Purpose 
 
The purpose of the project is to reduce the potential for damage to, or loss of, existing 
NASA, U.S. Navy, and MARS assets on Wallops Island from wave impacts associated 
with storm events.  The project is needed to ensure the continued ability of NASA, the 
U.S. Navy, and MARS to serve the nation’s rapidly growing civil, defense, academic, 
and commercial aerospace requirements. The SRIPP would help reduce the risk to 
infrastructure on Wallops Island from storm-induced damages by restoring the beach 
profile in front of the present shoreline. 

Wallops Island has experienced shoreline changes throughout the six decades that NASA 
has occupied the site. The existing seawall is being undermined because there is little or 
no protective sand beach remaining and storm waves break directly on the rocks. 
Currently, the south end of the island is unprotected except for a low revetment around 
the MARS launch pad and temporary geotextile tubes that extend from the southern end 
of the existing seawall south to camera stand Z-100.  

The potential risks to infrastructure from wave impacts are two-fold: first is the 
interruption of NASA, U.S. Navy, and MARS missions supported from Wallops Island 
facilities due to temporary loss of facility functions; and second is the potential for 
complete loss of these unique facilities. If no protective measures are taken, the assets on 
Wallops Island will be increasingly at risk from even moderate storm events.  
Additionally, WFF and MARS are located within the only research range in the U.S. that 
is wholly controlled by NASA, and as a result, WFF is the only research range in the 
world that is solely under NASA control and focused on NASA’s schedule, budget, and 
mission objectives. Under Title II of the Omnibus Appropriations Act of 2009 (Public 
Law 111-8), the U.S. Congress stated that “WFF is an important national asset that can be 
better utilized by focusing on emerging technologies that meet national needs and NASA 
priorities.” 

Currently, assets on Wallops Island are valued at over $1 billion. The NASA facilities at 
greatest risk are the UAS Runway and the Launch Control Center (building W-20), both 
located within 30 meters (100 feet) of the shoreline, and all three sounding rocket launch 
pads, which are approximately 75 meters (250 feet) from the shoreline.  U.S. Navy assets 
at greatest risk include the AEGIS and Ship Self Defense System Facilities. MARS 
Launch Pads 0-A and 0-B are located within 75 meters (250 feet) of the shoreline, and 
are also at a high level of risk.   
 
2.4 Alternatives Considered 
 
Chapter 2 of the DPEIS contains a detailed description and analysis of the alternatives 
considered.  The Proposed Action is to implement a 50-year program to allow NASA and 
its partners to continue to safely utilize Wallops Island and complete their missions with a 
reduced threat of storm-related loss of facilities. NASA considered the following range of 
alternatives to meet the purpose and need:  
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• Relocating At-Risk Infrastructure 

• Seawall Extension Only 

• Sand Dunes With Various Cores 

• Beach Fill Only 

• Beach Fill and Seawall Extension 

• Beach Fill, Seawall Extension and Sand Retention Structures 

• No Action 

NASA screened the alternatives based on five criteria:  (1) disruption to WFF Operations, 
(2) level of storm damage reduction, (3) initial cost, (4) maintenance costs, and impact on 
adjacent barrier islands.   
 
Based on the results of the screening, NASA evaluated 3 Alternatives in detail in the 
DPEIS: 
 

• Alternative One (Preferred Alternative) - Beach Fill and Seawall Extension 
• Alternative Two - Beach Fill, Seawall Extension, and Groin 
• Alternative Three - Beach Fill, Seawall Extension, and Breakwater 

 
Avoidance and Minimization of Impacts 
 
NASA’s Preferred Alternative is the least environmentally damaging of the practicable 
alternatives that meet the project purpose and need.  As described in Chapter 2 and 
Appendix A of the DPEIS, beachfill is a critical component of any solution to reduce 
potential storm-related damage to NASA’s infrastructure.  As a result, the impacts as a 
result of dredging the beachfill material and placing it along the shoreline are 
unavoidable.   
 
NASA’s Preferred Alternative would require more initial fill material than the other two 
alternatives analyzed in the DPEIS; approximately 217,000 m3 (283,000 yd3) more than 
Alternative 2 (beachfill and groin) and approximately 276,000 m3 (360,000 yd3) more 
than Alternative 3 (beachfill and breakwater).  Without the construction of a sand 
retention structure such as a groin or breakwater, the proposed project avoids potential 
adverse impacts to sediment transport along Assawoman Island located directly to the 
south of Wallops.  In addition, the 70-ft wide beach berm was determined by the USACE 
to be the minimal amount necessary to provide adequate protection to the vital 
infrastructure on Wallops (Appendix A in DPEIS).  Thereby, minimizing the amount of 
material to be dredged and then placed along the shoreline.  These measures are 
described in further detail in Chapters 2, 4, and 5 of the DPEIS. 
 
NASA evaluated several potential sources for the beachfill material.  Criteria for 
selection of a borrow site included: 
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• Suitable grain size that is coarser than the approximate 0.20 mm grain size of the 
present beach 

• Adequate quantity for initial nourishment and nine renourishment cycles over the 
50-year life span of the SRIPP  

• Distance from Wallops Island shoreline (implications regarding transportation and 
SRIPP lifecycle costs)  

 As described in Section 2.5, sources considered included;  the nearshore seafloor east of 
Wallops Island, dredged material from navigation projects, and offshore borrow sites or 
shoals located in Federal waters.  
 
Nearshore and dredged material from navigation projects were eliminated because the 
grain-size of the material was finer than was considered optimal for the beachfill.  Three 
offshore shoals were evaluated;  Blackfish Bank, Unnamed Shoal A, and Unnamed Shoal 
B (Figure 12, DPEIS).   
 
Blackfish Bank was eliminated as a potential site due to potential adverse environmental 
impacts.  These included potential impacts due to lowering the shoal profile and 
increasing wave energy to Assateague Island and thereby increasing shoreline erosion.  In 
addition, potential adverse impacts are avoided to commercial and recreational fishermen 
who utilize the shoal.  The shoal was eliminated even though it is closer to the project site 
and the dredged material would be less expensive to transport. 
 
Based on the results of wave modeling, a camera survey of the benthic habitats, and a 
remote underwater archeological survey of Unnamed Shoals A and B, it was determined 
that either shoal could be used as a potential source of sand for the project with similar 
environmental impacts.  Shoal A was selected as the source of initial beachfill material 
due its closer proximity to the placement site.  A uniform depth of sediment would be 
dredged from the shoal, a deep pit or pits would not be created.  
  
2.5 Description of Dredged or Fill Material 
 

2.5.1 General Characteristics of Material. The borrow areas are a source of 
high quality medium to coarse sand. They are comprised of large, exposed 
deposits of medium sand that varies in thickness and is estimated to have a 
median grain size of 0.29 mm. 
 
2.5.2 Quantity of Material. For the initial construction, approximately 
2,446,000 m3 (3,199,000 yd3) of beach quality sand would be placed on the 
shoreline.  Due to assumed losses (conservatively estimated at 25 percent) during 
dredging and placement, approximately 3,057,500 m3 (3,998,750 yd3) of sand 
would be dredged from an approximate 5.2 km2 (2 mi2) area of Unnamed Shoal 
A. Each renourishment cycle would require approximately 770,000 m3 (1,007,500 
yd3) of material be dredged. 
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2.5.3 Source of Material.  The source of the borrow material for the initial 
beach fill is Unnamed Shoal A located in Federal water approximately 11 km (7 
mi) offshore and approximately 18 km (11 mi) from the northern tip of Wallops 
Island.  Renourishment material may be collected from Unnamed Shoal A, B, or 
northern Wallops Island. 

 
2.6 Description of the Discharge Site 
 

2.6.1 Location. The discharge site is located along the Atlantic-facing shoreline 
of Wallops Island, Virginia.   The specific sand placement area extends along 6.8 
km (4.2 miles) of the shoreline between the northern end of the rock seawall and 
the southern end of the existing geotextile tubes.  Refer to Figure 14 in DPEIS. 
 
2.6.2 Size. The initial beach fill would extend 21 meters (70 feet) from the 
present shoreline in a 1.8-meter-high (6-foot-high) berm, and then would slope 
underwater for an additional 52 meters (170 feet) seaward.  The total distance of 
the fill profile from the current shoreline would be 73 meters (240 feet).  The 
initial construction would discharge approximately (3,199,000 yd3) of beachfill 
into waters of the United States. 

 
2.6.3 Type of Discharge Site.  Shoreline fronting the Atlantic Ocean. 
 
2.6.4 Type(s) of Habitat. The type of habitat present at the proposed discharge 
locations are marine sandy beach intertidal and subtidal nearshore habitats and 
marine open water. 
 
2.6.5 Timing and Duration of Discharge.  Initial fill placement would be 
expected to occur in 2011 and would require several months to complete.  
Dependent on the results of the monitoring program, renourishment would be 
expected to occur approximately every five years.   
 
2.6.6 Description of Disposal Methods.  A hopper dredge would be used to 
excavate the sandy material from the borrow areas. The material would be 
transported using a barge with a pump-out and pipeline delivery system to the 
beachfill placement site. Subsequently, final grading would be accomplished 
using standard construction equipment such as bulldozers. 

 
3.0 FACTUAL DETERMINATIONS 
 
3.1 Physical Substrate Determinations 

 
3.1.1 Substrate Elevation and Slope. Water depth is approximately 21 m (70 
ft) between Blackfish Bank and Unnamed Shoal A. Unnamed Shoal A is located 
in depths of 12 to 7.5 m (40 ft to 25 ft). Between Unnamed Shoals A and B, the 
depth ranges from 23 to 12 m (75 to 40 ft). Unnamed Shoal B is located in depths 
between 15 m (50 ft) to 9 m (29 ft). 
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3.1.2 Sediment Type. The principal sediment types associated with Unnamed 
Shoal A and B are generally in the category of medium-grained sand. Substrate at 
the shoal is “clean sand” a mean grain size of approximately 0.29 mm, with little 
silt or clay content. Mean grain size at the placement site is approximately 0.20 
mm. 
 
3.1.3 Dredged/Fill Material Movement. The net longshore sediment transport 
is to the north along Wallops Island.  The average erosion rate for the shoreline is 
approximately 10 feet per year.  In addition, the planned construction would 
establish an initial construction template, which is higher than the final intended 
design template or profile. It is expected that compaction and erosion would be 
the primary processes resulting in the change to the design template. Also, the 
loss or winnowing of fine-grain material into the water column would occur 
during the initial settlement. These materials may become redeposited within 
nearshore subtidal waters. 
 
After beachfill material is placed, the rate of erosion on the southern end of 
Wallops Island and the northern end of Assawoman Island would be reduced due 
to addition of sand to the sediment transport system.  In addition, after the initial 
fill is placed, some material will move south while the transport system adjusts to 
introduction of material.  As discussed in Section 4.2.2.1 of the DPEIS, there is 
annual variability in the sediment transport and shoreline changes in the area as 
well as a degree of uncertainty in the USACE modeling.  The modeling predicts a 
net longshore transport to the north along Wallops Island.   

Over the lifetime of the SRIPP, the seawall extension and beach fill would have 
long-term direct beneficial impacts on geology and the Wallops Island shoreline 
by mitigating the current rate of shoreline retreat. Continued beach nourishment 
would add to this benefit by providing ongoing mitigation of shoreline retreat. 
 
3.1.4 Physical Effects on Benthos. The proposed construction and discharges 
would result in initial burial of the existing beach and nearshore benthic 
communities when this material is discharged during berm construction. The 
proposed beachfill is expected to be composed of material that is similar to 
existing substrate, which is expected to become recolonized by the same type of 
benthic assemblage.  The benthic community at the placement site is expected to 
recover within several months after construction.  Dredging the offshore shoal 
would result in the direct removal of the benthic community along with the 
sediment from the seafloor.  The benthic community is expected to recolonize the 
area relatively rapidly after dredging, however recovery of the community 
composition, biomass, and abundance to predredging conditions may take several 
years.    
 
3.1.5 Other Effects. No other effects are anticipated. 
 
3.1.6 Actions Taken to Minimize Impacts. Actions taken to minimize impacts 
include selection of fill material that is similar in nature to the pre-existing 



 8

substrate, and the avoidance of the creation of deep pits from dredging the borrow 
site. Short term impacts would include increased, localized turbidity associated 
with dredging and disposal operations; however these impacts are expected to be 
minimal.  Standard construction practices to minimize turbidity and erosion 
would be employed during dredging and placement operations. 
 

3.2 Water Circulation, Fluctuation, and Salinity Determinations 
 

3.2.1 Water.  Dredging in the borrow site would result in some short-term 
negative effects, including localized increases in turbidity and slight decreases in 
dissolved oxygen (DO).  Since the dominant substrate at the borrow site is 
medium-grain sand, it is expected to settle rapidly, causing less turbidity and less 
oxygen demand than finer-grained (organic) sediments.  Dredging within the 
shoal would have no significant impact on salinity, water chemistry, clarity, color, 
odor, taste, dissolved gas levels, nutrients, or eutrophication characteristics of the 
adjacent areas. 

 
3.2.2 Current patterns and circulation.  Potential impacts to the physical 
environment from offshore dredging include changes to hydrodynamic and 
sediment transport processes, as well as the formation of short-lived turbidity 
plumes.  Near-bed currents on the shoals demonstrate seasonal and event-scale 
variability.  As waves move shoreward from deeper water and propagate over the 
bathymetric changes resulting from dredging material from the shoal, the height, 
direction, and other characteristics of the waves change. These transformations, 
called wave shoaling, refraction, reflection, and diffraction, can significantly 
increase or decrease the transport of sand along the nearby shoreline, resulting in 
localized erosion and accretion.  Appendix A and Section 4.2.5 of the DPEIS 
describe the insignificant potential impacts to physical oceanographic processes at 
nearby Assateague Island.  In addition, although local current velocities 
immediately downstream of dredged areas may temporarily increase (in the 
direction of strong along shelf flows), the magnitude of change and the size of the 
footprint are expected to be relatively small. Alterations of near-bed currents may 
result in local and short-lived changes in sediment movement in the immediate 
vicinity of the borrow areas, but are expected to return to pre-dredging conditions 
following infilling. 
 
3.2.3 Normal water level fluctuations – Tidal levels would not be affected.   
 
3.2.4 Salinity gradients – The project would have no impact on salinity. 
 
3.2.5 Actions that will be taken to minimize impacts – A uniform depth of 
sediment would be dredged from the shoal, a deep pit or pits would not be 
created.  No other actions that would minimize impacts on water 
circulation/fluctuation and salinity are deemed necessary. 
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3.3 Suspended Particulate/Turbidity Determinations 
 

3.3.1 Expected changes in suspended particulates and turbidity levels in the 
vicinity of the disposal site - There will be increased, localized turbidity 
associated with the beachfill operations. The use of medium-sized sand should 
allow for a short suspension time and containment of sediment during and after 
construction. The beachfill consists of beach quality sand of similar grain size and 
composition as the existing beach sand on Wallops Island therefore, turbidity 
impacts will be short-term and spatially-limited to the vicinity of the dredge 
outfall pipe. 
 
3.3.2 Effects (degree and duration) on Chemical and Physical Properties of 
the Water Column.   
 

a. Light penetration.  Short-term, limited reductions would be expected 
at the dredge site and at the placement site as material is pumped onto the 
beach. 
 
b. Dissolved oxygen.  There is a potential for a decrease in dissolved 
oxygen levels but the anticipated low levels of organics in the borrow 
material should not generate a high, if any, oxygen demand. 

 
c. Toxic metals and organics.  Because the borrow material is medium-
grained sand and originates from an offshore area where no known 
sources of significant contamination exist, the material is expected to be 
free of any significant contamination.   
 
d. Pathogens.  The source of the beachfill material is an offshore sand 
shoal and not located near any pollution source.  Therefore, no pathogens 
are expected to be present in the dredged material. 
 
e. Aesthetics.  No long-term aesthetic changes will result from the project. 
 
f. Others as appropriate.  None identified.   
 

3.3.3 Effects on Biota 
 

a. Primary production, photosynthesis - Minor, short-term effects 
related to elevated turbidity levels at the dredging and placement sites. 
 
b. Suspension/filter feeders - Minor, short-term effects related to 
suspended particulates outside the immediate deposition zone. Sessile 
organisms and organisms with limited mobility would be subject to burial 
if within the deposition area, especially those currently residing on the 
portions of the existing rock seawall that is directly exposed to the ocean. 
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c. Sight feeders.  Minor, short-term effects to fish related to turbidity from 
dredging at the shoal and from placement of material at the shoreline.  In 
addition, shorebirds tend to be attracted to disposal sites and placement 
activities due to the presence of food items in the dredged material. The 
impact of these operations at the open-water on sight feeders is expected 
to be a beneficial, short-term impact. 
   

3.3.4 Actions taken to minimize impacts.   Actions include the selection of 
clean sand with a small fine grain component and a low organic content. No 
special measures are anticipated to be required to minimize impacts on biota.  
Standard construction practices would also be employed to minimize turbidity and 
erosion.  
 
3.3.5 Contaminant Determinations.  The discharge material is not expected to 
introduce, relocate, or increase contaminant levels at either the borrow or 
placement sites. This is assumed based on the characteristics of the sediment, the 
proximity of the borrow site to sources of contamination, the area's hydrodynamic 
regime, and existing water quality.  

 
3.4 Aquatic Ecosystem and Organism Determinations 
 

3.4.1 Effects on Plankton.  The effects on plankton would be minor and 
localized due to their wide distribution throughout the project area.  Plankton 
would be entrained in the suction dredge.  In addition, plankton would be 
adversely affected by light level reduction due to turbidity at the borrow and 
placement sites. Because the water column is well mixed and the organic content 
of the shoal sediment is low, significant dissolved oxygen level reductions are not 
anticipated. 
 
3.4.2 Effects on Benthos. Initially, a complete removal of the benthic 
community within the borrow area and burial of benthos within the discharge 
(beachfill) location. The losses of benthic organisms are somewhat offset by the 
expected rapid opportunistic recolonization from adjacent areas that would occur 
following cessation of construction activities. Recolonization is expected to occur 
rapidly in the discharge (beachfill placement) area through horizontal and in some 
cases vertical migrations of benthos. Recolonization within the borrow area is 
expected to occur soon after dredging operation ceases via pelagic larval 
recruitment and horizontal migrations from undisturbed adjacent areas.  Recovery 
of the benthic community to predredge conditions in terms of community 
composition, biomass, and abundance may take up to a few years.   

 
3.4.3 Effects on Nekton. Nekton would be negatively affected by entrainment 
in the suction dredge.  The offshore shoals are not known to be areas of high 
nekton concentrations.  Nekton are expected to be return to the borrow site 
immediately following dredging. 
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3.4.4 Effects on Aquatic Food Web. The aquatic food web is anticipated to be 
temporarily impacted to a minor degree by dredging activities. Destruction of 
benthos will temporarily detrimentally impact the aquatic food web for a period of 
months to years until benthos recolonize the borrow site. Following recovery of 
food resources, no long-term impact to the aquatic food web is expected. No 
significant effects. 

 
3.4.5 Effects on Special Aquatic Sites. No special aquatic sites such as 
sanctuaries, wetlands, submerged aquatic vegetation, mud flats, coral reefs and 
riffle and pool complexes are present within the project area.  Refuges in the area 
are addressed in Section 3.5.3 below. 
 
3.4.6 Threatened and Endangered Species.  NASA has prepared a Biological 
Assessment (Appendix I DPEIS) and is consulting with the USFWS and NMFS 
on potential impacts to threatened and endangered species from the project. In the 
long term, the expansion of the beach would likely provide additional suitable 
habitat for shorebirds such as the Red Knot and Piping Plover.  The piping plover 
utilizes sandy beach habitat within the northern portion of WFF outside the 
proposed sand placement area.  Monitoring to determine the extent of Piping 
Plover nesting activity prior to initial construction and periodic nourishment 
would be conducted to insure that the nesting locations would be avoided during 
construction until the chicks fledge the nest. The Red Knot uses existing beaches 
on Wallops Island as a stopover during migration, but does not nest there.   
Seabeach amaranth has not been documented on Wallops Island but there is 
potential suitable habitat.   
 
Several species of threatened and endangered sea turtles may be migrating 
through the sand borrow areas depending on the time of year. Sea turtles have 
been known to become entrained and subsequently destroyed by suction hopper 
dredges. 
   
3.4.7 Other Wildlife.  No significant effects. 
 
3.4.8 Actions to minimize impacts.  To prevent entrainment of sea turtles in 
the dredge, each dredge will be equipped with a turtle excluder device operated in 
manner approved by NMFS for this purpose.  
 
As described in Chapter 5 (Mitigation and Monitoring) of the DPEIS, NASA will 
conduct surveys and monitoring of the project area during sand placement 
activities, in addition to providing a NMFS-approved observer on board the 
dredger(s) during dredging operations.   
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3.5 Proposed Disposal Site Determinations 
 

3.5.1 Mixing Zone Determination.  Coarse grained-sand will rapidly settle to 
the bottom both at the dredging site(s) and at the placement site. Depth 
considerations are minimal since the receiving area is a beach; current velocities 
will remain essentially unchanged. 
 
3.5.2 Determination of compliance with applicable water quality standards.  
Dredging activities will be conducted in accordance with practices utilized in 
adjacent state waters. Transport of dredged material will comply with Virginia 
water quality standards. Virginia state water quality certification will be obtained 
and all conditions of that certification will be followed. 
 
3.5.3 Potential Effects on Human Use Characteristics – 
 

a. Municipal and private water supply.  Not applicable.  
 
b. Recreational and commercial fisheries.  Minor short-term negative 
impact to commercial and recreational fisheries are anticipated during 
dredging and following loss of benthos. Benthic fauna on shoals are 
expected to recolonize the dredged area within several months with full 
recovery to predredge conditions that may take up to several years 
following dredging. No long-term impacts to fisheries are expected. 
 
c. Water related recreation.  No significant effects.    
 
d. Aesthetics.  Aesthetics will be modified temporarily by the physical 
presence of the dredge during borrow activities and there will be a short 
term negative effect on the beach’s appearance while the placement of the 
material on the beach takes place due to the presence of the pipe and 
related equipment. No significant long-term effects. 

 
e. Parks, national and historic monuments, national seashores, 
wilderness areas, research sites and similar preserves.   Assawoman 
Island is located directly to the south of Wallops Island.  It is managed as 
part of the Chincoteague National Wildlife Refuge (CNWR) by the U.S. 
Fish and Wildlife Service (USFWS). The CNWR is located on the 
southern end of Assateague Island and to the northeast of Wallops Island.  
In addition, the undeveloped barrier islands that extend down the coast to 
the mouth of Chesapeake Bay are part of the Nature Conservancy’s 
Virginia Coastal Reserve.   

As described in Chapter 4 and Appendix A of the DPEIS, the project will 
not adversely impact Assawoman Island or the islands to the south nor 
Assateague Island.  The addition of sand of the longshore transport system 
will likely result in the accretion of sand along the northern portion of 
Assawoman Island.    
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3.6 Determination of Cumulative Effects on the Aquatic Ecosystem.   All data and 
information presented suggests the dredged material placement area would have no 
significant cumulative adverse effects on the aquatic ecosystem. 
 
3.7 Determination of Secondary Effects on the Aquatic Ecosystem.  Secondary 
impacts such as turbidity on aquatic organisms or temporary loss of food sources through 
the burial or removal of the benthos are considered to be of short duration. 
 
4.0 FINDINGS OF COMPLIANCE OR NON-COMPLIANCE WITH THE 
RESTRICTIONS ON DISCHARGE 
 
4.1 Adaptation of the Section 404(b)(1) Guidelines to this Evaluation. No 
significant adaptation of the Section 404(b)(1) Guidelines were made relative to this 
evaluation. 
 
4.2 Evaluation of Availability of Practicable Alternatives to the Proposed 
Discharge Site, Which Would Have Less Adverse Impact on the Aquatic Ecosystem. 
Shoreline restoration and extension of the existing seawall at Wallops Island was chosen 
as the preferred alternative because of the demonstrated need to provide storm damage 
reduction for NASA’s assets.  All practicable alternatives considered and evaluated 
included a beach fill component as a critical part of a multi-tier storm reduction strategy.   
 
4.3 Compliance with Applicable State Water Quality Standards. The proposed 
action would not violate any applicable state water quality standards. Water quality 
certification will be received prior to construction. As required by the Coastal Zone 
Management Act, Coastal Zone Management Program of Virginia, the proposed project 
has been evaluated for consistency with the coastal development policies. 
 
4.4 Compliance with Applicable Toxic Effluent Standard or Prohibition under 
Section 307 of the Clean Water Act. The proposed action would not violate the Toxic 
Effluent Standards of Section 307 of the Clean Water Act. 
 
4.5 Compliance with Endangered Species Act. The project will not significantly 
detrimentally impact any endangered species or its critical habitat, and is therefore in 
compliance with the Endangered Species Act of 1973. To avoid detrimental impacts the 
needs of endangered species, mitigation measures will be utilized dredging to minimize 
the risk of entraining and destroying sea turtles. These measures include outfitting 
dredges with sea-turtle deflectors, conducting dredging operations in a manner to 
minimize risk of sea turtle entrainment, crew training, and the use of NMFS-approved 
observers, when applicable. In addition, NASA will conduct monitoring of the beach 
during sand placement activities as described in Chapter 5 (Mitigation and Monitoring) of 
the DPEIS.    
 
4.6 Compliance with Specified Protection Measures for Marine Sanctuaries 
Designated by the Marine Protection, Research, and Sanctuaries Act of 1972. No 
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Marine Sanctuaries, as designated in the Marine Protection, Research, and Sanctuaries 
Act of 1972, are located within the study area. 
 
4.7 Evaluation of Extent of Degradation of the Waters of the United States. The 
proposed dredging will result in adverse impacts to benthic invertebrates at the site, 
although not to regional populations. The proposed project would not have significant 
adverse effects on human health and welfare, including municipal and private water 
supplies, recreation and commercial fishing, plankton, fish and shellfish, wildlife, and 
special aquatic sites. The life stages of aquatic life and wildlife will not be significantly 
adversely affected. No significant adverse impacts on aquatic ecosystem diversity, 
productivity and stability, and recreation, aesthetics and economic values will occur as a 
result of the project. 
 
4.8 Appropriate and Practicable Steps Taken to Minimize Potential Adverse 
Impacts of the Discharge on the Aquatic Ecosystem. Appropriate steps will be taken to 
minimize potential adverse impacts of placing the fill material in the aquatic system. 
Proposed dredging guidelines and constraints were developed to minimize long-term 
adverse aquatic impacts, and best management practices will be utilized during dredging 
to minimize adverse environmental impacts. 
 
4.9 Conclusion.  On the basis of the guidelines, the proposed discharge sites for the 
dredged material is specified as complying with the requirements of these guidelines, 
with the inclusion of appropriate and practical conditions to minimize pollution or 
adverse effects on the aquatic ecosystem. 
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FEDERAL CONSISTENCY DETERMINATION FOR THE 
SHORELINE RESTORATION AND INFRASTRUCTURE PROTECTION 

PROGRAM 
 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
GODDARD SPACE FLIGHT CENTER 

WALLOPS FLIGHT FACILITY 
WALLOPS ISLAND, VA 23337 

 

Introduction 
This document provides the Commonwealth of Virginia with the National Aeronautics 
and Space Administration’s (NASA) Consistency Determination under Coastal Zone 
Management Act Section 307(c)(1) and Title 15 Code of Federal Regulations (CFR) Part 
930, Subpart C, for implementation of the Shoreline Restoration and Infrastructure 
Protection Program (SRIPP)  at NASA’s Goddard Space Flight Center Wallops Flight 
Facility (WFF), Wallops Island, Virginia. The information in this Consistency 
Determination is provided pursuant to 15 CFR Section 930.39.  

NASA has prepared a Programmatic Environmental Impact Statement (PEIS) to evaluate 
the potential environmental impacts from the proposed SRIPP in accordance with the 
National Environmental Policy Act of 1969 (NEPA), as amended (42 U.S. Code 4321-
4347), the Council on Environmental Quality (CEQ) regulations for implementing NEPA 
(40 Code of Federal Regulations [CFR] 1500-1508), NASA’s regulations for 
implementing NEPA (14 CFR Subpart 1216.3), and the NASA Procedural Requirements 
(NPR) for Implementing NEPA and Executive Order (EO) 12114 (NPR 8580.1). 

The U.S. Department of the Interior Minerals Management Service (MMS) and the U.S. 
Army Corps of Engineers (USACE), Norfolk District, have served as Cooperating 
Agencies in preparing the PEIS and this Consistency Determination, because they 
possess regulatory authority and specialized expertise pertaining to the Proposed Action. 
The PEIS is being developed to fulfill all three Federal agencies’ obligations under 
NEPA. NASA, as the WFF property owner and project proponent, is the Lead Agency 
and responsible for ensuring overall compliance with applicable environmental statutes, 
including NEPA. 

The SRIPP encompasses a 50-year planning horizon and is intended to reduce storm-
induced physical damage to Federal and State infrastructure on Wallops Island. The 
Preferred Alternative would involve extending Wallops Island’s existing rock seawall a 
maximum of 1,400 meters (m) (4,600 feet [ft]) south of its southernmost point and 
placing sand dredged from Federal waters on Wallops Island along 6.0 kilometers (3.7 
miles) of the shoreline. An initial sand placement of approximately 2.4 million cubic 
meters (m3) (3.2 million cubic yards [yd3]) of would occur, followed by periodic 
renourishments anticipated to occur every 5 years, with a total of 9 renourishment cycles 
over the 50-year life of the SRIPP. Each renourishment event would involve placement of 
approximately 616,000 m3 (806,000 yd3) of sand on the shoreline. The topography and 
bathymetry of the beach would be monitored on a regular basis to determine sand 
movement patterns and plan when renourishment is needed. The initial fill plus the total 
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fill volume over 9 renourishment events would result in approximately 8 million m3 (10.5 
million yd3) of sand being placed on the shoreline. 

The SRIPP would help reduce the risk to infrastructure on Wallops Island from storm-
induced damages by restoring the beach profile in front of the present shoreline. 

Effects to Resources 
NASA has determined that the SRIPP would affect the land or water uses or natural 
resources of Virginia in the following manner:  

Geology and Sediment – Beneficial long-term impacts on land use and the Wallops 
Island and northern Assawoman Island shorelines would occur due to creation of a beach.  
North Wallops Island sand removal would result in minor adverse impacts on sediments 
and topography. Placement of beach fill (initial and renourishment) would create and 
maintain a beach approximately 21 meters (70 feet) wide on Wallops Island, resulting in 
long-term direct beneficial impacts. The addition of sediment to the longshore transport 
system would offset some ongoing erosion that is occurring at the northern end of 
Assawoman Island. The northern end of Wallops Island would continue to accrete, and 
would likely accrete at a faster rate than under existing conditions due to the presence of 
additional sand in the longshore sediment transport system from the beach fill. The newly 
created beach profile would extend underwater for a maximum of 52 meters (170 feet), 
resulting in a new bathymetric profile within the subaqueous lands immediately east of 
Wallops Island.  

To minimize impacts on sediments, beach nourishment would be done using a 
comparable sediment type (a similar percentage of sand, silt and clay), grain size and 
color as the existing beach material. The removal of sediments from north Wallops Island 
would be mitigated by the re-deposition of sediment that would come from the addition 
of new sand on the beach. A monitoring survey of the shoreline in the vicinity of Wallops 
Island would be conducted twice a year, with LiDAR (Light Acquisition, Detection, and 
Ranging) data obtained for the area approximately once a year. NASA would implement 
an adaptive management strategy to ensure that mitigation and monitoring are effective 
and appropriate. 

Water Resources –Elevated turbidity in the nearshore marine water environment off 
Wallops Island would occur during and immediately after initial and renourishment 
beach fill. No impacts would occur on surface waters or wetlands. 

Floodplains – Wallops Island is located entirely within the floodplain; therefore, all 
SRIPP activities on land would take place within the 100-year and 500-year floodplains. 
No practicable alternatives to work in the floodplain exist. The functionality of the 
floodplain on Wallops Island, provided both by the wetlands on the island and the area of 
the island itself, would not be reduced by the SRIPP. 

Air Quality – Emissions from construction equipment (seawall extension, movement of 
sand on beach during placement, excavation of sediments on north Wallops Island beach) 
and barge activities (dredging and transport) are not anticipated to cause long-term 
adverse impacts on air quality or climate change. 
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Noise – Construction and transportation activities have the potential to generate 
temporary increases in noise levels from heavy equipment operations. Localized impacts 
would occur during construction of the seawall and sand placement activities, but no 
adverse impacts are anticipated. Temporary, localized impacts on marine mammals 
associated with noise related to vessel activities (dredging) and construction of the groin 
or breakwater. 

Hazardous Materials and Hazardous Waste Management – Beneficial impacts would 
occur by restoring the Wallops Island shoreline and increasing the distance between 
breaking waves and hazardous materials storage areas and accumulation points. NASA 
has implemented various controls to prevent or minimize the effects of an accident 
involving hazardous materials on NASA property, including the following: 

• Preparation of an Integrated Contingency Plan 

• Preparation of emergency plans and procedures designed to minimize the effect 
an accident has on the environment 

• Maintenance of an online database (MSDSPro) of hazardous materials and the 
associated buildings where they are stored or used, which would be updated to 
include the new facilities 

• Annual training for all users of hazardous materials 

Munitions and Explosives of Concern – MEC are not anticipated to be encountered in 
the area of seawall construction or beach fill. It is anticipated that shoreline erosion 
would increase to the south of the seawall extension in the first one to two years of the 
SRIPP; MEC may migrate to the ocean if further beach erosion occurs in this area. The 
beach fill (starting in year two) would reduce the potential of MEC migration into the 
ocean. There is a potential that MEC would be encountered during excavation of the 
north Wallops Island borrow site. To minimize the risk of adverse impacts from UXO in 
this area, an MEC Avoidance Plan that addresses the potential hazards would be 
prepared. A visual and magnetic survey of the area to locate MEC would be completed 
and potential hazards removed prior to excavation.  

Vegetation – The addition of sand to the shoreline would result in beneficial impacts on 
existing vegetation. The presence of a beach is an important buffer for other vegetative 
zones on Wallops Island. The SRIPP would create beach and dune habitat along 
approximately 6.0 kilometers (3.7 miles) of shoreline where none currently exists, 
allowing grasses to repopulate the upper dune areas. Vegetative species associated with 
dune and swale systems would also benefit from the expanded beach habitat that would 
be created under the Preferred Alternative. The movement of dump trucks carrying the 
seawall components would likely disturb some vegetation in the upper beach zone. 
During renourishment cycles from the northern part of Wallops Island, vegetation is not 
expected to be disturbed because the equipment would travel along the unvegetated beach 
to reach the upland borrow site. Overall, it is anticipated that Alternative One would 
result in beneficial impacts on Wallops Island vegetation. 

Benthic Resources –Placement of the initial fill would bury existing intertidal benthic 
community along an approximate 4,300-meter (14,000-foot) length of the seawall. The 
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mean tidal range is approximately 1.1 m (3.6 ft); therefore approximately 0.5 hectare (1.2 
ac) of hard-bottom, intertidal habitat would be permanently buried. In addition, 
approximately 91 hectares (225 acres) of the subtidal benthic community along the 
existing seawall would be buried during the initial fill placement. A new beach would be 
formed in front of the seawall and a beach benthic community would become established.   

Terrestrial Wildlife and Migratory Birds – Impacts on migratory birds are anticipated 
during construction of the seawall extension due to temporary noise disturbances, 
especially during spring and fall migrations; however, noise disturbances would be 
similar to existing noise from daily operations, including airplane and launch operations 
on Wallops Island. Temporary minor adverse impacts on beach invertebrates on existing 
portions of the beach like ghost crabs may occur during sand placement. Terrestrial 
species found inland may become startled by construction-related noises, but this would 
be temporary and would only last the duration of the construction. 

Threatened and Endangered Species – The SRIPP may affect, but is not likely to 
adversely affect vegetation, whales, sea turtles (except for loggerhead), and the candidate 
Red Knot. The SRIPP may affect, and is likely to adversely affect the loggerhead and 
Kemp’s ridley sea turtles, and may affect, but is not likely to adversely affect the 
leatherback or Atlantic green sea turtles. The SRIPP is likely to adversely affect the 
Piping Plover. No adverse affect to other bird species. A qualified biologist would 
conduct surveys and monitor the project area to ensure Red Knots and Piping Plovers are 
not directly affected during construction activities. Turtle deflectors would be installed on 
the drag heads during dredging to reduce the risk of entrainment. In addition, NASA 
would implement a number of other measures to minimize impacts of incidental take of 
sea turtles. A NMFS-approved observer would be present on board the dredging vessel 
for any dredging occurring between April 1 and November 30. 

Marine Mammals, Fisheries, Essential Fish Habitat – NASA has determined that the 
proposed SRIPP would have site-specific adverse effects on Essential Fish Habitat, but 
the impacts would not be significant within a regional context. There would be short-term 
site-specific adverse effects on fish habitat within the fill placement area due to 
temporary burial of existing benthic habitat and increased levels of turbidity during and 
immediately after sand placement. Benthic habitats would recover post-project. 
Temporary, localized potential impacts associated with physical disturbance to habitats 
during dredging and fill, vessel strike, and increased noise from vessel activities 
(dredging). Although placement of sand on the Wallops Island shoreline might disrupt 
foraging habitat, no adverse impacts are anticipated to marine mammals. Because vessel 
activity in the project area is common, noise impacts are not expected to be significant. 
As suggested by NMFS in a memorandum dated June 18, 2009, the potential of marine 
mammal strikes would be mitigated by operating the dredge vessel at speeds below 14 
knots.  

Socioeconomics – Beneficial impacts on the socioeconomic environment would occur 
from reducing damages to infrastructure and from job creation. Minor adverse effects on 
commercial and recreational fisheries. Disproportionately high or adverse impacts to low-
income or minority populations are not anticipated.   
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Commercial and Recreational Fishing - There could be temporary impacts on 
commercial and recreational fishing resources during the placement of beach fill material 
on Wallops Island due to elevated turbidity levels in the nearshore environment and 
disruption of the benthos, which would cause fish to avoid the disturbed areas. No 
impacts to commercial and recreational fishing are anticipated from construction of the 
seawall or use of the north Wallops Island borrow site for renourishment. 

Cultural Resources – No archaeological (below ground or underwater) resources or 
above-ground historic properties are present within the project area; therefore no 
archeological resources or above-ground historic properties would be affected. In a letter 
dated January 5, 2009, VDHR concurred with NASA’s determination “that there are no 
historic properties location within the project area and that no further work is needed 
within the area studied,” and that the SRIPP “will not adversely affect any historic 
properties.” In the event that previously unrecorded historic properties are discovered 
during project activities, NASA would stop work in the area and contact VDHR 
immediately. 

Transportation – Minor construction traffic is anticipated to be associated with the 
SRIPP on Wallops Island and also on the ocean between the proposed offshore shoals 
and the pump-out station located 3 kilometers (1.9 miles) off of Wallops Island. 
Employees would drive to the docked dredging barges to load them with any needed 
equipment. However, this amount of traffic would not be a significant increase from the 
usual daily landside traffic on Wallops Island. 

Cumulative Impacts – The area for the cumulative effects analysis covered the nearshore 
areas from approximately Ocean City, MD to Sandbridge, VA. The only resources that 
have been identified as having the potential to be adversely impacted by the cumulative 
effects of the SRIPP in combination with other local projects and activities are the  
geomorphic integrity of the offshore sand shoal environment, the loggerhead sea turtle, 
and the Piping Plover. Beneficial cumulative impacts are anticipated on socio-economics. 
No cumulative impacts are anticipated on other resources.  

Consistency Determination 
The Virginia Coastal Resources Management Program contains the following applicable 
enforceable policies: 

• Fisheries Management. Administered by VMRC, this program stresses the 
conservation and enhancement of shellfish and finfish resources and the 
promotion of commercial and recreational fisheries. 

• Subaqueous Lands Management. Administered by VMRC, this program 
establishes conditions for granting permits to use State-owned bottomlands. 

• Wetlands Management. Administered by VMRC and VDEQ, the wetlands 
management program preserves and protects tidal wetlands. 

• Dunes Management. Administered by VMRC, the purpose of this program is 
to prevent the destruction and/or alteration of primary dunes. 
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• Non-point Source Pollution Control. Administered by the Virginia 
Department of Conservation and Recreation, the Virginia Erosion and 
Sediment Control Law is intended to minimize non-point source pollution 
entering Virginia’s waterways. 

• Point Source Pollution Control. Administered by the State Water Control 
Board, the National Pollutant Discharge Elimination System permit program 
regulates point source discharges to Virginia’s waterways. 

• Shoreline Sanitation. Administered by the Department of Health, this 
program regulates the installation of septic tanks to protect public health and 
the environment. 

• Air Pollution Control. Administered by the State Air Pollution Control 
Board, this program implements the Federal Clean Air Act through a legally 
enforceable State Implementation Plan. 

• Coastal Lands Management. Administered by the Chesapeake Bay Local 
Assistance Department, the Chesapeake Bay Preservation Act guides land 
development in coastal areas to protect the Chesapeake Bay and its tributaries. 

Based upon the following information, data, and analysis, NASA finds that the proposed 
SRIPP activities are consistent to the maximum extent practicable with the enforceable 
policies of the Virginia Coastal Resources Management Program. The table below 
summarizes NASA’s analysis supporting this determination: 

 

Virginia Policy Consistent? Analysis 

Fisheries 
Management 

Yes There would be short-term site-specific adverse 
effects on fish habitat within the fill placement area 
due to temporary burial of existing benthic habitat 
and increased levels of turbidity during and 
immediately after sand placement. Benthic habitats 
would recover post-project. Minor impacts on 
commercial or recreational fishing are anticipated. 
The proposed action would not violate the 
provisions outlined in Code of Virginia § 28.2-200 
through 28.2-713 and Code of Virginia § 29.1-100 
through 29.1-570.  

Subaqueous Lands 
Management 

Yes The creation of a beach along Wallops Island would 
affect existing subaqueous areas in the nearshore 
ocean environment. Elevated turbidity in marine 
waters would occur during and immediately after 
beach fill. The newly created beach profile would 
extend approximately 21 meters (70 feet) above 
water from the existing shoreline and continue for a 
maximum of 52 meters (170 feet) underwater, 
resulting in a new bathymetric profile in the 
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Virginia Policy Consistent? Analysis 

subaqueous lands immediately east of Wallops 
Island. Any necessary VMRC permits required for 
work involving maintenance, repair, or emergency 
actions in subaqueous bottom land would be 
obtained by NASA prior to implementation of the 
SRIPP.  

Wetlands 
Management 

Yes Project activities would not impact wetlands. 

Dunes 
Management 

Yes Project activities would involve the creation of a 
beach and dunes along 6 kilometers (3 miles) of the 
Wallops Island shoreline over the top of the existing 
seawall. No destruction of existing dunes would 
occur. Any necessary VMRC permits would be 
obtained by NASA prior to implementation of the 
SRIPP. 

Non-point Source 
Pollution Control 

Yes Construction activities could temporarily increase 
non-point source runoff to the Atlantic Ocean during 
the duration of the project. NASA would implement 
appropriate best management practices to minimize 
the impact. All land-disturbing activities would be 
conducted on the existing beach (seawall 
construction and use of north Wallops Island for 
beach renourishment) and newly created beach.  

Point Source 
Pollution Control 

Yes The project would not involve a new point source 
discharge to Virginia waters. 

Shoreline 
Sanitation  

Yes The project would not involve the construction of 
septic tanks. 

Air Pollution 
Control 

Yes Use of equipment for construction of the seawall 
extension, movement of sand placed on the newly 
created beach, and excavation of sand at the north 
end of Wallops Island along with barge operations 
for dredging and transport of sand would result in 
emissions. NASA would minimize adverse impacts 
to air quality by implementing best management 
practices. The project would not violate Federal or 
Virginia air quality standards.  

Coastal Lands 
Management 

Yes The proposed project would not include land 
development activities that would impact the 
Chesapeake Bay or its tributaries.  
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Pursuant to 15 CFR section 930.41, the Virginia Coastal Resources Management 
Program has 60 days from the receipt of this letter in which to concur with or object to 
this Consistency Determination, or to request an extension under 15 CFR Section 
930.41(b). Virginia’s concurrence will be presumed if its response is not received by 
NASA on the 60th day from receipt of this determination. The State’s response should be 
sent to: 

Joshua A. Bundick 
WFF NEPA Manager 
Environmental Office 
NASA Wallops Flight Facility  
Wallops Island, VA  23337 
(757) 824-2319 
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SECTION ONE: INTRODUCTION AND BACKGROUND 
The National Aeronautics and Space Administration’s (NASA’s) Wallops Flight Facility (WFF) 
Shoreline Restoration and Infrastructure Protection Program (SRIPP) is proposed for Wallops 
Island, a barrier island located in the northeastern portion of Accomack County, Virginia, on the 
Delmarva Peninsula (Figure 1).  Wallops Island is bounded by Chincoteague Inlet to the north, 
Assawoman Inlet (which is presently filled in) to the south, the Atlantic Ocean to the east, and 
estuaries to the west.   

Wallops Island has been subject to the effects of shoreline retreat well before NASA’s presence 
on the island was established in the 1940s.  Shoreline retreat has been caused by both natural and 
man-induced processes.  The ocean has encroached substantially toward launch pads, 
infrastructure, and test and training facilities belonging to NASA, the U.S. Navy, and the Mid-
Atlantic Regional Spaceport (MARS).  Between 1857 and 1994, the southern part of Wallops 
Island has retreated about 3.7 meters (12 feet) per year on average from 1857 to the present 
(NASA, 2007).  Assawoman Island to the south has been impacted even more, with a shoreline 
retreat rate between 4.9 and 5.2 meters (16 and 17 feet) per year.   

NASA made several attempts since the 1960s to retain sand on the Wallops Island beach and 
prevent shoreline erosion.  Various measures such as the construction of wooden groins and a 
stone seawall, placement of temporary geotextile tubes (long cylinders composed of durable 
textile material that are filled with sand), and other structures have been installed along the 
shoreline to slow down the erosion of sand from the beach, and to help protect onshore assets 
from wave action.  The existing seawall is being undermined because there is little or no 
protective sand beach remaining and storm waves break directly on the rocks.  Currently, the 
south end of the island is unprotected except for a low revetment around the MARS launch pad 
and temporary geotextile tubes.   

Despite these past efforts, the ocean has continued to encroach substantially toward the valuable 
infrastructure on Wallops Island and threaten the daily operations of NASA and their tenants, the 
U.S. Navy and MARS.  The U.S. Navy Surface Combat Systems Center is WFF’s largest 
partner.  Wallops Island is home to the unique replica of an AEGIS cruiser and its destroyer 
combat systems as well as the experimental radar deck of the DDG 1000 class destroyer.  The 
Virginia Commercial Space Flight Authority is responsible for the development and operation of 
MARS, a Federal Aviation Administration-licensed commercial spaceport, which is also at risk 
from the eroding shoreline.   
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SECTION TWO: PURPOSE 
In accordance with provisions of the Magnuson-Stevens Fishery Conservation and Management 
Act of 1976 (MSA) and the 1996 Sustainable Fisheries Act, federal agencies are required to 
consult with the National Marine Fisheries Service (NMFS) regarding actions that may adversely 
affect Essential Fish Habitat (EFH).   

EFH is defined as “those waters and substrate necessary to fish for spawning, breeding, feeding, 
or growth to maturity.” Waters consist of aquatic areas and their associated physical, chemical, 
and biological properties that are currently utilized by fishes and may include areas historically 
used by fish.  Substrate is defined as sediment, hardbottom, structures beneath the waters, and 
any associated biological communities.  Necessary means the habitat required to support a 
sustainable fishery and the managed species’ contribution to a healthy ecosystem.  Spawning, 
breeding, feeding, or growth to maturity includes all habitat types used by a species throughout 
its life cycle.  Only species managed under a Federal Fishery Management Plan (FMP) are 
protected under MSA (50 Code of Federal Regulations [CFR] 600).  The act requires federal 
agencies to consult on activities that may adversely influence EFH designated in the FMPs.   

As part of the EFH consultation process, federal agencies must develop and submit an EFH 
assessment to NMFS.  The purpose of this assessment is to describe and evaluate activities that 
may have direct (e.g., physical disruption) or indirect (e.g., loss of prey species) effects on EFH 
and may be site-specific or habitat-wide.  Potential adverse impacts are evaluated individually 
and cumulatively. 

As defined in the MSA, a federal action is one that is authorized, funded, or undertaken, or 
proposed to be authorized, funded, or undertaken by a federal agency. The Federal action 
considered in this EFH assessment is the funding and authorization of the Shoreline Restoration 
and Infrastructure Protection Program (SRIPP) at the National Aeronautics and Space 
Administration (NASA) Goddard Space Flight Center’s (GSFC) Wallops Flight Facility (WFF) 
on Wallops Island, Virginia.  As the project sponsor, NASA is serving as lead agency in the EFH 
consultation with NMFS.  In connected actions, the U. S. Department of Interior, Minerals 
Management Service (MMS) and U.S Army Corps of Engineers (USACE) would provide 
authorizations for the project.  The MMS would issue a negotiated agreement with NASA for the 
use of sand from Federal waters on the Outer Continental Shelf.   The USACE would provide 
permit approval for the dredging and placement of fill material in waters of the U.S. under 
Section 404 of the Clean Water Act and Section 10 of the Rivers and Harbor Act of 1899.  As 
such, both agencies are participating in NASA’s SRIPP EFH consultation and the effects of their 
actions are considered in this document.   
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SECTION THREE: PROPOSED PROJECT 
The objective of the SRIPP is to reduce physical damage to Wallops Island infrastructure 
incurred during normal coastal storms and nor’easters by moving the zone of breaking waves 
away from vulnerable infrastructure.  The SRIPP Proposed Action would include beach 
nourishment using sand dredged from one of two shoals offshore in Federal waters, and the 
extension of Wallops Island’s existing rock seawall. 

In 2007 and 2008, the USACE conducted sediment sampling to identify potential offshore 
borrow sites with compatible grain size and adequate volume for use as beach fill (Figure 2).  
Three offshore shoals in Federal waters, referred to as Unnamed Shoals A and B, and Blackfish 
Bank Shoal were identified as potential borrow sites (Figure 3). The evaluation of the sediment 
grain size and bathymetry, conducted by the USACE, concluded that Shoals A and B would 
provide adequate sand volumes and appropriately-sized sediment (grain size coarser that the 
median 0.20 mm grain size of the existing beach) for nourishment of the beach throughout the 
SRIPP’s 50-year design life. Blackfish Bank Shoal, initially identified as a potential sand source, 
was eliminated as a potential borrow site for the SRIPP due to; (1) potential adverse impacts to 
Assateague Island due to increased wave energy from lowering of the shoal, and (2) concerns 
expressed during scoping over potential impacts to commercial and recreational fishing.   

Borrow Sites 

Offshore Shoals 
The southwest end of Unnamed Shoal A is located approximately 11 kilometers (km) (7 miles) 
east of Assateague Island and approximately 18 km (11 miles) northeast of the north tip of 
Wallops Island. The total predicted volume of Unnamed Shoal A is approximately 31 million m3 
(40 million yd3). This shoal covers an area of approximately 700 hectares (1,800 acres). 

The southwest end of Unnamed Shoal B is located approximately 19 km (12 miles) east of 
Assateague Island and approximately 26 km (16 miles) northeast of the north tip of Wallops 
Island. The total predicted volume of Unnamed Shoal B is approximately 57 million m3 (75 
million yd3). This shoal covers an area of approximately 1,600 hectares (3,900 acres).   

North Wallops Island  
The north Wallops Island borrow site is a beach area where sand has accreted as a result of the 
longshore transport system. Based on habitat constraints, the total potential area for sand removal 
is approximately 60 hectares (150 acres). 

Initial Beach Nourishment  
Under the SRIPP Proposed Action, 2.4 million m3 (3.2 million yd3) of sand would be placed 
along 6.8 km (4.2 miles) of shoreline during the initial nourishment. The beach fill would extend 
21 meters (70 feet) from the present shoreline in a 1.8-meter-high (6-foot-high) berm, and then 
would slope underwater for an additional 52 meters (170 feet) seaward; the total distance of the 
fill profile from the current shoreline would be 73 meters (240 feet).  During storm events, the 
new beach would provide a surface to dissipate wave energy and provide additional sediment in 
the nearshore system.  In addition, Wallops Island’s existing rock seawall would be extended up 
to 1,400 meters (4,600 feet) to the south.   
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Placement of the initial fill would bury existing intertidal benthic community along an 
approximate 4,300 m (14,000 ft) length of the seawall. The mean tidal range is approximately 
1.1 m (3.6 ft); therefore approximately 0.5 ha (1.2 ac) of hard-bottom, intertidal habitat would be 
permanently buried. In addition, approximately 91 ha (225 ac) the subtidal benthic community 
along the existing seawall would be buried during the initial fill placement.   

A new beach would be formed in front the seawall and a beach benthic community would 
become established.  Sand for the initial beach nourishment would be dredged from an 
approximate 520 hectare (1,280 acre) area of Unnamed Shoal A.  Assuming sand would be 
dredged from the entire 1,280 acre area, approximately two feet of material would be removed to 
obtain the required volume for the initial placement.   

Renourishment Events 
Under the SRIPP Proposed Action, subsequent beach re-nourishment cycles would vary 
throughout the expected 50-year life of the SRIPP as determined by the proposed monitoring 
program.  The exact locations and magnitude of renourishment cycles may fluctuate due to the 
frequency and severity of storm activity and subsequent shoreline erosion.  The renourishment 
cycle is anticipated to require approximately 616,000 m3 (806,000 yd3) of sand approximately 
every 5 years.   

During each nourishment cycle, approximately 140 ha (347 ac) of benthic habitat on Shoal A or 
Shoal B would be adversely impacted assuming a uniform dredging depth of approximately 0.6 
m (2 ft). Nine renourishment cycles are anticipated under Alternative One. 

The length of a beach fill is a key parameter in determining how long the fill will last.  A “full” 
beach fill loses much less of a percentage of its volume in a given time interval than a shorter, or 
“reduced” fill (USACE, 2006).  At Wallops Island, a rectangle-shaped fill’s half-life (the time it 
would take for the fill to lose 50 percent of its volume) is estimated to be 8.7 years for the full 
6.8 km (4.2 mile) fill.  The topography and bathymetry of the beach would be monitored on a 
regular basis to determine sand movement patterns and to plan when renourishment is needed.   

Renourishment fill volumes could be dredged from Unnamed Shoal A, Unnamed Shoal B, or a 
combination of one of these two shoals and the north Wallops Island borrow site.  It is 
anticipated that approximately half of the fill volume for each renourishment cycle could be 
provided by the north Wallops Island borrow site.  

Sand Removal Methods – North Wallops Island  
Excavation depth for sand removal in the north Wallops Island proposed borrow site area is 
expected to be limited to about 1 meter (3.5 feet) below the ground surface due to tidal 
fluctuations and the high permeability of the soil (USACE, 2009b). Based on target depth of 
sediment removal, the area to be excavated would vary. For example, excavating to a depth of 1 
meter (3.5 feet) would require a 70-acre area to provide a renourishment volume of 308,000 m3 
(403,000 yd3). 

Sand from north Wallops Island would be removed from land using a pan excavator. Because 
this excavator runs on several rubber tires with a low tire pressure, it can work in areas of the 
beach where typical equipment may be bogged down in unstable sand. The pan excavators 
would stockpile the sand, which would be loaded onto dump trucks that would transport the fill 
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material up and down the beach. Bulldozers would then be used to spread the fill material once it 
is placed on the beach. All heavy equipment would access the beach from existing roads and 
established access points. No new temporary or permanent roads would be constructed to access 
the beach or to transport the fill material to renourishment areas.  

Offshore Dredging Operations 
Dredging of Unnamed Shoals A and B would be accomplished using a trailer suction hopper 
dredge (equipped with a turtle deflector), which is a ship capable of dredging material, storing it 
onboard, transporting it to the placement area, and pumping it on-shore.  The hopper dredge fills 
its hoppers by employing large pumps to create suction in pipes that are lowered into the water to 
remove sediment from the shoal bottom (the process very closely resembles that of a typical 
vacuum cleaner).  The hopper dredges likely to be used typically remove material from the 
bottom of the sea floor in layers up to 0.3 meters (1 foot) in depth (Williams, USACE, personal 
comm.).  

Once the dredge hopper is filled, the dredge would transport the material to a pump-out station 
which would be temporarily anchored in the nearshore environment to deliver the sand and water 
slurry contained in the hopper dredge to the beach. The distance from Unnamed Shoal A to a 
theoretical average location for a pump-out station placed at a water depth of 9 meters (30 feet), 
which is reached approximately 1,830 meters (10,000 feet) offshore, is approximately 22 km (14 
miles). The corresponding transit distance from Unnamed Shoal B and the theoretical pump-out 
station is approximately 30 km (19 miles). 

The dredge would then mix the sand with water to form a slurry and pump the slurry from its 
discharge manifold through a submerged or floating pipeline.  Discharge at the beach would 
occur at a fixed point in tandem with contouring of the deposited sand by bulldozers. Based on 
previous offshore dredging operations along the east coast, it is assumed that dredgers with a 
hopper capacity of approximately 3,000 m3 (4,000 yd3) would be used; however, because this 
volume is a slurry and not all sand, it is assumed that the actual volume of sand that each dredge 
would transport during each trip would be approximately 2,300 m3 (3,000 yd3).  

Because of overflow from the hopper dredge at the offshore borrow site(s) during dredging and 
losses during pump-out and placement, a larger volume of material would need to be dredged to 
meet the targeted fill volume. Based on information from other shoreline restoration projects, 
sediment losses during dredging and placement operations may be up to 25 percent.  Based on a 
conservative 25% loss during operations, dredge volumes for the offshore borrow sites are 
shown below in Table 1.   

Table 1:  Maximum Sand Removal Volumes 

Nourishment Event Possible Sources of Fill1 Volume of Sand Removed
m3 (yd3) 

Initial Nourishment Shoal A 3,057,500 (3,998,750) 

Shoal A or Shoal B  770,000 (1,007,500) 
Single Renourishment Event 

North Wallops Island 308,000 (403,000) 

Project Lifetime Shoal A 9,990,000(13,066,250) 
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Nourishment Event Possible Sources of Fill1 Volume of Sand Removed
m3 (yd3) 

Shoal B 6,933,000 (9,067,500 ) 

North Wallops Island 2,773,000 (3,627,000) 
1The north Wallops Island Borrow Site could provide up to about half of the renourishment fill 
per cycle 
Source: USACE, 2009 

The dredges would operate for 12 to 24 hour stretches. There would be approximately 1,000 to 
1,100 dredge trips from the offshore borrow sites to the Wallops Island shoreline for the initial 
beach fill and approximately 240 to 270 dredge trips for each renourishment fill. Two dredges 
would be in use at the same time and would accomplish about 3 round trips per day. Assuming 
10 percent downtime for the dredges due to weather, equipment failure, etc., the initial fill 
activities would take approximately 216 days, or about 7 months. Renourishment activities 
(assuming all fill is dredged from one of the proposed offshore shoals) would take approximately 
50 days, or about 2 months.  Under the Proposed Action, the initial fill plus the total fill volume 
over nine renourishment events would result in approximately 7,992,000 m3 (10,453,000 yd3) of 
sand being placed on the shoreline. The topography and bathymetry of the beach would be 
monitored on a regular basis to determine sand movement patterns and plan when renourishment 
is needed. 
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SECTION FOUR: EFH CONSULTATION HISTORY 
In 2006 and 2007, NASA prepared a Draft SRIPP Programmatic Environmental Assessment 
(PEA) to assess a wide variety of shoreline protection and sediment management alternatives at 
WFF.  On April 17, 2007, NASA submitted an EFH assessment that considered the potential 
effects of offshore dredging and beach nourishment on Wallops Island.  In response to the 2007 
EFH assessment, the NMFS provided EFH conservation recommendations in a memorandum 
(NMFS, 2007) (Attachment A).  The Draft PEA was never finalized but is serving as a basis for 
the development of the current SRIPP Programmatic Environmental Impact Statement (PEIS). 

In March 2009, during the preparation of the SRIPP EIS, NASA submitted an updated 
Description of Proposed Action and Alternatives to NMFS for review.  In a letter dated June 18, 
2009, NMFS responded with comments on the SRIPP (Attachment B).  NMFS suggested that 
EFH consultation be re-initiated and the initial EFH assessment under the PEA be updated 
because the proposed alternatives had changed substantially and 2 years had passed since the 
initial EFH assessment was submitted for the SRIPP.   
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SECTION FIVE: BENTHIC HABITATS OF THE OFFSHORE SHOALS 
The nearshore Atlantic Ocean seafloor east of Wallops Island is relatively uniform and flat and 
does not contain large shoals that would provide suitable quantities of sand for beach fill (Hobbs 
et al., nd).  Figure 4 shows the nearshore bathymetry of the seafloor east of Wallops Island 
adjacent to the shoreline. 

The bathymetry of the seafloor in the region east of Assateague Island extending southward to 
the area east of northern Assawoman Island is extremely complex with many ridges running 
diagonal to the shore (Figure 5). Fishing Point extends from the southern end of Assateague 
Island approximately 6 km (4 miles) east of the northern end Wallops Island shoreline. Shallow 
shoals extend several miles further seaward. The area east of Wallops Island and south of the 
Chincoteague shoals is characterized by a slow and steady increase in depth seaward from the 
shoreline. In contrast, the bathymetry in the sand ridge complex area east of Assateague Island, 
including the Chincoteague Shoal, Blackfish Bank Shoal and Unnamed Shoals A and B has a 
wider range in depth. These sand ridges trend from northeast to southwest, and the shoal crests 
generally get deeper further offshore. The potential offshore borrow sites are located on separate 
sand ridges.  

Depth in the sand ridge complex area ranges from an average of about 1 meter (4 feet) near the 
shoreline to about 30 meters (100 feet) deep about 21 km (13 miles) off shore in the vicinity of 
Unnamed Shoal B (Figure 20). The top of the Chincoteague Shoal ranges from 6.5 meters (21 
feet) to about 2 meters (7 feet) below sea level. Depth between Chincoteague Shoal and 
Blackfish Bank Shoal drops to about 15 meters (50 feet). Blackfish Bank Shoal ranges in depth 
from 9 to 4 meters (30 to 13 feet). Moving eastward, depth drops to about 21 meters (70 feet) 
between Blackfish Bank and Unnamed Shoal A; Unnamed Shoal A has a depth of 12 to 7.5 
meters (40 feet to 25 feet). Between Unnamed Shoals A and B, the depth ranges from to 23 to 12 
meters (75 to 40 feet). Unnamed Shoal B ranges in depth from about 15 meters (50 feet) up to a 
high point of 9 meters (29 feet).  
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Figure 5:  Bathymetry off Assateague Island 

Source: Wikel, 2008.  Bathymetric Digital Elevation Model (DEM) was created from 1978 and 1982 hydrographic 
surveys from the National Oceanic and Atmospheric Administration – National Geophysical Data Center. 
 

Recent relevant studies which have been conducted include an assessment of the fauna on the 
sand shoals offshore of Ocean City, Maryland (Slacum et al. 2006), which is located 
approximately 64 km (40 miles) north of the SRIPP project area.  Fifty-seven taxa of finfish 
were collected using a combination of small otter trawls, large commercial trawls, and gill net 
sets.  Cutter and Diaz (2000) conducted beam trawls to characterize demersal, juvenile fish on 
shoals offshore of Ocean City, Maryland.   

A video survey was conducted in July (NASA, 2009a) of the benthic habitat of the two unnamed 
sand shoals as part of baseline data collection for the PEIS.  Video was collected at 40 stations at 
each of the shoals (80 stations total).  The stations were established along 8 transects aligned 
across the approximate crest of each shoal with 5 stations per transect.  The survey concluded 
that the proposed dredge area and the immediate area surrounding it are comprised of 
unconsolidated sand with no hard substrate present.  In addition, a sub-bottom profile survey 
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conducted in June and July (NASA, 2009b) for the offshore cultural resource investigation 
reached the same conclusion. 

In general, results of the video survey indicated that sediment on the crests and topographically 
higher portions of the shoals were dominated by physical features such as ripple marks (Photos 1 
and 2).  The deeper portions of the shoals were dominated by shell fragments and hash as well as 
biological features such as tubes and feeding cones created by benthic organisms (Photo 3).  
Dominant epifaunal benthos included sand dollars (Echinarachinus parma) (Photo 4), hermit 
crabs (Pagurus spp.), crabs (Libinia spp., Cancer spp.) (Photo 5), moon shell (Polinices spp.) 
(Photo 6) and whelk (Busycon spp.).  Fish were rarely seen at any of the stations; those that were 
observed were primarily (Prionotus spp.)  (Photo 7). 

 

Photo 1:  Station #20 from Unnamed Shoal B at a depth of approximately 45 ft depicting 
well-defined ripple marks and low shell content.   
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Photo 2:  Station #39 from Unnamed Shoal B at a depth of approximately 56 ft with 

defined bedforms and low shell content. 
 

 

Photo 3:  Station #2 from Unnamed Shoal A at a depth of 55 ft with high shell content and 
lack of surface bedforms 
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Photo 4:  Sand dollars (Echinarachinus parma) from Station #14  

Unnamed Shoal B at a depth of 48 ft. 
 

 
Photo 5:  Station #10 Unnamed Shoal B at a depth of 55 ft.  Portly spider crab (Libinia 

emarginata) in lower right quadrant.
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Photo 6:  Station #10 Unnamed Shoal B at a depth of 55 ft.  Moon snail (Polinices spp.) 

sand collars in upper right quadrant and moon snail in upper left quadrant.  
 

 
Photo 7:  Sea robin (Prionotus spp.) in lower right quadrant from Station #39 

Unnamed Shoal B at a depth of 56 ft. 
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SECTION SIX: IDENTIFICATION OF MANAGED SPECIES 
The National Marine Fisheries Guide to Essential Fish Habitat Designations in the Northeastern 
United States (http://www.nero.noaa.gov/hcd/) was used to determine potential species that have 
designated EFH in the project area.  The species and life stages of EFH in the project area were 
determined by using the quick reference 10-minute x 10-minute (10' x 10') squares that are 
representative of the geographic area where project activities are proposed to occur.   

The project area includes three 10' x 10' squares that are described below. 

Square I: 

Square I Coordinates 

Boundary North East South West 

Coordinate 38°00.0' 75°20.0' 37°50.0' 75°30.0' 
 

Waters within Chincoteague Bay and the following areas: on the main coast of Virginia, from 
Powell Creek southwest of Greenbackville, VA; past Cockle Point, Swans Gut Creek, 
Sinnickson, VA; Horntown Ledge, Mosquito Creek, Cockle Creek, Shelley Bay, Shoaling Point, 
Willis Point, Gunboat Point, Kendell Narrows, Walker Marshes, Walker Point, Old Root 
Narrows, Gunboat Island, Balfast Narrows, all the way south to Wallops Island, Taylors 
Narrows, and Island Hole Narrows.  Also, within the waters east of the above, within 
Simoneaston Bay, Watts Bay, Powells Bay, and Bogues Bay, the following features are 
included: almost all of Chincoteague Island, except for the northeast portion, the western part of 
Morris Island, Queen Sound Channel, Wire Narrows, Black Narrows, Chincoteague Channel 
Point, Chincoteague, Virginia, Piney Island, Assateague Channel, and southern Assateague 
Island, including around Assateague Point, Fishing Point, Assateague Beach, Tom’s Cove, and 
Little Tom’s Cove, as well as waters over southwestern Chincoteague Shoals, Turner’s Lump, 
and Chincoteague Inlet. 

Square II: 

Square II Coordinates 

Boundary North East South West 

Coordinate 38°00.0' 75°10.0' 37°50.0' 75°20.0' 

 

Atlantic Ocean waters, waters within Chincoteague Bay affecting the following: east of southern 
Assateague Island in Virginia, from Ragged Point Marshes on the north, south and west within 
Assateague Bay, around the Coardes Marshes, around Wild Cat Point on the northeast tip of 
Chincoteague Island, and Morris Island. Also affected are Blackfish Bank, and northern 
Chincoteague Shoals. 
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Square III: 

Square III Coordinates 

Boundary North East South West 

Coordinate 37°50.0' 75°20.0' 37°40.0' 75°30.0' 

Waters within the Atlantic Ocean, south one square of the square affecting Chincoteague Inlet in 
Virginia (Square I). The waters touch the coast near Hog Creek just north of Assawoman Inlet. 
They also affect Porpoise Banks and southwestern Wallops Island. 

Managed Species Within The SRIPP Project Area 
Species and their life stages within Squares I, II, and III are listed below. 

Compiled Species List: Squares I, II and III 

Species Common Name (Scientific Name) Eggs Larvae Juveniles Adults 

Atlantic angel shark (Squatina dumerili) --- X X X 

Atlantic butterfish (Peprilus triacanthus) --- --- X X 

Atlantic sea herring (Clupea harengus) --- --- --- X 

Atlantic sharpnose shark (Rhizopriondon terraenovae) --- --- --- X 

black sea bass (Centropristus striata) n/a X X X 

bluefish (Pomatomus saltatrix) --- X X X 

clearnose skate (Raja eglanteria)   X X 

cobia (Rachycentron canadum) X X X X 

dusky shark (Charcharinus obscurus) --- X X --- 

king mackerel (Scomberomorus cavalla) X X X X 

little skate (Leucoraja erinacea)   X  

monkfish (Lophius americanus) X X --- --- 

red drum (Sciaenops occelatus) X X X X 

red hake (Urophycis chuss)  X X X --- 

sand tiger shark (Odontaspis taurus) --- X --- X 

sandbar shark (Charcharinus plumbeus) --- X X X 

scalloped hammerhead shark (Sphyrna lewini) --- --- X X 

scup (Stenotomus chrysops) n/a n/a X X 

Spanish mackerel (Scomberomorus maculatus) X X X X 

spiny dogfish (Squalus acanthias) n/a n/a --- X 
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Species Common Name (Scientific Name) Eggs Larvae Juveniles Adults 

summer flounder (Paralicthys dentatus) --- --- X X 

surf clam (Spisula solidissima) n/a n/a X X 

tiger shark (Galeocerdo cuvieri)  X   

windowpane flounder (Scopthalmus aquosus) X X X X 

winter flounder (Pleuronectes americanus) X X X X 

winter skate (Leucoraja ocellata)   X X 

witch flounder (Glyptocephalus cynoglossus) X --- --- --- 
Source: NMFS, No date, http://www.nero.noaa.gov/hcd/webintro.html.  The notation "X" in the above table 
indicates that EFH has been designated within the project area for a given species and life stage.  The notation "n/a" 
in the table indicates that the species either has no data available for the designated stage, or the particular stage is 
not present in the species' reproductive cycle.  These species are: spiny dogfish, surf clam, which are referred to as 
pre-recruits and recruits (this corresponds with juveniles and adults in the table); scup and black sea bass, for which 
there is insufficient data for the life stages listed, and no EFH designation has been made as of yet for certain life 
stages, although data is available to describe the applicable life stages for these species.   

Description of SRIPP Project Area 
The SRIPP project area is found within the Mid-Atlantic Bight (MAB), one of the four 
subregions of The Northeast Continental Shelf ecosystem.  Each subregions reflects different 
underlying oceanographic conditions and fishery management boundaries. There is also variation 
in marine water temperature, salinity, chlorophyll, and zooplankton biomass within each of these 
subregions.  

The temperature and salinity within the MAB are two important factors influencing which 
managed fish species are present, and the time of year at which they are present in the SRIPP 
project area.  In the MAB, temperature stratification varies greatly between summer and winter 
in.  The water column is vertically well-mixed, with surface water temperatures of 14°C (57°F) 
at the surface and 11°C (52°F) at depth in the winter.  During the summer, the water is generally 
25°C (77°F) near the surface and 10°C (50°F) at depths greater than 656 feet (Paquette et al., 
1995). The pH of the marine seawater is relatively stable due to the presence of the CO2-
carbonate equilibrium system which maintains a pH between 7.5 and 8.5. The major chemical 
parameters of marine water quality include pH, dissolved oxygen, and nutrient concentrations. 
Salinity in the MAB generally ranges from 28 to 36 parts per thousand (ppt) over the continental 
shelf. Lower salinities are found near the coast and the highest salinities found near the 
continental shelf break.  Marine seawater salinity is generally highest during the winter and 
lowest in the spring. The intrusion of saltier water (greater than 35 ppt) from the continental 
slope waters and freshwater input from coastal sources causes the variability in this area. A fairly 
uniform salinity range (32 to 36 ppt) is maintained throughout the year in continental slope 
waters of the MAB, with pockets of high-salinity water (38 ppt) near the Gulf Stream in the fall 
(DoN, 2008). 
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SECTION SEVEN: EVALUATION OF IMPACTS ON EFH SPECIES 

7.1 ATLANTIC ANGEL SHARK (Squatina dumerili) 

7.1.1 EFH for Atlantic Angel Shark 
EFH for larvae (known as neonates), juveniles, and adults is off the coast of southern New 
Jersey, Delaware, and Maryland in shallow coastal waters out to the 25-meter (82-foot) isobath, 
including the mouth of Delaware Bay. 

7.1.2 Background 
The Atlantic angel shark is a bottom-dwelling species found in coastal waters of the Atlantic, 
generally at depths between 40 and 250 meters (131 and 820 feet).  The flattened body and 
sandy-brown or gray color cause the shark to be frequently mistaken for a ray.  The angel shark 
preys on demersal fish like flounder and skate, mollusks, crustaceans, and stingrays, such as the 
southern stingray (Dasyatis americana).  The shark is ovoviviparous, meaning that the female 
produces eggs, but they remain inside her body until they hatch, so that “live” birth occurs.  The 
litter generally consists of 16 pups, which are born in the spring and summer.  The angel shark is 
highly migratory, moving north during the summer and wintering in warmer southern waters 
(Florida Museum of Natural History, 2009).   

7.1.3 Project Impacts 
EFH may be adversely affected, as Atlantic angel sharks are known to frequent coastal areas.  
Although they may be present when dredging begins at the offshore shoals and during sand 
placement on the Wallops Island shoreline, they would have the ability to vacate the area once 
the disturbance begins.  The disturbance of bottom sediments associated with dredging could 
interfere with feeding, predation, and avoidance patterns of this shark species.  However, adverse 
impacts are expected to be temporary and highly localized.   

7.2 ATLANTIC BUTTERFISH (Peprilus triacanthus) 

7.2.1 EFH for Atlantic Butterfish 
For juveniles and adults, offshore EFH is the pelagic waters found over the continental shelf 
(from the coast out to the limits of the EEZ), from the Gulf of Maine through Cape Hatteras, 
North Carolina.  Inshore, EFH is the "mixing" and/or "seawater" portions of all the estuaries 
where juvenile butterfish are "common," "abundant," or "highly abundant" on the Atlantic coast, 
from Passamaquoddy Bay, Maine to James River, Virginia.  Generally, juvenile butterfish are 
present in depths between 10 meters (33 feet) and 366 meters (1,200 feet) and temperatures 
between approximately 3°C (37oF) and 28°C (82oF). 

7.2.2 Background 
Both juveniles and adults are found over the shelf during the winter months, and spend the spring 
and fall in the estuaries.  Schools of adults and larger juveniles form over sandy, sandy-silt, and 
muddy substrates.  During summer, butterfish move toward the north and inshore to feed and 
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spawn.  Spawning occurs from June to August, and peaks progressively later at higher latitudes.  
During winter, butterfish move southward and offshore to avoid cool waters.  Butterfish are 
primarily pelagic, and form loose schools that feed upon small fish, squid, and crustaceans.  
Smaller juveniles evade predation by associating with floating objects and organisms such as 
jellyfish.  Inshore and in the surf-zone, butterfish prey on plankton, thaliaceans, squid, and 
copepods (Overholtz, 2000). 

7.2.3 Project Impacts 
Juvenile and adult butterfish may be present at the dredging area, but would likely temporarily 
vacate the shoal areas once dredging begins.  No indirect impacts to juveniles or adults are 
expected due to dredging because butterfish are pelagic and their prey is largely found in the 
water column.  The dredging area would be confined to portions of the two shoals and butterfish 
prey species are present throughout the surrounding areas.  Dredging operations should not cause 
significant adverse impacts to the EFH for this species.  Any adverse impacts, such as increased 
turbidity and loss of benthic prey would be highly localized and temporary.   

7.3 ATLANTIC SEA HERRING (Clupea harengus) 

7.3.1 EFH for Atlantic Herring 
For adults, EFH consists of pelagic waters and bottom habitats in the Gulf of Maine, Georges 
Bank, southern New England, and the middle Atlantic south to Cape Hatteras.  Generally, the 
following conditions exist where Atlantic herring adults are found: water temperatures below 
10° C (50° F), water depths from 20 to 130 meters (66 to 427 feet), and salinities above 28 ppt. 

7.3.2 Background 
Adult herring are found in pelagic waters and bottom habitats of the Mid-Atlantic Bight at water 
depths from 20 to 130 meters (65 to 426 feet).  They primarily feed on zooplankton, krill, and 
fish larvae.  Adult herring prefer temperatures below 10° C (50° F), and salinities above 28 ppt.  
Spawning occurs at depths of 15 to 46 meters (50 to 150 feet), at temperatures below 15°C, and 
salinities from 32 to 33 ppt.  The bottom substrates on which they spawn consist of gravel, sand, 
and shell fragments, and eggs are occasionally found on aquatic macrophytes.  The eggs are 
spawned in areas of well-mixed water, with tidal currents between 1.5 and 3.0 knots, with the 
majority of spawning in and adjacent to the project area occurring between July and November. 

7.3.3 Project Impacts 
Adult Atlantic herring may be present in the water column at the dredging areas.  Atlantic 
herring are highly motile and would be able to vacate the shoal areas during dredging operations.  
Adult Atlantic herring are not generally associated with bottom habitats and are unlikely to be 
affected by activities in the proposed project area.  No indirect impacts to adults are expected due 
to dredging because the area to be dredged is confined to portions of the two shoals and typical 
herring prey species are present throughout the surrounding areas. 



Evaluation of Impacts on EFH Species 

 7-3 

7.4 ATLANTIC SHARPNOSE SHARK (Rhizopriondon terraenovae) 

7.4.1 EFH for Atlantic Sharpnose Shark 
EFH for adults is from Cape May, New Jersey, south to the North Carolina-South Carolina 
border; shallow coastal areas north of Cape Hatteras, North Carolina to the 25–meter (82-foot) 
isobath (USACE, 2009). 

7.4.2 Background 
Adult sharpnose sharks are found in estuaries, the surf zone of sandy beaches, and deeper 
offshore waters.  This small shark only attains a maximum length of 85-90 cm (36 inches) when 
it is approximately 2.5 years old.  Primary prey items of the sharpnose shark include small bony 
fish, worms, shrimp, crabs, and mollusks.  Mating occurs in spring and early summer, followed 
by a 10 to 11 month gestation period.  Litters of 4 to 7 pups are born in June in shallow coastal 
waters or estuaries.   

7.4.3 Project Impacts 
EFH may be adversely affected, as Atlantic sharpnose sharks are know to frequent coastal areas.  
Although they may be present when dredging begins at the offshore shoals and during sand 
placement on Wallops Island shoreline, they would have the ability to vacate the area once the 
disturbance begins.  The disturbance of bottom sediments associated with dredging could 
interfere with feeding, predation, and avoidance patterns of this shark species.  However, these 
adverse impacts are expected to be temporary and highly localized.   

7.5 BLACK SEA BASS (Centropristus striata) 

7.5.1 EFH for Black Sea Bass 
For larvae, EFH consists of: 1) north of Cape Hatteras, the pelagic waters found over the 
Continental Shelf (from the coast out to the limits of the EEZ), from the Gulf of Maine to Cape 
Hatteras, North Carolina; and 2) estuaries where black sea bass were identified as common, 
abundant, or highly abundant in the Estuarine Living Marine Resources (ELMR) database, 
NOAA’s program to develop a consistent database of economically important fishes in the 
Nation’s estuaries, for the "mixing" and "seawater" salinity zones.  Generally, the habitats for the 
transforming (to juveniles) larvae are near the coastal areas and into marine parts of estuaries 
between Virginia and New York.  When larvae become demersal, they are generally found on 
structured inshore habitat such as sponge beds.   

For juveniles, EFH consists of: 1) offshore, the demersal waters over the Continental Shelf (from 
the coast out to the limits of the EEZ), from the Gulf of Maine to Cape Hatteras, North Carolina; 
and 2) inshore, the estuaries where black sea bass are identified as being common, abundant, or 
highly abundant in the ELMR database for the "mixing" and "seawater" salinity zones.  Juveniles 
are found in the estuaries in the summer and spring.  Generally, juvenile black sea bass are found 
in waters warmer than 6 o C (43o F) with salinities greater than 18 ppt and coastal areas between 
Virginia and Massachusetts.  In winter, they are present offshore from New Jersey and south.  
Juvenile black sea bass are usually found in association with rough bottom, such as shellfish and 



Evaluation of Impacts on EFH Species 

 7-4 

eelgrass beds, and man-made structures in sandy-shelly areas; offshore clam beds and shell 
patches may also be used during the wintering.   

For adults, EFH consists of: 1) offshore, the demersal waters over the Continental Shelf (from 
the coast out to the limits of the EEZ), from the Gulf of Maine to Cape Hatteras, North Carolina; 
and 2) inshore, the estuaries where adult black sea bass were identified as being common, 
abundant, or highly abundant in the ELMR database for the "mixing" and "seawater" salinity 
zones.  Black sea bass are generally found in estuaries from May through October.  Wintering 
adults (November through April) are generally offshore, south of New York to North Carolina.  
Temperatures above 6° C (43o F) seem to be the minimum requirements.  Structured habitats 
(natural and man-made), and sand and shell substrate are preferred.    

7.5.2 Background 
Black sea bass is a demersal species found in temperate and subtropical waters all along the 
Atlantic coast, from the Gulf of Maine to the Gulf of Mexico.  In the Mid-Atlantic, black sea 
bass migrate to inshore coastal areas and bays in the springtime and offshore areas in the fall as 
the temperatures change.  The species is strongly associated with structured habitats including 
jetties, piers, shipwrecks, submerged aquatic vegetation, and shell bottoms. 

7.5.3 Project Impacts 
Potential impacts to the black sea bass EFH within both the offshore dredging site and the 
nearshore sand placement area are expected to be minimal and limited to temporary disturbance 
of bottom sediments.  Significant displacement is not expected, as much of the underwater 
habitat (i.e., structures) that the species is strongly associated with is not prevalent in the 
proposed project area.   

7.6 BLUEFISH (Pomatomus saltatrix) 

7.6.1 EFH for Bluefish 
For larvae, EFH consists of: 1) North of Cape Hatteras, pelagic waters found over the continental 
shelf (from the coast out to the limits of the EEZ) most commonly above 49 feet (15 meters), 
from Montauk Point, New York, south to Cape Hatteras; 2) south of Cape Hatteras, 100% of the 
pelagic waters greater than 45 feet over the continental shelf (from the coast out to the eastern 
edge of the Gulf Stream) through Key West, Florida; and 3) the "slope sea" and Gulf Stream 
between latitudes 29o 00' N and 40o 00' N.  Bluefish larvae are not generally found inshore so 
there is no EFH designation inshore for larvae.  Generally, bluefish larvae are present April 
through September in temperatures greater than 18o C (64o F) in shelf salinities greater than 30 
ppt.   

For juveniles, EFH consists of: 1) north of Cape Hatteras, pelagic waters found over the 
continental shelf (from the coast out to the limits of the EEZ) from Nantucket Island, 
Massachusetts south to Cape Hatteras; 2) south of Cape Hatteras, 100% of the pelagic waters 
over the continental shelf (from the coast out to the eastern edge of the Gulf Stream) through 
Key West, Florida; 3) the "slope sea" and Gulf Stream; and 4) inshore, EFH is all major estuaries 
between Penobscot Bay, Maine and St. Johns River, Florida.  Generally juvenile bluefish occur 
in North Atlantic estuaries from June through October, Mid-Atlantic estuaries from May through 
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October, and South Atlantic estuaries March through December, within the "mixing" and 
"seawater" zones (Nelson et al., 1991; Jury et al., 1994; Stone et al., 1994).  Distribution of 
juveniles by temperature, salinity, and depth over the continental shelf is undescribed (Fahay, 
1998).   

For adults, EFH consists of: 1) north of Cape Hatteras, the pelagic waters found over the 
continental shelf (from the coast out to the limits of the EEZ), from Cape Cod Bay, 
Massachusetts south to Cape Hatteras; 2) south of Cape Hatteras, 100% of the pelagic waters 
over the continental shelf (from the coast out to the eastern edge of the Gulf Stream) through 
Key West, Florida; and 3) inshore, all major estuaries between Penobscot Bay, Maine and St. 
Johns River, Florida.  Adult bluefish are present in Mid-Atlantic estuaries from April through 
October in the "mixing" and "seawater" zones (Nelson et al., 1991; Jury et al., 1994; Stone et al., 
1994).  Bluefish adults are highly migratory and distribution varies seasonally and according to 
the size of the individuals comprising the schools.  Bluefish are generally found in shelf salinities 
greater than 25 ppt.   

7.6.2 Background 
EFH is defined within the project area for larval, juvenile, and adult bluefish.  Eggs of this 
species are pelagic and highly buoyant; with hatching and early larval development occurring in 
oceanic waters in the MAB, a coastal region running from Massachusetts to North Carolina.  The 
young move inshore to estuaries, which serve as chief habitat for juveniles.  Adults travel 
northward in spring and summer and to the south in fall and winter.  Southerly migration may be 
closer to shore than northerly movement, although movement in both directions is characterized 
by inshore-offshore movement.  It is believed that estuarine and nearshore waters are important 
habitats for juveniles and adults from Maine to Florida (NMFS, 2006).  Adult bluefish prey on 
squid and other fish such as silverside.   

7.6.3 Project Impacts 
Bluefish are a schooling, pelagic species not associated with bottom habitats; therefore dredging 
operations should not significantly impact preferred habitat.  Since bluefish are sight feeders, 
increased turbidity in the proposed project area may affect their ability to locate prey.  Being 
highly mobile, however, bluefish should be able to avoid and/or quickly exit areas impacted by 
dredging operations.  Wilber et al. (2003) reported in a study of the response of surf zone fish to 
beach nourishment in northern New Jersey that bluefish avoided areas of active beach fill 
operations.  Any adverse impacts, such as increased turbidity and loss of benthic prey would be 
highly localized and temporary 

7.7 CLEARNOSE SKATE (Raja eglanteria) 

7.7.1 EFH for Clearnose Skate 
For juveniles, EFH consists of bottom habitats with a substrate of soft bottom along the 
continental shelf and rocky or gravelly bottom, ranging from the Gulf of Maine south along the 
continental shelf to Cape Hatteras, North Carolina (the southern boundary of the New England 
Fishery Management Council [NEFMC] management unit).  Generally, their full range is from 
the shore to 500 meters (1,640 feet), but they are most abundant at depths less than 111 meters 



Evaluation of Impacts on EFH Species 

 7-6 

(364 feet).  The juvenile skate prefers temperatures in the range of 9° to 30° C (48° to 86° F), but 
are most abundant from 9° to 21° C (48° to 70° F) in the northern part of its range and 19 to 
30° C (66° to 86° F) around North Carolina. 

For adults, EFH includes bottom habitats with a substrate of soft bottom along the continental 
shelf and rocky or gravelly bottom, ranging from the Gulf of Maine south along the continental 
shelf to Cape Hatteras, North Carolina (the southern boundary of the NEFMC management unit).  
Their full range is from the shore to 400 meters (1,312 feet), but they are most abundant at 
depths less than 111 meters (364 feet).  The adult skate prefers temperature in the range of 9° to 
30° C (48 to 86° F), but are most abundant from 9° to 21° C (48° to 70° F) in the northern part of 
its range and 19° to 30° C (66° to 86° F) around North Carolina. 

7.7.2 Background 
This skate species occurs along the eastern coast from the Nova Scotian Shelf to northeastern 
Florida, as well as in the northern Gulf of Mexico from northwestern Florida to Texas. North of 
Cape Hatteras, skate move inshore and northward along the Outer Continental Shelf during the 
spring and early summer, and offshore and southward during the autumn and early winter.  In 
winter, the juveniles are most densely concentrated on the continental shelf from the Delmarva 
Peninsula to Cape Hatteras out to the 20 meter (66 foot) contour. In spring, skates concentrate 
inshore in the same region. In winter, adults are concentrated inshore out to 200 meters (656 feet) 
from near the Hudson Canyon to Cape Hatteras. In spring, small numbers of adults are found 
inshore out to 200 meters (656 feet) from Delaware to south of Cape Hatteras. In summer, small 
concentrations of adults are found from Cape May to Cape Hatteras, and during the fall, they are 
located from Long Island to Cape Hatteras.  The clearnose skate is found on soft bottoms along 
the continental shelf but may also occur on rocky or gravelly bottoms. The species is abundant 
from the sublittoral zone out to about 55 meters (180 feet) (NOAA, 2003c). 

7.7.3 Project Impacts 
Disturbance of bottom habitat by dredging operations could negatively impact the clearnose 
skate, which favors soft bottom habitat which is prevalent throughout the project area.  
Additionally, turbidity associated with dredging could interfere with skate feeding, predation, 
and avoidance patterns.  It is expected that these adverse impacts, however, would be temporary 
and highly localized. The benthic species that the skates feed would be expected to repopulate 
the dredged areas of sand bottom within a few years (Diaz et al., 2004). The skate is a highly 
mobile species, and would be capable of foraging in other locations near the shoal while the 
benthic community recovers.  

7.8 COBIA (Rachycentron canadum) 

7.8.1 EFH for Cobia 
EFH for all stages of cobia includes sandy shoals of capes and offshore bars, high profile rocky 
bottom and barrier island ocean-side waters, from the surf to the shelf break zone.  For cobia, 
EFH also includes high salinity bays, estuaries, and seagrass habitat.  In addition the Gulf Stream 
is an EFH because it provides a mechanism to disperse coastal migratory pelagic larvae.  For 
cobia, EFH occurs in the South Atlantic and Mid-Atlantic Bights. 
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7.8.2 Background 
Cobia is a pelagic species found in small schools near piers, buoys, boats, and platforms, sandy 
shoals, and offshore sandbars.  Cobia are also associated with large marine animals such as sea 
turtles, rays, and sharks; in fact, they are often mistaken for remora (suckerfish).  While usually 
found in the coastal areas, they occasionally inhabit inshore bays and inlets.  Females form large 
aggregations and spawn during the day in the inshore area just outside coastal bays, inside bays, 
and in other areas within estuaries from June to mid-August.  Spawning occurs once every 9 to 
12 days, often up to 15 times per season (Florida Museum of Natural History, 2009).  Cobia eggs 
are planktonic, and float freely in the water column.  In the spring, the adults migrate north from 
the warmer waters of the Florida Keys to the coastal waters of Virginia.  Cobia feed on 
crustaceans, invertebrates, and occasionally other pelagic fish (NOAA, 2009).   

7.8.3 Project Impacts 
This coastal migratory pelagic species may be impacted by proposed project activities, especially 
juveniles and adults which tend to feed on crabs and inhabit inshore environments.  Disturbance 
to bottom habitat by dredging may affect prey availability in the project area.  However, these 
adverse impacts are likely to be highly localized and temporary. 

7.9 DUSKY SHARK (Charcharinus obscurus) 

7.9.1 EFH for Dusky Shark 
For neonate/early juveniles, EFH consists of shallow coastal waters, inlets and estuaries to the 
25-meter (82-foot) isobath from the eastern end of Long Island, New York, to Cape Lookout, 
North Carolina; from Cape Lookout south to West Palm Beach, Florida, in shallow coastal 
waters, inlets and estuaries and offshore areas to the 100-meter (328-foot) isobath. 

For late juveniles/subadults, EFH includes off the coast of southern New England, coastal and 
pelagic waters between the 25- and 200-meter (82- and 656-foot) isobaths; shallow coastal 
waters, inlets and estuaries to the 200-meter (656-foot) isobath from Assateague Island at the 
Virginia/Maryland border to Jacksonville, Florida (NOAA, 2008). 

7.9.2 Background 
Dusky shark habitat ranges from shallow inshore waters to beyond the continental shelf.  
Although the shark feeds near the bottom, it can also be found anywhere in the water column up 
to 378 meters (1,240 feet) deep.  Mating occurs in the spring, followed by a gestational period of 
either 8 or 16 months, depending on the number of birth seasons in a given year.  While juveniles 
inhabit estuaries and shallow coastal waters, adults are not found in estuaries or waters with 
lower salinities.  The dusky shark preys on a variety of fish and invertebrates, such as herring, 
grouper, sharks, skates, rays, crabs, squid, and starfish.  The species is highly migratory, moving 
north during the summer and wintering in warmer southern waters.  Males and females make the 
seasonal migrations separately (Florida Museum of Natural History, 2009).   
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7.9.3 Project Impacts 
EFH for neonates and juveniles may be adversely affected by dredging operations associated 
with the proposed project, as the species is known to frequent the bottom habitats of coastal 
areas.  The disturbance of bottom sediments associated with dredging could interfere with 
feeding, predation, avoidance, and migratory movements of this shark species.  The dusky shark 
would experience a deficit of prey items in the immediate dredging area; however, this adverse 
impact is expected to be temporary and highly localized. 

7.10 KING MACKEREL (Scomberomorus cavalla) 

7.10.1 EFH for King Mackerel 
EFH for all stages of king mackerel includes sandy shoals of capes and offshore bars, high 
profile rocky bottom and barrier island ocean-side waters, from the surf to the shelf break zone, 
from the Gulf Stream shoreward, including Sargassum.  For king mackerel, EFH also includes 
high salinity bays, estuaries, and seagrass habitat.  In addition, the Gulf Stream is considered 
EFH because it provides a mechanism to disperse coastal migratory pelagic larvae.  For king 
mackerel, EFH occurs in the South Atlantic and Mid-Atlantic Bights (USACE, 2009).   

7.10.2 Background 
King mackerel live in large schools in pelagic waters at depths from about 23 to 34 meters (75 to 
112 feet).  Spawning takes place over the Outer Continental Shelf from May through October, 
with peaks between late May and early July, and between late July and early August.  The larval 
stage of this species is very brief, with growth rates of 0.51 mm to 1.27 mm (0.02 to 0.05 inches) 
per day (Florida Museum of Natural History, 2009).  Larvae are found in estuaries with water 
temperatures from 26° to 31° C (79° to 88° F).  Juveniles prey on fish larvae, small fish such as 
anchovies, and squid.  In addition to pelagic fish and squid, adults prey on mollusks, shrimp, and 
other crustaceans.  The adult king mackerel is present in waters with temperatures above 20° C 
(68° F), so their migration along the Atlantic coast migration depends heavily on the temperature 
of the coastal waters. 

7.10.3 Project Impacts 
King mackerel is a coastal, pelagic species not associated with bottom habitats.  Therefore 
dredging operations should not significantly impact king mackerel EFH.  Being highly mobile, 
king mackerel should be able to avoid and/or quickly exit areas impacted by dredging operations.  
Adverse impacts to king mackerel EFH, such as increased turbidity and decreased prey 
populations, would be highly localized and temporary. 

7.11 LITTLE SKATE (Leucoraja erinacea) 

7.11.1 EFH for Little Skate 
For juveniles, EFH includes bottom habitats with a sandy or gravelly substrate or mud, ranging 
from Georges Bank through the Mid-Atlantic Bight to Cape Hatteras, North Carolina.  
Generally, juvenile little skates are found from the shore to depths of 137 meters (449 feet), with 
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the highest abundance from 73 to 91 meters (240 to 299 feet).  Most juvenile skates are found in 
waters between 4° to 15° C (39° to 59° F). 

For adults, EFH consists of bottom habitats with a sandy or gravelly substrate or mud, ranging 
from Georges Bank through the Mid-Atlantic Bight to Cape Hatteras, North Carolina.  
Generally, little skate adults are found from the shore to depths of 137 meters (449 feet), with the 
highest abundance from 73 to 91 meters (240 to 299 feet).  Most juveniles prefer temperatures in 
the range of 2° to 15° C (36° to 59° F). 

7.11.2 Background 
Little skate make no extensive migrations, although where it occurs inshore the species moves 
onshore and offshore with seasonal temperature changes.  This species is found on sandy or 
gravelly bottoms but may also occur on mud bottoms.  They are known to remain buried in 
depressions during the day and become more active at night (NOAA, 2003b).  Common prey 
items include crabs, shrimp, worms, amphipods, ascidians (sea squirts), bivalve mollusks, squid, 
small fishes, and some copepods. 

7.11.3 Project Impacts 
The disturbance of bottom habitat by dredging could negatively impact the little skate EFH.  
Little skate are known to bury themselves in sea floor depressions during daylight hours.  
Additionally, turbidity could interfere with little skate feeding, predation, and avoidance patterns.  
It is expected that these adverse impacts, however, would be temporary and highly localized. 

7.12 MONKFISH (Lophius americanus) 

7.12.1 EFH for Monkfish 
For eggs, EFH consists of surface waters of the Gulf of Maine, Georges Bank, southern New 
England, and the Middle Atlantic south to Cape Hatteras, North Carolina.  Generally, the 
monkfish egg veils are found at sea surface temperatures below 18° C (64° F), and water depths 
from 15 to 1000 meters (49 to 3,281 feet). Monkfish egg veils are most often observed from 
March to September. 

For larvae, EFH is the pelagic waters of the Gulf of Maine, Georges Bank, southern New 
England and the Middle Atlantic south to Cape Hatteras. Generally, the following conditions 
exist where monkfish larvae are found: water temperatures 15° C (59°F) and water depths from 
25 - 1000 meters (82 to 3,281 feet). Monkfish larvae are most often observed from March to 
September. 

7.12.2 Background 
Monkfish are demersal, and prefer sand, mud, and shell habitats. They can be found from inshore 
up to 899 meters (2,950 feet) deep, at a wide range of temperatures. Fish, crustaceans, mollusks, 
shrimp, squid and even seabirds are prey for juvenile and adult monkfish.  Larval monkfish prey 
on zooplankton in the water column. Spawning occurs from February to October, from the 
southern part of the range to the north. Monkfish are believed to spawn over inshore shoals and 
in deeper offshore waters.   
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7.12.3 Project Impacts 
Monkfish eggs and larvae may be present in the water column within the project area from 
March to September.  If they are present at the offshore shoals during dredging, some eggs and 
larvae may be entrained during dredging operations; however, this will be temporary and 
localized to the area being dredged.  In addition, eggs and larvae may be disturbed by the 
turbidity created in the water column.  The sediment is expected to settle from the water column 
shortly after dredging activities cease. In addition, eggs and larvae may be when sand is pumped 
along the shoreline.  It is expected that these adverse impacts to monkfish EFH, however, would 
be temporary and highly localized. 

7.13 RED DRUM (Sciaenops occelatus) 

7.13.1 EFH for Red Drum 
For all stages of red drum, EFH includes all the following habitats to a depth of 50 meters (164 
feet) offshore: tidal freshwater; estuarine emergent vegetated wetlands (flooded salt marshes, 
brackish marsh, and tidal creeks); estuarine scrub/shrub (mangrove fringe); submerged rooted 
vascular plants (sea grasses); oyster reefs and shell banks; unconsolidated bottom (soft 
sediments); ocean high salinity surf zones; and artificial reefs.  The area covered extends from 
Virginia through the Florida Keys. 

7.13.2 Background 
Red drum are distributed along the Atlantic coast in temperatures ranging from 2° to 33°C (36° F 
to 91° F).  Larval and juvenile red drum use the shallow backwaters of estuaries as nursery areas 
and remain there until they move to deeper water portions of the estuary associated with river 
mouths, oyster bars, and front beaches.  The types of estuarine systems vary along the Atlantic 
and subsequently, the preferred juvenile habitat also varies with distribution.  Young red drum 
are found in quiet, shallow, protected waters with grassy or slightly muddy bottoms.  Shallow 
bay bottoms or oyster reef substrates are preferred by subadult and adult red drum.  Nearshore 
artificial reefs along the Atlantic are also known to attract red drum as they make their spring and 
fall migrations.  In the fall and spring red drum concentrate around inlets, shoals, capes, and from 
the surfzone to several miles offshore.  Spawning occurs in or near passes of inlets, with larvae 
being transported into the upper estuarine areas of low salinity.  As larvae develop into juveniles 
and subadults, they use progressively higher salinity estuarine and beachfront surf zones.  Red 
drum move out of estuarine areas as adults and occupy the high salinity surf zone nearshore and 
offshore coastal waters.  In North Carolina and Virginia, large adults move into estuaries during 
summer months (SAFMC, 1998).  Red drum feed on the bottom on small bony fish, crabs, and 
shrimp (Davis, 1990).    

7.13.3 Project Impacts 
EFH for this coastal migratory pelagic species may be impacted by proposed project activities, 
especially EFH for juveniles and adults which feed on crabs, shrimp, and fish that inhabit littoral 
and nearshore environments.  Disturbance to bottom habitat by dredging may affect prey 
availability in the project area.  However, these adverse impacts are likely to be highly localized 
and temporary. 
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7.14 RED HAKE (Urophycis chuss)  

7.14.1 EFH for Red Hake 
EFH for eggs includes the surface waters of the Gulf of Maine, Georges Bank, the continental 
shelf off southern New England, and the middle Atlantic south to Cape Hatteras.  Generally, 
hake eggs are found in areas where sea surface temperatures are below 10° C (50° F) along the 
inner continental shelf with salinity less than 25 ppt.  Eggs are most often present during the 
months from May through November, with peaks in June and July. 

EFH for larvae includes surface waters of Gulf of Maine, Georges Bank, the continental shelf off 
southern New England, and the middle Atlantic south to Cape Hatteras.  Generally, red hake 
larvae are found where sea surface temperatures are below 19° C (66° F), water depths are less 
than 200 meters, and salinity is greater than 0.5 ppt.  Red hake larvae are most often observed 
from May through December, with peaks in September and October. 

EFH for juveniles consists of bottom habitats with a substrate of shell fragments, including areas 
with an abundance of live scallops, in the Gulf of Maine, on Georges Bank, the continental shelf 
off southern New England, and the middle Atlantic south to Cape Hatteras.  Generally, red hake 
juveniles are found where water temperatures are below 16° C (61° F), depths are less than 100 
meters (328 feet), and salinity ranges from 31 to 33 ppt. 

7.14.2 Background 
Red hake migrate seasonally, coming from as far north as Maine to the warmer southern waters 
of Virginia and North Carolina.  Spawning for red hake populations throughout the eastern 
Atlantic occurs in the Mid-Atlantic Bight.  Not much is known about the eggs, other than that 
they float near the surface and hatching occurs about a week after spawning.  Larvae can be 
found in the upper water column from May through December.  Juveniles are pelagic and stay 
close to floating debris and patches of Sargassum until they are approximately 2 months old, at 
which time they become demersal.  Juveniles prefer silty, fine sand sediments while adults favor 
muddy substrates (NOAA, 1999b). 

7.14.3 Project Impacts 
Potential impacts to red hake EFH would be limited to temporary disruption of juvenile habitats 
due to dredging operations.  Because significant population centers for this species tend to occur 
from New Jersey northward of the project area, project impacts would negligible. 

7.15 SAND TIGER SHARK (Odontaspis taurus) 

7.15.1 EFH for Sand Tiger Shark 
EFH is defined within the project area for larvae and adult sand tiger sharks.  The sand tiger 
shark may be found in the western Atlantic from the Gulf of Maine to Argentina, the Atlantic 
coast of Europe and North Africa, and the Mediterranean Sea.  Sand tiger sharks may occur 
singly or in small schools and are active primarily at night.  They are generally coastal and 
usually found from the surf zone to depths of around 25 meters (82 feet).  However, they may 
also be found in shallow bays and to depths of 200 meters (656 feet).   
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7.15.2 Background 
The sand tiger shark is found inshore in areas including the surf zone, shallow bays, reefs, and 
wrecks.  It can also be found in deeper areas like the Outer Continental Shelf.  The sand tiger 
shark usually gives birth to only one or two pups at a time.  Although the shark can be found 
throughout the water column, it prefers to drift along the bottom.  To become buoyant in the 
water column, the shark comes to the surface to gulp air, as it lacks the swim bladder that bony 
fish possess.  The species is seasonally migratory, moving north during the summer and 
wintering in warmer southern waters.  Common prey includes herring, bluefishes, flatfishes, eels, 
mullets, snappers, rays, squid, crabs, and other sharks (Florida Museum of Natural History, 
2009).   

7.15.3 Project Impacts 
Because sand tiger sharks favor littoral and inshore areas, EFH may be adversely affected by 
dredging operations associated with the proposed project.  These sharks also feed on crabs that 
may be impacted by bottom habitat disturbance.  However, adverse impacts are expected to be 
temporary and highly localized. 

7.16 SANDBAR SHARK (Charcharinus plumbeus) 

7.16.1 EFH for Sandbar Shark 
For neonates/early juveniles, EFH consists of shallow coastal areas to the 25-meter (82-foot) 
isobath from Montauk, Long Island, New York, south to Cape Canaveral, Florida (all year); 
nursery areas in shallow coastal waters from Great Bay, New Jersey, to Cape Canaveral, Florida, 
especially Delaware and Chesapeake Bays (seasonal-summer); shallow coastal waters to up to a 
depth of 50 meters (164 feet) on the west coast of Florida and the Florida Keys from Key Largo 
to south of Cape San Blas, Florida.  Typical parameters include salinity greater than 22 ppt and 
temperatures greater than 21° C (70° F).   

For late juveniles/subadults, EFH includes offshore southern New England and Long Island, both 
coastal and pelagic waters; also, south of Barnegat Inlet, New Jersey, to Cape Canaveral, Florida, 
shallow coastal areas to the 25–meter (82-foot) isobath; also, in the winter, in the Mid-Atlantic 
Bight, at the shelf break, benthic areas between the 100- and 200-meter (328- and 656-foot) 
isobaths; also, on the west coast of Florida, from shallow coastal waters to the 50–meter (164-
foot) isobath, from Florida Bay and the Keys at Key Largo north to Cape San Blas, Florida. 

For adults, EFH is on the east coast of the United States, shallow coastal areas from the coast to 
the 50-meter (164-foot) isobath from Nantucket, Massachusetts, south to Miami, Florida; also, 
shallow coastal areas from the coast to the 100-meter (328-foot) isobath around peninsular 
Florida to the Florida panhandle near Cape San Blas, Florida, including the Keys and saline 
portions of Florida Bay.   

7.16.2 Background 
The sandbar shark is the most common gray shark along the Mid-Atlantic Coast (Chesapeake 
Bay Program, 2009).  From late May to early June, females head to the inlets and coastal bays of 
Virginia to give birth to litters of between 6 and 13 pups.  The pups remain in the area until 
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September or October, when they school and migrate south, along with the adults, to the warmer 
waters of North Carolina and Florida.  The sharks begin to return to the coastal waters of 
Virginia around April.  Pups and juveniles feed primarily on crustaceans, graduating to a more 
diverse diet of fish from higher in the water column, as well as rays skates, mollusks, and 
crustaceans near or in the benthic layer.  The sharks are bottom-dwellers found in relatively 
shallow coastal waters 18 to 61 meters (60 to 200 feet) deep on oceanic banks and sand bars with 
smooth, sandy substrates.  The adults can also occasionally be found in estuaries in turbid waters 
with higher salinity (Florida Museum of Natural History, 2009).   

7.16.3 Project Impacts 
Because sandbar sharks favor habitats such as sand shoals, EFH may be adversely affected by 
dredging operations associated with the proposed project.  No impacts to neonates/early 
juveniles are expected, as they tend to congregate in estuaries.  Juveniles and adults are 
opportunistic bottom feeders whose prey items might be negatively impacted by dredging 
operations.  The disturbance of bottom sediments associated with dredging could interfere with 
feeding, predation, avoidance, and migratory movements of this shark species.  However, these 
adverse impacts are expected to be temporary and highly localized. 

7.17 SCALLOPED HAMMERHEAD SHARK (Sphyrna lewini) 

7.17.1 EFH for Scalloped Hammerhead Shark 
EFH for juvenile sharks includes all shallow coastal waters of the U.S. Atlantic seaboard from 
the shoreline to the 200-meter (656-foot) isobath south to the vicinity of the Dry Tortugas and 
the Florida Keys. 

7.17.2 Background 
Litters of between 12 and 38 pups are born inshore in shallow waters during the summer months.  
The pups remain in shallow coastal areas, where they live until males reach 1.8 meters (6 feet) 
long and females reach 2.5 meters (8.2 feet).  Although adult scalloped hammerheads are 
generally coastal-pelagic species found in shallow inshore waters, they can also be found in 
estuaries and deeper offshore habitats of up to 275 meters (902 feet) in depth.  The sharks tend to 
school as juveniles, preferring to swim in pairs or alone as they mature.  Typically the adults are 
found inshore during the day and move offshore at night to feed on prey including fish, 
cephalopods, crustaceans, rays, and smaller sharks (Florida Museum of Natural History, 2009).   

7.17.3 Project Impacts 
EFH for juvenile hammerhead sharks may be adversely affected by dredging operations 
associated with the proposed project.  This species is known to move between inshore and 
offshore environments and favored prey fish species might be negatively impacted by turbidity 
associated with dredging.  Any adverse impacts, such as increased turbidity and decrease in 
availability of prey would be highly localized and temporary. 
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7.18 SCUP (Stenotomus chrysops) 

7.18.1 EFH for Scup 
For juveniles, EFH includes: 1) offshore, the demersal waters over the continental shelf (from the 
coast out to the limits of the EEZ), from the Gulf of Maine to Cape Hatteras, North Carolina; and 
2) inshore, the estuaries where scup are identified as being common, abundant, or highly 
abundant in the ELMR database for the "mixing" and "seawater" salinity zones.  In general 
during the summer and spring, juvenile scup are found in estuaries and bays between Virginia 
and Massachusetts, in association with various sands, mud, mussel and eelgrass bed type 
substrates and in water temperatures greater than 7.2°C (45o F) and salinities greater than 15 ppt.   

For adults, EFH consists of: 1) offshore, the demersal waters over the continental shelf (from the 
coast out to the limits of the EEZ), from the Gulf of Maine to Cape Hatteras, North Carolina; and 
2) inshore, the estuaries where scup were identified as being common, abundant, or highly 
abundant in the ELMR database for the "mixing" and "seawater" salinity zones.  Generally, 
wintering adults (November through April) are usually offshore, south of New York to North 
Carolina, in waters above 7.2° C (45o F).   

7.18.2 Background 
Although EFH is not designated for eggs and larvae within the project areas, they can be found 
inshore from May through September in Virginia in waters between 13 and 23° C (55 o and 73o 

F) and in salinities greater than 15 ppt.  Both juveniles and adults are demersal.  Juveniles are 
found in a variety of benthic habitats in offshore waters, as well as inshore estuaries and bays in 
temperatures greater than 7° C (45o F) and salinities greater than 15 ppt.  Adults are found both 
inshore and offshore of Virginia during warmer months.  From November through April, they 
are found offshore in waters above 7° C (45o F).  Scup form schools based on their body size, 
utilizing a wide range of areas, such as smooth and rocky bottoms, and around piers, rocks, 
underwater infrastructure, wrecks, and mussel beds, at depths of 2 to 37 meters (6 to 120 feet) 
(MDFG, 2009).  Migration occurs from the coastal waters in the summer to offshore waters in 
the wintertime (USACE, 2009d). 

7.18.3 Project Impacts 
The disturbance of bottom sediments associated with dredging could adversely impact scup EFH 
and interfere with the feeding, predation, avoidance, and migratory movements of scup juvenile 
and adult pelagic life stages. As a demersal species, there is a possibility that scup may become 
entrained in the dredge.  However, no permanent effects to the species or the shallow water 
habitat are anticipated.  Any adverse impacts, such as increased turbidity and loss of benthic prey 
would be highly localized and temporary. 

7.19 SPANISH MACKEREL (Scomberomorus maculatus) 

7.19.1 EFH for Spanish Mackerel 
EFH for all stages of Spanish mackerel includes sandy shoals of capes and offshore bars, high 
profile rocky bottom and barrier island ocean-side waters, from the surf to the shelf break zone, 
but from the Gulf Stream shoreward, including Sargassum.  All coastal inlets and all state-
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designated nursery habitats are of particular importance to Spanish mackerel.  EFH also includes 
high salinity bays, estuaries, and seagrass habitat.  In addition, the Gulf Stream is considered 
EFH because it provides a mechanism to disperse coastal migratory pelagic larvae.  For Spanish 
mackerel, EFH occurs in the South Atlantic and Mid-Atlantic Bights. 

7.19.2 Background 
Spanish mackerel eggs are found in open water off the coast of Virginia from April through 
September.  The Spanish mackerel is most commonly found in waters with a temperature above 
20° C (68° F) and salinity greater than 30 ppt.  The species prefers the waters from the surf zone 
to shelf break from the Gulf Stream shoreward, especially sandy shoal and reef areas, and can 
occasionally be found in shallow estuaries and in grass beds.  In the open ocean, Spanish 
mackerel feed on pelagic fish including herring, sardines, mullet, and anchovy; shrimp; crabs; 
and squid (NOAA, 2009).  Spanish mackerel are a fast-swimming, highly migratory species 
which is found in large schools.  They winter in the warm pelagic waters of Florida, moving 
north along the coast to Virginia waters in April or May.   

7.19.3 Project Impacts 
Spanish mackerel are a fast moving coastal, pelagic species not associated with bottom habitats.  
Therefore, dredging operations should not significantly impact Spanish mackerel EFH.  Being 
highly mobile, Spanish mackerel should be able to avoid and/or quickly exit areas impacted by 
dredging operations.  Adverse impacts, such as increased turbidity and absence of prey would be 
highly localized and temporary. 

7.20 SPINY DOGFISH (Squalus acanthias) 

7.20.1 EFH for Spiny Dogfish 
For Adults, EFH includes the following: North of Cape Hatteras, the waters of the Continental 
shelf from the Gulf of Maine through Cape Hatteras, North Carolina in areas that encompass the 
highest 90% of all ranked ten-minute squares for the area where adult dogfish were collected in 
the NEFSC trawl surveys. 2) South of Cape Hatteras, EFH is the waters over the Continental 
Shelf from Cape Hatteras, North Carolina through Cape Canaveral, Florida, to depths of 450 
meters (1476 feet) 3) Inshore, EFH is the "seawater" portions of the estuaries where dogfish are 
common or abundant on the Atlantic coast, from Passamaquoddy Bay, Maine to Cape Cod Bay, 
Massachusetts. Generally, adult dogfish are found at depths of 10 to 450 meters (33 to 1476 feet) 
in water temperatures ranging between 3oF (37°F) and 28oC (82 oF).  

7.20.2 Background 
Dogfish are located both inshore and offshore at the Continental Shelf.  Although dogfish can be 
found at the surface and in the water column, they spend most of their time on the bottom.  They 
can also be found inshore and in estuaries. Spiny dogfish primarily prey on a variety of species 
including herring, mackerel, squid, silver hake, and comb jellies. Flatfishes, polychaetes, marine 
worms, shrimp, crab, snails, and squid also comprise their diet.  Dogfish are seasonally 
migratory and would most often be found in the project area during the spring and fall.  During 
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the summer they are found in waters to the north, and during the winter they migrate south to 
warmer waters.   

7.20.3 Project Impacts 
Because dogfish may be present near the offshore shoals, EFH may be adversely affected by 
dredging operations.  Adults are typically found on the sand bottom, so they may temporarily 
vacate the area during dredging.  The disturbance of bottom sediments associated with dredging 
could interfere with feeding, predation, avoidance, and migratory movements of this species.  
However, these adverse impacts are expected to be temporary and highly localized, and would be 
minimized if the dredging occurs in the summer or winter. 

7.21 SUMMER FLOUNDER (Paralicthys dentatus) 

7.21.1 EFH for Summer Flounder 
EFH for juveniles consists of: 1) north of Cape Hatteras, the demersal waters over the continental 
shelf (from the coast out to the limits of the EEZ), from the Gulf of Maine to Cape Hatteras, 
North Carolina; 2) south of Cape Hatteras, the waters over the continental shelf (from the coast 
out to the limits of the EEZ) to depths of 150 meters (500 feet) from Cape Hatteras, North 
Carolina, to Cape Canaveral, Florida; and 3) inshore, all of the estuaries where summer flounder 
were identified as being present (rare, common, abundant, or highly abundant) in the ELMR 
database for the "mixing" and "seawater" salinity zones.  In general, juveniles use several 
estuarine habitats as nursery areas, including salt marsh creeks, seagrass beds, mudflats, and 
open bay areas in water temperatures greater than 3° C (37o F) and salinities from 10 to 30 ppt.   

For adults, EFH consists of: 1) north of Cape Hatteras, the demersal waters over the continental 
shelf (from the coast out to the limits of the EEZ), from the Gulf of Maine to Cape Hatteras, 
North Carolina; 2) south of Cape Hatteras, the waters over the continental shelf (from the coast 
out to the limits of the EEZ) to depths of 150 meters (500 feet) from Cape Hatteras, North 
Carolina, to Cape Canaveral, Florida; and 3) inshore, the estuaries where summer flounder were 
identified as being common, abundant, or highly abundant in the ELMR database for the 
"mixing" and "seawater" salinity zones.  Generally summer flounder inhabit shallow coastal and 
estuarine waters during warmer months and move offshore on the outer continental shelf at 
depths of 150 meters (500 feet) in colder months.   

7.21.2 Background 
EFH is defined within the project area for juvenile and adult summer flounder.  The geographical 
range of the summer flounder encompasses the shallow estuarine waters and outer continental 
shelf from Nova Scotia to Florida.  The center of the species abundance lies within the MAB 
from Cape Cod to Cape Hatteras, North Carolina.  Adult and juvenile summer flounder normally 
inhabit shallow coastal and estuarine water during the warmer months of the year.  In Virginia, 
adult flounder use the Eastern Shore seaside lagoons and lower Chesapeake Bay as summer 
feeding areas.  The fish concentrate in shallow warm water at the upper reaches of the channels 
and larger tidal creeks on the Eastern shore in April and then move toward the inlets as spring 
and summer progress.  Juveniles apparently utilize a range of substrate types ranging including 
mud, silt, and submerged aquatic vegetation.  Adults seem to prefer sandy habitat in order to 
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avoid predation and conceal themselves from prey.  Seasonal temperature shifts appear to drive 
juveniles and adults in and out of estuary habitats (NOAA, 1999c).  Juveniles prey on 
crustaceans, small pelagic fish and shrimp, and adults feed opportunistically on a variety of fish, 
crustaceans, squid, and polychaetes. 

7.21.3 Project Impacts 
Juvenile and adult summer flounder may face minimal impacts from proposed project activities.  
The project area itself does not appear to offer favorable habitat to this species which seems to 
prefer estuarine environments.  Minor temporary impacts, including disturbance of bottom 
habitat by dredging operations, may occur as the flounder enter into and exit the favored 
estuarine environments provided on the eastern shore of Virginia. Also, flounder that remain on 
the bottom during dredging could be entrained and destroyed. 

7.22 SURF CLAM (Spisula solidissima) 

7.22.1 EFH for Surf Clams 
Juveniles and adults are found throughout the substrate, to a depth of 1 meter (3 feet) below the 
water/sediment interface, within Federal waters throughout the Atlantic Exclusive Economic 
Zone (EEZ), which is the area that extends 200 nautical miles from the United States coastline.  
Surf clams were found in areas that encompass the top 90% of all the ranked 10-minute squares 
in the Northeast Fisheries Science Center (NEFSC) surf clam and ocean quahog dredge surveys.  
The species generally occurs from the beach zone to a depth of about 61 meters (200 feet), but 
beyond about 38 meters (125 feet) abundance is low.   

7.22.2 Background 
The surf clam is a bivalve mollusk which prefers substrates of fine to medium grained sand, in 
waters with salinities above 14 parts per thousand (ppt) (NJMSC, 2009).  The clam rarely moves 
locations unless it becomes uncovered, it filter-feeds on plankton in its immediate area.  Surf 
clams reproduce by releasing eggs and sperm directly into the water column; in Virginia waters 
this occurs from May to July (Cargnelli et al., 1999).  Larvae are planktonic for approximately 
three weeks, at which time they grow a hard shell and settle to the bottom (NEFSC, 2006).   

7.22.3 Project Impacts 
Unnamed Shoals A and B fall within the area designated as EFH for the juvenile and adult surf 
clam.  The dredging of these offshore sand shoals is expected to cause temporary adverse effects 
to this non-motile organism.  Entrainment in the dredger would destroy surf clams in the areas of 
the shoals where sand is dredged, but the population would have the ability to rebound from 
undisturbed adjacent areas.  Studies conducted from 2002 to 2005 by the Virginia Institute of 
Marine Science (VIMS) examined the effects of dredging to the benthic community in offshore 
sand shoals.  The study suggests that benthic invertebrate communities destroyed by the dredger 
are able to rebound within a few years (Diaz et al., 2004).  Dredging would also cause an 
increase in turbidity, which may temporarily impair the ability of the clams to feed by filtering 
plankton from the water.  Surf clam predators would have a shortage of prey in the dredged shoal 
area until the population recovered.   
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7.23 TIGER SHARK (Galeocerdo cuvieri) 

7.23.1 EFH for Tiger Shark 
For tiger shark larvae (referred to as “neonates”), EFH extends from shallow coastal areas to the 
200 m isobath in Cape Canaveral, Florida, north to offshore Montauk, Long Island, NY (south of 
Rhode Island); and from offshore southwest of Cedar Key, FL north to the Florida/Alabama 
border from shallow coastal areas to the 50 m isobath. 

7.23.2 Background 
The tiger shark is found in turbid coastal and pelagic waters of the Continental shelf, at depths of 
up to 350 meters (1,148 feet), although the shark has a tolerance for a wide variety of marine 
habitats (MBS, 2009). Tiger sharks have been found in estuaries and inshore as well. Prey items 
for the tiger shark include fish, crustaceans, mollusks, and plankton. Little is known about the 
nursery areas for tiger sharks, though they are believed to occur in offshore areas (NMFS, 
2006b). Females are thought to produce a litter of pups every other year.   

7.23.3 Project Impacts 
Although it is possible that there may be tiger sharks in the project area, it is unlikely that they 
would experience significant adverse effects.  A highly mobile species, the shark would be able 
to temporarily leave disturbed areas while dredging and placement of sand on the shoreline is 
occurring.  Because of the shark’s highly varied diet, the activities of the proposed action are not 
expected to cause difficulties in finding prey. Only short-term localized impacts on the tiger 
shark are anticipated.  

7.24 WINDOWPANE FLOUNDER (Scopthalmus aquosus) 

7.24.1 EFH for Windowpane Flounder 
For eggs and larvae, EFH consists of pelagic waters around the perimeter of the Gulf of Maine, 
on Georges Bank, southern New England, and the middle Atlantic south to Cape Hatteras.  
Generally, windowpane flounder larvae are found at sea surface temperatures less than 20° C 
(68° F) and water depths less than 70 meters (230 feet).  Larvae are often present from February 
to November with peaks in May and October in the middle Atlantic and July through August on 
Georges Bank. 

EFH for juveniles is bottom habitat with a substrate of mud or fine-grained sand, around the 
perimeter of the Gulf of Maine, on Georges Bank, southern New England, and the middle 
Atlantic south to Cape Hatteras.  Generally, windowpane flounder juveniles are found at water 
temperatures below 25° C (77° F), at depths from 1 to 100 meters (3 to 328 feet), and salinities 
between 5.5 to 36 ppt. 

EFH for adults is comprised of bottom habitats with a substrate of mud or fine-grained sand 
around the perimeter of the Gulf of Maine, on Georges Bank, southern New England and the 
middle Atlantic south to the Virginia-North Carolina border.  Generally, windowpane flounder 
adults are found in water temperatures below 26.8° C (80° F), depths from 1 to 75 meters (3 to 
246 feet), and salinities between 5.5 to 36 ppt. 
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EFH for spawning adults is bottom habitats comprised of mud or fine-grained sand in the Gulf of 
Maine, Georges Bank, southern New England and the middle Atlantic south to the Virginia-
North Carolina border.  Spawning windowpane flounder are found in water temperatures below 
21° C (70° F), depths from 1 to 75 meters (3 to 246 feet), and salinities between 5.5 to 36 ppt.  
Windowpane flounder are most often observed spawning during the months February to 
December with a peak in May in the middle Atlantic. 

7.24.2 Background 
Windowpane flounder inhabit estuaries, nearshore waters, and the continental shelf of the middle 
Atlantic.  The species is demersal and prefers substrates of sand or mud.  Juveniles that settle in 
shallow inshore waters move to deeper waters as they grow, migrating to nearshore or estuarine 
habitats in the southern MAB in the autumn.  Juvenile and adult windowpane feed on small 
crustaceans and various fish larvae.   

7.24.3 Project Impacts 
There may be some limited adverse impacts to windowpane flounder, particularly juveniles and 
adults due to their presence year-round (slightly less in the warmest summer months) in bottom 
habitats like the type present at the dredging sites.  The disturbance of benthic sediments 
organisms caused by dredging operations would likely cause a temporary, localized reduction in 
prey species.   

7.25 WINTER FLOUNDER (Pleuronectes americanus) 

7.25.1 EFH for Winter Flounder 
For eggs, EFH consists of bottom habitats with a substrate of sand, muddy sand, mud, and gravel 
on Georges Bank, the inshore areas of the Gulf of Maine, southern New England, and the middle 
Atlantic south to the Delaware Bay.  Generally, winter flounder eggs are found in water 
temperatures less than 10° C (50° F), salinities from 10 to 30 ppt, and water depths of less than 5 
meters (16 feet).  On Georges Bank, winter flounder eggs are generally found in water less than 
8° C (46° F) and less than 90 meters (295 feet) deep.  Winter flounder eggs are often observed 
from February to June with a peak in April on Georges Bank. 

For larvae, EFH consists of pelagic and bottom waters of Georges Bank, the inshore areas of the 
Gulf of Maine, southern New England, and the middle Atlantic south to the Delaware Bay.  
Generally, winter flounder larvae are found in sea surface temperatures less than 15° C (59° F), 
salinities from 4 to 30 ppt, and water depths of less than 6 meters (20 feet).  On Georges Bank, 
winter flounder larvae are generally found in water less than 8° C (46° F) and less than 90 meters 
(295 feet) deep.  Winter flounder larvae are often observed from March to July with peaks in 
April and May on Georges Bank. 

For juveniles, EFH is bottom habitats with a substrate of mud or fine grained sand on Georges 
Bank, the inshore areas of the Gulf of Maine, southern New England and the middle Atlantic 
south to the Delaware Bay.  Generally, winter flounder juveniles are found in water temperatures 
below 28°C (82° F), depths from 0.1 to 10 meters, and salinities from 5 to 33 ppt.  Juveniles over 
one year old prefer water temperatures below 25°C (77° F), depths from 1 to 50 meters (3 to 164 
feet), and salinities between 10 and 30 ppt. 
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For adults, EFH includes bottom habitats including estuaries with a substrate of mud, sand, and 
gravel on Georges Bank, the inshore areas of the Gulf of Maine, southern New England and the 
middle Atlantic south to the Delaware Bay.  Generally, winter flounder adults are found in water 
temperatures below 25° C (77° F), at depths from 1 to 100 meters (3 to 328 feet), and salinities 
between 15 and 33 ppt. 

EFH for spawning adults consists of bottom habitats, including estuaries with a substrate of sand, 
muddy sand, mud, and gravel on Georges Bank, the inshore areas of the Gulf of Maine, southern 
New England and the middle Atlantic south to the Delaware Bay.  Spawning adults are found at 
water temperatures below 15° C (59° F), depths of less than 6 meters (20 feet), except on 
Georges Bank where they spawn as deep as 80 meters (262 feet), and salinities between 5.5 and 
36 ppt.  Winter flounder spawn from February through June. 

7.25.2 Background 
Winter flounder eggs are found inshore on sandy bottoms and algal mats.  Approximately six 
weeks after hatching, larvae become demersal and their left eye migrates to the right side of their 
body.  The coloring of the winter flounder includes shades of light sandy brown, enabling the 
fish to blend in with the substrate.  Juveniles inhabit these inshore areas with sand or sand-silt 
substrates until they reach one year of age.  Adults are found in offshore waters during the warm 
summer months, where they feed on shrimp, clams, worms, and other invertebrates.  Winter 
flounder feed during the day due to its dependence on eyesight to locate prey.  During the winter, 
adults migrate to inshore coastal areas with sandy, clay, and gravel bottoms.  The flounder buries 
itself so that only the eyes are above the substrate.  Winter flounder spawn from winter through 
springtime in shallow inshore waters, usually at the same location each year. 

7.25.3 Project Impacts 
Winter flounder are demersal and can be found on sandy bottoms similar to those found in the 
project area, and as a result EFH is likely to be adversely affected by the proposed project. The 
juveniles and adults are found at lower salinities, which are mostly found in the MAB in the 
spring. However, because the majority of winter flounder populations at all stages are found 
north of the Delaware Bay, impacts should be negligible.  If any adult or juvenile flounder are 
present at the dredging sites, they would likely vacate the area when dredging begins, however, 
juveniles may be more vulnerable because of slower swimming speeds.    

7.26 WINTER SKATE (Leucoraja ocellata) 

7.26.1 EFH for Winter Skate  
For juveniles, EFH consists of bottom substrates of sand and gravel or mud in Cape Cod Bay, on 
Georges Bank, the southern New England shelf, and through the Mid-Atlantic Bight to North 
Carolina.  Winter skate juveniles are generally found at a depth range from shoreline to about 
400 meters (1,312 feet) and are most abundant at depths less than 111 meters (364 feet).  
Preferred temperatures are from -1.2° to 21° C (30° to 70° F), with most found in water with 
temperatures ranging from 4° to 16 °C (39° to 61° F), depending on the season. 

For adults, EFH includes bottom substrates of sand and gravel or mud in Cape Cod Bay, on 
Georges Bank, the southern New England shelf, and through the Mid-Atlantic Bight to North 
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Carolina.  Winter skate adults are generally found at a depth range from shoreline to 371 meters 
and are most abundant at depths of 111 meters.  Preferred temperatures are from –1.2° to 20° C 
(30° to 70° F), with most found in water with temperatures ranging from 5° to 15° C (41° to 
59° F), depending on the season. 

7.26.2 Background 
The winter skate is found all along the western Atlantic, from Newfoundland to North Carolina.  
In the cooler winter months, the winter skate comes closer to shore.  Winter skates prefer sandy 
and gravelly bottoms but may also be found in mud substrates.  The skate lies on the ocean floor 
covered by a layer of sand during the day, and at night preys upon crabs, worms, squid, shrimp, 
clams, and occasionally small fish.  Winter skates are oviparous.  Although there is no defined 
reproductive season, skate reproduction peaks during the summer months.  Each female produces 
approximately 40 egg cases per year, each containing one embryo.  The egg cases are released by 
the female in offshore waters on rock bottom habitats. 

7.26.3 Project Impacts 
The disturbance of bottom habitat by dredging could negatively impact skate EFH.  Skates are 
known bury themselves in sea floor depressions during daylight hours.  Additionally, turbidity 
could interfere with feeding, predation, and avoidance patterns (NOAA, 2003a).  It is expected 
that these adverse impacts, however, would be temporary and highly localized. 

7.27 WITCH FLOUNDER (Glyptocephalus cynoglossus) 

7.27.1 EFH for Witch Flounder 
EFH for eggs consists of surface waters of the Gulf of Maine, Georges Bank, the continental 
shelf off southern New England, and the middle Atlantic south to Cape Hatteras.  Witch flounder 
eggs are generally found at sea surface temperatures below 13° C (55° F) over deep water with 
high salinities.  Eggs are most often observed during March through October. 

7.27.2 Background 
Witch flounder eggs are spawned from March through October, with May and June as the peak 
months.  Eggs are spawned close to the bottom of deep pelagic waters, but they rise to the top of 
the water column where they develop and hatch.  Eggs and larvae are found in waters with a 
temperature between 4° to 13° C (40° to 55° F).  After metamorphosis, juveniles become 
demersal and generally remain in waters from 30 to 150 meters (98 to 492 feet), including the 
continental slope off Virginia (NOAA, 1999a).   

7.27.3 Project Impacts 
Within the project areas, EFH is not designated for larvae, juveniles, or adult witch flounder.  No 
adverse effects to witch flounder eggs are anticipated because eggs are primarily found in areas 
to the north of the project area in waters of greater depths than those in the project area.   
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SECTION EIGHT: CUMULATIVE IMPACTS 
The SRIPP Project Area includes sand shoals, sand bottom, and water column that may be 
utilized by managed fish and their prey.  The Proposed Action would impact both offshore sand 
shoals and the nearshore waters adjacent to the Wallops Island shoreline. 

Summary of Project Impacts 
The dredging of sand from the offshore sand shoals would have a significant and immediate 
adverse impact on the local benthic community of the shoal. The primary direct effect would be 
the removal of sand and entrainment of the infauna and epifauna that reside within and on the 
sediment, including the managed surf clam. The anchors and anchor sweeps from the nearshore 
pump-out station would also have an adverse impact on the local benthic community. However, 
it is expected that there would be a negligible impact on the regional benthic ecosystem from 
these activities because: (1) the benthic assemblages on the sand shoals and the flat bottom 
nearshore area are not unique and are similar to assemblages in adjacent areas and (2) the spatial 
extent of the dredging and pump-out area is small compared to the broad area of the nearshore 
continental shelf.  Studies conducted from 2002 to 2005 by the Virginia Institute of Marine 
Science (VIMS) examined the effects of dredging to the benthic community in offshore sand 
shoals. The study suggests that benthic invertebrate communities destroyed by the dredge are 
able to rebound within a period of a few years (Diaz et al., 2004).   

The hopper dredge would cause an increase in turbidity which could temporarily disturb the 
ability of surf clams and other mollusks to feed by filtering plankton from the water; however, 
this effect would be temporary.  In the nearshore area of Wallops Island, the placement of sand 
for beach nourishment can cause a smothering effect, likely to result in the loss of some 
immobile benthic species.  The amount of individuals lost would depend on factors such as the 
size of the area to be dredged, the amount of sand removed, and the time of year that the beach 
nourishment takes place.  The loss of these benthic invertebrates would create a loss of prey for 
local wildlife, including some managed fish species, but the effect will be localized and 
temporary.   

Finfish inhabiting the sand bottom and shoals, such as black sea bass, summer flounder, 
windowpane flounder, winter flounder, and witch flounder would temporarily exit the disturbed 
area upon commencement of dredging, and would return shortly after dredging operations cease.  
It is likely that a small number of these fish will become entrained in the dredging equipment.  
The juvenile and adult bony finfish found in the water column are highly motile and will also 
likely exit the area during dredging, although a number of these fish may still become entrained 
in the dredger or ship propellers.  Eggs and larvae are the life stages that are most likely to be 
affected by the temporary increase in turbidity and decrease in dissolved oxygen caused by 
dredging. These stages are more delicate and are unable to flee the area like juveniles and adults, 
and therefore will be more greatly impacted.   

Cartilaginous finfish found within the project area, like the clearnose skate, spiny dogfish, sand 
tiger shark, sandbar shark, dusky shark, and the Atlantic angel shark are seasonally migratory, 
moving southward along the Atlantic Coast in search of warmer waters during the winter.  They 
are usually found alone or in pairs when not migrating, so it is unlikely that there would be any 
concentrations of these species in the project area, especially in the wintertime.  While pups and 
small juveniles are primarily found inshore in estuaries and in shallow coastal waters, adults can 
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more readily be found offshore on the sand bottom, shoals, and occasionally in the water column.  
If the managed species were in the disturbed area upon commencement of dredging, they would 
migrate to another area and would likely return shortly after dredging operations cease.  It is 
possible, though highly unlikely, that one of the managed skates or sharks would become 
entrained in the dredging equipment.  This is due to their sparse numbers in any one area at a 
given time, and their ability to avoid the dredge.   

Indirect impacts to managed fish species include diminished availability of bottom-dwelling food 
sources such as crustaceans and other invertebrates.  A number of benthic prey species found on 
the shoals and sand bottom, such as crustaceans and worms, would be destroyed during 
dredging.  Sedimentation at the shoals and burial during the beach nourishment on Wallops 
Island shoreline would likely smother a number of benthic species.  This is expected to cause 
only a temporary reduction in prey, as the area is expected to become repopulated by benthic 
organisms from neighboring areas within approximately two years (Diaz et al., 2004). Increased 
turbidity and decreased dissolved oxygen are expected in the water column in both the dredging 
area and directly offshore of Wallops Island when sand is placed on the shoreline (MMS, 2006).  
The increased turbidity may temporarily clog the gills of fish, preventing them from extracting 
oxygen from the water and interfering with feeding ability.  It can also slow egg growth and 
impair the survival of larvae (Gordon et al., 1972).  However, any adverse effects due to 
increased turbidity and decreased dissolved oxygen in the water column would be minor and 
short-term.  

This turbidity may temporarily cause difficulty in locating prey, but this would not cause adverse 
effects to any species in the area, as they can easily migrate to another area to feed.  The 
dredging for the initial beach nourishment would be limited to an area of Unnamed Shoal A 
which is approximately 520 hectares (1,280 acres), so prey would still be accessible at the nearby 
Unnamed Shoal B (would not be considered for dredging until the first renourishment cycle 
approximately 5 years after initial beach fill), Blackfish Bank Shoal, and Chincoteague Shoals.  
These nearby shoals may experience increases impacts such as increases in turbidity and 
sedimentation, but it is anticipated to be temporary and minor.  

While it is likely that there may be a number of individuals of managed species destroyed during 
both the dredging of the offshore shoals and the beach nourishment activities, the overall 
populations are not expected to be adversely affected in the long-term.  Several environmental 
studies of beach nourishment indicate that there are no detrimental long-term changes in the 
beach fauna as a result of beach nourishment (USACE, 1992; Burlas et al., 2001). The greatest 
influencing factor on beach fauna populations appears to be the composition of the placed 
material not the introduction of additional material onto the beach. The deposited sediments, 
when similar in composition (grain size and other physical characteristics) to existing beach 
material (whether indigenous or introduced by an earlier nourishment or construction event), do 
not appear to have the potential to result in long term impacts on the numbers of species or 
community composition of beach infauna (USACE, 1994, Burlas et al., 2001). 

Summary of Impacts on Offshore Shoals 
Dredging activities would result in changes to the bathymetry of the selected offshore borrow 
site. The crest of Unnamed Shoal A is approximately 8 meters (25 ft) below msl with the 
adjacent troughs approximately 20 meters (70 ft) below msl. The crest of Unnamed Shoal B is 
approximately 9 meters (30 feet) deep. Dredging would be conducted in a manner to remove a 
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uniform thickness of material from the chosen borrow area, and would deepen the shoal area by 
approximately 0.3 to 1.5 meters (1 to 5 feet) for both the initial nourishment and for each 
renourishment cycle. The shoal’s general profile would be maintained, though at a lower 
elevation than pre-project conditions.   

Within the borrow area, dredging may create a series of parallel furrows in the shoal surface up 
to several feet deep along the length of the dredged area. Based on the final dredging design, 
dredging may occur once in a given area of a shoal or multiple times.   

The area impacted within the borrow site during a typical renourishment event would depend on 
the volume of sand needed and the thickness of material dredged, but is anticipated to be a 
significant change in bathymetry for each borrow cycle.  

Dredging would remove a significant amount of sand from the shoal and shoal complex; 
approximately 30 percent of the total volume of Unnamed Shoal A and approximately 15 percent 
of the total volume of Unnamed Shoal B. 

In addition, the bottom substrate at and near either of the borrow sites may be modified in several 
ways. A change in the hydrological regime as a consequence of altered bathymetry may result in 
a change of depositional patterns at the site and therefore a change in sediment grain size. 
Exposure of underlying sedimentary units may also change the depositional patterns by exposing 
material that has different textural and compositional properties than the existing bottom 
substrate. 

Bottom substrate at a distance from the borrow site may also be modified by the deposition of 
fine-grained sediments in benthic and surface plumes generated by dredging activities. 
Sediments contained within plumes produced from the disturbance and resuspension of bottom 
sediments (benthic plume), and from discharges of the dredging vessel and equipment (surface 
plume), would settle out from the water column and be deposited at a distance from the dredge 
site. The deposition of resuspended sediments may result in a layer of sediment that differs from 
the existing substrate. 

The approximate area that would be impacted throughout the 50-year project lifespan is 
presented in Table 2 below. 

Table 2:  Offshore Borrow Site Impacts 

Borrow Area Area Impacted by 
SRIPP1 

Estimated Total Shoal 
Volume 

Maximum Volume That 
Could Be Removed Over 

SRIPP Lifetime 

Unnamed Shoal A 520 hectares  
(1,280 acres) 

30 million m3  
(40 million yd3) 

9,990,000 m3 (13,066,250) 

Unnamed Shoal B 520 hectares  
(1,280 acres) 

57 million m3  
(70 million yd3) 

6,932,500 m3 (9,067,245) 

1The total area that is proposed to be dredged. Assuming a trailer suction hopper dredge would remove 
approximately 0.3 meters (1 foot) of sediment during a single pass, the dredge would make approximately 2.3 passes 
over the entire 520 hectare (1,280 area) on each shoal to obtain the required volume of sediment.  
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Other Impacts to EFH 
Impacts to EFH come from a wide variety of sources, including dredging, pollution, commercial 
and recreational fishing, disease, weather events, and climate change.   

Chincoteague Inlet, which is immediately to the north of Wallops Island, has been periodically 
dredged by The USACE Norfolk District since the mid-1990s, placing the material in the 
offshore disposal site that is approximately 4,000 feet offshore of Wallops Island.  The disposal 
site has an area of 300 meters (1,000 feet) by 900 meters (3,000 feet).  This activity likely causes 
similar temporary impacts to turbidity and EFH species and habitat as the SRIPP Proposed 
Action.  Commercial fishing, including activities like surf clam dredging, trawling, and 
anchoring, directly impact habitats utilized by EFH species.  Impacts from non-point source 
pollution from nearby agriculture and stormwater runoff can deposit chemicals in the estuaries 
and out to the ocean, sometimes inhibiting the growth or survival of EFH species.  Natural events 
can also impact EFH species.  Hurricanes and nor’easters can increase turbidity and destroy 
benthic habitat used by EFH species and associated species.  This can result in detrimental 
indirect impacts to fish through changes in the food web.  The magnitudes of these impacts range 
greatly depending on their intensity.  Generally the effects of these events are only temporary 
(USACE, 2009). 

The proposed action, when considered along with known or anticipated projects, would result in 
temporary adverse impacts to EFH within the region.    
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SECTION NINE: MITIGATION MEASURES 
Every possible measure would be considered to avoid and minimize effects on EFH and 
managed species.  Minimization has included extensive consultation with Federal and state 
agencies and sampling to select borrow sites with sand of appropriate grain size.  In 
correspondence from NMFS to NASA dated June 18, 2009, methods to conserve the geomorphic 
features of the shoals were suggested (Attachment B).  This can be achieved through two 
methods: 1) minimizing the total amount of sand removed from the shoals over the 50-year life 
of the project, and 2) controlling the methods used for hopper dredging borrow from the shoals.  
The mitigation techniques suggested by NMFS (2009) will be evaluated for technical and 
economic viability and utilized to the fullest extent possible.  Per NMFS’ suggestion, NASA 
would consider native dune plantings to attempt to decrease the amount of sand required for 
beach nourishment in the future.  

The main biological impacts from the Proposed Action would occur to the benthos and benthic 
habitats and potentially to commercial fisheries, marine mammals, and sea turtles. Measures to 
reduce impacts to sea turtles and marine mammals would be adapted to reduce the adverse 
effects to EFH species and habitats in the project area.  The following mitigation measures have 
been identified: 

1. Implement best engineering and management practices. 

2. Complete a hydrographic survey before and after dredging which covers each area of the 
shoals where dredging would take place. 

3. Coordinate with NMFS to develop a long-term strategy and dredging management plan 
for future re-nourishment cycles which identifies rotation criteria and schedule for 
specific shoal use. 

The shoals are not expected to accrete additional sediment once sediment is dredged.  However, 
care would be taken during dredging to maintain the morphology of the shoals, and the benthic 
community is expected begin recolonization shortly after dredging ends and would be expected 
to recover to background or predredge conditions within 1 to 5 years (MMS, 2001). One or more 
mitigation techniques could be utilized to decrease the impacts to EFH, such as 1) minimizing 
the amount of sand dredged; 2) maintaining shoal morphology; and 3) leaving undisturbed 
sections of benthic habitat within the designated dredged area(s) to facilitate benthic 
recolonization and recovery.  Use of these techniques would in turn decrease adverse effects to 
pelagic fish, prey species, and EFH (NMFS, 2009).  

The timing of dredging will also be an important factor in determining the eventual recovery of 
the dredged area because many benthic species have distinct reproductive and recruitment 
periods (Diaz et al., 2004). Recolonization of the dredged area would be primarily from larval 
recruitment from the water column as well as adult immigration from undisturbed adjacent areas.  

Another source of adverse impacts to fish and other marine life during dredging operations is 
entrainment.  The centrifugal force of the pump, located behind the intake pipe of the drag head, 
draws fish and other marine life into the pipe. Fish may be killed by the pump and then pulled 
into the hopper. It is believed that entrainment primarily takes place when the drag head is 
operating on bottom sediments. Affected fish are usually feeding or resting near the bottom at the 
time the drag head moves along the bottom. In some rare instances, suction may be created when 
currents flow around the drag head as it is placed or moved.  
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SECTION TEN: CONCLUSION AND AGENCY VIEW 
NASA is proposing to engage in a shoreline restoration program at WFF that involves the use of 
one or more offshore borrow sites for initial beach nourishment, as well as for future 
renourishment cycles.  In addition, the existing seawall would be extended.  This project would 
result in some unavoidable adverse impacts to habitats designated as EFH for several federally 
managed species and their prey.  This includes disturbance to the dredged area which is 
comprised of unvegetated, unconsolidated sand bottom, temporary degradation of the marine 
water column due to an increase in suspended sediment concentrations, and placement of beach 
fill and burial of benthic prey species.  However, all adverse impacts on managed species, 
associated species, and EFH are expected to be temporary and localized.  With the careful use of 
mitigation measures and BMPs during project implementation, these effects are not anticipated 
to have substantial, long-term adverse impacts on EFH.  Accordingly, NASA has determined that 
the proposed SRIPP would have “site-specific adverse effects on EFH” but the impacts would 
not be significant within a regional context.  
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SECTION ONE: INTRODUCTION 

1.1 PURPOSE OF THIS DOCUMENT 
Section 7(c) of the Endangered Species Act (ESA) of 1973 requires that a Biological Assessment 
(BA) be prepared for all Federal actions that may affect federally listed endangered or threatened 
species. The Federal action considered in this BA is the funding, authorization, and 
implementation of the Shoreline Restoration and Infrastructure Protection Program (SRIPP) at 
the National Aeronautics and Space Administration (NASA) Goddard Space Flight Center’s 
(GSFC) Wallops Flight Facility (WFF) on Wallops Island, Virginia.  

The U.S. Army Corps of Engineers (USACE), Norfolk District, and the U.S. Department of the 
Interior, Minerals Management Service (MMS) are assisting NASA in preparing this BA. The 
USACE will design the SRIPP and serve in a construction management capacity during project 
implementation. The USACE also has permitting authority for the project under Section 10 of 
the Rivers and Harbors Act and Section 404 of the Clean Water Act. MMS has jurisdiction over 
mineral resources on the Federal Outer Continental Shelf (OCS). Public Law 103-426, enacted 
October 31, 1994, gave MMS the authority to convey, on a noncompetitive basis, the rights to 
OCS sand, gravel, or shell resources for shore protection, beach or wetlands restoration projects, 
or for use in construction projects funded in whole or part or authorized by the Federal 
government. MMS would issue a negotiated agreement with NASA to authorize the dredging of 
sand from the OCS for the SRIPP. 

In cooperation with MMS and the USACE, NASA has prepared this BA to consider the potential 
impacts to listed species under the jurisdiction of the National Marine Fisheries Service (NMFS) 
and the U.S. Fish and Wildlife Service (USFWS) that may occur within the proposed Action 
Area. Generally, the USFWS manages land and freshwater species, while NMFS manages 
marine and anadromous fish species. Anadromous species are fish, such as the shortnose 
sturgeon, that live their adult lives in the ocean but move into freshwater streams to reproduce or 
spawn. The USFWS and NMFS have joint jurisdiction of sea turtle species.  

The Action Area is comprised of onshore and offshore components. The onshore Action Area 
(land) is located in Accomack County, Virginia. Federally listed species that may occur within 
the vicinity of the onshore and offshore Action Area are listed below in Table 1.  
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Table 1:  Protected Species That May Occur in the Action Area 

Common 
Name Scientific Name 

Likelihood of 
Occurrence  

Within 
Onshore Action 

Area2 

Likelihood of 
Occurrence 

Within Offshore 
Action Area2 

Expected 
Seasonal 
Presence 

Federal 
Status Jurisdiction

Seabeach 
amaranth 

Amaranthus 
pumilus possible n/a All Threatened USFWS 

Northeastern 
beach tiger 

beetle 
Cicindela dorsalis 

dorsalis highly unlikely n/a n/a Threatened USFWS 

Delmarva 
Peninsula fox 

squirrel 
Sciurus niger 

cinereus highly unlikely n/a n/a Endangered USFWS 

Red knot1 
Calidris canutus 

rufa known to occur n/a 
Spring/Fall 
Migration Candidate 1 USFWS 

Piping plover 
Charadrius 

melodus known to occur n/a All Threatened USFWS 

Shortnose 
sturgeon 

Acipenser 
brevirostrum n/a highly unlikely n/a Endangered NMFS 

Humpback 
whale 

Megaptera 
novaeangliae n/a possible All Endangered NMFS 

Fin whale 
Balaeanoptera 

physalus n/a possible Spring/Summer Endangered NMFS 

Right whale 
Eubalaena 
glacialis n/a possible 

 

Fall/Winter Endangered NMFS 

Sei whale 
Balaenoptera 

borealis n/a highly unlikely n/a Endangered NMFS 

Leatherback 
sea turtle 

Dermochelys 
coriacea possible possible Summer Endangered 

NMFS/ 
USFWS 

Hawksbill sea 
turtle 

Eretmochelys 
imbricate highly unlikely highly unlikely n/a Endangered 

NMFS/ 
USFWS 

Kemp’s ridley 
sea turtle 

Lepidochelys 
kempi possible possible Spring/Summer Endangered 

NMFS/ 
USFWS 

Loggerhead 
sea turtle Caretta caretta likely likely Spring/Summer Threatened 

NMFS/ 
USFWS 

Atlantic green 
sea turtle Chelonia mydas possible possible Summer Threatened 

NMFS/ 
USFWS 

1Although candidate species are not protected under the ESA, NASA was requested by the USFWS to include 
the Red Knot. 
2n/a = not applicable; Highly unlikely = habitat not available and species is not documented in the Action Area; 
Possible = habitat available but species is rarely, if ever, documented in the Action Area; Likely =habitat 
available and species is occasionally documented in the Action Area; Known to occur = habitat available and 
species regularly documented in the Action Area. 
Sources: USFWS, 2000; USFWS, 2009; NASA, 2007; NASA, 2009 
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As shown in Table 1, several species are highly unlikely to occur in the Action Area. The 
northeastern beach tiger beetle has a historic range from New Jersey to Cape Cod and along 
much of the eastern and western shorelines of the Chesapeake Bay from southern Maryland to 
Virginia. Although the northeastern beach tiger beetle was present historically on the Atlantic 
coast beaches, especially in the northeast, it is extirpated from nearly this entire region. It has not 
been documented within the Action Area, but is found on Chesapeake Bay beaches (Fenster et 
al., 2006; Dean, 2009).  

The Delmarva Peninsula fox squirrel lives in mature forests of mixed hardwoods and pines with 
a closed canopy and open understory on the Delmarva Peninsula and does not inhabit the 
beaches which comprise the onshore Action Area. The shortnose sturgeon does not often occur 
within the offshore Action Area or within the waters of adjacent wildlife refuges. Because it is 
unlikely or highly unlikely that these species occur in the Action Area, they will be excluded 
from further discussion in this BA. 

During previous consultation with the NMFS in 2007 regarding the SRIPP, NMFS issued a 
Biological Opinion (BO) that excluded sperm whales, sei whales, blue whales, and hawksbill sea 
turtles from further consideration due to the very low probability that any of these species would 
be present within the Action Area and/or affected by the Proposed Action. Because no protected 
populations of these species exist within the Action Area, and because it is unlikely or highly 
unlikely that these species occur in the Action Area, they will be excluded from further 
discussion in this BA.  

1.2 ENDANGERED SPECIES ACT 
This BA is a component of the formal consultation process provided under Section 7 of the ESA. 
More detailed procedures for this formal consultation process are defined in 50 CFR 402.14(c). 
Early consultation is conducted when the action agency is planning a project or program that 
may affect protected species; however, not every project detail may be known. During previous 
consultations for the SRIPP, the specific borrow area(s) off the coast of Wallops Island had not 
been identified. However, NASA completed early consultation for potential dredging within a 
broad area of State waters east of Wallops Island for the SRIPP by submitting a BA in May 
2007. NASA received a BO from NMFS on September 25, 2007.  

In a letter to USFWS dated March 1, 2007, NASA transmitted a BA addressing potential impacts 
of the SRIPP on the Piping Plover. In a letter dated April 24, 2007, USFWS stated that the 
Proposed Project would not adversely affect threatened or endangered species under their 
jurisdiction. 

With the preparation of this BA, NASA, in conjunction with MMS and USACE, is continuing 
the Section 7 consultation process by submitting additional project information to NMFS and 
USFWS. Once NMFS and USFWS issue a BO, NASA will finalize the consultation process by 
obtaining any required incidental take permits from NMFS and USFWS.  

Binding clauses may be built into a BO resulting from this BA requiring NASA to consult again 
for future dredging activities; however, this document, the March 2007 BA and the September 
2007 BO lay the groundwork for the consultation process and allow all three agencies to 
efficiently finalize future consultations for this project. It is anticipated that the dredging would 
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continue at varying degrees of intensity for the next 50 years, with renourishment cycles 
approximately every 5 years.  

In addition to Section 7 consultation, NASA is preparing a Programmatic Environmental Impact 
Statement (PEIS) to assess the impacts from the SRIPP on the human environment.  

1.3 LOCATION AND NEED FOR PROPOSED ACTION 
WFF facilities and those of its tenants are located on the Eastern Shore of Virginia facing the 
Atlantic Ocean. WFF is comprised of three distinct land masses: the Main Base, the Mainland, 
and Wallops Island. SRIPP activities would be limited to Wallops Island. Wallops Island is a 
barrier island bounded by Chincoteague Inlet to the north and Assawoman Inlet (now closed) to 
the south (Figure 1). WFF has been occupied by NASA since the 1940s. During this time WFF 
has experienced erosion along the coast. The ocean has encroached substantially toward launch 
pads, infrastructure, and test and training facilities belonging to NASA, the U.S. Navy, and the 
Mid-Atlantic Regional Spaceport (MARS). These assets are valued at over $1 billion and are 
increasingly at risk from storm waves. The potential risks to infrastructure from wave impacts 
are two-fold: first is the interruption of NASA, U.S. Navy, and MARS missions supported from 
Wallops Island facilities due to temporary loss of facility functions; and second is the potential 
for complete loss of these unique facilities. If no protective measures are taken, then the assets on 
Wallops Island will be increasingly at risk from even moderate storm events.  

The purpose of the proposed project is to reduce the potential for storm damage to facilities by 
restoring the beach with sand dredged from offshore in order to move the zone of wave breaking 
well away from the infrastructure. The project would not protect against flooding or other 
impacts during major hurricanes and nor’easters.  

Shoreline retreat on Wallops Island has averaged about 3.7 meters (12 feet) per year since 1857. 
The first attempt to reduce erosion occurred in 1961 with the construction of a wooden seawall. 
As erosion continued and the seawall deteriorated, stone rubble-mound rocks were used as a 
replacement for the wooden seawall. The current stone seawall, completed in 1999, temporarily 
fixed the shoreline in place. However, because the seawall is porous, it has allowed sediment to 
flow out of the area, without allowing replenishment. The integrity of the seawall is at risk due to 
the lack of protective beach sand, which results in waves breaking directly on the rocks. The 
seawall extends approximately 4,600 m (15,100 ft) along the shoreline. Currently, beach only 
exists seaward of the northern portion of the seawall. There is no beach along approximately 
4,250 m (14,000 ft) of the seawall. The current shoreline is at an elevation of 2.1 meters (6.9 
feet) above mean sea level (msl). 

The proposed project would involve the use of one or two borrow sites located in Federal waters 
to provide fill for the initial and future nourishment of the beach. Initially, sand would be 
obtained from one of two offshore shoals: Unnamed Shoal A. Future renourishment material 
would be dredged from Unnamed Shoal A, Unnamed Shoal B, or the northern portion of 
Wallops Island which is experiencing accretion. The southwest end of Unnamed Shoal A is 
located approximately 11 kilometers (7 miles) east of Assateague Island and approximately 18 
kilometers (11 miles) from the north tip of Wallops Island. The southwest end of Unnamed Shoal 
B is located approximately 19 kilometers (12 miles) east of Assateague Island and approximately 
26 kilometers (16 miles) from the north tip of Wallops Island (Figure 1). 
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1.4 ACTION AREA 
The Action Area is defined in 50 Code of Federal Regulations (CFR) 402.02 as “All areas to be 
affected directly or indirectly by the Federal action and not merely the immediate area involved 
in the action.” The Action Area for this BA includes the following: 

• The northern portion of Wallops Island 

• The portion of Wallops Island shoreline that will be affected by the extended seawall and 
the beach fill 

• The area affected by the nearshore pump-out or booster station 

• Offshore borrow sites  

• The waters between and immediately adjacent to the above areas, where project vessels 
will transit and dredged material will be transported 

• 1,219 meters (4,000 feet) in all directions from the area to be dredged to account for the 
sediment plume generated during dredging activities.  

Figure 2 shows the Action Area for the SRIPP.  

1.4.1 Wallops Island 
WFF is located in the northeastern portion of Accomack County, Virginia, on the Delmarva 
Peninsula, and is comprised of the Main Base, Wallops Mainland, and Wallops Island. Wallops 
Island is a barrier island approximately 11 kilometers (7 miles) long and 800 meters (2,650 feet) 
wide. It is bordered by Chincoteague Inlet to the north, Assawoman Inlet to the south, the 
Atlantic Ocean to the east, and marshland to the west. The mainland area to the west is 
comprised mainly of rural farmland. South of Wallops Island are Assawoman Inlet (now closed) 
and Assawoman Island, a 576-hectare (1,424-acre) island managed as part of the Chincoteague 
National Wildlife Refuge by the USFWS. A string of undeveloped barrier islands extends further 
south, down the coast to the mouth of Chesapeake Bay. Southern Wallops Island includes the 
permitted open burn area, the launch complexes, and the Unmanned Aerial Systems (UAS) 
runway and associated structures. Northern Wallops Island includes rocket storage facilities and 
the Navy’s AEGIS and Ship Self Defense System Facilities.  

As noted above, the existing seawall on Wallops Island is approximately 4,600 meters (15,100 
feet) in length. Without an existing beach currently in front of it, the seawall is the primary 
shoreline protection feature for Wallops Island and consists of large stone and riprap piled to a 
height of approximately 4.6 meters (15 feet) (Figure 3). Sand in front of the seawall has eroded 
and five sections of the seawall are currently in need of repair.  

Development is relatively sparse along the Atlantic Ocean coastline on the Eastern Shore of 
Virginia because most of the barrier islands in this region are protected by either Federal 
agencies (USFWS, National Park Service [NPS]) or conservation organizations (e.g., The Nature 
Conservancy). Chincoteague Inlet and Chincoteague Island are located to the north of Wallops 
Island. The currently closed Assawoman Inlet defines the southern end of Wallops Island. 
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1.4.2 Atlantic Ocean Offshore Areas 
Nearshore state jurisdictional waters extend 5.5 kilometers (3 nautical miles) offshore of the 
Wallops Island coast. Water depth in state waters ranges up to approximately 12 meters (40 feet). 
This zone is located on the inner portion of the outer continental shelf and extends to about 130 
to 160 kilometers (80 to 100 miles) off the mid-Atlantic Coast.  

Borrow area depths range from approximately 6 to 21 meters (20 to 70 feet). In May and June of 
2007, core samples were collected by the USACE to evaluate the sediment grain size in areas 
offshore of Wallops Island and identify suitable sand types. These samples showed that the 
nearshore ocean substrate consists of deposits of fine sand and shell. Sediment texture varies 
from gravel patches and a fine sand mixture inshore, to medium sand offshore. The sediments in 
the Action Area are typical of the nearshore and inner continental shelf in this region, consisting 
of fine quartz sand with a patchy veneer of shells.  

Numerous invertebrate species are present in the unconsolidated substrate and open waters of the 
nearshore zone. Common species include annelid worms, bivalves, crabs, sand dollars, 
gastropods, comb jellies, and jellyfish. Many of these organisms are an important food source for 
fish, birds, and sea turtles. 

The project area contains a broad diversity of fish species. The MAB contains over 300 species 
of fish, most of which are seasonal migrants with only a few species considered endemic to the 
area (Sherman et al., 1996). The diversity results from the MAB being an area of transition from 
cold water in the north and warmer waters to the south. Boreal (northern) species are present in 
the winter and warm-temperate/sub-tropical species are present in the summer (Musick et al., 
1986). Many of the species migrate from nearshore to areas offshore or southward seasonally, as 
dictated by temperature cycles, feeding opportunities, and spawning cycles (MMS, 1999). 
Generally, fish abundance is low in the winter with a progressive influx in the spring and peak 
abundances in the fall. In addition, diversity is highest in September and lowest in late winter 
(February/March) (MMS, 1999). 
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SECTION TWO: PROPOSED ACTION 

The objective of the SRIPP is to reduce physical damage to Wallops Island infrastructure 
incurred during normal coastal storms and nor’easters by moving the zone of breaking waves 
away from vulnerable infrastructure.  

The Proposed Action would involve an initial construction phase with follow-on renourishment 
cycles. The initial phase would include two distinct elements: 

1. Extending Wallops Island’s existing rock seawall a maximum of 1,400 meters (4,600 
feet) south of its southernmost point; and 

2. Placing sand dredged from Unnamed Shoal A, located offshore in Federal waters, on the 
Wallops Island shoreline in front of the seawall.  

2.1 SEAWALL EXTENSION 
The rock seawall extension would be implemented first and would consist of the placement of 
1,400 meters (4,600 feet) of 4.5 to 6.4 metric tons (5 to 7 tons) of rocks parallel to the shoreline. 
The seawall extension would be placed in line with and adjacent to the end of the existing 
seawall and would be installed in a straight line parallel to the shoreline. It would be placed in 
the beach (some rock slightly below the beach surface, the majority of rock sitting on top of the 
beach surface), and would be approximately 5 meters (14 feet) above the normal high tide water 
level, depending on the extent of existing shoreline retreat at the time of construction. 

2.2 BORROW SITES 
In 2007 and 2008, the USACE conducted sediment sampling to identify potential offshore 
borrow sites with compatible grain size and adequate volume for use as beach fill. Three offshore 
shoals in Federal waters, referred to as Unnamed Shoals A and B, and Blackfish Bank Shoal 
were identified as potential borrow sites. The evaluation of the sediment grain size and 
bathymetry, conducted by the USACE, indicate that Shoals A and B would provide adequate 
sand volumes and appropriately sized sediment (grain size greater than 0.20 mm for nourishment 
of the beach throughout the SRIPP’s 50-year design life. Blackfish Bank Shoal, initially 
identified as a potential sand source, has since been eliminated as a potential borrow site for the 
SRIPP due to: (1) concerns expressed during the scoping process over potential impacts to 
commercial and recreational fishing; and (2) potential adverse impacts to Assateague Island due 
to increased wave energy resulting from lowering of the shoal.  

North Wallops Island  
The north Wallops Island borrow site is a beach area where sand has accreted as a result of 
regional longshore sediment transport. Due to concerns regarding potential species habitat, the 
total potential area estimated for sand removal is approximately 60 hectares (150 acres). 

Offshore Shoals 
The southwest end of Unnamed Shoal A is located approximately 11 kilometers (7 miles) east of 
Assateague Island and approximately 18 kilometers (11 miles) northeast of the north tip of 
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Wallops Island. The total predicted volume of Unnamed Shoal A is approximately 31 million 
cubic meters (40 million cubic yards). This shoal covers an area of approximately 700 hectares 
(1,800 acres). 

The southwest end of Unnamed Shoal B is located approximately 19 kilometers (12 miles) east 
of Assateague Island and approximately 26 kilometers (16 miles) northeast of the north tip of 
Wallops Island. The total predicted volume of Unnamed Shoal B is approximately 57 million 
cubic meters (70 million cubic yards). This shoal covers an area of approximately 1,600 hectares 
(3,900 acres).  

2.3 INITIAL BEACH NOURISHMENT  
Under the Proposed Action, 2.4 million cubic meters (3.2 million cubic yards) of sand would be 
placed seaward of the seawall along 6.8 kilometers (4.2 miles) of shoreline during the initial 
nourishment. The beach fill would extend 21 meters (70 feet) from the present shoreline in a 1.8-
meter-high (6-foot-high) berm, and then would slope underwater for an additional 52 meters 
(170 feet) seaward; the total distance of the fill profile from the current shoreline would be 73 
meters (240 feet). During storm events, the new beach would provide a surface to dissipate wave 
energy and provide additional sediment in the nearshore system.  

Sand for both the initial beach nourishment and all renourishment cycles would be dredged from 
within an approximately 520-hectare (1,280-acre) area of offshore Unnamed Shoal A.  

2.4 RENOURISHMENT EVENTS 
Under the Proposed Action, subsequent beach re-nourishment cycles would vary throughout the 
expected 50-year life of the SRIPP as determined by the proposed monitoring program. The 
exact locations and magnitude of renourishment cycles may fluctuate due to the frequency and 
severity of storm activity and subsequent shoreline erosion. Each renourishment cycle would 
require approximately 616,000 cubic meters (806,000 cubic yards) of sand be placed on the 
beach approximately every 5 years. The length of a beach fill is a key parameter in determining 
how long the fill will last. A “full” beach fill loses much less of a percentage of its volume in a 
given time interval than a shorter, or “reduced” fill (USACE, 2006). At Wallops Island, a 
rectangle-shaped fill’s half-life (the time it would take for the fill to lose 50 percent of its 
volume) is estimated to be 8.7 years for the full 6.8 kilometers (4.2 miles) of fill. The topography 
and bathymetry of the beach would be monitored on a regular basis to determine sand movement 
patterns and to plan when renourishment is needed.  

Renourishment fill volumes could be borrowed from Unnamed Shoal A, Unnamed Shoal B, or a 
combination of one of these two shoals and the north Wallops Island borrow site. It is anticipated 
that approximately half of the fill volume for each renourishment cycle could be provided by the 
north Wallops Island borrow site.  
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2.5 SAND REMOVAL METHODS 

2.5.1 North Wallops Island  
Excavation depth for sand removal in the north Wallops Island proposed borrow site area would 
be limited to approximately 1 meter (3.5 feet) below the ground surface due to tidal fluctuations 
and the high permeability of the soil (USACE, 2009b). Based on target depth of sediment 
removal, the area to be excavated would vary. For example, excavating to a depth of 1 meter (3.5 
feet) would require a 28.3-hectare (70-acre) area to provide a renourishment volume of 308,000 
cubic meters (403,000 cubic yards). 

Sand from north Wallops Island would be removed from land using a pan excavator. Because 
this excavator runs on several rubber tires with a low tire pressure, it can work in areas of the 
beach where typical equipment may be bogged down in unstable sand. The pan excavators 
would stockpile the sand, which would be loaded onto dump trucks that would transport the fill 
material up and down the beach. Bulldozers would then be used to spread the fill material once it 
is placed on the beach. All heavy equipment would access the beach from existing roads and 
established access points. No new temporary or permanent roads would be constructed to access 
the beach or to transport the fill material to renourishment areas.  

2.5.2 Offshore Dredging Operations 
Offshore dredging would be accomplished using a trailer suction hopper dredge (equipped with a 
turtle deflector), which is a ship capable of dredging material, storing it onboard, transporting it 
to the placement area, and pumping it on-shore. The hopper dredge fills its hoppers by 
employing large pumps to create suction in pipes that are lowered into the water to remove 
sediment from the shoal bottom (the process very closely resembles that of a typical vacuum 
cleaner). The hopper dredges likely to be used typically remove material from the bottom of the 
sea floor in layers up to 0.3 meter (1 foot) in depth (Williams, personal comm.).  

Once the dredge hopper is filled, the dredge would transport the material to a pump-out buoy or 
station which would be anchored just offshore of the placement area. The distance from 
Unnamed Shoal A to a theoretical average location for a pump-out buoy placed at a water depth 
of 9 meters (30 feet), which is reached approximately 1,830 meters (6,000 feet) offshore, is 26 
kilometers (16 miles). The corresponding transit distance from Unnamed Shoal B and the 
theoretical pump-out buoy is 34 kilometers (21 miles). 

The dredge would then mix the sand with water to form a slurry, and pump the slurry from its 
discharge manifold through a submerged or floating pipeline. Discharge at the beach would 
occur at a fixed point in tandem with contouring of the deposited sand by bulldozers. Based on 
previous offshore dredging operations along the east coast, it is assumed that dredgers with a 
hopper capacity of approximately 3,000 cubic meters (4,000 cubic yards) would be used; 
however, because this volume is a slurry and not all sand, it is assumed that the actual volume of 
sand that each dredge would transport during each trip would be approximately 2,300 cubic 
meters (3,000 cubic yards).  

Because of overflow from the hopper dredge at the offshore borrow site(s) during dredging, and 
losses during pump-out and placement, a larger volume of material would need to be dredged to 
meet the targeted fill volume. Based on information from other shoreline restoration projects, 
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sediment losses during dredging and placement operations may be up to 25 percent. Dredge 
volumes for the offshore borrow sites are shown below in Table 2.  

Table 2:  Maximum Sand Removal Volumes  

Nourishment Event Possible Sources of Fill1 Volume of Sand Removed
cubic meters (cubic yards)

Initial Nourishment Shoal A 3,057,500 (3,998,750) 

Shoal A or Shoal B  770,000 (1,007,500) 
Single Renourishment Event 

North Wallops Island 308,000 (403,000) 

Shoal A 9,990,000 (13,066,250) 

Shoal B 6,933,000 (9,067,500 ) Project Lifetime 

North Wallops Island 2,773,000 (3,627,000) 
1The north Wallops Island Borrow Site could provide up to about half of the renourishment fill per cycle. 

Source: USACE, 2009 

 

2.6 SAND PLACEMENT 
Once the dredge hopper is filled, the dredge would transport the material to a pump-out buoy or 
station that would be anchored just offshore of the placement area. The distance from Unnamed 
Shoal A to a theoretical average location for a pump-out buoy placed at a water depth of 9 meters 
(30 feet), which is reached approximately 1,830 meters (6,000 feet) offshore, is 26 kilometers 
(16 miles). The corresponding transit distance from Unnamed Shoal B and the theoretical pump-
out buoy is 34 kilometers (21 miles). 

Once the dredge arrives at the pump-out buoy, it would connect to the discharge pipeline on the 
buoy. The dredge would then mix the dredged sand with water to form a slurry, and pump the 
slurry from its discharge manifold through a submerged or floating pipeline. Discharge at the 
beach would occur at a fixed point in tandem with contouring of the deposited sand by 
bulldozers.  

All heavy equipment would access the beach from existing roads and established access points. 
No new temporary or permanent roads would be constructed to access the beach or to transport 
the fill material to renourishment areas.  
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SECTION THREE: AFFECTED SPECIES 

3.1 SPECIES POTENTIALLY AFFECTED BY PROPOSED ACTION 
The primary concern of this BA is whether impacts associated with the Proposed Action will 
“jeopardize” the continued existence of protected species that may exist in the Action Area. The 
Endangered Species Act (50 CFR 402.02) defines “jeopardize” as “engaging in an action that 
reasonably would be expected, directly or indirectly, to reduce appreciably the likelihood of both 
the survival and recovery of the listed species in the wild by reducing the reproduction, numbers, 
or distribution of that species.”  

Table 3 below includes federally listed species identified as potentially affected by the Proposed 
Action by NMFS, USFWS, or other agencies during previous and ongoing discussions and 
consultations regarding the SRIPP. These include those species whose probability of occurring in 
the Action Area is likely and possible. No critical habitat for any species, as defined by the ESA, 
has been designated within the Action Area; therefore, no critical habitat would be affected by 
the Proposed Action (NMFS, 2007). The projected timeline for this project in its entirety is 50 
years. 

Table 3:  Potentially Affected Protected Species 

Common Name Scientific Name Federal Status Expected Seasonal 
Presence 

Seabeach amaranth Amaranthus pumilus Threatened All year 

Red knot Calidris canutus rufa Candidate1 May - June 

Piping plover Charadrius melodus Threatened All year  

Humpback whale Megaptera 
novaeangliae 

Endangered 

 

September - April  

Fin whale Balaenoptera physalus Endangered October - January 

Right whale Eubalaena glacialis Endangered November - May 

Leatherback sea turtle Dermochelys coriacea Endangered April - November  

Kemp’s ridley sea turtle Lepidochelys kempii Endangered April - November  

Loggerhead sea turtle Caretta caretta Threatened April - November  

Atlantic green sea turtle Chelonia mydas Threatened April - November 
1Although candidate species are not protected under the ESA, NASA was requested by the USFWS to 
include the Red Knot. 
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3.2 SEABEACH AMARANTH 

3.2.1 Description 
Seabeach amaranth (Amaranthus pumilus) is an annual plant that grows on sandy beaches along 
the mid-Atlantic coast of the United States. It is an herbaceous reddish-colored, prostrate, highly 
branched stems that form clumps, often reaching 30 centimeters (12 inches) in diameter 
(NatureServe, 2009). Leaves are spinach-green and clustered toward the tips of the stems. 
Flowers and fruits are inconspicuous. Plants germinate from April to July, initially forming a 
small sprig, but soon branch and form a clump which binds sand that accumulates at its base. 
Larger plants may contain over 100 stems which branch from the center and attain a diameter of 
over a meter, although plants are typically 20 to 40 centimeters (8 to 16 inches) in diameter. 
Flowering begins in June with seed production in July and until senescence in early winter. 
Plants are monoecious (having male and female flowers on the same plant). 

3.2.2 Distribution 
Seabeach amaranth habitat includes barrier islands, mainly on coastal overwash flats at the 
accreting ends of the islands and lower foredunes and on ocean beaches above mean high tide 
(occasionally on sound-side beaches). It is intolerant of competition and does not occur on well-
vegetated sites. According to Weakley and Bucher (1991), this species appears to need extensive, 
dynamic, natural areas of barrier island beaches and inlets. Within this dynamic landscape, 
seabeach amaranth functions as a fugitive species, occupying suitable habitat as it becomes 
available. Seeds may survive many years buried in the sand and then germinate when brought 
near the surface by severe storms 

3.2.3 Potential Direct and Indirect Effects of the Proposed Action 
There have been no recorded occurrences of seabeach amaranth on Wallops Island to date, and 
no designated protected populations exist in the SRIPP Action Area. However, there is potential 
habitat on the north end of Wallops Island within the Action Area. As a precautionary measure, 
NASA has determined that the Proposed Action may affect, but is not likely to adversely affect 
the seabeach amaranth.  

3.2.4 Actions to Reduce Adverse Effects 
Since seabeach amaranth does occasionally establish small temporary populations in areas of 
potential habitat, the potential habitat areas on the north end of the island would be surveyed 
immediately prior to beach placement activities and prior to excavation in connection with 
renourishment activities to ensure that the species is not present. In the event that the seabeach 
amaranth is encountered during project activities, NASA will work with the USFWS to ensure 
appropriate measures are taken to protect the species and its habitat. 
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3.3 RED KNOT 

3.3.1 Description 
The Red Knot is a medium sized, bulky sandpiper. It is a relatively short bird, with short legs. 
The head and breast are rusty in breeding plumage and grey the rest of the year. Outside of the 
breeding season, it is found primarily in intertidal, marine habitats, especially near coastal inlets, 
estuaries, and bays. The Red Knot breeds in drier tundra areas, such as sparsely vegetated 
hillsides. The Red Knot typically feeds on invertebrates, especially bivalves, small snails, and 
crustaceans. During the breeding season, the Red Knot also eats terrestrial invertebrates 
(Harrington, 2001). The species is currently a candidate for Federal listing under the ESA.  

3.3.2 Life History and Distribution 
The Delaware Bay stopover is the final and spring stopover during the northern migration, 
because the birds feed on the eggs of spawning horseshoe crabs in preparation for their nonstop 
flight from there to the Arctic. The birds rest and feed in the Delaware Bay between late April 
and early June with the population peaking May 15th through 30th (Baker et al., 2004). A study 
by Cohen et al (2009) reports that the Red Knot population in the Mid-Atlantic Region of the US 
has declined by 67-88 percent since the 1980’s. The population decline has been linked to a 
decline in horseshoe crabs in the Delaware Bay area  

During its northern migration, the Virginia barrier islands provide an important stopover area for 
a large number of red knots. In the mid-1990s, 3 years of aerial surveys showed that numbers of 
red knots moving through the barrier islands of Virginia between mid-May and the second week 
of June reach 8,000 to 10,000 individuals (Watts and Truitt, 2000). During the 2009 migration 
season, flock sizes of 100 to 145 birds were observed in the Overwash and Hook areas of 
Assateague Island. In late May 2009, flocks of 5 to 30 individuals were observed on south 
Assawoman Island. On May 8, 2009, USFWS observed a flock size of almost 1,300 individuals 
on north Wallops Island (USWS, 2009c). In late May 2009, flocks of approximately 20 to 200 
red knots were observed on north Wallops Island (USFWS, 2009c). 

3.3.3 Potential Direct and Indirect Effects of the Proposed Action 
Temporary noise disturbances from the construction machinery used for seawall extension, 
movement of beach sand, excavation of the north Wallops Island borrow site, and the dredges 
could potentially cause adverse effects to these birds; however, these noise levels would be 
similar to existing noise from daily operations, including occasional flights and rocket launches 
on Wallops Island. Birds which are startled by construction and dredge noise are likely to 
temporarily vacate the immediate area, which could disrupt foraging activities. Due to the 
temporary nature of the noise disturbances, impacts on shore birds like the Red Knot are 
considered minimal (NASA, 1997). The continued presence of Red Knots at WFF suggests that 
noise levels from daily operations and construction over the past few decades have not 
significantly disturbed birds on the island.  

Another potential adverse impact on the Red Knot is the disturbance of beach habitat during the 
placement of sand on Wallops Island shoreline, which may temporarily disturb feeding activities. 
During beach nourishment, the large amount of sand placed on the beach is anticipated to 
smother some Red Knot prey species such as crabs and worms, which inhabit the surface layer of 
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sand. However, studies by Nelson (1985, 1993) and Hackney et al., (1996) report an infaunal 
recovery time ranging from 2 to 7 months following beach nourishment. Therefore, no long-term 
adverse affects to Red Knot foraging capabilities are anticipated; in fact, the expansion of the 
beach may lead to additional suitable habitat for many shorebirds, including the Red Knot. 

3.3.4 Actions to Reduce Adverse Effects 
During the times when the Red Knot may be present, a qualified biologist would conduct surveys 
and monitor the project area to ensure no birds are directly affected during construction 
activities. 

3.4 PIPING PLOVER 

3.4.1 Description 
Piping Plovers are small, beige and white shorebirds with a black band across their breast and 
forehead. Plovers typically feed on invertebrates such as marine worms, fly larvae, beetles, 
crustaceans, and mollusks. Feeding areas include intertidal portions of ocean beaches, washover 
areas, mudflats, sandflats, wrack lines, and shorelines of coastal ponds, lagoons, or salt marshes 
(USFWS, 2000b). The Atlantic Coast Piping Plover population was listed as threatened on 
January 10, 1986.  

3.4.2 Life History and Distribution 
The Piping Plover breeds on coastal beaches from Newfoundland and southeastern Quebec to 
North Carolina and winter primarily on the Atlantic Coast from North Carolina to Florida, 
although some migrate to the Bahamas and West Indies. 

After they establish nesting territories and conduct courtship rituals beginning in late March or 
early April, Piping Plover pairs form shallow depressions (nests) in the sand to lay eggs. Nests 
are situated above the high tide line on coastal beaches, sandflats at the ends of sand spits and 
barrier islands, gently sloping foredunes, blowout areas behind primary dunes, and washover 
areas cut into or between dunes. Nest sites are shallow scraped depressions in substrates ranging 
from fine grained sand to mixtures of sand and pebbles, shells or cobble. They may also nest on 
areas where suitable dredge material has been deposited. Nests are usually found in areas with 
little or no vegetation although, on occasion, Piping Plovers will nest under stands of American 
beachgrass (Ammophila breviligulata) or other vegetation (USFWS, 2000b) and typically lay 
four eggs that hatch in about 25 days (USFWS, 2007). 

WFF has been monitoring the Piping Plover on Wallops Island since 1986. Piping Plover nesting 
habitat has been delineated on Wallops Island dune and overwash areas at the northern and 
southern reaches of the property. As southern Wallops Island has experienced substantial erosion 
(3.3 meters [11 feet]/year), suitable habitat is shrinking. According to Mitchell (2009, pers. 
comm.), no nesting plovers have been observed on south Wallops Island since at least 2000. 
Simultaneously, north Wallops Island has been accreting, thus presenting additional potential 
habitat for plover nesting.  

Annually between 1996 and 2008, Piping Plovers were observed feeding, although exact 
numbers were not recorded. Five nesting attempts were made on north Wallops Island during 
2007 and 2008, but none were successful in producing fledglings. During 2006, one pair of 
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plovers nested but the nest was abandoned due to attempted predation by a fox. Nests were also 
observed in 2005 (2 pairs, 1 nest lost to fox predation and second pair of chicks were lost); 2004 
(1 pair with 3 chicks fledged); 2001 (1 pair unsuccessful); 1998 (1 pair unsuccessful); 1996 (3 
pairs with 2 chicks total fledged). There were no nests observed in 2003, 2002, 2000, 1999, and 
1997 (Table 4).  

In 2009, four Piping Plover pairs attempted nests on north Wallops Island. Of these, three have 
been successful, producing a total of at least seven fledglings (Scharle, 2009).  

Table 4:  Record of Piping Plover Pairs and Number of Young Fledged at WFF 

Year # Pairs # Young Fledged Comments 
1986 2 0 All at south end of Island 
1987 2 3 1.5 young fledged/pair; All at south end  
1988 0 0 No nesting 
1989 5 Unknown All at south end  
1990 5 Unknown All at south end  
1991 3 Unknown All at south end  
1992 4 5 1.25 young fledged/pair; All at south end  
1993 3 4 1.33 young fledged/pair; All at south end  
1994 3 2 0.67 young fledged/pair; All at south end  

1995 2 4 2.00 young fledged/pair; All at south end 
of Island 

1996 3 2 0.67 young fledge/pair; 1 pair, 0 fledged at south end 
1997 0 0 No nesting 
1998 1 0  
1999 0 0 No nesting 
2000 0 0 No nesting 
2001 1 0  
2002 0 0 No nesting 

2003 1 0 A pair of plovers scraped, but made no other attempts 
at nesting 

2004 1 3 3.00 young fledged/pair 

2005 2 0 One nest was predated (fox), the other nest hatched but 
the chicks were later lost 

2006 1 0 
Nest was set up with enclosure; a fox tried digging 
under enclosure to get nest but did not succeed. The 
nest however was abandoned due to this event. 

2007 3 0 All nests were enclosed. One nest was predated by a 
fox, one nest lost to tide 

2008 2 0 2 pairs of plovers scraped at north end, but made no 
other attempts at nesting 

2009 4 7 3 pairs successfully produced fledglings, all on the 
north end. 

NASA, 2008 

3.4.3 Potential Direct and Indirect Effects of the Proposed Action 
The Piping Plover occasionally breeds, nests, and forages along the shoreline of Wallops Island. 
Temporary noise disturbances from the construction machinery used for seawall extension, 
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movement of beach sand, excavation of the north Wallops Island borrow site, and the dredges 
could potentially cause adverse effects to these birds; however, these noise levels would be 
similar to existing noise from daily operations, including occasional flights and rocket launches 
on Wallops Island. Birds which are startled by construction and dredge noise are likely to 
temporarily vacate the immediate area, which could disrupt foraging and nesting activities. Due 
to the short duration of the noise disturbances, impacts on the Piping Plover are considered 
minimal (NASA, 1997). The continued presence of Piping Plovers at WFF suggests that 
occasional loud noises over the past few decades have not significantly disturbed plovers on the 
island.  

Another potential adverse impact to the Piping Plover is the disturbance of beach habitat during 
the placement of sand on Wallops Island shoreline, which may temporarily disturb breeding, 
nesting, and feeding activities. As described earlier, there is no beach along a large 
(approximately 4,250 m [14,000 ft]) portion of the existing shoreline. Therefore, the initial sand 
placement will only disturb the existing beach habitat at the northern and southern extremes of 
the project area. Sand placed on the beach is anticipated to smother some Piping Plover prey 
species such as crabs and worms, which inhabit the surface layer of sand. However, studies by 
Nelson (1985, 1993) and Hackney et al., (1996) report an infaunal recovery time ranging from 2 
to 7 months following beach nourishment. Therefore, no long-term adverse affects to foraging 
capabilities are anticipated, in fact, the expansion of the beach may lead to additional suitable 
habitat for many shorebirds, including the Piping Plover.  

3.4.4 Actions to Reduce Adverse Effects 
To ensure that no Piping Plovers are adversely affected, a qualified biologist would conduct 
regular surveys during sand placement activities. If Piping Plovers or nests are identified, 
mitigation measures such as avoidance of the nesting area would be implemented to avoid 
potential impacts.  

If north Wallops Island is used for beach renourishment, NASA would work with USFWS to 
ensure adequate protection for any observed Piping Plovers in the area. In addition, the sand 
would be transported from the area only during the non-nesting season (September-March). 

3.5 HUMPBACK WHALE  

3.5.1 Description 
The humpback whale is one of the rorquals, a family that also includes the fin whale and blue 
whale among others. Rorquals have two characteristics in common: dorsal fins on their backs 
and ventral pleats running from the tip of the lower jaw back to the belly area. The humpback 
whale was listed as endangered in 1973. 

3.5.2 Life History and Distribution 
The shape and color pattern on the humpback whale’s dorsal fin and flukes (tail) are as 
individual in each animal as are fingerprints in humans. This discovery changed the course of 
cetacean research and the new form of research known as “photo-identification,” in which 
individuals are identified, catalogued, and monitored, has led to valuable information about 
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humpback whale population sizes, migration, sexual maturity, and behavior patterns (ACS, 
2004a).  

Humpback whales feed primarily on small schooling fishes including Atlantic herring, mackerel, 
pollock, and the American sand eel or sand lance (Gaskin, 1982; Katona et al., 1983; Watkins 
and Schevill, 1979; Wynne and Schwartz, 1999).  

Humpback whales are found throughout the oceans of the world, migrating from tropical and 
subtropical breeding grounds in winter to temperate and arctic feeding and calving grounds in 
summer (Swingle et al., 1993). Several stocks occur in the northwestern Atlantic. Humpbacks 
use the Mid-Atlantic as a migratory path to and from calving and mating grounds. Adults and 
newborns of the Gulf of Maine feeding group migrate from summer feeding grounds off the 
coast of New England to winter breeding grounds along the Antillean Chain of the West Indies, 
primarily on the Silver Bank and Navidad Bank north of the Dominican Republic. Some 
individuals remain in the Gulf of Maine throughout the year. 

Until recently, it was thought that humpback whales in the Mid-Atlantic were transients. Few 
were seen during aerial surveys conducted in the early 1980s (Shoop et al., 1982). However, 
since 1989, sightings of feeding juvenile humpbacks have increased along the coast of Virginia, 
peaking from January through March in 1991 and 1992 (Swingle et al., 1993). Studies conducted 
by the Virginia Marine Science Museum indicate that the whales are feeding on, among other 
things, bay anchovies and Atlantic menhaden. It is currently believed that non-reproductive 
animals may utilize the Mid-Atlantic area as a winter feeding range since they do not take part in 
reproductive activities in the Caribbean. Whales present in the Mid-Atlantic in winter were found 
to be members of both the Gulf of Mexico and Atlantic Canada feeding groups indicating a 
mixture of feeding populations in this region. In concert with the increased sightings, strandings 
of whales increased in the Mid-Atlantic during the same time period, with 32 strandings reported 
between New Jersey and Florida since January 1989. Sixty percent of those strandings that were 
closely investigated showed either signs of entanglement or vessel collision (Wiley et al., 1992). 
Humpback whales can be found in proximity to the Action Area from September to April. 

3.5.3 Potential Direct and Indirect Effects of the Proposed Action 
Major causes of anthropogenic mortality to humpback whales include collisions with ships and 
fishing net entanglements. During the dredging cycle, numerous round trips between the borrow 
area and the pump-out buoy at the placement site will be required. When viewed cumulatively 
over the 50-year project life, a potential exists for collisions between the dredge ship and 
humpback whales. 

Another potential direct adverse effect to humpback whales is the noise associated with dredging 
operations. Noise from the dredge may have an effect on whale species that are sensitive to low 
frequency sound. The noise emitted by a dredge depends on the local environment, especially the 
sea-bed type. Variability in noise levels is also associated with the different parts of the dredging 
operations, such as the dredger dragging against the sea floor; the sound of the pump driving the 
suction through the pipe; noise from deposition of sand into the hopper; and the noise associated 
with the dredging ship itself. Meteorological conditions will also influence the noise emitted by 
the dredging operations (MALSF, 2009).   

Marine mammals use hearing and sound transmission for all aspects of their life including 
reproduction, feeding, predator and hazard avoidance, communication and navigation. The 
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introduction of sound into the marine environment from anthropogenic sources has the potential 
to cause long term or short term effects. Short term effects can include behavioral disruption or 
temporary habitat displacement; and long-term effects can include extended habitat 
displacement, physical injury to the auditory system, or in some cases mortality (Richardson et 
al. 1995). The behavioral responses of marine mammals to noise are highly variable and may 
depend upon individual hearing sensitivity (animals respond only to sounds they can directly 
detect), past exposure and habituation to noises, and demographic factors such as the age and sex 
of the animal. Other factors include the duration of the sound, whether the sound is moving, and 
environmental factors that affect the sound including habitat characteristics (National Research 
Council [NRC] 2003).  

Under the MMPA, NMFS has defined levels of harassment for marine mammals. Level A 
harassment is defined as “…any act of pursuit, torment, or annoyance which has the potential to 
injure a marine mammal or marine mammal stock in the wild.” Level B harassment is defined as 
“…any act of pursuit, torment, or annoyance which has the potential to disturb a marine mammal 
or marine mammal stock in the wild by causing disruption of behavioral patterns, including, but 
not limited to, migration, breathing, nursing, breeding, feeding, or sheltering.”  

Since 1997, NMFS has been using generic sound exposure thresholds to determine when an 
activity in the ocean that produces sound might result in impacts to a marine mammal such that a 
take by harassment might occur (NMFS 2005). NMFS is developing new science-based 
thresholds to improve and replace the current generic exposure level thresholds, but the criteria 
have not been finalized (Southall et al. 2007). The current Level A (injury) threshold for impulse 
noise (e.g., impact pile driving) is 180 dB rms for cetaceans. The current Level B (disturbance) 
threshold for impulse noise is 160 dB rms for cetaceans.  

Under the Proposed Action, underwater noise would be generated through the use of a hopper 
dredge. The primary noise from hopper dredging is created by the suction pipes used to remove 
the fill from the seabed. The noise generated by dredgers depends on their operational status, sea 
bed removal, transit and dumping. In general the noisiest activity is associated with the seabed 
removal. Dredge noise is strongest at low frequencies (below 1000 Hz). Greene (1987) reported 
received levels of 142 dB at 0.93 km for loading operations, 127 dB at 2.4 km while underway, 
and 117 dB at 13,3 km while pumping (at frequencies below 1000 Hz). 

Based on these assumptions, underwater noise from the hopper dredge would not reach the Level 
A threshold and would, therefore, not result in any injury or mortality. Dredge noise may exceed 
the Level B threshold at a distance of approximately 15 m from the dredge during loading and at 
a distance of approximately 1 m from the dredge while underway or pumping. Noise from 
dredging would be audible to the species known to occur in the area and may result in some 
masking of vocal behavior of the humpback whale, 

As summarized in Richardson et al. (1995), there are few studies documenting responses of 
humpback whales to dredging, other studies indicate responses of humpbacks to vessel depends 
heavily on their behavior (e.g., feeding humpbacks are less likely to react when actively feeding 
than when resting) Because dredging has occurred in this area previously and vessels are 
common, noise impacts are not expected to be significant 

Dredging can indirectly affect the feeding ability of the humpback whale by temporarily 
decreasing feeding success and prey availability in areas of increased turbidity. Turbidity plumes 
caused by offshore dredging can lead to decreased visibility, which in turn can affect foraging 
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ability by those species that use sight as a primary means to locate prey. These effects can also 
be expected outside the immediate vicinity of the dredging activity.  

Operations using hopper dredges tend to be discontinuous and associated plumes would be 
dispersed over a larger area. Hopper dredges trigger a small plume at the seabed from the 
draghead and a larger surface plume from the discharge of overspill of water with suspended 
sediment from the hopper (MMS 1999). The length and shape of the surface plume generated by 
the overspill depends on the hydrodynamics of the water and the sediment grain size.  

Although the volume of discharged material is much higher, findings about the plume dynamics 
of suspended sediments are much the same as plumes from trailing hopper dredges during 
construction aggregate mining (MMS 1999). Detailed investigation of these types of operations 
off the coast of the UK found that most sediments in the plume settle out within 300 to 500 
meters (984 to 1,640 feet) from the dredge over a period of roughly 20 to 30 minutes and that 
suspended sediment concentrations returned to concentrations close to background level within 
an hour after completion of dredging (Hitchcock et al., 1998, cited in MMS, 1999). The distance 
and time increased with decreasing sediment size. In a study off the French coast, particles larger 
than 0.40 millimeter (0.02 inch) settled within 1.5 kilometers (0.9 mile) from the site. 
Considering that the average grain size of the potential borrow sites is estimated to range from 
0.34 to 0.42 millimeter (0.01 to 0.02 inches), it can be assumed that surface plumes from the 
hopper dredge should last for no more than a few hours and be no larger than 5 kilometers (3.1 
miles).  

Because the concentration of the suspended particles in the plume diminishes rapidly with time 
and distance from the source, the effects on fauna further away from the activity are reduced. 

 In general, the effects of turbidity on phytoplankton due to light reduction or on pelagic fish and 
invertebrates, due to gill irritation and reduction of light levels for visual feeders, are considered 
small (MMS 1999). A suction hopper dredge is usually on-site for 3 to 4 hours during a 24-hour 
period, with the remaining time spent in travelling and unloading sand. This discontinuous 
method of offshore dredging allows suspended sediments to dilute, dissipate, and settle. The 
Action Area could be avoided by whales, which could easily feed in adjacent areas until the 
disturbance ceased.  

No impacts on humpback whales from the construction of the seawall or the placement of sand 
on the beach are anticipated because the activities will occur in water depths too shallow for 
these whales to occur.  

Therefore, the operations under the Proposed Action of the SRIPP are not anticipated to cause 
long-term adverse impacts on the habitat, calving areas, or the food resources of the humpback 
whale.  

3.5.4 Actions to Reduce Adverse Effects 
According to the September 25, 2007, NMFS BO on the SRIPP, the potential of marine mammal 
strikes would be mitigated by operating the dredge at speeds below 14 knots. Since the issuance 
of the 2007 NMFS BO, a Final Rule has been issued regarding vessel speeds along the east coast 
of the Atlantic seaboard; this rule restricts speeds to no more than 10 knots for all vessels 65 feet 
or greater (50 CFR 224.105, issued October 10, 2008). Compliance with this rule is expected, as 
the speed of the dredge is not anticipated to be greater than 3 knots while dredging and 10 knots 
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while empty; therefore, the risk of vessel strike to marine mammals is insignificant. At this low 
speed, operators would be able to avoid humpback whales by maneuvering the dredge vessel to 
avoid a whale strike. In addition, there is currently no information to suggest that dredge vessels 
have ever collided with humpback whales while operating in Atlantic waters.  

3.6 FIN WHALE 

3.6.1 Description 
The fin whale is considered one of the more abundant large whale species, with a worldwide 
population estimated at around 120,000. In 1970, NMFS declared one population of fin whales 
in the North Atlantic to be endangered (Waring et al. 1998). This grouping is found from Cape 
Hatteras northward. The fin whale was placed on the list of federally endangered species in 
1973. Perhaps 40,000 are located in the Northern hemisphere; however, only a few thousand fin 
whales are believed to exist in the North Atlantic (NMFS, 2009a). Estimates of the western 
North Atlantic population range from 2,362, which is believed to be a low estimate (Waring et 
al., 2001), to 3,590 to 6,300 (Perry et al., 1999). Hain et al. (1992) put the figure at 5,000.  

The fin whale is another member of the rorqual family which exhibits a dorsal fin and throat 
grooves that expand when the animal is feeding. The fin, or finback whale, is second only to the 
blue whale in size and weight. It is a swift, streamlined whale 18 to 24 meters (60 to 80 feet) 
long. Among the fastest of the great whales, it is capable of bursts of speed of up to 37 
kilometers per hour (23 miles per hour), resulting in its description as the “greyhound of the sea.” 
Its most unusual characteristic is the asymmetrical coloring of the lower jaw, which is white or 
creamy yellow on the right side and mottled black on the left side. A single ridge extends from 
the blowhole to the tip of the rostrum (upper jaw). There is a series of 50 to 100 pleats or grooves 
on the underside of its body extending from under the lower jaw to the navel (ACS, 2004b). 

3.6.2 Life History and Distribution 
Fin whales are found in all oceans of the world, though they seem to prefer temperate and polar 
waters to tropical seas. They exhibit more complex migratory patterns than humpback or right 
whales. During the summer in the eastern North Atlantic, fin whales can be found along the 
North American coast to Greenland. In the winter, their range may extend from the ice edge of 
the Greenland continental glacier south to the Caribbean and the Gulf of Mexico. 

Fin whales are baleen whales and feed mainly on krill and schooling fish. They have been 
observed circling schools of fish at high speed, rolling the fish into compact balls, and then 
turning on their right side to engulf the fish. Their color pattern, including their asymmetrical jaw 
color, may somehow aid in the capture of such prey. They can consume up to 1,800 kilograms (2 
tons) of food a day. As a baleen whale, it has a series of 262 to 473 fringed overlapping plates 
hanging from each side of the upper jaw, where teeth would otherwise be located. These plates 
consist of a fingernail-like material called keratin that frays out into fine hairs on the ends inside 
the mouth near the tongue. The baleen on the left side of the mouth has alternating bands of 
creamy-yellow and blue-gray color. During feeding, large volumes of water and food can be 
taken into the mouth because the pleated grooves in the throat expand. As the mouth closes, 
water is expelled through the baleen plates, which trap the food on the inside near the tongue to 
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be swallowed. Fin whales feed on herring, cod, mackerel, pollock, sardines, and capelin, as well 
as squid (ACS, 2004b).  

In the North Atlantic, peak months for breeding are December and January. A single calf, 
averaging about 6 meters (19 feet) in length, is produced after a gestation period of a little more 
than 11 months. Fully mature females may reproduce every 2 to 3 years. In the Northern 
Hemisphere, females reach maturity at lengths of over 18 meters (59 feet); males reach maturity 
at lengths slightly less than 18 meters. Although fin whales are sometimes found singly or in 
pairs, they commonly form larger groups of 3 to 10 animals, which may in turn coalesce into 
larger aggregations, especially in the feeding grounds (Wynne and Schwartz, 1999). After 
Norway developed the explosive harpoon in 1864, the fin whale became a prime target for 
commercial whaling and, subsequently, the number of whales in the North Atlantic was quickly 
depleted. 

Fin whales are often spotted in Mid-Atlantic waters. Fin whales are thought to use North Atlantic 
waters for feeding and southern waters for calving. Evidence supporting this view is scarce, 
however. Some fin whales were seen off the Delmarva Peninsula during aerial surveys 
conducted in the early 1980s (Shoop et al., 1982). Since 1989, sightings of feeding juvenile fin 
whales have increased along the coast of Virginia in the same area as sightings of humpback 
whales. Strandings of neonate fin whales along the Mid-Atlantic Coast may indicate an offshore 
calving area (Hain et al., 1992). Fin whales are difficult to study due to their speed. They are 
larger and faster than humpback or right whales and, therefore, less likely to be found in 
nearshore areas. However, it is worth noting that a pair of fin whales was spotted approximately 
1.5 miles offshore of Wallops Island as recently as December 2006. Fin whales can be found in 
proximity to the Action Area from October to January. 

3.6.3 Potential Direct and Indirect Effects of the Proposed Action 
During the dredging cycle, numerous round trips between the borrow area and the pump buoy at 
the placement site will be required. Major causes of anthropogenic mortality to fin whales 
include collisions with ships and fishing net entanglements. It is thought that fin whales are 
struck by large vessels with greater frequency than any other large whale species (Laist et al., 
2001). When viewed cumulatively over the 50-year project life, a potential exists for collisions 
between the dredge ship and fin whales; however, there is currently no information to suggest 
that dredge vessels have ever collided with fin whales while operating in Atlantic waters.  

Another potential direct adverse effect to fin whales is the noise associated with dredging 
operations. As described in Section 3.5.3, noise from dredging operations may have a similar 
effect on the fin whale. It should be assumed that dredge noise would cause an avoidance 
response in the fin whale (MMS, 1999). 

Dredging can indirectly affect the feeding ability of the fin whale in several ways. Decreased 
feeding success and prey availability may temporarily occur in areas of increased turbidity. 
Turbidity plumes caused by offshore dredging can lead to decreased visibility, which in turn can 
affect the feeding ability of the fin whale because it uses sight as a primary means to locate and 
round up schooling fish. This is especially true for this species in the North Atlantic, because 
they are baleen whales. Increased turbidity can also be expected outside the immediate vicinity 
of the dredging activity. Operations using hopper dredges tend to be discontinuous and 
associated plumes would be dispersed over a larger area. However, because the concentration of 
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the suspended particles in the plume diminishes rapidly with time and distance from the source, 
the effects on fauna further away from the activity are reduced. In general, the effects of turbidity 
on phytoplankton due to light reduction or on pelagic fish and invertebrates, due to gill irritation 
and reduction of light levels for visual feeders, are considered small (MMS 1999). A suction 
hopper dredge is usually on-site for 3 to 4 hours during a 24-hour period, with the remaining 
time spent in travelling and unloading sand. This discontinuous method of offshore dredging 
allows suspended sediments to dilute, dissipate, and settle. 

No impacts on fin whales from the construction of the seawall or the placement of sand on the 
beach are anticipated because the activities will be in shallow water, and it is very rare for these 
whales to occur at those depths.  

Therefore, the operations under the Proposed Action of the SRIPP are not anticipated to cause 
long-term adverse effects on the habitat, calving areas, or the food resources of the fin whale.  

3.6.4 Actions to Reduce Adverse Effects 
The potential of marine mammal strikes would be mitigated by operating the dredge at speeds 
below 10 knots. Since the issuance of the 2007 NMFS BO, a Final Rule has been issued 
regarding vessel speeds along the east coast of the Atlantic seaboard; this rule restricts speeds to 
no more than 10 knots for all vessels 65 feet or greater (50 CFR 224.105, issued October 10, 
2008). Compliance with this rule is expected, as the speed of the dredge is not anticipated to be 
greater than 3 knots while dredging and 10 knots while empty; therefore, the risk of vessel strike 
to marine mammals is insignificant. At this low speed, operators would be able to avoid fin 
whales by maneuvering the dredge vessel to avoid a whale strike.  

3.7 RIGHT WHALE 

3.7.1 Description 
The right whale may have received its name from whalers who thought that it was the “right” 
whale to harvest because it was correct commercially (oil came from whales), or because it was 
considered “proper” or “true” which meant typical of whales in general. Right whales were 
relatively easy targets; they swim slowly and float when dead. The exploitation of the right 
whale began in the Bay of Biscay in Spain in the 12th century and continued, especially in the 
North Atlantic, for many centuries. Despite being protected since the 1930s, the right whale is 
today the most endangered of all the great whales (ACS, 2004c). Current estimates place the 
total number of remaining animals at less than 600 (NMFS, 1991), with the western North 
Atlantic population estimated at 300 (+/-10 percent) (Best et al., 2001). Right whales have been 
protected from commercial whaling in the U.S. since 1949. The right whale was listed as 
endangered in 1973. 

A distinguishing feature of these large baleen (plankton-feeding) whales is that they lack a dorsal 
fin and ventral grooves. The body is black with various white markings comprising 28 to 33 
percent of the body. The rostrum is narrow and highly arched, giving a distinct curvature to the 
top of the head. There are paired blowholes on the top of the head. The baleen plates are gray 
with fine bristles; 200-260 plates per side and 2.2 meters (7.2 feet) long (Wynne and Schwartz, 
1999). Adult right whales are generally 10.7 to 16.8 meters (35 to 55 feet) long. The largest 
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individuals have measured 18.3 meters (60 feet) long and weighed 106,500 kilograms (117 tons). 
Females are larger than males.  

3.7.2 Life History and Distribution 
Western North Atlantic subpopulations of right whales are often found near shore in shallow 
water and occur from the southeast U.S. to Canada (Waring et al., 2002). They may also be 
sighted in large bays. Populations concentrate in these areas: coastal Florida; coastal Georgia; the 
Great South Channel east of Cape Cod (May-June); Cape Cod Bay (February-April); the Bay of 
Fundy between New Brunswick and Nova Scotia (summer and fall); Stellwagen Bank and 
Jeffery’s Ledge and Browns and Baccaro Banks, south of Nova Scotia (summer and fall). The 
population appears to migrate seasonally between low latitude winter calving grounds and high 
latitude summer foraging grounds (Perry et al., 1999). Right whales may be found over the 
continental shelf during the summer (Mate et al., 1997) as well as in deep water off the 
continental shelf. Right whales feed upon swarms of planktonic animals, primarily calanoid 
copepods. 

The bulk of their feeding takes place in colder waters off the New England and Nova Scotia 
coasts, where the dissolved oxygen content is greater than in warm waters, and plankton is most 
abundant. Migration of the animals occurs in autumn, when they begin their trek south toward 
Georgia and Florida. In late March and through the spring, they rendezvous off the Nova Scotia 
coast and the Great South Channel once more, where they spend the summer replenishing their 
fat stores by feeding on plankton. They also breed during this time. 

According to the ESA, as of 1994 three critical habitat areas are designated for the right whale. 
The areas include portions of Cape Cod Bay and Stellwagen Bank, the Great South Channel, and 
coastal waters off the eastern coasts of Georgia and Florida. Several studies have indicated a 
decline in right whale survival in the 1990s compared to the 1980s, especially for females 
(Caswell et al., 1999; Best et al., 2001; Waring et al., 2002). Clapham et al. (1999) examined 
modeling data and determined that whale survival rates, especially of females, have declined. 
These declining survival rates may be due to the fact that this subpopulation is being affected by 
decreased reproductive rates (Best et al., 2001; Krause et al., 2001) which may be related to a 
reduction in genetic diversity, pollutants, and nutritional stress. 

In February 1983, an animal stranded in New Jersey was identified as a 2-year-old northern right 
whale that had first been photographed in the Bay of Fundy in 1981 (NMFS, 1991). It is now 
believed that a portion of the North Atlantic right whale population is migrating along the U.S. 
East Coast each year from Iceland to Florida. There is growing evidence that calves are born 
when the whales are at the southern end of their migration, in the Atlantic off northeastern 
Florida, Georgia, and possibly the Carolinas, from December through March. Very little feeding 
occurs during this time due to plankton scarcity in these relatively oxygen-poor waters.  

A ship strike was likely the cause of death of a pregnant right whale that washed ashore on the 
Outer Banks of North Carolina in February 2004, after being sighted off the Virginia Beach 
oceanfront as a floating carcass. It was identified as a previously tagged female known as 
“Slumpy,” an individual documented as having previously given birth to at least five calves 
(Hampton Roads Pilot Online, 2004a; Federal Register, 2004). 

A ship strike was also the suspected cause of the death of another pregnant right whale in 
November 2004. First sighted by a recreational boater, the injured whale was seen at the mouth 
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of the Chesapeake Bay in Virginia; its tail had been sliced partly off. A necropsy conducted at 
Ocean Sands, North Carolina, showed that a large vessel had struck the animal in several areas of 
the body (Hampton Roads Pilot Online, 2004b). 

Ship collisions are likely the leading human-caused source of mortality for the right whale. 
Large, rapidly moving vessels can travel at speeds in excess of 22 knots when at sea. Of 31 
animals examined between 1970 and 2002, ship strike was the primary cause of death in 15 
cases. More than one-third of all right whale deaths in the Mid-Atlantic, between the years 1991 
and 2002, were the result of ship strikes. However, collisions and net entanglements are not 
necessarily fatal. A study of data from 1935 to 1990 estimated that 61.6% of living right whales 
show entanglement injuries and 6.4% display collision injuries. The long-term consequences 
associated with these events are unknown (Hamilton et al., 1998). The right whale north-south 
migration movement off the Virginia coast takes place from November through April. Right 
whales can be in proximity to the Action Area between November and May. There is no 
designated critical habitat for right whales within the Action Area  

3.7.3 Potential Direct and Indirect Effects of the Proposed Action 
The primary source of potential for a direct effect on right whales would be collision with the 
dredge vessel. During the dredging cycle, the dredge vessel would make numerous trips between 
the borrow area and the pump buoy at the placement site. The vessels have the potential to 
collide with right whales.  

Another potential direct adverse effect to right whales is the noise associated with dredging 
operations. Noise from the dredge may have an affect on whale species that are sensitive to low 
frequency sound. As with the humpback whale, it should be assumed that this noise would cause 
an avoidance response in the right whale (MMS, 1999).  

Dredging can indirectly affect the feeding ability of the right whale in several ways. Decreased 
feeding success and prey availability may temporarily occur in areas of increased turbidity. As 
described previously, turbidity plumes caused by offshore dredging can lead to decreased 
visibility, which in turn can affect the feeding ability of the right whale, which primarily feeds on 
plankton and shrimp. Increased turbidity can also be expected outside the immediate vicinity of 
the dredging activity. Operations using hopper dredges tend to be discontinuous and associated 
plumes would be dispersed over a larger area. However, because the concentration of the 
suspended particles in the plume diminishes rapidly with time and distance from the source, the 
effects on fauna further away from the activity are reduced. In general, the effects of turbidity on 
phytoplankton due to light reduction are considered small (MMS 1999). A suction hopper dredge 
is usually on-site for 3 to 4 hours during a 24-hour period, with the remaining time spent in 
travelling and unloading sand. This discontinuous method of offshore dredging allows suspended 
sediments to dilute, dissipate, and settle. 

No impacts on right whales from the construction of the seawall or the placement of sand on the 
beach are anticipated because the activities will occur in water depths too shallow for these 
whales to occur. Therefore, the operations under the Proposed Action of the SRIPP are not 
anticipated to cause long-term adverse effects on the habitat, calving areas, or the food resources 
of the right whale.  
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3.7.4 Actions to Reduce Adverse Effects 
The potential of marine mammal strikes would be mitigated by operating the dredge at speeds 
below 10 knots. Since the issuance of the 2007 NMFS BO, a Final Rule has been issued 
regarding vessel speeds along the east coast of the Atlantic seaboard; this rule restricts speeds to 
no more than 10 knots for all vessels 65 feet or greater (50 CFR 224.105, issued October 10, 
2008). Compliance with this rule is expected, as the speed of the dredge is not anticipated to be 
greater than 3 knots while dredging and 10 knots while empty; therefore, the risk of vessel strike 
to marine mammals is insignificant. At this low speed, operators would be able to avoid right 
whales by maneuvering the dredge vessel to avoid a whale strike.  

3.8 GENERAL SEA TURTLE INFORMATION 
Sea turtles, air-breathing reptiles with streamlined bodies and large flippers, are well adapted to 
life in the marine environment. They inhabit tropical and subtropical ocean waters throughout the 
world (NMFS, 2009b). 

There are two families of sea turtles (Wynne and Schultz, 1999). The Cheloniidae family 
contains six genera and six distinct species. These species are loggerhead, green, flatback, 
hawksbill, Kemp’s ridley, and olive ridley. The family Dermochelyidae is comprised of only one 
genus and species, commonly referred to as the leatherback sea turtle. 

Sea turtles have short, thick, incompletely retractile necks and legs that have been evolved to 
become flippers (Bustard, 1972). All species, excepting the leatherback, have a hard, bony 
carapace (top shell) modified for marine existence by streamlining and weight reduction 
(Bustard, 1972). The leatherback lacks shell scutes, head and body scales. The shell is covered 
by leathery skin. The Carapace is divided longitudinally by 7 ridges (Wynne and Schwartz, 
1999). These physiological differences are the reason for their separate designation as the only 
species in the family Dermochelyidae. 

Much of a sea turtle’s life is spent in the water and males of many species may never leave an 
aquatic environment (Wynne and Schwartz, 1999). The recognized life stages for these turtles 
are egg, hatchling, juvenile/subadult, and adult (Hirth, 1971). Reproductive cycles in adults of all 
species involve some degree of migration in which the animals endeavor to return to nest at the 
same beach year after year (Hopkins and Richardson, 1984). The nesting season ranges from 
April through September (Hopkins and Richardson, 1984; Nelson, 1988). It is believed that 
mating occurs just off the nesting beach, although solid evidence of this is lacking. After mating, 
the nesting female emerges from the water and digs a flask-shaped nest in the sand with her hind 
slippers, then lays 50 to 170 (depending on the species) ping-pong ball-shaped eggs. After 
covering the eggs with sand, she returns to the water. The female sea turtle will nest several 
times in one season. Incubation periods for sea turtles will vary by species from 45 to 65 days 
(Nelson, 1988, Wynne and Schwartz, 1999). 

Hatchlings break their shells and dig their way out of the nest at night (Wynne and Schwartz, 
1999). They orient themselves toward the sea by following the reflected light from the breaking 
surf (Hopkins and Richardson, 1984). After entering the surf, hatchlings engage in behavior 
referred to as “swim frenzy,” during which they swim in a straight line for many hours (Carr, 
1986). Once into the waters off the nesting beach, hatchlings enter a period referred to as the 
“lost years” where many species live and feed in floating sargassum (Wynne and Schwartz, 
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1999. They “reappear” as juveniles in feeding grounds shared with adults, or in some cases, 
migrate to developmental feeding grounds. Some species, such as the leatherback, spend their 
entire lives in a pelagic existence, coming inshore only to mate and nest (Wynne and Schwartz, 
1999). 

The functional ecology of sea turtles in the marine and/or estuarine ecosystem varies by species. 
The Kemp’s ridley sea turtle is omnivorous and feeds on swimming crabs and crustaceans. The 
green turtle is an herbivore and grazes on marine grasses and algae, while the leatherback is a 
specialized feeder preying primarily upon jellyfish. The loggerhead is primarily carnivorous and 
has jaws well-adapted to crushing mollusks and crustaceans, and grazing on organisms attached 
to reefs, pilings, and wrecks.  

Sea turtles are believed to play a significant role in marine and estuarine ecosystems. This role 
has likely been greatly reduced in most locations as a result of declining turtle populations. 
Population declines are a result of numerous factors, such as disease and predation, habitat loss, 
commercial fisheries conflicts, and inadequate regulatory mechanisms for their protection. As a 
result, all sea turtle species have been classified as endangered or threatened. 

Due to complex life histories and multiple habitats used by the various species, sea turtle 
populations have proven difficult to accurately census (Meylan, 1982). Because of these 
problems, estimates of population numbers have been derived from various indices, such as 
numbers of nesting females, numbers of hatchlings per kilometer of nesting beach, and number 
of subadult carcasses washed ashore (Hopkins and Richardson, 1984). 

In a BO issued on September 25, 2007, for the SRIPP activities which included dredging of 
borrow sites in State waters, NMFS determined that dredging may adversely affect, but is not 
likely to jeopardize the continued existence of the loggerhead sea turtle; and is not likely to 
adversely affect the Kemp’s ridley, leatherback, or green sea turtles. The BO included an 
Incidental Take Statement for loggerhead sea turtles which could be entrained in dredges. 
Dredging operations that take place inshore (e.g., in a channel), where turtles are known to nest 
and breed, are more likely to result in significant impacts on sea turtles compared to dredging at 
offshore sites. 

3.8.1 Leatherback Sea Turtle 

3.8.1.1 Description 

The leatherback is the largest, deepest diving, most migratory, and widest ranging of all sea 
turtles. The adult leatherback can reach 1.3 to 2.4 meters (4 to 8 feet) in length and 226 to 907 
kilograms (500 to 2000 pounds) in weight. Its shell is composed of a mosaic of small bones 
covered by firm, rubbery skin with seven longitudinal ridges or keels. This blue-black shell may 
also have variable white spotting (Pritchard, 1983); the plastron is white. Leatherbacks normally 
weigh up to 300 kilograms (660 pounds), and attain a carapace length (straight line) of 140 
centimeters (55 inches) (Pritchard, 1983; Hopkins and Richardson, 1984). A tooth-like cusp is 
located on each side of the gray upper jaw; the lower jaw is hooked anteriorly. The paddle-like 
clawless limbs are black with white margins and pale spotting. Hatchlings are predominantly 
black with white flipper margins and keels on the carapace. The leatherback sea turtle was listed 
as endangered in 1970. 
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Morphologically this species can be easily distinguished from the other sea turtles by the 
following characteristics: 1) a smooth unscaled carapace; 2) a carapace with seven longitudinal 
ridges; 3) head and flippers covered with unscaled skin; and, 4) no claws on the flippers (Nelson, 
1988; Pritchard 1983; Wynne and Schwartz, 1999).  

3.8.1.2 Life History and Distribution 

Leatherbacks occur in the Atlantic, Indian, and Pacific Oceans. They range as far north as 
Labrador and Alaska to as far south as Chile and the Cape of Good Hope. They are found farther 
north than other sea turtle species, probably because of their ability to maintain a warmer body 
temperature over a longer period of time. They migrate between boreal, temperate, and tropical 
waters. The diet of the leatherback consists primarily of soft-bodied animals, such as jellyfish 
and tunicates, with juvenile fishes, amphipods, and other organisms (Hopkins and Richardson, 
1984) but they also feeds on sea urchins, squid, crustaceans, blue-green algae, and floating 
seaweed (USFWS, 2006a).  

Recent estimates of global nesting populations indicate 26,000 to 43,000 nesting females 
annually, which is a dramatic decline from the 115,000 estimated in 1980. This is due to 
exponential declines in leatherback nesting that have occurred over the last two decades along 
the Pacific coasts of Mexico and Costa Rica. The Mexico leatherback nesting population, once 
considered to be the world’s largest leatherback nesting population (65 percent of worldwide 
population), is now less than one percent of its estimated size in 1980. The largest nesting 
populations now occur in the western Atlantic in French Guiana (4,500 to 7,500 females 
nesting/year) and Colombia (estimated several thousand nests annually), and in the western 
Pacific in West Papua and Indonesia (about 600 to 650 females nesting/year). In the United 
States, small nesting populations occur on the Florida east coast (35 females/year), New Jersey’s 
Sandy Point, the U.S. Virgin Islands (50 to 100 females/year), and Puerto Rico (30 to 90 
females/year) (USFWS 2006a). 

The leatherback may inhabit nearshore environments if there is an abundant jellyfish population. 
Leatherbacks are susceptible to line entanglements in fishing gear including long-line operations, 
gillnets, and trawling gear. This may be due to their large size and attraction to potential prey 
species found on buoy lines or lured by light sticks. Entanglements may result in a decreased 
ability to feed, dive, or breathe (Balazs, 1985). The U.S. shrimp trawling industry is required to 
utilize Turtle Exclusion Devices (TEDs) featuring a large enough opening to provide leatherback 
turtles with an escape route. The species also appears to be very susceptible to marine debris 
ingestion of plastic and other marine debris which may resemble jellyfish (Balazs, 1985).  

Leatherback turtle mating and nesting occurs from April to November on east coast of Florida 
and the Caribbean and sometimes, though rarely, in Texas, Georgia, South Carolina and North 
Carolina. Mature females may lay eggs more than 6 times per year, laying 50-170eggs per 
clutch. Incubation lasts 53-74 days. Little is known about hatchlings and juvenile movements 
(Wynne and Schwartz, 1999).  

3.8.1.3 Leatherback Turtles in the Action Area  

The leatherback turtle may pass through the mid-Atlantic during migration. Concentrations may 
be found between the Gulf of Maine and Long Island (Shoop and Kenney, 1992), in coastal areas 
of New Jersey and Delaware, and around the mouth of the Delaware Bay (USACE, 1995).  
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3.8.1.4 Potential Direct and Indirect Effects of the Proposed Action 

The proposed dredging is not anticipated to directly affect any leatherback turtles that might 
enter the Action Area. Being a pelagic species, leatherback turtles prefer habitat located further 
offshore than the proposed Action Area. Members of the species that move across the Action 
Area when migrating may risk being struck by a dredge. Leatherback turtles are generally too 
large to be entrained in the dredge drag head. Dredging and initial placement of the material in 
the beach restoration area is unlikely to impact nesting areas.  

Because leatherbacks occasionally feed on jellyfish in nearshore areas of the Mid-Atlantic, the 
placement of sand on Wallops Island shoreline could temporarily impair their ability to locate 
prey in this area due to the temporary increase in turbidity. However, because the leatherback is 
primarily a pelagic feeder and relatively uncommon in the Wallops Island nearshore area, this is 
unlikely to lead to adverse impacts on the leatherback. No long-term adverse affects to foraging 
capabilities in the nearshore area are anticipated.  

Leatherback nests are not commonly found as far north as Virginia. In addition, because there is 
no beach habitat present seaward of the seawall, the proper beach nesting environment for sea 
turtles is not present. Therefore, it is unlikely that the Proposed Action will adversely impact 
leatherback nesting activities.  

3.8.2 Kemp’s Ridley Sea Turtle 

3.8.2.1 Description 

The Kemp’s ridley is the smallest and most seriously endangered of the sea turtles. The species 
was listed as endangered in 1970. Nearly the entire world population of adult female Kemp’s 
ridley turtles nests annually on stretches of beach in Rancho Nuevo, Tamaulipas, Mexico 
(Wynne and Schwartz, 1999). A number of films made in 1947 of the nesting aggregations at 
Rancho Nuevo show that in the late 1940s the female population may have been greater than 
40,000 (Hildebrand, 1963). Recent estimates of the total nesting population at this location 
number no more than 500 (Pritchard, 1990). A very small number of Kemp’s ridleys nest 
consistently at Padre Island National Seashore, Texas (USFWS, 2006b). 

This species matures when carapace length reaches about 70 centimeters (27 inches). Weights of 
adults maximize at 50 kilograms (110 pounds) (Wynne and Schwartz, 1999). Those found in the 
Chesapeake Bay are juveniles with a carapace length of 20 to 58 centimeters (7 to 23 inches) and 
weighing less than 20 kilograms (44 pounds) (Lutcavage and Musick, 1985). The plastron and 
the ventral surfaces of the flippers are white, and the dorsal side of the carapace and the flippers 
are charcoal gray to an olive green. Older individuals have more white on their dorsal surfaces. 
The carapace is rounded; this differentiates the species from other sea turtles. Four prefrontal 
scutes are located on the top of the head, and the species is distinguished by five pleural scutes. 
In addition, the cervical scute touches the first pleural scute on each side. Kemp’s ridleys have 
four inframarginals each with a posterior pore (Musick, 1988).  

3.8.2.2 Life History and Distribution 

The migratory patterns of Kemp’s ridley hatchlings are not well-defined, although Meylan 
(1986) suggests that they may live within sargassum beds in the Gulf of Mexico and the North 
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Atlantic Ocean and move closer to shore as they age. The juveniles are thought to allow the Gulf 
Stream to transport them up the Atlantic coast. The range of the Kemp’s ridley includes the Gulf 
coasts of Mexico and the U.S., and the Atlantic coast of North America as far north as Nova 
Scotia and Newfoundland (USFWS, 2006b). After leaving the nesting beach, hatchlings are 
believed to become trapped in eddies within the Gulf of Mexico, where they are dispersed within 
the Gulf and Atlantic by oceanic surface currents until they reach about 20 centimeters (7 inches) 
in length, at which size they enter coastal shallow water habitats. Morreale et al. (1992) 
disagrees, maintaining that this would result in very few individuals and that there must be 
another mode of transport.  

Outside of nesting areas, the major habitat for the Kemp’s ridley is the nearshore and inshore 
waters of the northern Gulf of Mexico, especially Louisiana waters. Kemp’s ridleys are often 
found in salt marsh habitats. The preferred sections of nesting beach are backed up by extensive 
swamps or large bodies of open water having seasonal narrow ocean connections (USFWS, 
2006b).  

The Kemp’s ridley is thought to actively move northward along the Atlantic Coast to reach the 
Chesapeake Bay, where they feed in shallow coastal waters. After loggerheads, this species is the 
second most abundant in Maryland and Virginia waters, with many juveniles entering the 
Chesapeake Bay. The turtles arrive during May and June (Keinerth et al., 1987; Musick and 
Limpus, 1997) to feed in the submerged aquatic beds. Their favored prey includes fish, crabs, 
and mollusks (Pritchard and Marquez, 1973; Bellmund et al., 1987). When approaching 
maturity, the individuals return to the Gulf of Mexico.  

Kemp’s ridleys have also been documented to die at sea and wash ashore. The NMFS Sea Turtle 
Salvage and Stranding Network collects stranded sea turtles along both the Atlantic and Gulf 
Coasts (NMFS, 1988). Based on 1987 data, 767 Kemp’s ridleys were reported by the network. 
The largest portion was collected from the Gulf Coast (103 turtles) and mostly the western 
portion of the Gulf. Nearly equal numbers of Kemp’s ridleys were reported from the northeast 
and southeast Atlantic Coasts (64 and 50 turtles, respectively). 

Onboard observation of offshore shrimp trawling by NMFS in the southeast Atlantic indicated 
that over 2,800 Kemp’s ridleys are captured in shrimp trawls annually. The estimated number of 
Kemp’s ridley mortalities from this activity was estimated to be 767 turtles annually, and most of 
these (65 percent) occurred in the western portion of the Gulf of Mexico. TEDs are required on 
shrimp and other trawlers to reduce mortality. Based on these data it is evident that the 
population is in danger of extinction. However, under strict protection, the population appears to 
be in the early stages of recovery (NMFS and USFWS, 2007). 

3.8.2.3 Kemp’s Ridley Sea Turtles in the Action Area 

The Wallops Island Action Area may contain both juvenile and adult Kemp’s ridleys, usually 
during the months of May and June. Juveniles typically feed in inshore beds of submerged 
aquatic vegetation (SAV), which are not found in the Action Area. Adults are found further 
offshore and may feed on benthic organisms in the offshore shoal area. 
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3.8.2.4 Potential Direct and Indirect Effects of the Proposed Action 

The hopper dredge’s draghead has the potential to kill Kemp’s ridleys by entrainment. The 
Kemp’s ridley sea turtle may move across the Action Areas when migrating. The possibility 
exists that a dredge may strike individual Kemp’s ridley turtles, although such incidents have not 
been documented in the Action Area.  

Dredging and placement of the material in the beach restoration area is unlikely to create long-
term impacts to food sources or nesting areas, though near shore feeding areas may be 
temporarily disturbed.   

Indirect adverse impacts on Kemp’s ridley sea turtles may occur at the offshore shoals due to the 
removal of benthic prey like crustaceans and mollusks during dredging activities, which may 
temporarily disturb feeding activities. However, studies by Nelson (1985, 1993) and Hackney et 
al., (1996) report an infaunal recovery time ranging from 2 to 7 months following beach 
nourishment. In addition, these turtles are highly motile and can easily forage in adjacent 
undisturbed areas. Therefore, no long-term adverse affects to foraging capabilities at the offshore 
shoals are anticipated.  

Because the majority of Kemp’s ridleys nest along a single stretch of beach in Mexico, it is 
unlikely that they will use Wallops Island to nest. No Kemp’s ridley nests have been documented 
in the vicinity of the Action Area, so it is unlikely that the Proposed Action will adversely impact 
Kemp’s ridley nesting activities.  

3.8.3 Loggerhead Sea Turtle 

3.8.3.1 Description 

The loggerhead sea turtle is perhaps the most common of the sea turtles in U.S. waters and the 
only one that still regularly nests on the U.S. Atlantic Coast, on beaches from New Jersey to 
Texas. This reddish-brown turtle averages 0.9 meter (3 feet) in length and weighs about 136 
kilograms (300 pounds). The loggerhead sea turtle’s powerful jaws are well suited to eating 
hard-shelled prey. It feeds on crabs and other crustaceans, mollusks, jellyfish, and sometimes 
fish and eelgrass (New York DEC, 2006a).  

The distinctly heart-shaped carapace of the adult loggerhead turtle averages 92 centimeters (36 
inches) in length (Wynne and Schwartz, 1999). Exclusive of hatchlings, loggerheads in 
Virginia’s waters are mostly juveniles with carapace lengths from 20 centimeters (7.8 inches) to 
more than 120 centimeters (47 inches) and weights from 20 to 40 kilograms (44 to 88 pounds) 
(Lutcavage, 1981; Lutcavage and Musick, 1985). The top of the carapace and appendages are 
reddish brown to mahogany, and the plastron (bottom shell) and appendages are cream to yellow 
(Musick, 1988; Wynne and Schwartz, 1999). It is common to find barnacles and other organisms 
encrusted on the carapace. Four scutes occur between the eyes (prefrontals), and there are five 
lateral carpacial scutes on each side. Loggerheads usually have three bridge scutes (Musick, 
1988; Wynne and Schwartz, 1999). 

The loggerhead sea turtle was listed as threatened in 1978. Loggerheads are the most common of 
the sea turtles frequenting the Action Area each summer; therefore, they are the species of sea 
turtle most likely to be adversely impacted by hopper dredge entrainment.  
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3.8.3.2 Life History and Distribution 

Loggerhead sea turtles are found globally, preferring temperate and subtropical waters. In the 
western Atlantic, they range from the Canadian Maritime Provinces south to Argentina. Within 
its range, this species inhabits warm waters on continental shelves and areas among islands. 
Estuaries, coastal streams, and salt marshes are preferred habitats. In the NMFS/USFWS 2008 
loggerhead recovery plan, five recovery units for the Northwest Atlantic population of 
loggerhead sea turtles were designated based on the nesting groups and inclusive of a few other 
nesting areas. The first four of these recovery units represent nesting assemblages located in the 
southeast U.S. The fifth recovery unit is composed of all other nesting assemblages of 
loggerheads within the Greater Caribbean, outside the U.S., but which occur within U.S. waters 
during some portion of their lives. The five recovery units representing nesting assemblages are: 
(1) the Northern Recovery Unit (NRU: Florida/Georgia border through southern Virginia); (2) 
the Peninsular Florida Recovery Unit (PFRU: Florida/Georgia border through Pinellas County, 
Florida); (3) the Dry Tortugas Recovery Unit (DTRU: islands located west of Key West, 
Florida); (4) the Northern Gulf of Mexico Recovery Unit (NGMRU: Franklin County, Florida 
through Texas); and, (5) the Greater Caribbean Recovery Unit (GCRU: Mexico through French 
Guiana, Bahamas, Lesser Antilles, and Greater Antilles)..  

From the beginning of standardized index surveys in 1989 until 1998, the PFRU, the largest 
nesting assemblage in the Northwest Atlantic by an order of magnitude, had a significant 
increase in the number of nests. However, from 1998 through 2008, there was a 41% decrease in 
annual nest counts from index beaches, which represents an average of 70% of the statewide 
nesting activity (NMFS and USFWS 2008). From 1989 to 2008, the PFRU had an overall 
declining nesting trend of 26% (95% confidence interval) (NMFS and USFWS, 2008). The 
NRU, the second largest nesting assemblage of loggerheads in the U.S., has been declining at a 
rate of 1.3% annually since 1983 (NMFS and USFWS 2008). The NRU dataset included 11 
beaches with an uninterrupted time series of coverage of at least 20 years; these beaches 
represent approximately 27% of NRU nesting (in 2008). Overall, there is strong statistical data to 
suggest the NRU has experienced a long-term decline.  

Loggerhead nesting in the U.S. typically occurs from Florida to Virginia Beach, Virginia. 
Musick (1988) concluded that occasional nests on beaches as far north as Virginia Beach are 
beyond the periphery of the normal breeding range. As is common with most turtle species, 
reproducing females tend to return to the beaches where they were hatched to lay their own eggs. 
Yntema and Mrosovsky (1979) have shown that incubation temperature is the determining factor 
in the sex ratio of loggerhead hatchlings. Temperatures between 26º C and 28º C produced all 
males and temperatures of between 32º C and 34º C produced all females. It is reasonable to 
conclude that male hatchlings are more likely to be produced north of the North Carolina border, 
with far fewer females of the species returning to these areas to lay eggs and far more females 
returning to beaches in more southern areas. 

Survival of hatchlings in waters as far north as Wallops Island may be limited due to cold 
temperatures. Once the animals hatch, usually between August and October, they swim away 
from land for two or three days. Since the hatchlings have little control over their buoyancy, it is 
theorized that the nonstop swimming done at this time is an attempt to reach the sargassum rafts. 
Sea turtle hatchlings that leave Virginia and Maryland beaches must travel great distances to find 
sargassum rafts, approximately 199 to 399 kilometers (124 to 248 miles) offshore near the Gulf 
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Stream. During this journey, many are trapped by falling temperatures. Many hatchlings survive 
predation, only to be surrounded by cooler waters in the range of below 20º C by mid-October, 
15º C by November, and as low as 10º C in winter. More fortunate hatchlings arriving from 
southern beaches probably rest and feed in the floating rafts, travel once or twice around the 
North Atlantic gyre, until they develop a carapace length of 20 to 40 centimeters (7 to 15 inches), 
and then move back into inshore benthic communities to feed. 

3.8.3.3 Loggerhead Sea Turtles in the Action Area 

In Maryland and Virginia waters, loggerheads are the most common sea turtle species. 
Loggerheads can be found in the Chesapeake Bay from April through November, and the Bay is 
an important summer feeding ground. Loggerheads can be found in the Bay south of Baltimore 
within all the major tributaries, along the Virginia and Maryland Atlantic coast, and in the 
lagoons and channels in the barrier island systems (Lutcavage, 1981; Lutcavage and Musick, 
1985; Byles and Dodd, 1989). The lower Chesapeake Bay estuary and the Atlantic Coastline 
provide important developmental habitat for immature sea turtles because of submergent 
vegetation beds and a rich diversity of bottom-dwelling fauna that afford cover and forage. 
Occasionally, adult females use Virginia’s ocean facing beaches as nesting sites (VDGIF, no 
date). The horseshoe crab is an important benthic food species. This crab species favors water 
depths from 4 to 20 meters (13 to 67 feet).  

One loggerhead sea turtle nest was discovered on north Wallops Island in summer 2008; 
however, a fall storm inundated the nest and destroyed all of the 170 eggs. No nesting activity 
was observed on Wallops Island in 2009.  

In October or November of each year when the first severe nor’easter arrives in the Bay (Musick, 
1986) or when the water temperature drops to around 18º C (Keinath et al., 1987), sea turtles of 
all species migrate out of the Chesapeake Bay. According to a study conducted by Musick in 
1986, loggerheads migrate south along the coast to Cape Hatteras and elsewhere. Some of these 
turtles from the Bay spend their winters in the warm waters of the Gulf Stream on the Florida 
continental shelf.  

3.8.3.4 Potential Direct and Indirect Effects of the Proposed Action 

The Wallops Island Action Area may contain both juvenile and adult loggerheads, depending 
upon the season and water temperature. The greatest potential for adverse impacts to loggerheads 
comes from the hopper’s drag head because the centrifugal force of the pump that brings the 
sand into the dredge hopper can possibly entrain (drawing into the hopper dredge) a turtle. The 
force of the centrifugal pump, located behind the intake pipe of the drag head, draws sand and 
any other material in its path into the pipe. Many entrained animals are killed by the pump before 
being pulled into the hopper. Entrainment is believed to take place primarily when the drag head 
is operating on bottom sediments; it is likely that the individual animals affected were feeding or 
resting near the bottom at the time the drag head moved along the bottom. In rare instances, 
suction can be created when currents flow around the drag head while it is being placed or 
moved. The feeding behavior of loggerheads also places them at greater risk of entrainment, as 
they are benthic feeders. However, USACE field tests demonstrated that a rigid turtle deflector, 
properly installed and operated, blocked 95 percent of mock turtles from entrainment in the 
dredge (USACE 1997).  
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Indirect adverse impacts on loggerhead sea turtles may occur in the nearshore environment as 
well as at the offshore shoals when dredging removes some non-motile benthic prey like 
crustaceans and mollusks, which cannot easily flee to escape the drag head. Some of these 
organisms will be killed while others may survive the dredging process only to be transported 
from the shoal area to the placement site on Wallops Island shoreline during beach nourishment. 
The large amount of sand placed on the beach is anticipated to smother some loggerhead prey 
species like crustaceans and mollusks which inhabit the surface layer of sand. This has the 
potential to temporarily disrupt loggerhead feeding activities. However, studies by Nelson (1985, 
1993) and Hackney et al., (1996) report an infaunal recovery time ranging from 2 to 7 months 
following beach nourishment. Therefore, no long-term adverse affects to foraging capabilities in 
the nearshore area are anticipated.  

The expansion of the beach may lead to additional suitable nesting habitat for sea turtles, 
including the loggerhead; this future habitat could be affected by the Proposed Action during 
future renourishment operations. 

3.8.4 Atlantic Green Sea Turtle 

3.8.4.1 Description 

Green turtles are the largest of all the hard-shelled sea turtles, but have a comparatively small 
head. While hatchlings are just 50 millimeters (2 inches) long, adults can grow to more than 0.91 
meter (3 feet) long and weigh 136 to 159 kilograms (300 to 350 pounds). Adult green turtles are 
unique among sea turtles in that they are herbivorous, feeding primarily on seagrasses, sea 
lettuce, and algae. Other organisms living on sea grass blades and algae add to the diet (Mager, 
1985). This diet is thought to give the turtles greenish colored fat, from which they take their 
name. A green turtle’s carapace is smooth and can be shades of black, gray, green, brown, and 
yellow. Their plastron is yellowish white (NMFS 2006). 

Green sea turtles are considered threatened throughout the U.S., but the breeding colonies on the 
Pacific coast of Mexico and along the Florida coast are considered endangered. However, 
pursuant to NMFS regulations and 50 CFR 223.205, the prohibitions of Section 9 of the 
Endangered Species Act apply to all green turtles, whether endangered or threatened. As it is 
difficult to differentiate between breeding populations away from the nesting beaches, NMFS 
considers green sea turtles in all waters as endangered. Atlantic green sea turtles are rare in the 
Atlantic portion of their range and are rare in Virginia outside of the Chesapeake Bay. 

The carapace is round, and the dorsum of the carapace and the appendages are dark green to 
brown, often with lines radiating from the posterior margin of each scute. The plastron and the 
venter are white. The interface between the dorsal and ventral coloration is sometimes yellow. 
The species is characterized by two prefrontal and four lateral pleural scutes. The cervical scute 
does not touch the pleural scutes (Wynne and Schwartz, 1999). The species was for many 
centuries prized as a gourmet food item, with the fat a component of the clear soup that bears the 
species’ common name. 

3.8.4.2 Life History and Distribution 

The green turtle is globally distributed and generally found in tropical and subtropical waters 
along continental coasts and islands between 30 degrees North and 30 degrees south. Nesting 
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occurs in over 80 countries throughout the year (though not throughout the year at each specific 
location). Green turtles are thought to inhabit coastal areas of more than 140 countries. In U.S. 
Atlantic and Gulf of Mexico waters, green turtles are found in inshore and nearshore waters from 
Texas to Massachusetts, the U.S. Virgin Islands, and Puerto Rico. In the western Atlantic, 
several major assemblages have been identified and studied (Carr et al., 1978).  

In the continental U.S., however, the only known green turtle nesting occurs on the Atlantic 
coast of Florida (Mager, 1985) from June to September (Hopkins and Richardson, 1984). Mature 
females may nest three to seven times per season at about 10- to 18-day intervals. Average clutch 
sizes vary between 100 and 200 eggs that hatch usually within 45 to 60 days (Hopkins and 
Richardson, 1984; Wynne and Schwartz, 1999). Hatchlings emerge, mostly at night, travel 
quickly to the water, and swim out to sea. At this point, they begin a life stage that is poorly 
understood but is likely spent pelagically in areas where currents concentrate debris and floating 
vegetation such as sargassum (Wynne and Schwartz, 1999). When the juveniles reach 20 to 25 
centimeters (7.8 to 9.8 inches) carapace length, they leave the pelagic habitat and enter benthic 
feeding grounds. Juveniles, like adults, are primarily herbivorous, avoiding crustaceans and 
feeding almost exclusively on algae and seagrasses with an occasional hydrozoan (Bellmund et 
al., 1987).  

The population of green sea turtles before commercial exploitation and the total population since 
listing are unknown. Records show drastic declines in the Florida catch during the 1800s, and 
similar declines occurred in other areas (Hopkins and Richardson, 1984). 

The principal cause of the historical, worldwide decline of the green turtle is long-term harvest of 
eggs and adults on nesting beaches and juveniles and adults on feeding grounds. These harvests 
continue in some areas of the world and compromise species recovery efforts. Incidental capture 
in fishing gear, primarily in gillnets, but also in trawls, traps and pots, longlines, and dredges is a 
serious ongoing source of mortality that also adversely affects the species’ recovery. Green 
turtles are also threatened, in some areas of the world, by a disease known as fibropapillomatosis 
(NMFS, 2006). 

The loss of many nesting beaches, and the smaller number of encounters between humans and 
green turtles over the past eight decades, provide inferential evidence that populations are 
generally declining (Hopkins and Richardson, 1984). 

3.8.4.3 Atlantic Green Sea Turtles in the Action Area 

Green sea turtles are occasionally encountered in the Action Area, but their occurrence is 
expected to be rare.  

3.8.4.4 Potential Direct and Indirect Effects of the Proposed Action 

The area being considered as a future sand source for the purpose of this BA is sufficiently 
offshore and deep enough to not provide a habitat for the SAV eaten by green sea turtles. Sea 
lettuce and algae do occur in these waters but are uncommon due to the water depths of the 
Action Area. A benthic study completed as part of the SRIPP studies confirmed that no SAV 
exists on either of the potential borrow sites. Therefore, there would be no direct effect on 
foraging habitat. 
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Green sea turtles move across the Action Area when migrating, though they rarely are seen. The 
possibility exists that a dredge may collide with a green sea turtle, but this is highly unlikely. The 
threat to individual green sea turtles of being entrained in the dredge drag head is not likely since 
turtle deflectors will be part of the normal operating equipment and since the green turtle is not 
often encountered in the area. 

Dredging and placement of the material in the beach restoration area is unlikely to impact food 
sources or nesting areas.  

3.8.5 Actions to Reduce Adverse Effects to Sea Turtles 
NASA would conduct regular monitoring of the beach for potential nesting activity using a 
qualified biologist during sand placement activities if these activities take place during sea turtle 
nesting season. If a nest is detected, buffers would be established around the nest(s) where no 
sand placement activities would occur and NMFS/USFWS would be notified.  

The greatest danger to sea turtles during dredging operations is entrainment in the hopper dredge. 
It is believed that entrainment primarily takes place when the drag head is operating on bottom 
sediments. Affected animals are usually feeding or resting near the bottom at the time the drag 
head moves along the bottom. In some rare instances, suction may be created when currents flow 
around the drag head as it is placed or moved.  

The USACE has enacted contractual specifications for deflectors on all hopper dredges. They are 
as follows: 

“Hopper dredge drag heads shall be equipped with sea turtle deflectors that are rigidly 
attached. No dredging shall be performed without a turtle deflector device that has been 
approved by the Contracting Officer.  

The leading V-shaped portion of the deflector shall have an included angle of less than 90 
degrees. Internal reinforcement shall be designed to have a plowing effect of at least 6 
inches in depth when the drag head is being operated. Appropriate instrumentation or 
indicator shall be used and kept in proper calibration to ensure the critical ‘approach 
angle,’ which refers to the lower drag pipe relative to the plane of the sediment. If the 
lower drag head pipe angle varies significantly from the design approach angle, the 6-
inch plowing effect does not occur and the deflector does not function to repel the sea 
turtles. When the deflector is in operation during dredging, operators need to make every 
effort to maintain the design approach angle and to ensure that the dredge is disengaged 
before it is lifted from the floor of the ocean.” 

In a USACE field test experiment, the rigid deflector, properly installed and operated, blocked 
95 percent of mock turtles from entrainment in the dredge. This rate is probably lower than what 
would actually occur, given that live turtles have the ability to flee from danger (USACE 1997). 
It should be noted, however, that while turtle deflectors have been demonstrated to exclude 95 
percent of mock turtles from the dredge, entrainment does still occur with these devices in place. 
According to NMFS, 55 of the 63 entrainments occurred in dredges with deflectors in place. The 
rate of entrainment (i.e., sea turtles compared to cubic yards) is much greater for projects within 
Chesapeake Bay than projects in other areas within the mid-Atlantic (NMFS, 2009c). 
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Turtle deflectors would be installed on the drag heads during dredging to reduce the risk of 
entrainment. In addition and as directed by the 2007 BO, NASA would implement the following 
measures to minimize impacts of incidental take of sea turtles: 

1. NASA would ensure that during times of the year when sea turtles are known to be 
present in the Action Area, hopper dredges are outfitted with state-of-the-art sea turtle 
deflectors on the drag head and operated in a manner that will reduce the risk of 
interactions with sea turtles which may be present in the Action Area. 

2. A NMFS-approved observer would be present on board the vessel for any dredging 
occurring in the April 1 – November 30 timeframe.  

3. NASA would ensure that dredges are equipped and operated in a manner that provides 
endangered/threatened species observers with a reasonable opportunity for detecting 
interactions with listed species and that provides for handling, collection, and 
resuscitation of turtles injured during project activity. 

4. NASA would ensure that all measures are taken to protect any turtles that survive 
entrainment in the dredge. 

5. NMFS would be contacted before dredging commences and again upon completion of the 
dredging activity.  

All interactions with listed species would be properly documented and promptly reported to 
NMFS/USFWS, as appropriate.



Cumulative Effects 

 4-1 

SECTION FOUR: CUMULATIVE EFFECTS 

Cumulative effects include the effects of state, tribal, local, or private actions, not involving 
Federal activities that are reasonably certain to occur in the Action Area. Sources of human-
induced adverse effects in cetaceans or turtles in the Action Area include incidental takes in 
state-regulated fishing activities and vessel collisions. In addition, ingestion of plastics, 
petroleum products, marine vessel-generated debris, and entanglement and drowning in crab pot 
lines can occur. The combination of these activities may affect populations of ESA-listed 
species, preventing or slowing a species recovery. Such incidents can be considered “takes,” but 
these takes are usually not reported or regulated. Turtles and whales can also be injured by boat 
propellers and during collisions with recreational vessels.  

Dredging 
The dredging of the offshore Wallops Island environment will neither diminish nor augment 
existing threats to fin whales, humpback whales, and right whales. The use of the dredge and 
associated tow vessels will temporarily increase boat traffic in the Action Area. Dredging 
operations will not significantly add pollutants or marine debris to the aquatic environment.  

Dredging may impact marine mammals through noise generated during sand removal, changes to 
benthic habitats, and vessel collisions during transport of the material to a pump-out station 
offshore of the shoreline. Since dredging operations are generally relatively short duration, 
significant cumulative effects from associated noise are not anticipated. However, NASA would 
consult with NMFS on appropriate mitigation measures should multiple dredging operations 
overlap. It is assumed that noise would cause avoidance responses in species. Because the 
dredging operations will be limited to a small number shoals, it is not expected that multiple 
dredging operations would result in significant cumulative impacts to prey base of threatened 
and endangered marine mammals.  

MMS (2004) reported on dredging and marine mammal collisions. Vessel collisions with 
endangered whales are one of the major factors limiting their recovery. There has never been a 
report of a whale strike or mortality by a hopper dredge in the U.S. (NMFS, 2004), although 
there is one report of a right whale calf mortality resulting from a strike by a dredging vessel in 
South Africa (MMS 2004). It is generally thought that hopper dredges move slow enough to 
minimize the risk of a strike with a marine mammal. 

Cumulative effects to sea turtles may occur due to the multiple dredging operations planned in 
the offshore areas of Maryland and Virginia because turtles are more likely to be directly 
affected by dredging than other threatened and endangered species in the area. Although no 
specific data is available on the presence of sea turtles at the borrow sites, the characteristics of 
the areas to be dredged make them unlikely to be special or unique habitat for sea turtles. Due to 
depths at typical borrow sites that may be greater than 11 meters (35 feet) below msl, there is no 
abundant population of spider crabs (or rock crabs), which comprise the bulk of the diet for 
loggerheads and Kemp’s ridleys in the region (Burke et al., 1992), and no SAV or seagrass beds 
exist, which are used by green sea turtles. The coarse-grained sandy substrate is a result of strong 
tidal currents. Thus, within the possible dredge areas, the lack of abundant food resources makes 
it unlikely that turtles would remain any longer than it takes for them to travel through the area.  

Table 5 summarizes the number of sea turtle takes, by month, from projects conducted in the 
Norfolk District from 1980 to 2009. For the 30 years reported, a total of 63 sea turtle takes were 
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recorded. Of the 63 total takes, 53 were loggerheads. For 2000 to 2009, there have been no 
recorded takes of sea turtles for projects within the Norfolk District (USACE Sea Turtle Data 
Warehouse 2009, http://el.erdc.usace.army.mil/seaturtles/). The number of sea turtle takes from 
the SRIPP will be determined through consultation with NMFS. 

Table 5:  Sea Turtle Takes by Months Calendar Years 1980 – 2009, USACE Norfolk 
District 

Cumulative Sea Turtle Takes for Norfolk District by Month and Species 
  
Month 

 
Greens  

 
Hawksbills  

Kemp's 
Ridley 

 
Leatherbacks 

 
Loggerheads 

 
Unidentified 

 
Total

Jan 0 0 0 0 0 0 0 
Feb 0 0 0 0 0 0 0 
Mar 0 0 0 0 0 0 0 
Apr 0 0 0 0 2 0 2 
May 0 0 0 0 8 1 9 
Jun 1 0 0 0 10 0 11 
Jul 0 0 0 0 2 1 3 
Aug 0 0 1 0 7 1 9 
Sep 0 0 1 0 10 1 12 
Oct 0 0 3 0 12 0 15 
Nov 0 0 0 0 2 0 2 
Dec 0 0 0 0 0 0 0 
Totals 1 0 5 0 53 4 63 

Source: USACE, 2009 
 

Sand Placement 
As a result of the initial beach placement, habitat may be created for the seabeach amaranth, 
Piping Plover, Red Knot, and nesting sea turtles in the area seaward of the seawall which 
currently contains no suitable habitat for these species. It is reasonable to assume these species 
may nest and utilize this additional habitat at some point after construction. However, it is not 
possible to predict at this time the potential number or locations of Piping Plover nests or sea 
turtle nests that may occur on the newly created beach from the restoration project.  

Reasonably foreseeable projects such as NASA’s Launch Range Expansion and additional rocket 
launches may result in potential impacts to Piping Plover nesting on this newly created habitat. It 
is not possible to predict the number of Piping Plover individuals or nests that may be impacted 
by these future activities.  

Because it is not possible to predict which protected species would use the newly created beach 
in the future, NASA would re-initiate consultation with USFWS/NMFS as appropriate prior to 
renourishment activities.   
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SECTION FIVE: CONCLUSIONS 

One plant, two birds, three whale species and four sea turtle species have been evaluated as part 
of this biological assessment for the Wallops Island Shoreline Restoration and Infrastructure 
Protection Program. 

Since there is potentially suitable habitat for seabeach amaranth on north Wallops Island, NASA 
has determined that the proposed action may affect, but is not likely to adversely affect seabeach 
amaranth.  

In the long term, the expansion of the beach would likely provide additional suitable habitat for 
shorebirds such as the Red Knot and the Piping Plover. Construction, excavation of the north 
Wallops Island area for renourishment fill, and beach fill placement activities would temporarily 
negatively impact shorebirds with construction noise levels and the movement of construction 
equipment on areas with existing beach habitat. For activities related to use of the north Wallops 
Island area for beach renourishment, NASA would work with USFWS on specifying and 
implementing mitigation measures to ensure adequate protection for Piping Plovers. Since the 
Red Knot only uses the Action Area as a stop over for migration, NASA has determined that 
project may affect but is not likely to adversely affect the Red Knot. Because the Action Area 
serves as a breeding and nesting area for the Piping Plover, NASA has determined that the 
project may affect and is likely to adversely affect this species. 

The three listed whale species assessed in this BA (humpback, fin, and right whale) may traverse 
near or through the Action Area during migration although they tend to prefer deeper habitats 
than those of the Action Area. As such, there exists a small potential for incidental take should a 
collision with a dredge occur. However, dredge speeds are relatively low (no greater than 3 knots 
while dredging and 10 knots while empty). This should enable the operators to avoid whales by 
maneuvering to avoid a whale strike. Therefore, NASA concludes that the proposed action may 
affect, but is not likely to adversely affect the three listed whale species during the months they 
would possibly be in the Action Area.  

Four listed sea turtle species (leatherback, Kemp’s ridley, loggerhead, and Atlantic green) were 
assessed in this BA. Because these turtles are not known to successfully nest on Wallops Island 
beaches, the Proposed Action would not affect sea turtle nesting. Entrainment in drag heads is 
the primary risk regarding incidental take of sea turtles, although for the larger leatherback this is 
not a concern. Turtle deflectors, although not 100 percent effective, have been successfully used 
on dragheads to reduce the risk of sea turtles being captured and killed. The ranges and 
migratory movements of sea turtles are largely correlated with water temperature. Sea turtles are 
likely to be found in the Action Area between April and November of each year. Leatherback 
turtles are less affected by cold water temperatures and may stay in northern regions throughout 
the year. Therefore, NASA has determined that the Proposed Action may affect, and is likely to 
adversely affect the loggerhead and Kemp’s ridley sea turtles, and may affect, but is not likely to 
adversely affect the leatherback or Atlantic green sea turtles.  

Table 6 summarizes NASA’s determination of effects to federally protected species under the 
ESA. 
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Table 6:  Determination of Effects to Federally Protected Species 

Species Jurisdiction NASA’s Determination 
Seabeach amaranth USFWS May affect, not likely to adversely affect 
Red knot USFWS May affect, not likely to adversely affect 
Piping Plover USFWS May affect, likely to adversely affect 
Humpback whale NMFS May affect, not likely to adversely affect 
Fin whale NMFS May affect, not likely to adversely affect 
Right whale NMFS May affect, not likely to adversely affect 
Leatherback sea turtle NMFS/USFWS May affect, not likely to adversely affect 
Kemp’s ridley sea turtle NMFS/USFWS May affect, likely to adversely affect 
Loggerhead sea turtle NMFS/USFWS May affect, likely to adversely affect 
Atlantic green sea turtle NMFS/USFWS May affect, not likely to adversely affect 
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Description of the Proposed Action and Alternatives 
Environmental Impact Statement 

Shoreline Restoration and Infrastructure Protection Program 
at NASA Wallops Flight Facility, Wallops Island, Virginia 

March 2009 
 

Background 
The National Aeronautics and Space Administration (NASA) is currently preparing an 
Environmental Impact Statement (EIS) for its proposed Shoreline Restoration and 
Infrastructure Protection Program (SRIPP) at Wallops Flight Facility (WFF).  The U.S. 
Army Corps of Engineers (USACE) and the U.S. Minerals Management Service (MMS) 
have both been invited to participate as Cooperating Agencies in the preparation of the 
EIS and during all regulatory consultations.  NASA will serve as the Lead Agency.  The 
EIS is being developed to fulfill all three Federal agencies’ obligations under the National 
Environmental Policy Act of 1969 (NEPA) and the Council on Environmental Quality 
(CEQ) regulations for implementing NEPA (40 Code of Federal Regulations [CFR] Parts 
1500 through 1508). The purpose of this Description of Proposed Action and Alternatives 
document is to describe to interested parties the current Proposed Action and the 
alternatives, including the No Action Alternative, which will be considered in the EIS.   

Site Location 
WFF is located in the northeastern portion of Accomack County, Virginia, on the 
Delmarva Peninsula, and is comprised of the Main Base, Wallops Mainland, and Wallops 
Island (see Figure 1).  Wallops Island is bounded by Chincoteague Inlet to the north, 
Assawoman Island to the south, the Atlantic Ocean to the east, and estuaries to the west. 

History of Shoreline Erosion at Wallops Island 
Wallops Island has been subject to the effects of shoreline retreat well before NASA’s 
presence on the island was established in the 1940s, with measured losses averaging 
approximately 3.7 meters (12.2 feet) per year since 1857.  Shoreline retreat has been 
caused by both natural and man-induced processes.  The ocean has encroached 
substantially toward launch pads, infrastructure, and test and training facilities belonging 
to NASA, the U.S. Navy, and the Mid-Atlantic Regional Spaceport (MARS) (see Figure 
2).  

From 1857 (the date of the first U.S. Coast and Geodetic Survey’s shoreline survey) to 
1994, the southern part of Wallops Island has retreated approximately 400 meters (1,300 
feet). The photograph below (Photo 1) shows the extent of shoreline retreat from 1991 to 
2005.  Assawoman Island to the south has been impacted even more, with a shoreline 
retreat rate between 4.9 and 5.2 meters (16 and 17 feet) per year.  Chincoteague Inlet is 
currently a Federal navigation project and is dredged annually to a depth of 3.7 meters 
(12 feet) to keep the channel open for commercial fishing activities leaving the town of 
Chincoteague.  The predominant direction of longshore sediment movement is from north 
to south.  This longshore movement of sediment has caused sand spits to grow south of 
Assateague Island, forcing the inlet to curve southward. 
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Photo 1. 1991 Aerial Photo of Wallops Island Showing 2005 Extent of Shoreline 
Erosion. 

 
 

The large curved sand spit at the south end of Assateague Island, known as Fishing Point, 
is evidence of the dominant southward transport of sand.  The growing spit and the ebb 
and flood shoals of Chincoteague Inlet are an efficient sediment trap, allowing only about 
5 percent of the littoral sand transport to bypass to the south (M&N, 1992).  The 
consequence of this sand trap is that Wallops Island and the barrier islands to the south 
have been deprived of sediment and their shorelines have eroded – drastically in some 
cases. 

In the early 1960s and 1970s, NASA made several attempts to keep sand on the Wallops 
Island beach and prevent shoreline retreat by installing wooden groins.  These wooden 
groins were almost completely gone by the mid-1980s; their failure has been linked to the 
lack of a beach fill at the time of construction along with the lack of a regular monitoring 
and maintenance program and renourishment plan.   

In 1992, NASA obtained a permit from the Virginia Marine Resources Commission to 
construct a stone seawall for approximately 4,840 meters (15,900 feet) along the center of 
the island where most infrastructure is located (see Figure 2).  The seawall was thought to 
be a solution to the high rate of shoreline retreat and currently serves as protection from 
storm surge.  The seawall has provided substantial protection to the island’s 
infrastructure.  However, though this structure has halted the shoreline retreat, it has not 
halted the erosion of the underwater portion of the beach within the surf zone, which has 
created an over-steepened beach profile in the last 17 years and left the seawall 
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vulnerable to storm damage.  The seawall has deteriorated in spots due to settling and 
dislodgement of armor stone.  In addition, the structure is highly permeable because of 
large voids; these voids allow scouring on the landward side and the additional loss of 
sand.  Because of shoreline retreat, currently a large portion of the seawall is actually in 
the ocean and waves continually break on it. 

In 2007, NASA installed geotextile tubes (long cylinders composed of durable textile 
material that are filled with sand) along the shoreline as an emergency measure to slow 
down the transportation of sand off the beach and help protect onshore assets from wave 
action (see Figure 3).   

Despite the previous efforts, the ocean has continued to encroach substantially toward the 
valuable infrastructure on Wallops Island.  In calendar years 2006 and 2007, NASA 
prepared a Draft SRIPP Programmatic Environmental Assessment (PEA) to assess a wide 
variety of shoreline protection and flood control measures on the island.  The Draft PEA 
was issued for public comment in May 2007 – it was never finalized but will serve as a 
basis for developing the SRIPP EIS.  

  

Purpose and Need for the Proposed Action 
Purpose 
The purpose of the Proposed Action is to reduce the potential for damage to, or loss of, 
existing NASA, U.S. Navy, and MARS assets on Wallops Island. 

Need 
The Proposed Action is needed to ensure the continued ability of NASA, the U.S. Navy, 
and MARS to serve the nation’s rapidly growing civil, defense, academic, and 
commercial aerospace requirements.  Additionally, WFF and MARS are located within 
the only research range in the U.S. that is wholly controlled by NASA, and as a result, 
WFF is the only research range in the world that is solely under NASA control and 
focused on NASA’s schedule, budget, and mission objectives.   

Currently, assets on Wallops Island are valued at over $1 billion and are increasingly at 
risk from extensive shoreline retreat.  The risks to WFF could cause the interruption of 
missions and/or permanent loss of capabilities supported by the facility. The SRIPP 
would help reduce the risk to infrastructure on Wallops Island by restoring the shoreline, 
which would provide protection for infrastructure on the island. 
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Description of Alternatives   
Proposed Action 
The Proposed Action is to implement a long-term SRIPP to allow NASA and its partners 
to continue to utilize Wallops Island safely and complete their missions without 
interruptions.  NASA is considering the effects of implementing a range of reasonable 
alternatives, each of which is discussed below. Each alternative has two options: under 
alternatives that include beach fill, environmental impacts of dredging either Blackfish 
Bank or an unnamed shoal (referred to hereafter as Unnamed Shoal) will be analyzed; for 
alternatives that do not include beach fill, two options for sand retention structures are 
included. 

Summary Table of Proposed Action and Alternatives 
Alternative  Proposed Action Options 

Alternative 1 
(Preferred 
Alternative) 

Full Beach Fill, Terminal Groin, 
Seawall Extension 

Option 1 – Blackfish Bank Shoal 
Borrow Site 

Option 2 – Unnamed Shoal Borrow 
Site 

Alternative 2 Full Beach Fill, Detached 
Breakwaters, Seawall Extension 

Option 1 – Blackfish Bank Shoal 
Borrow Site 

Option 2 – Unnamed Shoal Borrow 
Site 

Alternative 3 Full Beach Fill Only Option 1 – Blackfish Bank Shoal 
Borrow Site 

Option 2 – Unnamed Shoal Borrow 
Site 

Alternative 4 Reduced Beach Fill, Terminal 
Groin, Seawall Extension 

Option 1 – Blackfish Bank Shoal 
Borrow Site 

Option 2 – Unnamed Shoal Borrow 
Site 

Alternative 5 Reduced Beach Fill, Detached 
Breakwaters, Seawall Extension 

Option 1 – Blackfish Bank Shoal 
Borrow Site 

Option 2 – Unnamed Shoal Borrow 
Site 

Alternative 6 Reduced Beach Fill Only  Option 1 – Blackfish Bank Shoal 
Borrow Site 

Option 2 – Unnamed Shoal Borrow 
Site 
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Alternative 1 (Preferred Alternative): Full Beach Fill, Terminal Groin, Seawall 
Extension 

The Proposed Action would involve an initial construction phase with follow-on 
renourishment cycles.  The initial construction phase would include three distinct 
elements: 

1) Extending Wallops Island’s existing rock seawall a maximum of 1,400 meters 
(4,500 feet) south of its southernmost point; 

2) Constructing a rock groin perpendicular to the shoreline in the vicinity of 
WFF’s southernmost property boundary; and 

3) Placing an estimated 2.3 million cubic meters (3 million cubic yards [cy]) of 
sand dredged from either of two shoals located offshore in Federal waters. 

Seawall Extension 
The seawall extension would likely be implemented first and would consist of the 
placement of 4.5- to 6.4-metric-tonne (5- to 7-ton) rocks parallel to the shoreline 
(approximate location of geotextile tubes in Figure 3). The seawall would be placed in-
line with and adjacent to the end of the existing seawall and would be installed in a 
straight line parallel to the shoreline. It would be placed in the beach (some rock slightly 
below the beach surface, the majority of rock sitting on top of the beach surface), and 
would be between 1.5 and 9 meters (5 and 30 feet) above the normal high tide water 
level, depending on the extent of existing shoreline retreat. 

Terminal Groin 
Groins are structures built from the shoreline out into the ocean and perpendicular to the 
beach. Approximately half of the groin would be installed in the beach itself, and the 
remainder would be placed in the ocean. A groin functions by slowing the water flow to a 
point where suspended sediment drops out of the water column and accumulates behind 
the structure. On Wallops Island, the prevailing longshore current would cause the 
sediment to deposit on the north side of the groin.  Photo 2 shows wood groins that were 
constructed in the1960s along Wallops Island (by the 1990s they had deteriorated to the 
point where their remnants were removed). 

To prevent the proposed groin from trapping sediment needed to replenish the shorelines 
of Assawoman Island and islands to the south, NASA would construct a groin that would 
allow some sediment that is entrained in the existing longshore transport system to pass 
through, over, and around the structure to be available to beaches to the south.  Given the 
quantities of beach fill included in the Proposed Action, the net sediment transport to the 
islands south of Wallops Island would equal or exceed pre-construction conditions. 

Groin construction would likely follow seawall construction and would involve the 
placement of rocks in a linear structure perpendicular to the shoreline at approximately 
the point where Wallops Island meets Assawoman Island (see Figure 3).   The rocks 
would be similar in size to those used for the seawall. 
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Photo 2. 1983 view looking north along Wallops Island showing wood groins (in 
poor condition) – the southern-most groins in this photo are approximately 100 
meters (330 feet) long.  

 
 

Beach Fill 
Sand placement (also referred to as beach nourishment) would be the final stage of the 
project and would likely involve removing sand from one of two shoals by hopper dredge 
and pumping the material onto the beach.  Fill placement would likely occur in a south to 
north direction and would extend for 6.8 kilometers (4.2 miles) north of WFF’s southern 
property boundary at Assawoman Island. During storm events, this new approximately 
21-meter (70-foot) wide beach would provide a surface to dissipate wave energy as well 
as providing additional sediment in the nearshore system.   

Two shoals, Blackfish Bank and Unnamed Shoal, are under consideration as sources of 
sand for the beach nourishment. Both shoals are located in Federal waters (see Figure 4). 
Sediment sampling analyses and a review of bathymetric data conducted by the USACE 
indicate that either of these shoals would provide adequate volumes and appropriately 
sized sediment for nourishment of the beach throughout the SRIPP’s 50-year design life. 
An advantage of using sand from offshore instead of nearshore sources is that it provides 
new material to the nearshore system; it augments the sediment budget rather than 
shifting sand from one area of the nearshore environment to another. 

Option 1 – Blackfish Bank Shoal Borrow Site  

Blackfish Bank Shoal is located approximately 8 kilometers (5 miles) east of Assateague 
Island and approximately 11 kilometers (7 miles) by boat from the proposed project site 
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(see Figure 4). Under Alternative 1, it could take up to 6 to 8 months to complete the 
initial phase of beach fill using two dredges running 24 hours per day.  

Option 2 – Unnamed Shoal Borrow Site  

Unnamed Shoal is located approximately 16 kilometers (10 miles) east of Assateague 
Island and approximately 21 kilometers (13 miles) by boat from the proposed project site. 
Under Alternative 1, it could take up to 8 to 12 months to complete the initial phase of 
beach fill using two dredges running 24 hours per day. 

Subsequent beach renourishment cycles would vary throughout the life of the Proposed 
Action.  Factors dictating the frequency and magnitude of such actions would include 
storm severity and frequency.  The exact locations and magnitude of renourishment 
cycles may fluctuate because of the dynamic nature of the ocean environment; therefore, 
additional NEPA documentation for future renourishment actions may be required and 
would be prepared, as appropriate.  For the purpose of this EIS, the renourishment cycle 
is anticipated to involve approximately 765,000 cubic meters (1 million cy) of sand every 
5 years.  The topography and bathymetry of the beach would be monitored on a regular 
basis to determine sand movement patterns and plan when renourishment is needed. 

Dredging would be accomplished using a hopper dredge (see Photo 3), which is a ship 
capable of dredging material, storing it onboard, transporting it to the disposal area, and 
pumping it on-shore.  Typically, two hopper dredges run at the same time – as one ship is 
dredging, the second ship would be offloading sediment on the beach. The hopper dredge 
fills its hoppers by employing large pumps to create suction in pipes that are lowered to 
remove sediment from the shoal bottom (the process very closely resembles that of a 
typical vacuum cleaner). The dredge then travels toward the placement site, moors to a 
buoy located near shore, and connects via hoses to a pipeline that extends to the shore. 
The dredge then mixes the dredged material with water to form a slurry and pumps the 
slurry through the hoses and pipeline to a designated discharge location at the placement 
site.   

 

Photo 3. Photograph of a self-propelled hopper dredge. Source: USACE, 2009 
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Alternative 2: Full Beach Fill, Detached Breakwaters, Seawall Extension 
Under Alternative 2, the beach fill and seawall extension would be the same as described 
under Alternative 1. Instead of a groin, a series of nearshore breakwater structures would 
be constructed at the south end of the Wallops Island shoreline. Nearshore breakwater 
structures reduce the amount of wave energy reaching a protected area.  The reduction in 
wave energy would reduce sediment transport to the south and therefore would produce 
sediment deposition and a shoreline bulge, known as a salient, in the sheltered area 
behind each breakwater (see Photo 4).  A reduced amount of longshore sediment 
transport would occur along the coast behind these breakwaters (Basco, 2006). 

Breakwaters are typically constructed parallel to the shoreline and sited approximately 30 
meters (100 feet) offshore.  The composition of the breakwater structures would be rock 
and they would be spaced approximately 37 meters (120 feet) apart along the 6.8 
kilometers (4.2 miles) of shoreline where the initial phase of beach fill has been 
completed.  It would take approximately 1 month to build a single breakwater. 
Construction would take place in the water using a barge and heavy lifting equipment.   

The two options under Alternative 2 would be identical to Option 1 – Blackfish Bank 
Shoal Borrow Site and Option 2 – Unnamed Shoal Borrow Site under Alternative 1.  

 

Photo 4. Photograph of breakwaters and salients forming behind them at Presque 
Isle, PA (Mohr, 1994). 
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Alternative 3: Full Beach Fill Only 
Under Alternative 3, the beach fill element described under Alternatives 1 and 2 would 
be implemented but no sand retention structures (groin, breakwaters, or seawall) would 
be constructed. Alternative 3 includes the identical Options 1 and 2 for dredging 
Blackfish Bank or Unnamed Shoal that are described under Alternatives 1 and 2.  

Compared to Alternatives 1 and 2, this alternative would require more frequent cycles of 
beach renourishment and/or larger amounts of sand to be placed during each beach fill 
cycle because there would be no sand retention structures to prevent the loss of sand from 
erosion. The absence of sand retention structures would result in a larger amount of sand 
being available for erosion and longshore transport.  The frequency of beach nourishment 
would be determined by the amount of fill placed each time and by the number and 
severity of storm events.   

Alternative 4: Reduced Beach Fill, Terminal Groin, Seawall Extension 
Under Alternative 4, NASA would place sand on Wallops Island along a shorter distance  
compared to the 6.8 kilometers (4.2 miles) proposed under Alternatives 1, 2 and 3.  The 
area of beach fill under this alternative would extend a maximum of 3.4 kilometers (2.1 
miles) and would be located in front of the existing rock seawall where the shoreline 
erosion is the most severe. Sand retention structures would include a groin and seawall 
extension, as described under Alternative 1. 

Regarding location of borrow sites, Options 1 and 2 under this alternative are the same as 
described under Alternatives 1, 2 and 3. However, an estimated 1.2 million cubic meters 
(1.5 million cy) of fill material would be dredged from either of the two offshore shoals 
located in Federal waters. For the purpose of this EIS, the renourishment cycle is 
anticipated to involve approximately 380,000 cubic meters (500,000 cy) of sand every 
five years.  The topography and bathymetry of the beach would be monitored on a regular 
basis to determine sand movement patterns and plan when renourishment is needed. 

The length of a beach fill area is a key parameter in determining how long the fill will 
last. A “long” or “full” fill loses much less of a percentage of its volume in a given time 
interval than a shorter fill (USACE, 2006).  At Wallops Island, a rectangle-shaped fill’s 
half-life (the time it would take for the fill to lose 50 percent of its volume) is estimated 
to be 8.7 years for the full 6.8 kilometer (4.2 mile) fill, 2.17 years for 3.4 kilometer (2.1 
mile) fill, and only 0.54 years for 1.7 kilometer (1 mile) fill. In other words, a fill 
covering only a quarter of the 6.8 kilometer (42 mile) area would likely lose half of its 
volume in about 6 months (USACE, 2006). 

Alternative 5: Reduced Beach Fill, Detached Breakwaters, Seawall Extension 
Under Alternative 5, the beach fill element would be the same as described under 
Alternative 4, including Options 1 and 2; approximately 3.4 kilometers (2.1 miles) of 
shoreline would receive beach nourishment. Sand retention structures would include up 
to five detached breakwaters and the seawall extension, as described under Alternative 2. 
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Alternative 6: Reduced Beach Fill Only 
Under Alternative 6, the beach fill element would be the same as described under 
Alternatives 4 and 5, including Options 1 and 2; approximately 3.4 kilometers (2.1 miles) 
of shoreline would receive beach nourishment. As no sand retention structures would be 
constructed, this alternative would require more frequent cycles of beach renourishment 
and/or larger amounts of sand to be placed during each beach fill cycle. 

 

Alternatives Considered and Dismissed 
Beach Fill Utilizing Near-Shore Borrow Site 
The USACE conducted sediment sampling in the nearshore environment east of Wallops 
Island in 2006 to determine if that area would provide a suitable sand source for beach 
nourishment. The grain size distribution of the sediment in the sampling area is finer than 
sand that would be ideally suited for beach nourishment; finer grained sediments are 
more vulnerable to storm waves and thus suspension and longshore transport would occur 
(USACE, 2008). While this alternative would slow the shoreline erosion, critical 
infrastructure would remain at risk especially during storm events, and the cycles of 
renourishment would be much more frequent (potentially every 1 to 2 years); therefore, 
this alternative does not meet NASA’s SRIPP purpose and need.  

Chincoteague Inlet was also considered as a possible sediment source early in this 
process, especially because it is periodically dredged by the USACE under the Federal 
Navigation Project and is near Wallops Island. The sediment in the inlet contains a 
significant proportion of fine-grained material (silts and clays) and is not the ideal grain 
size suited for beach fill (USACE, 2006). Because fine-grained material is more 
vulnerable to storm waves and thus suspension and transport, sediment dredged from 
Chincoteague Inlet would require a higher overfill ratio to accommodate the higher rate 
of loss of the fine-grained material compared to sand. The volume of sediment 
periodically dredged from Chincoteague Inlet would not meet the needs of the SRIPP. 

Additionally, the nearshore environment off of the northern portion of Wallops Island, 
immediately south of and including Chincoteague Inlet, contains known historic World 
War II target ranges from the shoreline up to 5 miles offshore. These historic ranges 
contain munitions and explosives of concern (MEC) that are buried in the sea bottom. 
Magnetometer surveys could be used to delineate the extent of the MEC and allow 
dredging in the area to occur but this would add significant cost to the dredge program 
and the safety risks associated with these areas would be high. Because of the hazard 
potential, the areas with potential for MEC were removed from consideration for beach 
nourishment borrow sites.  

Sand Retention Structures Only 
The construction of sand retention structures without beach fill was considered but 
dismissed because it would not involve adding sand to the beach (and therefore to the 
longshore transport system) – and thus would not reduce the risk of shoreline retreat to 
infrastructure on Wallops Island. A sediment budget analysis conducted by Moffat & 
Nichols in 1986 determined that Wallops Island loses over 150,000 cubic meters 
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(196,000 cy) of sand from the shoreline per year. The sand retention structures would 
help reduce the loss but would not stop it entirely. 

Beach Prisms/Beach Beams 
This alternative would involve placing pre-cast concrete triangular beach prisms or 
triangular open-lattice beach berms along the Wallops Island shoreline.  Though this 
method would provide some protection during normal storm events, beach prisms and 
beach berms tend to be knocked over and sink during larger than normal storm events.  In 
1988, NASA and the U.S. Navy installed two proprietary structures designed to serve as 
sills to retain sand on the shore. These were the “Beach Prism,” a precast concrete 
triangular prism, and the “Beach Beam,” a concrete triangular-shape open lattice. The 
shore was then monitored by Moffat & Nichols, Inc., who concluded, “The Beach Beams 
and Beach Prisms have been only marginally successful. Therefore, their continued use to 
protect critically needed facilities at Wallops Island is not advised” (M&N, 1989). 

Because this alternative is likely to fail during large storm events, conditions under this 
alternative would be no different from the existing conditions on the island and critical 
infrastructure would remain at risk; therefore, this alternative does not meet NASA’s 
SRIPP purpose and need. 

Relocating At-Risk Infrastructure 
This alternative would involve moving all critical infrastructure further inland.  The 
geographical location of Wallops Island provides the public with safety hazard buffers for 
conducting NASA, and partner missions including rocket launches, testing, and research 
activities.  While this alternative would reduce the risk to critical infrastructure from 
storm events, the public would be exposed to unacceptable safety risks, which would not 
be in compliance with Federal range regulations. Further more, this alternative would be 
cost prohibitive and highly disruptive to WFF operations.   

Critical Structure Ring Levees 
This alternative would protect important structures by building dikes or levees around 
them. This approach is used in many places in the Mississippi River Valley, where gas 
pumping stations and microwave transmission facilities have their own levees. Pumps 
would need to be installed within each levee zone to pump rainwater out of the system 
and roadways would have to be built up and over the levees.  While these structures 
would protect critical infrastructure during floods, they may become isolated and possibly 
inaccessible until flood waters retreat.  Long-term maintenance would be required to 
maintain the structural integrity of the levees. Though this approach would provide flood 
protection, shoreline erosion would continue to occur, and infrastructure on Wallops 
Island would remain at risk of shoreline retreat; therefore, this alternative would not meet 
the purpose and need of the SRIPP.   

Sinking of Old Railroad Cars or Ships  
This alternative consists of sinking old railroad cars or ships filled with sand near the 
shoreline, which would theoretically reduce wave action and release sand gradually into 
the system.  Typically, this method is more successful in deeper waters as a method of 
constructing artificial reefs.  However, the water near Wallops Island is relatively 
shallow, and over time, corrosion and nearshore wave action would cause pieces of these 
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vehicles to break off.  Large pieces of metal carried by wave action to the nearby tourist 
beaches would create safety hazards.  The vehicles would also create obstructions 
underwater that cannot be seen by watercraft.  For these reasons, this alternative is not 
considered to be feasible for the shallow waters along the Wallops Island shoreline. 

 

No Action Alternative 
Under the No Action Alternative, the SRIPP would not be conducted on Wallops Island, 
but maintenance and emergency repairs to existing structures would continue. Emergency 
actions may include hauling in additional rock to add to the existing seawall, hauling and 
placing sand on the beach or behind existing shoreline protection, installing sheet piling 
in or near the high tide level, or emergency geotextile tube installation. Under this 
alternative, the seawall can be expected to continue to deteriorate and will be increasingly 
vulnerable to massive failure during large storm events. 

Over $1 billion in NASA, U.S. Navy, and MARS equipment, buildings, and 
infrastructure would continue to be at increasing risk.  Maintenance and emergency 
repairs to structures and the seawall would continue to be required.  Shoreline retreat 
would continue.  Operations at facilities may be disrupted during severe storm events 
from wave overtopping and flooding.  The danger to the MARS facility in the southern 
portion of the island would increase due to the rapidly retreating shoreline in that area. 

 

Public Participation 
NEPA states that “There shall be an early and open process for determining the scope of 
issues to be addressed and for identifying the significant issues related to the proposed 
action.”  Stakeholders and the general public will be engaged as this project is developed. 
Stakeholders include Federal, state and local governments, business interests, 
landowners, residents, and environmental organizations.  

NASA published a Notice of Intent to prepare the SRIPP EIS and conduct scoping in the 
March 24, 2009 edition of the Federal Register (FR).  During the preparation of the EIS, 
NASA will provide several opportunities for public and stakeholder involvement, the first 
of which is a public scoping meeting to be held at the WFF Visitor’s Center on April 21, 
2009 from 6:00 to 9:00 p.m.  Additionally, the public will have the opportunity to review 
and comment on the Draft SRIPP EIS expected to be available in the Fall of 2009. The 
Final SRIPP EIS is planned for completion in the Spring of 2010.  As Draft and Final 
versions of the EIS are released, Notices of Availability will be published in the FR and 
local newspapers to ensure that the public is aware of the document’s progress.  Also, 
throughout the duration of the EIS process, NASA will maintain an updated website that 
will provide the public with the most up to date project information.  The website may be 
accessed at http://sites.wff.nasa.gov/code250/shoreline_eis.html.  
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6:30 through 7:30 p.m. 
 
         1    Presentations by: 
 
         2 
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         4          Dr. John Campbell, NASA Wallops Flight Facility 
 
         5                 Director 
 
         6          Caroline Massey, Assistant Director of 
 
         7                 Management Operations for NASA Wallops 
 
         8          Paul Bull, Shoreline Restoration Project Manager 
 
         9          Josh Bundick, NASA Wallops Environmental Office 
 
        10          Dr. David King, U.S. Army Corps of Engineers 
 
        11 
 
        12 
 
        13          Also present: 
 
        14                 Tracy Hand, RPR, meeting recorder 
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7:30 through 8:00 p.m. 
 
         1                 MR. KOEHLER:  For the next 30 minutes, we 
 
         2    will open up the meeting for questions.  For the sake 
 
         3    of time, please only ask one question at a time.  If 
 
         4    you have more questions, you may ask them once other 
 
         5    members of the audience have had an adequate 
 
         6    opportunity to speak, and questions and responses will 
 
         7    be limited to three minutes or less. 
 
         8                 So we can begin that.  Just raise your 
 
         9    hand and I'll call on you.  Any questions? 
 
        10                 SPEAKER:  What's the level 
 
        11    of protection are you looking for, hundred-year storm 
 
        12    or elevation wise? 
 
        13                 DR. KING:  The modeling that I have done 
 
        14    can't answer that question precisely.  It can come 
 
        15    close.  The beach fill by itself that I have designed, 
 
        16    I have looked at a whole lot of alternatives, and the 
 
        17    criteria was that the beach fill alone could withstand 
 
        18    the impact of what we looked at from the historical 
 
        19    record is the equivalent of a 30-year storm; however, 
 
        20    the project itself consists of both the beach fill, 
 
        21    the sand itself, and the seawall. 
 
        22                 If it's bigger than a 30- to 40-year 
 
        23    storm, then it's going to expose the seawall.  But 
 
        24    what the concept of what I have been modeling is that 
 
        25    we're changing the seawall from what is currently the 
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         1    only line of defense that we have on the island to the 
 
         2    last line of defense, and this will bring it up to -- 
 
         3    I suspect if I say a number here, it's going to get 
 
         4    quoted everywhere, so I can say maybe (whispering), 
 
         5    but, yes, something significantly over 30-year storm. 
 
         6                 MR. KOEHLER:  Okay.  Next question. 
 
         7                 SPEAKER:  I don't quite 
 
         8    understand the purpose of building a groin that lets 
 
         9    the sand through.  To me that's like building a leaky 
 
        10    boat. 
 
        11                 I mean, the purpose of a groin is to stop 
 
        12    the sand, and the purpose of the boat is to keep the 
 
        13    water out.  You know, how do you determine how much 
 
        14    you're going to allow to go through?  And, you know, 
 
        15    seems like to me it's going to be awful hard to 
 
        16    fine-tune that so that you're not creating a much 
 
        17    worse problem south of you with this groin. 
 
        18                 DR. KING:  You can certainly build an 
 
        19    impermeable groin.  You can put a wall out there that 
 
        20    will survive for at least a decade or two that will go 
 
        21    out and basically stop the sand coming through. 
 
        22                 But by primarily building a short groin 
 
        23    or building a low groin, you can allow sand to pass 
 
        24    through that groin. 
 
        25                 The idea is that we know what the erosion 
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         1    rate on Assawoman Island is now.  We want the model 
 
         2    that we come up with that we recommend to pass more 
 
         3    sand than is passing the south end of Wallops onto 
 
         4    Assawoman Island now so that there are no -- we're not 
 
         5    exacerbating the erosion. 
 
         6                 The idea of the groin is to hold a 
 
         7    certain percentage of the sand that we've got so that 
 
         8    we don't have massive amounts of sand dumping onto the 
 
         9    north end of Assawoman Island because the beach fill 
 
        10    is going to be sticking out on Wallops Island.  Now, 
 
        11    there's going to be a substantial offset in the beach, 
 
        12    and the idea is to hold most of that sand. 
 
        13                 And this is primarily a question of 
 
        14    economics.  We could build the thing without a groin, 
 
        15    but we would have to end up putting a whole lot more 
 
        16    sand on Wallops Island because a lot more is going to 
 
        17    spill onto Assawoman; it's going to leak out the ends. 
 
        18                 And to answer your question, for several 
 
        19    reasons, designing the groin that does exactly what we 
 
        20    want to do, we don't have that technology right now. 
 
        21    We can come pretty close, but that's what the 
 
        22    monitoring program is.  If we're saying, gee, you 
 
        23    know, not enough sand is bypassing, that will cause 
 
        24    some problems on Assawoman Island. 
 
        25                 And the monitoring is not just on 
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         1    Wallops.  The monitoring is on Wallops and Assawoman, 
 
         2    and, frankly, I would like to see additional modeling 
 
         3    on the -- excuse me, initial -- additional monitoring 
 
         4    on the south end of Assateague Island just to make 
 
         5    sure we understand what's happening in all these 
 
         6    locations and we can be able to see that, okay, now we 
 
         7    have a clear picture of what's going on. 
 
         8                 When we have a renourishment, it may be 
 
         9    that we need to put sand on the north end of Assawoman 
 
        10    Island.  We don't expect that right now, but that is 
 
        11    certainly one of the contingencies that we can deal 
 
        12    with if this groin doesn't allow enough sand to pass. 
 
        13                 That doesn't seem likely from looking at 
 
        14    my modeling, but it's one of the contingencies we can 
 
        15    deal with. 
 
        16                 MS. MASSEY:  One supplemental comment on 
 
        17    the economics situation:  When NASA is working with 
 
        18    the Corps, we have to pick the most efficient and 
 
        19    effective model.  I mean, you know, we are spending 
 
        20    the taxpayers' dollars. 
 
        21                 So this is all -- the most important part 
 
        22    of this project and the most expensive part of this 
 
        23    project is the beach fill.  And we're certainly not 
 
        24    going to spend all that money to introduce all this 
 
        25    sand into the system and let it just erode at the same 
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         1    rate it is eroding today. 
 
         2                 So you're right, the challenge is in the 
 
         3    design and, also, the monitoring to get that sand 
 
         4    retention structure, whatever it ultimately is. 
 
         5                 But NASA would find it almost impossible 
 
         6    to do this project without some type of sand retention 
 
         7    structure because, otherwise, our renourishment cycle 
 
         8    would be every two years, and that's cost prohibitive; 
 
         9    we couldn't possibly afford that. 
 
        10                 MR. KOEHLER:  Yes. 
 
        11                 SPEAKER:  Caroline, are you 
 
        12    going to then reserve the capability to modify the 
 
        13    design of the groin over a period of years; in other 
 
        14    words, go back and decide to change it if, in fact, it 
 
        15    appears that there's going to be sand required on 
 
        16    Assawoman and that you are losing too much off your 
 
        17    beach?  In that situation, would you go back and 
 
        18    reserve the capability of going back and making it 
 
        19    less pervious? 
 
        20                 MS. MASSEY:  Well, Dr. King or Paul will 
 
        21    have to comment on technically how we would do that, 
 
        22    but the discussion we have had is, as part of the 
 
        23    long-term monitoring program, there will be several 
 
        24    alternatives that we could select based on either the 
 
        25    storms.  You know, if we had an unusually high period 
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         1    of storms or an unusually low period of storms, it 
 
         2    will be the long-term monitoring and the effects that 
 
         3    we see that will drive the types of mitigation 
 
         4    measures that we will report.  I mean, and we will 
 
         5    have a variety of them. 
 
         6                 Technically I can't speak to how the 
 
         7    groin could be modified.  I mean, it could be taken 
 
         8    out I guess would be the worst case. 
 
         9                 MR. BULL:  What I asked Josh to do is put 
 
        10    the cross section of our beach again that we typically 
 
        11    would do. 
 
        12                 Dr. King talked a little bit about the 
 
        13    groin.  The idea behind the project is three different 
 
        14    phases.  We have a first element is going to be 
 
        15    extending the seawall south. 
 
        16                 Second element is probably just the beach 
 
        17    fill, to put in targeted beach fill to replace this 
 
        18    volume of sand. 
 
        19                 The third element would be the final 
 
        20    beach fill, which will put in the target fill and the 
 
        21    fill that would be left to go up and down the beach as 
 
        22    it pleases. 
 
        23                 The groin will be designed and built 
 
        24    during that third phase, when you're putting the sand 
 
        25    on the beach so you know economically how much sand 
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         1    you are going to put on the beach so you know how to 
 
         2    design a groin that allows -- that basically comes 
 
         3    out, right now we're thinking 200 feet.  This is in 
 
         4    meters, right here. 
 
         5                 This sand here is the sand that's subject 
 
         6    to go north or south.  So the idea behind the groin is 
 
         7    to retain your target volume at all times the best you 
 
         8    can.  And the way we are phrasing it, we hope we've 
 
         9    left ourselves enough wiggle room to the third phase, 
 
        10    which is we are not building the groin until the end 
 
        11    after we understand how much funding we have, what the 
 
        12    bids are coming back, so we put in the last two 
 
        13    elements of the fill and the groin at the same time, 
 
        14    so we don't put in too little sand and too much of a 
 
        15    groin. 
 
        16                 So the idea again is to put a groin in 
 
        17    that retains the target fill, allows the sand that's 
 
        18    basically sacrificed. 
 
        19                 MR. KOEHLER:  Thank you.  Yes. 
 
        20                 SPEAKER:  Have you 
 
        21    considered putting any vegetation on the beach to help 
 
        22    stabilize the sand, keep it from blowing away? 
 
        23                 MS. MASSEY:  We have done that.  We also 
 
        24    have a seawall there. 
 
        25                 DR. KING:  That's certainly a component 
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         1    of this.  It is not high on my list of viable 
 
         2    alternatives.  Perhaps in places. 
 
         3                 The problem is that most of this fill you 
 
         4    are not going to see.  Most of the fill is actually 
 
         5    under water, and it's building the -- when most people 
 
         6    think of a beach, they think of the dry beach, but the 
 
         7    beach really extends out to what is the conceptual 
 
         8    depth of closure. 
 
         9                 And on the right-hand panel there, that 
 
        10    horizontal line in the middle is sea level, and you 
 
        11    can see how much the fill is above water and below 
 
        12    water. 
 
        13                 And, yes, to help stabilize the dune, you 
 
        14    can plant vegetation.  It's a good idea.  My concern 
 
        15    is that this isn't a design that has lots of extra 
 
        16    room in it, and like I'm saying, every -- on the order 
 
        17    of every 30 years there's going to be major 
 
        18    destruction to this whole beach.  And so planting 
 
        19    vegetation there is not going to protect this. 
 
        20                 But, yes, over the short-term, if we are 
 
        21    lucky and we hit long periods where we don't have lots 
 
        22    of storms, then, yes, planting high in the beach makes 
 
        23    sense. 
 
        24                 And it will help hold some of the sand, 
 
        25    but most plantings occur up in the dunes and not 
 
 
                                TAYLOE ASSOCIATES, INC. 



 
                                                                  11 
 
 
         1    necessarily on the seaward phase of the -- seaward 
 
         2    most dune. 
 
         3                 And even though we are putting a lot of 
 
         4    sand down here, we don't have, you know, several rows 
 
         5    of dunes there.  If we were putting that much out, 
 
         6    yeah, certainly stabilizing that area would be very 
 
         7    effective, but we're not putting enough out there -- 
 
         8    we can't afford it -- to really protect stuff in the 
 
         9    real long-term.  We expect this dune to get at least 
 
        10    portions of it attacked on occasion during big storms. 
 
        11                 MR. KOEHLER:  Thank you.  Okay. 
 
        12                 SPEAKER:  Is the beach 
 
        13    monitoring program going to be confined solely to 
 
        14    Assawoman, or are you going to look at the impacts to 
 
        15    the south as well, Metompkin? 
 
        16                 DR. KING:  The monitoring program that 
 
        17    I'm recommending will, for at least the first few 
 
        18    years, have a wave measuring device associated with 
 
        19    it.  Those are fairly expensive, and I don't expect 
 
        20    that we would need that kind of information for the 
 
        21    50-year lifetime of this project.  But for the first 
 
        22    few years it would include that. 
 
        23                 It would include beach profiling at some 
 
        24    level, probably more than once a year, of just going 
 
        25    out and taking cross-sections, if you will, of what 
 
 
                                TAYLOE ASSOCIATES, INC. 



 
                                                                  12 
 
 
         1    the profile is out to depth of closure.  And that 
 
         2    should be primarily confined to Wallops Island. 
 
         3                 The third component is to just measure 
 
         4    the shoreline.  The standard ways to do that now are 
 
         5    you just get a four-wheeler with a GPS unit on it, 
 
         6    logger on the back, and somebody gets the very 
 
         7    enjoyable task of driving right at the edge of the 
 
         8    waterline. 
 
         9                 And I would like to see that on Wallops 
 
        10    Island.  I would like to see that for the length of 
 
        11    Assawoman Island.  I would also like to see that on 
 
        12    the Fishing Point and in Tom's Cove area of Assateague 
 
        13    Island.  And that, again, would be once, maybe twice, 
 
        14    maybe three times a year. 
 
        15                 MR. BUNDICK:  And, actually, at this 
 
        16    point we are very early in the discussion, but, you 
 
        17    know, there are certainly opportunities we recognize 
 
        18    to work with academia, the Marine Science Consortium, 
 
        19    some of the local -- LTER, if that would be the case, 
 
        20    to maximize the opportunities for reaching out from 
 
        21    our immediate project site. 
 
        22                 MR. KOEHLER:  Yes. 
 
        23                 SPEAKER:  The models that 
 
        24    you-all have run to measure this 30-year storm, give 
 
        25    or take a little bit, is that based on a continuation 
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         1    of historical data and phenomena, or does it 
 
         2    acknowledge the impacts of climate change and, if so, 
 
         3    how? 
 
         4                 DR. KING:  What we have based our design 
 
         5    on is the historical data set.  And, yes, there's lots 
 
         6    of discussion in the literature that we are coming 
 
         7    into a period that is stormier than there has been in 
 
         8    the past.  It's hard to address that to say just how 
 
         9    much stormier we expect it to be. 
 
        10                 We have good data going back for 
 
        11    nor'easters for about 60 years, back to about 1950. 
 
        12    We have good data on what their magnitude is, how -- 
 
        13    what kind of waves, what kind of water levels they 
 
        14    produce. 
 
        15                 We have good data on hurricanes back for 
 
        16    about a hundred and fifty years.  Those two types of 
 
        17    storms were used to look at these various profiles 
 
        18    that I said, okay, you know, what does this suite of 
 
        19    historical storms do to this profile?  What does it do 
 
        20    to this profile? 
 
        21                 And that's the reason that we rejected 
 
        22    some of the smaller fills, saying that this doesn't 
 
        23    provide the level of protection that we need. 
 
        24                 But the renourishment that we are 
 
        25    including, we do include a component of renourishment 
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         1    that allows for sea level rise, that we have projected 
 
         2    sea level rise in this area.  And so the amount of 
 
         3    fill that we're putting back on the beach every 
 
         4    five years or so, we're adding in incremental amounts 
 
         5    to that to say that we don't want to match what the 
 
         6    profile should be relative to sea level today but what 
 
         7    it's going to be at each interval into the future. 
 
         8                 But, no, that's a very valid point that 
 
         9    our data set that we're modeling against may not be 
 
        10    the best one we can use; however, it's very unclear 
 
        11    what the best one should be. 
 
        12                 MR. KOEHLER:  Next question.  Yes. 
 
        13                 SPEAKER:  Paul, I had a 
 
        14    question here on your summary table of proposed action 
 
        15    and alternatives. 
 
        16                 You have done a very nice job of telling 
 
        17    us why the alternatives that you did not consider were 
 
        18    discarded, but you haven't done anything to explain 
 
        19    why you chose the preferred alternative one and what 
 
        20    you thought the other alternatives, why they were not 
 
        21    sufficient or why they were less desired for you.  And 
 
        22    I would hope that you would do that at some time 
 
        23    during your presentation that you put on your website. 
 
        24                 MR. BULL:  I will about the preferred 
 
        25    alternative.  The preferred alternative has the right 
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         1    combination of economic, what we can afford, and what 
 
         2    it protects, the level of protection it provides. 
 
         3                 It's just in the engineering field, 
 
         4    that's first thing you look for, cost benefit 
 
         5    analysis.  Unfortunately in engineering as well, 
 
         6    everything is not cut and dry engineering.  What makes 
 
         7    the most sense when you sit down with a calculator and 
 
         8    pen and pencil is not what you have to budget for. 
 
         9                 So Number 1 is combination of what we 
 
        10    want to do and the budget we have, which has the best 
 
        11    mix of those two features. 
 
        12                 SPEAKER:  Really what you 
 
        13    are saying then is that some of the features of the 
 
        14    other alternatives may, in fact, provide better 
 
        15    protection for you over the long-term. 
 
        16                 MR. BULL:  Not exactly.  For instance, 
 
        17    some of the bottom alternatives don't fill the beach 
 
        18    the entire distance.  That doesn't appear to be -- 
 
        19    while it may cost less, does not appear to be the 
 
        20    smartest thing technically to do. 
 
        21                 DR. KING:  It doesn't provide the level 
 
        22    of protection that we need. 
 
        23                 MS. MASSEY:  This is not the lowest cost 
 
        24    option.  It is probably about the mid range, but it is 
 
        25    that combination of the factors and the level. 
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         1                 We could spend more, but the level of 
 
         2    protection providing us did not go up commensurate 
 
         3    with the budget.  I mean, we have a table of, gosh, 
 
         4    how many options?  I think hundreds.  And this was the 
 
         5    one that any improvement major money more was 
 
         6    negligible in the amount of guarantee it would buy us. 
 
         7                 MR. KOEHLER:  Okay.  Next question.  In 
 
         8    the back.  Go ahead. 
 
         9                 SPEAKER:  Where are you 
 
        10    right now in terms of the federal funding?  What's the 
 
        11    future in terms of your federal funding? 
 
        12                 MS. MASSEY:  Right now we have secured 
 
        13    funding for the -- I mean, obviously, you know, when 
 
        14    we say these things, I mean, the President approves 
 
        15    the federal budget.  In fact, President Obama just 
 
        16    approved NASA's budget about a month ago. 
 
        17                 So when I say we have funding for this, 
 
        18    it is all contingent on subsequently what Congress and 
 
        19    the President come to agreement on. 
 
        20                 But the way NASA's process works is you 
 
        21    have to go in and advocate, like right now we are 
 
        22    getting ready to go get money for 2012 projects, and 
 
        23    so we actually -- we had some '09 funding, which, 
 
        24    because we wanted to invest the extra time in the 
 
        25    environmental planning when we moved to an EIS level 
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         1    plan, we wanted to take the extra time because of the 
 
         2    impacts. 
 
         3                 So we actually are going to have to defer 
 
         4    the funding that we were given in '09 to '10.  We have 
 
         5    a committed level of funding in '10 that will probably 
 
         6    cover most of the first phase of the construction. 
 
         7                 We have a commitment for the first phase 
 
         8    of the beach fill, and then, of course, we have to go 
 
         9    advocate -- you can see in the time line, the 2012 on 
 
        10    his slide, phase two construction, you see that time 
 
        11    frame there is 11 and 13. 
 
        12                 So I can tell you for the Goddard Space 
 
        13    Flight Center, which we were part of, this is one of 
 
        14    their highest priority projects; it is also one of the 
 
        15    highest priority projects of NASA. 
 
        16                 Every year NASA has about a hundred -- 
 
        17    NASA as a whole, that includes Johnson, Kennedy, 
 
        18    everywhere, has about a hundred and eighty million 
 
        19    dollars that they divide up.  They divide those 
 
        20    projects based on risks.  This project rates one of 
 
        21    the highest within NASA because of the severe risk 
 
        22    that NASA's assets are that are driving us being able 
 
        23    to get the funding. 
 
        24                 So I am very confident that we will get 
 
        25    that final phase of funding.  It is mostly just a 
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         1    timing issue because of how our congressional budget 
 
         2    goes. 
 
         3                 MR. BULL:  The design and construction 
 
         4    that we have laid out here follows construction.  We 
 
         5    don't -- like Dr. King tried to get across in his 
 
         6    presentation, they have learned, you can't put a groin 
 
         7    out there and don't do beach fill. 
 
         8                 So we are doing our first phase is 
 
         9    extending the seawall, drawing a proverbial line in 
 
        10    the sand, which potentially will do nothing else but 
 
        11    hold back the sea for so much time. 
 
        12                 Phase II will be the first part of the 
 
        13    beach fill.  And, again, Caroline said that funding is 
 
        14    already in place. 
 
        15                 And Phase III, which we have a promise 
 
        16    for, but like Caroline says, is always up in the air 
 
        17    no matter -- the government is the government -- that 
 
        18    happens, again the last set of beach fill and then the 
 
        19    groins. 
 
        20                 We don't do things that make bad sense 
 
        21    for the projects we are trying to talk about.  We are 
 
        22    not trying to hurt the situation.  So putting sand in 
 
        23    the system is one thing, but like Dr. King says, we 
 
        24    learned lessons about the groins and not putting sand 
 
        25    out there, so we are trying to phase the project so if 
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         1    funding falls short, we are not left out there 
 
         2    hanging. 
 
         3                 MS. MASSEY:  We also are having a 
 
         4    discussion on the renourishment because that is a 
 
         5    fairly significant slug of money every five to 
 
         6    seven years as well. 
 
         7                 NASA understands the technical reasons we 
 
         8    have to do that.  We actually are going to be talking 
 
         9    to our partners, Navy MARS, because, actually, it is 
 
        10    protecting their assets. 
 
        11                 NASA has made a commitment to fund the 
 
        12    first part of the project, and we are talking to them 
 
        13    about how we are going to make the commitment for 
 
        14    renourishment. 
 
        15                 MR. KOEHLER:  Thank you. 
 
        16                 DR. KING:  The way this is laid out in 
 
        17    Phase I and Phase II, that if the worst case scenario 
 
        18    comes through and you don't get the funding that we 
 
        19    expect every year, we've specifically looked at it, 
 
        20    okay, well, are we going to do any harm by leaving the 
 
        21    project partially done in this state. 
 
        22                 And that's the reason that we have 
 
        23    developed doing it this way, that the first year 
 
        24    there's a fairly small amount of money available, and 
 
        25    it's just going to extend the seawall. 
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         1                 In the second year we don't expect to 
 
         2    have enough money to do the entire beach fill project, 
 
         3    so we're going to spend everything we can get the 
 
         4    second year on beach fill. 
 
         5                 And then only when we've secured money 
 
         6    for the third year will we finish the beach fill and 
 
         7    put in the hard structures. 
 
         8                 MR. KOEHLER:  Thank you.  I have one down 
 
         9    here.  Go ahead. 
 
        10                 SPEAKER:  I would assume you 
 
        11    are aware there is an artificial reef out there off of 
 
        12    Blackfish Bank? 
 
        13                 DR. KING:  Yes. 
 
        14                 SPEAKER:  I just wanted to 
 
        15    make sure you are going to protect that? 
 
        16                 MR. BUNDICK:  Yes. 
 
        17                 MR. BULL:  Yes. 
 
        18                 SPEAKER:  We spent a lot of 
 
        19    effort making that, and we would hate to see it 
 
        20    destroyed in some way. 
 
        21                 MR. BUNDICK:  Absolutely.  And that is, 
 
        22    again, part of the several different components of the 
 
        23    studies we are doing.  We are talking to folks, 
 
        24    charter captains, people in Ocean City, Jersey when 
 
        25    they come down, figuring out where the primary areas 
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         1    for the fishing.  And, obviously, the artificial reefs 
 
         2    are number one on the list.  We have an offshore -- I 
 
         3    like to drift for large flounders out there as well. 
 
         4                 Again, we are trying to get the issues up 
 
         5    front so that when we are working with the Corps when 
 
         6    it comes time we can figure out what a dredge plan 
 
         7    might look like so we can avoid whatever those areas 
 
         8    might be. 
 
         9                 Same thing would go if we uncover a ship 
 
        10    wreck or a pile of rocks we didn't know was out there, 
 
        11    the same thing would apply. 
 
        12                 And, again, being the EIS and, again, 
 
        13    both shoals are given equal consideration, equal level 
 
        14    of analysis.  Despite the economic one, they have an 
 
        15    economic benefit versus the other; they are both about 
 
        16    the same level of scrutiny. 
 
        17                 MR. BULL:  What we don't have, if you 
 
        18    have it, we could use the coordinates of the exact 
 
        19    reef. 
 
        20                 SPEAKER:  I have got them. 
 
        21                 MR. BULL:  I don't know that we have got 
 
        22    them. 
 
        23                 MR. BUNDICK:  What we have been provided 
 
        24    is what the VMRC makes publicly available as to where 
 
        25    those have been placed, but we would love to talk to 
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         1    you about that. 
 
         2                 MR. KOEHLER:  Back in the back. 
 
         3                 SPEAKER:  I was wondering, 
 
         4    you mentioned that the reason that the groins have a 
 
         5    bad reputation is because they desert them, and so I 
 
         6    was wondering why the second choice of breakwaters was 
 
         7    not decided upon, why you chose the groin over the 
 
         8    breakwater specifically as you looked at it. 
 
         9                 MR. BULL:  Again, what we tried to get 
 
        10    across in that final presentation is the groins have a 
 
        11    reputation because they deserve them in the way they 
 
        12    build them, if you build a groin and they never did a 
 
        13    beach fill. 
 
        14                 It is a project.  One can't -- you can't 
 
        15    make a recipe with one ingredient; you need all three 
 
        16    to make the recipe.  That's why the groins have a bad 
 
        17    reputation, because the people weren't treating it as 
 
        18    a project, say would put a groin in, not put sand in, 
 
        19    and that's why they have a bad reputation. 
 
        20                 As far as breakwater versus a groin, they 
 
        21    do the same exact thing.  They retain sand.  They 
 
        22    don't pass any more sand or less sand, but you can 
 
        23    imagine from an economics standpoint building in the 
 
        24    open ocean versus building from land into the ocean. 
 
        25    That's a consideration for us from a project 
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         1    standpoint. 
 
         2                 MS. MASSEY:  Significantly more expensive 
 
         3    to build breakwaters. 
 
         4                 MR. BUNDICK:  The alternatives, of 
 
         5    course, are numbered, and I guess maybe some of it is 
 
         6    misleading, alternative Number 1 is the preferred and 
 
         7    Number 6 is the worst. 
 
         8                 Each one was given equal consideration, 
 
         9    you know, as far as which is actually selected at the 
 
        10    end of the process. 
 
        11                 And just to kind of put it in perspective 
 
        12    in all things being equal, the groin component, as 
 
        13    proposed, could possibly cost around a million bucks, 
 
        14    whereas the detached breakwater could cost anywhere 
 
        15    from 7 to 8 million bucks.  So, you know, some 
 
        16    economics in there. 
 
        17                 MR. BULL:  Do you want to talk any more 
 
        18    about the groin versus the breakwater? 
 
        19                 MS. MASSEY:  No. 
 
        20                 MR. KOEHLER:  We have time for one more 
 
        21    question, so go ahead. 
 
        22                 SPEAKER:  Josh, when you do 
 
        23    the studies on the Blackfish Bank Shoal, that's close 
 
        24    enough inshore to the southern tip of Assateague that 
 
        25    I hope you look at that very carefully.  I don't know 
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         1    how you are going to be able to evaluate a reduction 
 
         2    in wave energy that provides for the southern tip of 
 
         3    Assateague, but it is obviously significant because 
 
         4    it's there. 
 
         5                 And I hope you weigh that very, very 
 
         6    carefully because reduction of that shoal could have a 
 
         7    major impact on Assateague. 
 
         8                 MR. BUNDICK:  Yes, sir, absolutely.  And 
 
         9    I can sort of do what Paul did and let Dr. King 
 
        10    finish, but the project as currently scoped from the 
 
        11    environmental impact statement side is Dr. King down 
 
        12    in Vicksburg would essentially take the existing shoal 
 
        13    as is existing with the wave climates and figure out 
 
        14    what the baseline is and then compare it to what the 
 
        15    quantities for each alternative would be as removed 
 
        16    during the process and would then be able to quantify 
 
        17    those impacts into whether it be shoreline transport 
 
        18    or whatever effects that might have. 
 
        19                 And you may want to speak a little more 
 
        20    about that. 
 
        21                 DR. KING:  Yeah, I will be specifically 
 
        22    addressing that question.  I haven't done that model 
 
        23    effort yet, but that's pretty much the next thing I'm 
 
        24    doing when I head back to Vicksburg later this week. 
 
        25                 SPEAKER:  It would be quite 
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         1    interesting to read that on your website when you do 
 
         2    that. 
 
         3                 DR. KING:  Okay.  Yeah, basically, Josh 
 
         4    laid it out.  I will be modeling what the sediment 
 
         5    transport is on the south end of Assateague Island now 
 
         6    and then going back, changing it to say, okay, we have 
 
         7    now taken the sand off of this shoal versus taking it 
 
         8    off of that shoal and how does that change how the 
 
         9    waves come in and how does that change the sediment 
 
        10    transport on the beach.  Obviously, we are looking for 
 
        11    as minimal an impact that we can. 
 
        12                 SPEAKER:  The important 
 
        13    thing I think is after this project is done is to 
 
        14    compare what your evaluation of your models are to 
 
        15    what actually happens, and I think that's a very 
 
        16    important learning process and to have this well 
 
        17    documented and your evaluations of this before you go 
 
        18    into the project, have those down for the public so 
 
        19    that down the road we can look and say, are your 
 
        20    models any good or were they faulty. 
 
        21                 MS. MASSEY:  There is one supplemental 
 
        22    piece of information to I think the previous question 
 
        23    as well. 
 
        24                 Paul spoke of this recipe, the 
 
        25    relationship between the different elements of this 
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         1    project.  And they are related, the beach fill, some 
 
         2    sand retention structure, and that. 
 
         3                 What we also are factoring into that is 
 
         4    what effect any of those together have on the 
 
         5    renourishment cycle. 
 
         6                 So I think it was the question back here, 
 
         7    well, what if you don't put anything in or you do 
 
         8    this.  Unfortunately, that makes the renourishment 
 
         9    cycle to maintain the level of protection we need too 
 
        10    frequent for the economic analysis part, so I want to 
 
        11    throw that fourth component into the recipe because 
 
        12    when we make our final decision, it will be all of 
 
        13    those pieces together. 
 
        14 8:30 through 9:30 p.m.  MR. KOEHLER:  Thank you.  Thank you for 
 
        15    the questions.  We hope that the responses from our 
 
        16    team members have fostered a better understanding of 
 
        17    the proposed project and the EIS. 
 
        18                 Now, for the next hour we will open up 
 
        19    the floor for public comment.  These comments will be 
 
        20    entered into the EIS administrative record and will be 
 
        21    addressed in the EIS. 
 
        22                 For those speakers that pre-registered, 
 
        23    I'll call upon you first in the order that you 
 
        24    registered.  For those who did not register who would 
 
        25    still like to speak after we go through this list -- 
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         1    we have nine folks that have signed up -- please raise 
 
         2    your hand once they have finished, and we will get to 
 
         3    your questions and answers. 
 
         4                 Again, as before, please limit the 
 
         5    questions and answers to three minutes each. 
 
         6                 MS. SILBERT:  For logistics sakes, if you 
 
         7    are speaking, we are keeping a time on this.  At 
 
         8    two minutes you will be given the yellow card.  When 
 
         9    your time is up, you will be given the red card.  I 
 
        10    tried that before but it didn't seem to work, so I 
 
        11    will try it again. 
 
        12                 MR. KOEHLER:  I'm sorry, we are not 
 
        13    providing answers this time; we are just listening to 
 
        14    you, just listening to your formal comments.  This is 
 
        15    where you help us out. 
 
        16                 So Steve Parker is up first. 
 
        17                 MR. PARKER:  My name is Steve Parker.  I 
 
        18    am director of The Nature Conservancy's Virginia Coast 
 
        19    Reserve.  Our mission is to preserve plants, animals, 
 
        20    and natural communities that represent the diversity 
 
        21    of life on Earth by protecting the lands and waters 
 
        22    they need to survive. 
 
        23                 The Conservancy has over one million 
 
        24    members and has protected over 119,000,000 acres 
 
        25    around the world.  Working with public and private 
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         1    partners for more than four decades here in Virginia's 
 
         2    Eastern Shore, we have protected 17 of the 18 islands, 
 
         3    14 of which totaling 18,000 acres, the Conservancy 
 
         4    owns and manages as preserves.  These islands are 
 
         5    located south of Wallops. 
 
         6                 The Conservancy applauds NASA and its 
 
         7    public and private partners for its past, present, and 
 
         8    future accomplishments here.  Your work is important 
 
         9    to education, to science, to the nation, and to our 
 
        10    local community, where it provides much needed jobs 
 
        11    and other important benefits.  We appreciate the 
 
        12    information provided so far.  We are consulting with 
 
        13    coastal geologists and other experts as we continue to 
 
        14    learn and evaluate information before submitting our 
 
        15    written comments in May. 
 
        16                 Our major concerns and questions relate 
 
        17    to the direct impacts of armoring, particularly the 
 
        18    proposed groin, and the increased risks these impacts 
 
        19    have to the existence of Conservancy and other islands 
 
        20    to the south. 
 
        21                 Blocking the southward movement of sand 
 
        22    at Wallops threatens structural integrity of these 
 
        23    lands, as well as properties on the mainland.  Without 
 
        24    the islands, all the wildlife that depends on these 
 
        25    beneficial barriers is threatened.  Disturbing the 
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         1    sand shoals should also be carefully evaluated. 
 
         2                 The Conservancy, and I'm sure others, 
 
         3    will readily join with NASA to more thoroughly explore 
 
         4    the long-term opportunities offered by phase 
 
         5    relocation of some facilities to the mainland.  The 
 
         6    10,000-foot launch safety hazard buffer is required 
 
         7    for some, but not all, operations.  This buffer 
 
         8    encompasses significant mainland properties, where 
 
         9    public activities and uses will be restricted. 
 
        10                 Working with private landowners can lead 
 
        11    to more equitable and fruitful solutions for NASA as 
 
        12    it adapts to barrier island migration in general and 
 
        13    storm events, storm waves and flooding in particular. 
 
        14                 Given multiple likely impacts of climate 
 
        15    change in this region, and specifically on barrier 
 
        16    islands, this strategy will significantly reduce 
 
        17    infrastructure risks and costs in the future. 
 
        18                 The Conservancy looks forward to 
 
        19    continuing to work with NASA in finding pragmatic, 
 
        20    science-based, cost effective solutions to NASA and 
 
        21    community needs, while protecting our conversation 
 
        22    lands and other valuable public and private properties 
 
        23    and resources. 
 
        24                 MR. KOEHLER:  Thank you.  Mr. Art 
 
        25    Schwarzschild. 
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         1                 MR. SCHWARZSCHILD:  I am a site director 
 
         2    and I work with the University of Virginia and our 
 
         3    long-term ecological research program.  I am not a 
 
         4    coastal geologist, but I have been speaking with some 
 
         5    of our coastal geologists. 
 
         6                 We have several concerns, and I would 
 
         7    like to address some of those issues right now if I 
 
         8    may.  They sort of follow three different main focal 
 
         9    points.  One would be down drift or downstream 
 
        10    transport of sediments in the stakeholders' water 
 
        11    downstream, the second would be talking about some 
 
        12    sediment supply issues, and, finally, the fact of sea 
 
        13    rise, which is real and measurable going on here on 
 
        14    our sea line. 
 
        15                 So with our 20-year plus data records 
 
        16    that the LTER program has on the research that we have 
 
        17    been doing on the islands, we still don't exactly 
 
        18    understand what is going on with island movement and 
 
        19    sediment migration and sediment transport, so we are 
 
        20    wondering what studies you-all are basing your models 
 
        21    on, and we're hoping that you will continue to monitor 
 
        22    and reevaluate as you get better data, and, also, 
 
        23    perhaps have an outside advisory panel who can provide 
 
        24    some additional input and information about each of 
 
        25    these proposed plans. 
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         1                 I'm also curious myself about whether you 
 
         2    have some adaptive management.  Seems like you have 
 
         3    addressed some of those concerns tonight, but as you 
 
         4    go about these programs, you might see that things are 
 
         5    not as you expected, and how do you address those 
 
         6    issues and do you have a budget to deal with those 
 
         7    sorts of contingencies, particularly if you have 
 
         8    stakeholder losses and compensation and mitigation 
 
         9    expenses.  Those things can be very expensive. 
 
        10                 And we are particularly concerned about 
 
        11    impacts to some of the down drift islands.  For 
 
        12    instance, what happens to the town of Wachapreague if 
 
        13    we start to lose significant portions of Cedar Island 
 
        14    and then the barrier marshes behind those as a result 
 
        15    of changes in sediment transport processes? 
 
        16                 Moving on to the sediment supply issues, 
 
        17    we are interested in the impacts of dredging, future 
 
        18    sources of material for your renourishment, and 
 
        19    long-term funding and maintenance of these issues. 
 
        20                 And, finally, I'll talk about sea level 
 
        21    rise.  Like I say, we know it is real.  It is 
 
        22    happening; we are measuring it up to 4 millimeters per 
 
        23    year in parts of the seaside. 
 
        24                 And so it seems to me in particular that 
 
        25    there's a limited time span for this project, what it 
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         1    can do, and how long you can continue to do it into 
 
         2    the future. 
 
         3                 And so we wonder about the potential for 
 
         4    proactive approach, considering relocation of some 
 
         5    assets, as Mr. Parker mentioned, thinking about the 
 
         6    short-term versus the long-term expenses of those 
 
         7    options, considering how much it will cost to 
 
         8    continually maintain what you are doing and what's 
 
         9    going to happen in the future.  So thank you. 
 
        10                 MR. KOEHLER:  Thank you.  Next up is 
 
        11    Grayson Chesser. 
 
        12                 MR. CHESSER:  My name is Grayson Chesser, 
 
        13    and I'm on the Accomack County Board of Supervisors.   
 
        14    I represent District 3, but I'm here as a private 
 
        15    citizen.  My wife and I run a hunt club, and during 
 
        16    the winter I guide quite a bit right behind Wallops 
 
        17    Island.  I'm 62, turned 62 Sunday, and thank you all 
 
        18    in advance for my present. 
 
        19                 So my life pretty much parallels Wallops' 
 
        20    existence here on the shore, and I have seen, through 
 
        21    everything that has happened here, you know, from when 
 
        22    I was a small boy and we used to go on the south end 
 
        23    of Wallops, that's where everybody went, on through 
 
        24    everything that's been done there. 
 
        25                 And I have to tell you what I've seen, I 
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         1    think Wallops has had a very negative impact on the 
 
         2    coastal area south of it. 
 
         3                 Now, that's not to say I'm against what 
 
         4    you are doing.  Lord knows I'm in favor of what you 
 
         5    are doing.  My friends work at Wallops; my relatives 
 
         6    work at Wallops.  We are putting a vast amount of 
 
         7    money in the research park with you.  We want you to 
 
         8    be successful. 
 
         9                 But I hope you realize that what you are 
 
        10    doing is only fighting a holding action.  You know, 
 
        11    I've spent a big part of my life on the barrier 
 
        12    islands.  I have read about them, studied them, and 
 
        13    lived to see a lot of it.  I have lived through like 
 
        14    two dune cycles on Assawoman. 
 
        15                 My personal rule has always been don't 
 
        16    put anything out there that you're not afraid to lose. 
 
        17    I can understand you operate by a little different 
 
        18    rules than I do.  But it concerns me what will happen 
 
        19    if something bad happens.  It concerns me what will 
 
        20    happen to the county because I am old enough to 
 
        21    remember what happened when the base closed, and all 
 
        22    of a sudden about every third or fourth one of my 
 
        23    classmates disappeared overnight, and businesses were 
 
        24    closing here.  And that's why I want you to be 
 
        25    successful. 
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         1                 I don't think this groin is the way to 
 
         2    go, I really don't.  It worries me what will happen if 
 
         3    you run out of funding to keep your beach 
 
         4    replenishment.  And we all know that government 
 
         5    funding is a fickle thing. 
 
         6                 Wallops already sticks out much farther 
 
         7    than Assawoman, partly because of your shoreline 
 
         8    hardener.  That makes you more vulnerable.  The sea 
 
         9    level, since you-all have been here, since I have been 
 
        10    here, has risen about a foot.  That means every high 
 
        11    tide is a foot higher now than it was when I was born 
 
        12    and when you-all came here. 
 
        13                 I think any assets you have that can be 
 
        14    moved to the mainland need to be.  I realize some of 
 
        15    them can't be.  And I want you to protect them the 
 
        16    best way you can, and I'm willing for you to do it any 
 
        17    way you can, but I really believe you need to rethink 
 
        18    the groin.  I don't think it's going to work, and I 
 
        19    think it can cause damage. 
 
        20                 You know, our barrier islands here on the 
 
        21    Eastern Shore are some of the most unstable on the 
 
        22    East Coast, the most unstable, and, you know, 
 
        23    everything I've seen through my life agrees with that 
 
        24    statement. 
 
        25                 And, you know, when you look at the slope 
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         1    of your beach, the reason your beach is so steep is 
 
         2    because your hardened shoreline.  I'm sure if you go 
 
         3    down to Assawoman, that beach is low and narrow. 
 
         4    Yours is like this. 
 
         5                 The reasons yours is like this is because 
 
         6    it's been hardened.  I understand why you hardened it; 
 
         7    you had to.  But, you know, you have -- there's so 
 
         8    little that we know about these things that is scary, 
 
         9    but the things that I do know about I think that, 
 
        10    basically, you might as well be trying to stop a Tiger 
 
        11    tank with an M1.  I don't think you are going to be 
 
        12    able to do it.  All you are doing is fighting holding 
 
        13    action, and I pray you will incorporate into your 
 
        14    plans things for moving all assets that you can to the 
 
        15    mainland, doing everything you can to prepare for what 
 
        16    is coming, because it is coming. 
 
        17                 If I had a choice between somebody giving 
 
        18    me a project of putting a man on the moon, stopping 
 
        19    the ocean, I would say give me the man on the moon. 
 
        20    You-all have done that, but I don't think you can do 
 
        21    this. 
 
        22                 I think the only thing you can do is make 
 
        23    the best of the situation.  I pray you will do it, not 
 
        24    just for your sake, for the entire country's sake, for 
 
        25    the county's sake, because we are depending on you to 
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         1    do the right thing, and to be successful.  And, you 
 
         2    know, I want to help you any way I can.  And I pray to 
 
         3    God that you will be successful. 
 
         4                 MR. KOEHLER:  Thank you.  Mike Handforth. 
 
         5                 MR. HANDFORTH:  Mike Handforth with the 
 
         6    Charter Boat Association on Chincoteague. 
 
         7                 One of our members came up with a 
 
         8    suggestion which I thought was something I should pass 
 
         9    along.  For several years now we have been trying to 
 
        10    get some dredging done on what's called the VIP, 
 
        11    Virginia Inside Passage, which runs from the north end 
 
        12    of Wallops Island all the way down to Chesapeake Bay, 
 
        13    and we have been told at many meetings over the years 
 
        14    there's just no money; we are fighting a war and there 
 
        15    is no money available. 
 
        16                 It looks like there is a little bucket of 
 
        17    money coming up here and maybe we could get some 
 
        18    action here on the VIP, do some dredging in the VIP 
 
        19    and not so much out in the ocean.  Just like you to 
 
        20    consider that. 
 
        21                 I mean, we have gone through our local 
 
        22    representatives, they have been to the state 
 
        23    representatives and all the way up the chain, and 
 
        24    there just is nothing available to do any VIP 
 
        25    dredging. 
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         1                 Wanda Thornton, who was one of our local 
 
         2    representatives here in Accomack County, and she is 
 
         3    very familiar with the dredging efforts that we have 
 
         4    been trying to get done, and she would be worth 
 
         5    talking to.  You know, she could certainly give you 
 
         6    more information than I can. 
 
         7                 MR. KOEHLER:  Thank you.  Next up is Dave 
 
         8    Wilson. 
 
         9                 MR. WILSON:  Thanks.  I am Dave Wilson, 
 
        10    actually from Maryland.  I'm the executive director of 
 
        11    the Maryland Coastal Bays Program, which basically 
 
        12    protects -- or attempts to protect the watershed of 
 
        13    Isle of Wight, Assawoman, and Chincoteague Bay in 
 
        14    Worcester County. 
 
        15                 We're a National Estuary Program.  We 
 
        16    work very, very closely with Senator Cardin's office 
 
        17    to not only get our estuary program funded, but also 
 
        18    to do conservation work in the barrier island system. 
 
        19                 Judging from -- I know you have put a 
 
        20    shot of Assateague up there.  When the -- in 1933 when 
 
        21    the hurricane hit and the seawall was not really a 
 
        22    seawall, but what happened with Assateague, the 
 
        23    northern end with the jetty, basically took the 
 
        24    eight -- the northern eight miles of Assateague and 
 
        25    moved it back several thousand feet. 
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         1                 Our concern is that, you know, with the 
 
         2    proposed groin, we are going to have a little bit of 
 
         3    that, not just in Assawoman, but in Virginia as well, 
 
         4    so we hope you take that into consideration.  We 
 
         5    certainly look forward to working with you on a lot of 
 
         6    these projects. 
 
         7                 MR. KOEHLER:  Thank you.  David Burden. 
 
         8                 MR. BURDEN:  My name is David Burden. 
 
         9    I'm here with the Virginia Eastern Shorekeeper.  And I 
 
        10    want to start by telling you-all I welcome the 
 
        11    continued presence and growth of NASA on the Eastern 
 
        12    Shore of Virginia.  You guys are vital to the economy 
 
        13    for the entire Eastern Shore, and we encourage you-all 
 
        14    to keep doing the good work that you do here. 
 
        15                 As a key player on the Shore, you surely 
 
        16    recognize that we are a community that is realized -- 
 
        17    when we talk about economics, we are not just talking 
 
        18    about your dollars and cents bottom line. 
 
        19                 It's irresponsible to talk about the 
 
        20    economics of your project in terms of how much you get 
 
        21    of what you want for how much money.  There are 
 
        22    environmental costs and social costs to be considered 
 
        23    that are significant. 
 
        24                 On the Eastern Shore, we are asking 
 
        25    residents to make decisions and some significant 
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         1    sacrifices based on their impact on the greater 
 
         2    ecosystem and their neighbors. 
 
         3                 As one of the most significant economic 
 
         4    forces in the region, as well as a world leader in the 
 
         5    scientific community, I think we should be able to 
 
         6    expect NASA to be a leader in this arena rather than a 
 
         7    proponent of compromise. 
 
         8                 As you look at the impacts of this 
 
         9    project, you say you don't want to have -- you don't 
 
        10    want to negatively impact the erosion patterns of the 
 
        11    islands around you, and I'm wondering if you think 
 
        12    there's really such a thing as a positive impact on 
 
        13    the erosion patterns around you since, left to their 
 
        14    natural rate, there is a lot of erosion out here. 
 
        15                 We tend to think of erosion as being a 
 
        16    bad thing, but, really, it's just bad because our 
 
        17    stuff is in the way of nature, and I would like to see 
 
        18    you minimize your impact in any direction of the 
 
        19    erosion patterns of the islands to the south of you. 
 
        20                 Long-term my concern is how much we plan 
 
        21    to spend in order to continually take care of the 
 
        22    project that we know will be minimally effective in 
 
        23    order to preserve structures that were poorly placed 
 
        24    60 years ago.  Why is this a better plan, other than 
 
        25    the bureaucratic complications mentioned earlier, than 
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         1    over time properly placing your structures behind 
 
         2    rather than on the natural barrier? 
 
         3                 While it's true that we cannot know for 
 
         4    certain what the exact implications of this are, we do 
 
         5    know there will be impacts.  Based on our 
 
         6    understanding of our future, on our understanding of 
 
         7    the past, it's analogous to taking a look back at that 
 
         8    first Model T and planning for 20th century 
 
         9    transportation based on the previous hundred years of 
 
        10    horse and buggy transportation. 
 
        11                 MR. KOEHLER:  Thank you.  Jim Rapp. 
 
        12                 MR. RAPP:  Jim Rapp.  I am also from 
 
        13    Maryland.  Two things I want to say:  One, I work for 
 
        14    an organization called Delmarva Low Impact Tourism 
 
        15    Experiences, so our mission is protecting natural 
 
        16    resources so we can derive income from nature-based 
 
        17    and heritage-based tourism.  So I appreciate what The 
 
        18    Nature Conservancy has done, protecting the Islands. 
 
        19                 The bird nesting goes on, we are bringing 
 
        20    in a couple hundred people this weekend for the 
 
        21    birding festival.  So there are also economics there. 
 
        22                 So I agree with what a lot of earlier 
 
        23    folks said, particularly Mr. Chesser about looking at 
 
        24    the mainland, all the other issues we have. 
 
        25                 But I'm also here as a family member of 
 
 
                                TAYLOE ASSOCIATES, INC. 



 
                                                                  41 
 
 
         1    landowners.  We have a house down there that my 
 
         2    grandfather built in 1974, and he moved down here to 
 
         3    go flounder fishing behind Cedar Island. 
 
         4                 And it was mentioned briefly tonight, 
 
         5    somebody in the audience talked about the islands 
 
         6    further south of Assawoman.  We still go down there as 
 
         7    a family to go fishing, to appreciate the birds, and 
 
         8    I'm just a little concerned about what may happen at 
 
         9    the northern end of those islands.  It's an amazing 
 
        10    place for birds to raise their young, and those 
 
        11    flounder fishing areas are just world class. 
 
        12                 Just keep those things in mind as well, 
 
        13    the recreation dollars that come with this that we may 
 
        14    lose potentially, and the impact further down the 
 
        15    chain.  Thanks. 
 
        16                 MR. KOEHLER:  Thank you, Jim.  Lou Hinds. 
 
        17                 MR. HINDS:  Thank you.  I want to say 
 
        18    that official comments will come from my ecological 
 
        19    services division over in Gloucester.  They asked me 
 
        20    to pass along their regrets that they couldn't be here 
 
        21    tonight.  They said, Lou, you will be there?  I said, 
 
        22    Yes.  They said, Good, pass along our regrets. 
 
        23                 First I want to say any of the comments I 
 
        24    say tonight may be subordinate to the official 
 
        25    comments coming from my agency; however, having said 
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         1    that, I want to thank all those people that -- and the 
 
         2    Army Corps of Engineers for taking Assawoman into 
 
         3    consideration. 
 
         4                 I'm the official wildlife services 
 
         5    manager that manages that island and the islands south 
 
         6    of them, Metompkin, and, also, we have land ownerships 
 
         7    on Cedar Island. 
 
         8                 So we're concerned not only just with 
 
         9    Assawoman but all the islands south of that, and for 
 
        10    our partners, also.  We have The Nature Conservancy 
 
        11    and the State Fish and Game and VMRC and all those 
 
        12    people, so we are concerned about our partners' real 
 
        13    estate also. 
 
        14                 Thank you for being concerned about the 
 
        15    impacts on Assateague Island.  We are concerned about 
 
        16    that, too, and the sand dredging and sand mining that 
 
        17    will take place offshore. 
 
        18                 I think you will find from my agency, our 
 
        19    comments are going to be supportive of your work to 
 
        20    protect the facilities, but if we can, we speak from 
 
        21    the standpoint of wildlife.  That's what we are about 
 
        22    and that's what we do, endangered species, Neotropical 
 
        23    migrants, that whole suite of species that our 
 
        24    government has charged my agency to manage for. 
 
        25                 We are going to be looking at issues of 
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         1    sand mining and those impacts to removing that sand 
 
         2    off the coast and how that impacts suites of species 
 
         3    like sea ducks, shore birds -- I'm trying to think of 
 
         4    that -- the seabirds, there's the word I'm looking 
 
         5    for -- that feed heavily in those areas. 
 
         6                 So we will be looking at that and working 
 
         7    with Mineral Management Services and make sure that 
 
         8    that mining of sand out there is not going to 
 
         9    detrimentally impact those suites of birds.  We are 
 
        10    going to be looking at those impacts south on 
 
        11    Assawoman. 
 
        12                 And I will tell you, Assawoman is one of 
 
        13    our higher densities of the Piping Plover, so we are 
 
        14    hoping to work with you on it. 
 
        15                 My point out of this whole thing is I 
 
        16    heard you say there was to be no negative impacts to 
 
        17    Assawoman Island.  I would like to turn that around a 
 
        18    little bit and say let's have positive impacts to 
 
        19    Assawoman Island and all of the other islands south of 
 
        20    there. 
 
        21                 Let's look at, whatever work we do, 
 
        22    whatever amount of money that the United States 
 
        23    government dumps into this, that it supports not only 
 
        24    NASA's mission but the mission of the Fish and 
 
        25    Wildlife Service.  Let's have a positive beneficial 
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         1    impact for wildlife. 
 
         2                 And I have said this often enough, and 
 
         3    this will be my closing little topic:  Prior to my 
 
         4    coming here, I worked very closely with NASA down at 
 
         5    the Merritt Island Space Center, and we had the 
 
         6    Merritt Island National Wildlife Refuge that was an 
 
         7    overlay of the NASA facility down there. 
 
         8                 And when I would meet with the center 
 
         9    director, we would often talk about the relationship 
 
        10    between NASA and Fish and Wildlife Service and our 
 
        11    joint management of natural resources. 
 
        12                 And we were very proud of the fact that 
 
        13    we could have such a heavy industrialized site, yet 
 
        14    have so many rare and endangered species thriving 
 
        15    there.  It was because of that working relationship 
 
        16    between our two agencies that got us there. 
 
        17                 So there was no detrimental impact. 
 
        18    There was actually a positive impact.  And I think we 
 
        19    can get there with this project.  But it will -- and I 
 
        20    think we all know -- it is going to cost more money. 
 
        21                 So I don't think we should be afraid of 
 
        22    that, especially in this economic climate.  People 
 
        23    throw around dollar figures of trillions of dollars 
 
        24    like it is pennies.  You know, 3- or $4 million more, 
 
        25    5- or $10 million more, I think we can go back and we 
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         1    can -- if we can show, prove that it would be a 
 
         2    positive impact for wildlife, wildlife that this 
 
         3    country has treaties with other countries to protect, 
 
         4    I think we can find the dollars.  So that's my closing 
 
         5    statement. 
 
         6                 MR. KOEHLER:  Thank you.  And last in the 
 
         7    registered group is C -- excuse me, I'm having trouble 
 
         8    reading it -- C. Seybolt? 
 
         9                 MR. SEYBOLT:  That's all right.  I can't 
 
        10    read my own handwriting, either.  Well, everyone calls 
 
        11    me Ace. 
 
        12                 Dr. Campbell and other members of the 
 
        13    panel, my name is Calbert Ace Seybolt.  I live in 
 
        14    Mappsville.  I own about one and a half miles of 
 
        15    waterfront farms directly behind Assawoman Island. 
 
        16                 And like everyone else, we appreciate the 
 
        17    money you bring into the county because I run a big 
 
        18    rental business. 
 
        19                 But more importantly, my family owned 
 
        20    Assawoman Island from the 1920s until we sold it to 
 
        21    Fish and Wildlife around 1992, and we had an 
 
        22    arrangement with the Chesser family - he hunted it and 
 
        23    we paid taxes on it. 
 
        24                 My brother and I kept residual rights on 
 
        25    Assawoman Island, which in legal parlance makes me an 
 
 
                                TAYLOE ASSOCIATES, INC. 



 
                                                                  46 
 
 
         1    interested party, plus I own 1400 acres behind the 
 
         2    island. 
 
         3                 I went to a hearing in Norfolk around 
 
         4    1990 when they were talking about the rip rap seawall, 
 
         5    and we were told that was the answer, and they said 
 
         6    groins and jetties don't work because they cause sand 
 
         7    shadow, I believe is the expression. 
 
         8                 As a matter of fact, those groins now 
 
         9    litter Assawoman Island and drifted up onto our 
 
        10    mainland farms.  So I've heard -- in the '90s I heard 
 
        11    the seawall was the answer.  Now you're proposing 
 
        12    another answer. 
 
        13                 During our ownership of 70-something 
 
        14    years, Assawoman Island, we have charts going back 
 
        15    thousands of feet, and it got progressively narrower. 
 
        16                 As a matter of fact, it was 400 acres 
 
        17    less than even we thought it was when we sold it.  If 
 
        18    you stand on Assawoman on the beach and you look 
 
        19    north, Wallops stands out like a sore thumb.  And this 
 
        20    is really due to your hardening of the shoreline. 
 
        21    Everyone else's has moved back.  Wallops has not. 
 
        22                 You say you don't want to see the 
 
        23    Assawoman Island erosion accelerate, but the number 
 
        24    you have is an artificial number because it's faster 
 
        25    than it should be because of the sand shadow cast by 
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         1    Wallops. 
 
         2                 I just -- and I'm not a scientist, but as 
 
         3    an owner, I don't see how there's any way a 100-foot 
 
         4    by 500-foot groin will not affect Assawoman Island. 
 
         5    That's common sense 101. 
 
         6                 And what happens -- I dealt with the 
 
         7    government.  What happens when the inevitable cost 
 
         8    overruns, the budget crunch, and they say we will 
 
         9    delay the sand replenishment for a few years, and then 
 
        10    it gets lost in the shuffle? 
 
        11                 You will have the groin out there causing 
 
        12    the exact damage that you told me back in 1991 groins 
 
        13    did and you were afraid they would cause. 
 
        14                 I'm afraid your actions would eventually 
 
        15    lead to the breaking up of Assawoman Island and 
 
        16    exposing the mainland to the direct ocean.  Thank you 
 
        17    very much. 
 
        18                 MR. KOEHLER:  Thank you.  And now we'll 
 
        19    open it up to anyone else that would have comments to 
 
        20    make.  Just raise your hand.  Yes. 
 
        21                 MS. BOETTCHER (phonetic):  My name is Ruth 
 
        22    Boettcher, and I am with the Virginia Department of Game 
 
        23    and Inland Fisheries, but I'm speaking more as a 
 
        24    private citizen. 
 
        25                 I think one thing -- and, you know, I 
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         1    don't want to reiterate what everyone has already 
 
         2    said, but I think it's important that some sort of 
 
         3    threshold of failure is sort of established, saying, 
 
         4    okay, enough is enough, it's not working, it's time to 
 
         5    perhaps start moving the infrastructure further 
 
         6    inland.  And I think that really should be pointed out 
 
         7    in the EIS.  I think that's really critical. 
 
         8                 MR. KOEHLER:  Anyone else?  Yes. 
 
         9                 MR. MYERS:  My name is Robert Myers.  I'm 
 
        10    a resident down in Northampton County.  I'm going with 
 
        11    Ms. Boettcher’s comment and Mr. Burden's comment about 
 
        12    the structure. 
 
        13                 I would think that with the project, it 
 
        14    would make economic sense to start looking at moving 
 
        15    those facilities that are not critical to your 
 
        16    operation inland.  And I just have a Google Earth 
 
        17    picture of a UAV runway down in, what, less than a 
 
        18    hundred feet from the waterline.  I mean, that 
 
        19    certainly was not a brilliant piece of engineering. 
 
        20                 And I would think that you would start 
 
        21    thinking about moving some of these facilities.  That 
 
        22    certainly could be used on the main runway up at the 
 
        23    airport. 
 
        24                 I think you ought to start looking at the 
 
        25    facilities that are not absolutely essential to your 
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         1    mission here and start looking at an inland area for 
 
         2    those facilities. 
 
         3                 Those things that are absolutely 
 
         4    essential for your mission, fine, you have to keep 
 
         5    them here, but you better be prepared with a storm to 
 
         6    lose those. 
 
         7                 So you need to evaluate just how 
 
         8    important those facilities are to maintain, because 
 
         9    you're not going to beat mother nature in the long 
 
        10    run.  You're just doing a holding action.  And I would 
 
        11    like to urge you to look at the cost benefit of that 
 
        12    movement of those facilities over a scheduled period 
 
        13    of time to an area where they will not be subject to 
 
        14    mother nature.  Thank you. 
 
        15                 MR. KOEHLER:  Thank you.  Anyone else? 
 
        16    Okay. 
 
        17                 Well, this will conclude our public 
 
        18    comment portion of the Scoping Meeting.  Over the next 
 
        19    six to nine months the project team will be preparing 
 
        20    the EIS.  Announcements regarding the availability of 
 
        21    the draft and final EIS will be published in local 
 
        22    newspapers as they become available.  Also, please 
 
        23    check the project EIS website on a regular basis; the 
 
        24    website will be continually updated with the most 
 
        25    current project information. 
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         1                 This concludes the public Scoping Meeting 
 
         2    of the Wallops Flight Facility Shoreline Restoration 
 
         3    and Infrastructure Protection Program EIS. 
 
         4                 Again, on behalf of the entire project 
 
         5    team, we thank everyone for coming out tonight and 
 
         6    their interest in the project.  Thank you. 
 
         7                 (The proceedings concluded at 8:20 p.m.) 
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From: DeGeorgio.Alaina@epamail.epa.gov
To: Bundick, Joshua A. (WFF-2500)
Subject: SRIPP at Wallops Island Comments
Date: Monday, May 11, 2009 4:50:16 PM

Josh, 

I was forwarded the information regarding the Shoreline Restoration and Infrastructure Protection
Program at the NASA facility on Wallops Island, VA.  I took a look at the preliminary documents
enclosed in the notice to prepare an EIS. 

EPA has the following comments on the proposed project and hopes to see information expanded
upon in the complete draft.   

1. Provide expanded purpose of project, specifically addressing plans for future facilities to be located
on Wallops Island.   
2. Describe and expand upon the plan for possible future groin and breakwater locations.  Discuss the
impacts of groins to surrounding islands and the long shore transportation of sand to these other areas.
  
3. Expand upon the description of plans for beach sand placement.  What are the sand grain sizes
from the potential borrow sites as well as the placement site?  What is the distribution method for sand
and where will it be placed on the beach?  What is the sand grain content, with special attention to fine
particles?  Discuss the impacts to shoreline. 
4. Provide detailed information on possible borrow sites.  Discuss impacts to borrow sites. Describe the
site identification process.  How will borrowed materials be transported from the borrow site to on
shore?  How will materials be removed from the borrow site?  What is the replenishment rate between
operations at the potential borrow sites? 
5.  Provide analysis of cumulative impacts of all projects planned to occur on Wallops Island in the
near future, including the SRIPP. 
6.  Provide further detail on possibility of relocating at risk infrastructure on Wallops Island. 

Thank you for the opportunity to comment on the proposed action and alternatives.   

-Alaina DeGeorgio 

----------- 
Alaina DeGeorgio
EPA Region III
1650 Arch St.
Philadelphia, PA
(215) 814-2741

mailto:DeGeorgio.Alaina@epamail.epa.gov
mailto:joshua.a.bundick@nasa.gov








































United States Department ofthe Interior 

FISH AND WILDLIFE SERVICE 
Ecological Services 

6669 Short Lane 
Gloucester, VA 23061 

MAY 1 1 2009 

250lNEPA Manager 
WFF Shoreline Restoration and infrastructure Protection Program 
NASA Goddard Space Flight Center's Wallops Flight Facility 
Wallops Island, Virginia 23337 

Re: Notiee of Intent to Prepare an EIS. 
Wallops Flight Facility Shoreline 
Restoration and Infrastructure 
Protection Program (SRIPP), 
Aecomack County, Virginia 

Dear NEPA Manager: 

We have reviewed your Notice of Intent (NOI) to prepare an Environmental Impaet Statement 
(EIS) on the referenced project. The following comments are provided under the authorities and 
provisions of the Endangered Speeies Act of 1973 (16 U.S.C. 153 I-I 544, 87 Stat. 884), as 
amended; the Fish and Wildlife Coordination Aet (16 U.S.C. 661-667, 48 Stat. 401), as 
amended; Ihe Migratory Bird Treaty Aet (16 U.S.C. 703-712, 40 Stat. 755), as amended; and the 
National Environmental Policy Act (42 U.S.C. 4321-4347, 83 Stat. 852), as amended. 

General Project R(:commendations and Concerns 
We recommend further considering alternatives of relocating, removing, or limiting sensitive 
infrastructure on Wallops Island to prevent the need for this project. While that alternative also 
has consequences for natural resources in the region, we think it may be preferable in many 
aspects because it eould provide greater seeurity for facilities and reduce the need for additional 
measures to protect facilities on Wallops Island. 

We reeommend developing and including explicit goals for natural resource management and 
improvements in the proposed projeet. The numerous significant natural rcsourecs in the vicinity 
of the project provide ample opportunity to provide these compatible and beneficial outeomes. 

We recommend developing alternatives that do not include construction of a groin. A groin has 
the potential to intercept sand and interfere with regional sand movement in a manner that would 
degrade fish and wildlife habitat on adjacent conservation lands ineluding Chincoteague National 
Wildlife Refuge and those owned and managed by The Nature Conservancy and other 
eonservation organizations. While information and modeling may indicate relatively limited 
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impacts, we recommend avoiding the potential for impacts related to regional sand transport 
altogether. Alternatives that may be preferable include breakwaters or other methods of 
attenuating wave action, though we would want to carefully eonsider the merits of any 
alternative prior to concluding that it would be preferable. 

We recommend colleeting detailed baseline data on the system prior to any construetion to allow 
evaluation of the effects both during and after construction. In addition to this baseline data. we 
recommend development of a monitoring protocol which seeks to document the most likely 
predicted effects and those effects whieh have potential to be most beneficial and most 
detrimental to natural resourees. This strategy would allow for a thorough evaluation of the 
project. 

There will inherently be significant uncertainty in the outcome of the proposed project as a result 
of the project's dependence on dynamic forces such as weather, climate change, tides, currents, 
and government budgets, combined with the long time frame for the proposed project. As a 
result of this uncertainty, we recommend that the project be planned to include to the extent 
practieal, a process for adaptive management to achieve the project's natural resource objectives 
so that some favorable outcomes may be achieved even if aspects of the project succumb to 
unanticipated factors. Similarly, we recommend explicitly seeking to describe and quantify the 
uncertainty associated with the project to the extent possible, both in terms of the project purpose 
and need and in terms of potential impacts to natural resources. As described in the NOI and in 
other project documentation, the project, once completed, will not assure protection of the 
facilities and infrastructure, but will only reduce the risk of damage and loss. However, 
implementing the project will likely incur some impacts to some or all of the natural resources in 
the project vieinity. To provide an accurate framework for evaluating these impacts, it is 
necessary to provide for evaluation not only of the project's expected impacts against its 
intended purpose, but of the likeJihood of achieving protection ofthe National Aeronautics and 
Space Administration's (NASA) infrastructure with the likelihood of various types and amounts 
of resource impacts. For example, the certain impacts to offshore sand bars should be weighed 
against the reduction in risk to NASA facilities fully acknowledging that even with 
implementation of the project damage or loss to NASA facilities may occur. 

Endangered Species 
There are five species listed as threatened or endangered under the ESA that are associated with 
beach habitats and are known to occur in the vicinity of Wallops Island. These include the 
threatened piping plover (Charadrius melodus), seabeach amaranth (Amaranlhus pumilus), and 
loggerhead sea turtle, and the endangered green sea turtle (Chelonia mydas) and leatherback sea 
turtle (Dermochelys coriacea). In addition, the red knot (Calidris canulus rufa) was designated 
as a candidate for protection under the ESA on September 12,2006. Candidate species are those 
identified by the Service which are not yet listed but likely warrant protection under the ESA. 
These species have the potential to be affected by the proposed SRIPP, and fonnal consultation 
may be required pursuant to section 7 of the ESA onee the project is planned completely such 
that effects of the project on these species may be identified and evaluated. 
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We recommend incorporating efforts to avoid and minimize potential adverse impacts to these 
species throughout the planning and development of the project. In addition to the direct effects 
of the project on these species, we will evaluate the indirect effects and any interrelated or 
interdependent actions. Such effects may include things such as any activities undertaken to 
maintain the beach, seawall. or other features of the project after their injtial installation, uses of 
any newly created habitat (e.g., recreational use of beach habitats created through sand 
placement), and other similar aspects. We recommend including specific consideration and 
definition of these aspects of post-construction use in the project design, and we encourage 
NASA to limit activities to those that would be either beneficial to listed speeies or that would 
minimize potential detrimental impaets. We also recommend including explicit protocols for 
monitoring and managing listed species occurrences, such as searching for sea turtle and plover 
nests and seabeach amaranth plants, and then protecting these locations from human disturbance, 
predators, and other potential threats. 

In addition to avoiding and minimizing project impacts, there may be opportunities to improve 
habitat for these speeies or provide other benefieial effeets through the proposed project or 
extensions of the project. We would like to work with you to the extent possible to incorporate 
aetions that may result in benefieial effects for the listed species. Section 7(a)(I) of the ESA 
directs that .....Federal ageneies shall, in consultation with and with-the assistanee of the 
Secretary [of Interior]. utilize their authorities in furtherance of the purposes of this Act by 
carrying out programs for the conservation of endangered speeies and threatened species..... The 
listed speeies in the vicinity of the project have established recovery plans that will aid in 
identifying actions to benefit them, but in most cases, there is additional information and 
recommendations regarding species-speeifie conservation aetions available outside of recovery 
plans. We maintain information about listed species in our office and in other Service offices, 
and we would be happy to work with you to provide this information or identify appropriate 
activities or projeets to benefit listed speeies. In addition to threatened and endangered species, 
any actions that can be implemented to improve conditions or eliminate threats for candidate 
species may help prevent the need for listing and additional regulation under the ESA. 

Throughout the process of considering potential impacts to listed species, we are directed to rely ,I

on the best scientific and commereial data available. We recommend that NASA invest in 
efforts to obtain information and monitor listed species in the projeet vicinity throughout the 
planning process. We hope to work with NASA and other partners to identify researeh and 
monitoring needs that will help to address information gaps sueh that we have high-quality 
information upon which to base our analyses. 

Migratory Birds 
Numerous migratory bird speeies rely on the areas that will be affected by the proposed project, 
and several aspeets of the project have the potential to affeet migratory birds and their habitats. 
Numerous wading birds and waterbirds may use the beach and shallow water habitats that 
currently occur on the site and many of these species may continue to use these habitats after the 
project is built. Sand mining in offshore shoals also has the potential to impaet habitat currently 
used by seabirds. Without additional detail. it is difficult to prediet likely effects on migratory 



NEPA Manager Page 4 

birds and their habitats. We hope to work with NASA and other scientists, agencies, and 
organizations to consider impacts to migratory birds and identifY ways to improve habitat for 
these species. However, we have some general recommendations related to migratory birds. 

Beach and shoreline habitats on the adjacent Chincoteague National Wildlife Refuge currently 
provide high-quality habitat for migratory birds. We reeommend that NASA and its partners 
work closely with the Refuge on the planning and implementation of this project to ensure that 
the project does not detrimentally impact migratory bird habitat. In addition, we encourage 
NASA to seek opportunities for adding value to the network of migratory bird habitat that is 
provided by the Refuge, The Nature Conservancy, and other public and private properties that 
contribute to bird conservation efforts. 

If sand mining from offshore shoals is considered as part of the project, we reeommend that 
NASA conduct monitoring of seabird use in the affected shoals. Similar to other important 
migratory bird habitats, the use of shoals is not consistent over time and individual shoals may be 
signifieant resources to seabirds even though they may not support large numbers of seabirds 
throughout the year. Continuous monitoring of seabird use of particular shoals over several 
years would provide the most robust data on the signifieanee of a partieular shoal as seabird 
habitat, but frequent periodic monitoring in several seasons may also provide useful information. 
The Service's migratory birds program has conducted seabird surveys, and we can help to 
provide information on seabird use in the vicinity of the two shoals that have been identified as 
well as recommendations on monitoring seabird use. 

There appears to be a potential to improve beaeh and shoreline bird habitats through placement 
ofsand, thereby expanding the width of beach and providing a beach profile that provides bird 
habitat. However, to some degree, any benefits that may be provided could be at the expense of 
seabirds that rely on the offshore shoals proposed as the source of sand for the project. In these 
cases, there is potential to provide some benefits to some migratory birds with detrimental results 
when the eosts and benefits to various speeies groups are totaled. We recommend eonsidering 
additional alternatives that will help to provide greater benefits and fewer impacts to migratory 
birds, or that will help reduce potential impacts. For example, finding another source of sand, 
such as dredged material from waterways maintenance in other areas or regions would help to 
reduee impaets to seabird habitat on the shoals proposed for mining. Ifno practicable alternative 
sand sources are identified, selecting shoals for sand mining that are farther offshore may reduce 
impacts over mining shoals closer to shore. 

General Fish and Wildlife Comments 
The lands in the vieinity of Wallops Island have a long history ofproviding habitat and 
protection for fish and wildlife resourees. As you know, an extensive network of eoastallands 
and waters in the vicinity of Wallops Island receive protection as National Wildlife Refuges, 
Preserves, State Natural Area Preserves, tidal lands, and other designations. These lands provide 
a diverse suite of habitats on the oceanfront, barrier islands, and bays. These lands provide 
protected habitat for a tremendous variety offish, wildlife, and plants and their habitats. These 
areas are all subject to the natural processes that affect all coastal lands sueh as erosion and 
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accretion, tidal circulation. climate patterns, weather, rainfall, and drainage. Changes in all of 
these habitats and the species they support should be expected over time. Wc should work to 
understand and address the impacts of large projects such as the one proposed, and its effects on 
these habitats and species. Due to the large diversity of species and habitats that may be 
affected, it is difficult to prioritize concerns and issues. The spccies and lands that have special 
status or designations will receive scrutiny due to their slatus, but we should also work to 
understand and consider effects to other species and lands as well. 

You can find species information and other pertinent information on project reviews within 
Virginia at our website http://www.fws.gov/northeast/virginiafieldlProject_Reviews.html. If you 
have any questions, please contact Tylan Dean of this office at (804) 693-6694, extension 104. 

Sincerely, 

~~Ot 
Supervisor 
Virginia Field Office 

cc:	 Chincoteague National Wildlife Refuge (Lou Hinds) 
Department ofInterior (Michael Chezik) 
VDGIF (Amy Ewing) 
VADCR (Rene Hypes) 
The Nature Conservancy (Gwynn Crichton) 
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COMMONWEALTH of VIRGINIA 

DEPARTMENT OF ENVIRONMENTAL QUALITY 
Street address: 629 East Main Street, Richmond, Virginia 23219 

Mailing address: P.O. Box 1105, Richmond, Virginia 23218 
TDD (804) 698-4021 

                             www.deq.virginia.gov 
 

 

L. Preston Bryant, Jr. 
Secretary of Natural Resources 

David K. Paylor 
Director 

 
(804) 698-4020 
1-800-592-5482 

 
May 11, 2009*  
 
Mr. Joshua A. Bundick, NEPA Manager 
WFF Shoreline Restoration and Infrastructure Protection Program 
NASA Goddard Space Flight Center’s Wallops Flight Facility 
Wallops Island, Virginia 23337 
 
Re: Comments on the Notice of Intent to prepare an Environmental Impact Statement for Wallops 

Flight Facility Shoreline Restoration and Infrastructure Protection Program 
 
Dear Mr. Bundick: 
 
In response to the National Aeronautics and Space Administration’s (NASA) Notice of Intent (NOI) to 
prepare an Environmental Impact Statement (EIS) for the proposed Wallops Flight Facility (WFF) 
Shoreline Restoration and Infrastructure Protection Program (SRIPP), the Virginia Coastal Zone 
Management Program would like to provide background information on a recent major investment by the 
program called the Seaside Heritage Program.  Since 2002 we have invested close to $3M in funds from 
the National Oceanic and Atmospheric Administration to restore bird, oyster and eelgrass habitats on the 
seaside of Virginia’s Eastern Shore and also to promote and ensure the sustainability of the local 
ecotourism and shellfish aquaculture industries.  As you know, this barrier island lagoon system is a rare 
and precious ecosystem unrivalled on the east coast for its biological and economic value. 
 
As NASA considers how to stabilize and protect its facility, we offer the attached report which 
summarizes the significant accomplishments of the seaside Heritage Program and its multiple state, 
federal, local and NGO partners.  We hope it will be of use as you prepare your EIS and please feel free to 
contact us if you have any questions.  You may also wish to visit our website at 
http://www.deq.virginia.gov/coastal/vshp/ for more information on the Seaside Heritage Program. 
 
I appreciate this opportunity to contribute to the EIS scoping process for this substantial project.   
 
Sincerely, 
 
 
Laura McKay 
Manager, Virginia CZM Program 
 
Enclosure:  Seaside Heritage Program Accomplishments Report: 2002-2009 
 
*also delivered via email on May 11, 2009 

http://www.deq.virginia.gov/coastal/vshp/�
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Hope Revived for 
a Seaside Treasure 
 

The Seaside of Virginia’s Eastern Shore - a vast 
system of barrier islands, bays, and salt marshes 
- is a global treasure.  It has been designated by 
the United Nations as a Man and the Biosphere 
Reserve.  The intertidal and shallow subtidal 
areas, undeveloped beaches and marshes 
support a marvelous array of waterfowl and 
shorebirds.  These habitats also serve as 
breeding, nursery and foraging sites for finfish 
and shellfish, which are of tremendous economic 
value to commercial and recreational fishermen.   
  
Today the Seaside may look like a coastal 
wilderness.  But it hasn’t always been that way.  
British colonists first landed on its welcoming 
shores in the 1600’s.  Blackbeard and his pirates 
prowled these shores.  By the 1800’s, this barrier 
island lagoon system was a mecca for hunting, 
fishing, and recreating for people from 
Washington, D.C. to New York.  Finfish and 
shellfish harvests provided income to thousands 
of Virginians.  Unimaginable numbers of oysters, 
scallops, finfish, waterfowl and shorebirds were 
devoured from its seemingly limitless cornucopia. 
  
But all that changed.  Finfish and shorebird 
concentrations declined dramatically beginning in 
the late 1800’s due to over-harvesting, disease, 
predation and loss of habitat.  Powerful and 
destructive hurricanes and storms hit Virginia’s 
Seaside in the 1880’s, ‘90’s and early 1900’s.   
 
Eventually, the cottages, hunt clubs, resorts and small communities were gone.  As is so simply stated on the 
gravestone of Hog Island resident, Maggie Simpson (1844-1914), “How many hopes lie buried here.” (from 
Seashore Chronicles by Barry Truitt and Brooks Miles Barnes) 
  
Things have been fairly quiet on the Seaside since the Great Depression.  But sadly, we had not seen a great 
resurgence of underwater grasses, oysters, scallops, finfish and birds.  Resource managers, scientists, and the 
shore’s residents wondered why, in the face of valiant conservation efforts over the last few decades, had the 
resources not rebounded?   
  
Maggie Simpson’s hopes may not lie buried much longer.  Recent restoration success has brought new hope 
to the Eastern Shore through a public-private restoration partnership created by the Virginia Coastal Zone 
Management Program - the Virginia Seaside Heritage Program - in the fall of 2002.   
  
The Virginia Seaside Heritage Program (VSHP) focuses on management of the aquatic resources of the 
barrier islands, bays, and salt marshes along the shore.  This area holds tremendous potential to demonstrate 
appropriate management of economic development and habitat restoration within a rare and fragile ecosystem.  
The Virginia CZM Program and its partners have completed an ambitious six-year restoration program and are 
now working toward development of management techniques and policies that will ensure appropriate uses 
and protect this global treasure through a Special Area Management Plan.   
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Virginia Seaside Heritage Program 
Goals and Project Highlights: 2002-2009 

Habitat Restoration 

Goal: Restore underwater grasses, oyster reefs, marshes and shorebird habitats.   

Eelgrass Restoration 

Photo at left - Harvested from reproductive shoots, thousands of tiny eelgrass seeds are sowing big 
results on the Seaside.  Not only are the restored beds thriving but a natural spread from the restored 
areas are dramatic in recent aerials.  Dark Area surrounding the "W" in the aerial photo below right are 
small eelgrass patches from seeds produced by plants. 

 

Eelgrass, Zostera marina, was once very abundant in the Seaside bays of 
Virginia’s Eastern Shore.  In the 1930s eelgrass suffered a massive 
decline due to a wasting disease.  The decline was pandemic, affecting 
not only populations in the Seaside bays but populations on both sides of 
the Atlantic.  Then, in August 1933, the region was affected by one of the 
most destructive hurricanes to influence the area in the twentieth century.  
The Seaside’s eelgrass beds were decimated.  Natural recovery of 
eelgrasses since that time has been limited primarily to Chincoteague, 
Sinepuxent, Isle of Wight and Assawoman bays, with no recovery south 
of Chincoteague Bay.  Eelgrass seed ecology research by the Virginia 
Institute of Marine Science (VIMS) pointed to limited propagule (offshoot 
filled with seeds) supply as the most likely reason for no eelgrass 
recovery here. 

Today, eelgrass restoration in Virginia’s Seaside bays is a success story 
due to the Virginia Seaside Heritage Program and earlier restoration 
efforts supported by the Virginia CZM Program.  Broadcasting seeds by hand instead of transplanting whole 
plants has proven to be an extremely effective method of restoration.  Since 2001, 23 million seeds have been 

broadcast into 190 acres in South, Spider Crab, Cobb, and 
Hog Island bays.  Eelgrass has spread considerably in 
South Bay.  Aerial photography has shown that seagrass 
now occupies an area on the seaside of approximately 
1400 acres.  Water quality monitoring shows the 
parameters necessary for seagrass survival - light, 
turbidity, chlorophyll – remain within the habitat 
requirement established for seagrass.     

Vertical aerial photographs (scale 1:24000) taken of the South Bay 
Restoration Site in December of 2004 show 0.4 ha plots of eelgrass 
resulting from seeds broadcast into unvegetated areas in 2001 and 
2002. 

While world-wide concerns about the loss of seagrass remain - due to many factors including sediments and 
nutrients and major climate events - eelgrass in Virginia’s Eastern Shore Seaside bays is increasing.  Eelgrass 
is spreading naturally as a result of the large scale restoration efforts undertaken by the VSHP.  In fact, 
according to Dr. Robert Orth of VIMS who has conducted this work, recent aerial surveys show that this 
eelgrass appears extremely healthy with more flowering shoots than any place in the lower Chesapeake area. 

Virginia CZM Investment to Date: $654,000 to the Virginia Institute of Marine Science 
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Oyster Restoration 

Oyster restoration in the Eastern Shore’s Seaside bays is conducted differently than in the Chesapeake Bay.  
Historically oysters in the Chesapeake Bay rivers grew in 8-10 foot high reefs.  Seaside oysters tend to grow in 
lower profile beds.   

From 1999 – 2002, the Virginia CZM Program invested $150,000 in 
seaside oyster restoration.  Since 2003, approximately 4.9 acres of 
oyster reefs have been constructed on public oyster beds in 
Accomack County, and just under 5 acres of oyster reef have been 
constructed in Northampton County. 

Local watermen/contractors have constructed the oyster reefs with 
either shucked shells, locally harvested fossil shells, or conch shells.  
Reefs generally require at least 25,000 bushels per acre, and they are 
constructed on degraded, intertidal reef footprints. 

Spatsets are still relatively large and dependable on Seaside, so all 
reefs have been colonized and have significant oyster populations.  

Oyster diseases still significantly impact the larger oysters.  All reefs are marked as “NO HARVEST” areas and 
with signage identifying the reefs as sanctuaries, but poaching continues to be an issue.   

To help guide a continued comprehensive and effective restoration effort, the Virginia CZM Program funded 
the Virginia Institute of Marine Science (VIMS) Eastern Shore Lab to estimate the current population and 
distribution of oysters on the Seaside.  This 2-year project, conducted using aerial observations and GPS, will 
was completed in December 2008 and a GIS database was developed with layers detailing the distribution, 
abundance, size-frequency and biomass of oysters throughout the Seaside.  The results showed 3.2 billion 
oysters on the Seaside compared to an estimate of about 1.8 billion oysters in the entire Virginia portion of the 
Chesapeake Bay.  

Virginia CZM Investment to Date: $545,000 to the Virginia Marine Resources Commission and $140,000 to VIMS 

  
Phragmites Mapping and Removal 

Photo at right - Phragmites were mapped along the entire Seaside 
of the Eastern Shore in 2004, including all Virginia's barrier islands 
(Parramore Island is at left).  1400 occurrences were documented 
via helicopter.  Patches were as small as 1/4 acre and as large as 
90 acres. 

On a national level, invasive species have been 
identified as the number two threat to biological 
diversity, second only to loss of species and habitat 
from development and urban sprawl.  Phragmites 
australis, an invasive wetland grass also known as 
common reed, is one of the most serious and 
problematic invasive plant species in Virginia and other coastal States.  This fast-spreading plant grows up to 4 
meters tall and forms dense monotypic stands, crowding out other native marsh plants.  The identification and 
treatment of Phragmites within high priority areas on the Seaside is necessary to slow the rate of spread of this 
species and protect natural biological diversity. In 2004, all patches of Phragmites on the mainland, lagoon 
system, and barrier islands of the Seaside were located (by helicopter flyovers), measured for area coverage 
and mapped using GPS by the Department of Conservation and Recreation (DCR) through the Virginia 
Seaside Heritage Program (VSHP).  Approximately 2,024 acres of Phragmites existed on the Seaside in 1,404 
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patches with the largest patch covering 186 acres on Wallops Island.  Average patch size was 1.4 acres.  An 
8-page map atlas plus large county maps were printed displaying locations of Phragmites.  In order to prioritize 
Phragmites control efforts, these patches were compared with known occurrences of sensitive rare species 
habitats and communities.  Phragmites management guidelines were developed for specific Seaside habitat 
types such as colonial bird nesting sites, mainland forest-marsh interfaces, barrier island swales, and dredge 
spoil sites.    

In 2004, Phragmites control efforts were hampered by the damaging effects of high winds and salt spray from 
Hurricane Isabel.  Isabel caused "top kill" of many Phragmites strands - although the root system of the plant 
remained protected underground, the tops of the plants were destroyed, rendering herbicides as an ineffective 
control method.  A fairly new wetland herbicide - "Habitat" can be used earlier in the growing season (before 
hurricane season) and can eliminate Phragmites with one application.   

In 2005, emphasis shifted to Phragmites control, especially targeting high priority patches such as the high 
marsh communities of the Parramore Island Natural Area Preserve, where 220 acres were treated by plane 
using “Habitat”.  Staff used ground application to treat 7 acres at Mutton Hunk Fen Natural Area Preserve in 
Accomack County and on 1.5 acres at Wreck Island Natural Area Preserve in Northampton County.   

In 2006, Phragmites was treated on 92 acres at Wallops Island; 40 acres at Parramore Island; and, 14 acres at 
Mockhorn WMA.  DCR staff also treated two acres of Phragmites at Wreck Island Natural Area Preserve.  All 
areas treated through this project are monitored and carefully assessed for treatment effectiveness.  A refined 
GIS model of Phragmites spread was developed which, when intersected with rare species habitat and natural 
community data layers, predicts which natural heritage resource occurrences are most threatened by 
Phragmites invasion.  Phragmites patches located near high risk resources are considered a high priority 
target.  Aerial control treatments were conducted in several areas in summer 2008. 

A Phragmites management plan for the Seaside was completed and provides a roadmap for what will be an 
on-going management challenge.  Phragmites was remapped along the entire Seaside.  The census answered 
key questions about how rapidly un-controlled Phragmites is spreading and how effective control measures 
have been over the last five years.   

Virginia CZM Investment to Date: $394,231 to the Department of Conservation and Recreation (for Phragmites 
mapping, control and education – see “Management and Education Goal page 9)  

Improving Avian Habitat 

Historically, the Virginia Barrier islands have 
been among the most important nesting areas 
for shorebirds and colonial waterbirds on the 
entire Atlantic coast of North America.  
However decades of research have shown that 
beach nesting birds are in serious decline.  The 
Virginia CZM Program has funded a variety of 
projects through the Virginia Seaside Heritage 
Program (VSHP) to study avian communities. 

In 2002 and 2003, a GIS data layer of shorebird 
concentrations was produced based on data 
collected during aerial surveys along the 
Seaside in the mid 1990s.  A separate project 
developed a digital image library and portfolio of 
aerial photography resources of the Seaside.   

Photo above - Royal Terns on barrier island beach. 
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Eight years of aerial photographs were archived into orthorectified digital 
images, then used these as baseline data for a 2004 assessment of bird 
distributions and habitat. 
 
Phragmites Impact on Birds 
In 2004, VSHP funding determined changes in habitat suitability of the 
barrier islands for beach nesting birds over time, assessed the overlap in 
Phragmites distribution and high marsh habitat, and proofed a 30-year 
data set on colonial nesting birds along the barrier island chain.  Each of 
these projects produced GIS data layers and summary information that will be used to forecast avian 
population response to habitat availability.  Results of the projects have shown that Phragmites has invaded 
nearly 50% of high marsh patches and potentially represent a threat to birds and other wildlife that depend on 
these habitats.  The Virginia CZM Program has a digital map and database of 1,921 waterbird colonies 
composed of 955,635 individuals.  A follow-up project in 2005 determined the effect of Phragmites on the 
density and distribution of breeding birds that specialize on high marsh habitats.  Finally, in 2006, funding 
extended the study of the effect of Phragmites on high marsh birds during the winter season, and to 
determined stopover lengths and resource use of migratory Red-Knots on the Seaside. 
 
Shorebird and Clam Aquaculture Interaction 
Partners in the Virginia Seaside Heritage Program, the Virginia Institute of Marine Science and the William and 
Mary Center for Conservation Biology worked together in 2003 on a project to understand how clam 
aquaculture affects the feeding activity of migratory shorebirds.   
 
In the first part of this study, historical shorebird concentration data from 1994 through 1996 was combined 
with clam net locational data from the southern portion of the Seaside to produce a GIS map showing the 
actual overlap between shorebird foraging areas and clam aquaculture sites.  Benthic samples were taken at 
sites with and without clam aquaculture to determine the type and abundance of prey species available to 
shorebirds and the potential impacts of clam aquaculture on prey availability.  Ground-based surveys of 
shorebirds were used to quantify where shorebird foraging was occurring within clam aquaculture sites. 
 
Concern over the potential impact of predator exclusion nets used in clam aquaculture on foraging habitat and 
prey availability for migratory shorebirds was addressed by (1) examining the potential areas of overlap of the 
two uses and (2) the availability of benthic invertebrates that serve as prey for foraging shorebirds at sites with 
and without clam aquaculture.  The results indicate that there is currently only limited overlap between primary 
shorebird foraging habitats and clam aquaculture sites. 
 
This finding is largely the result of the limited aerial exposure of the clam beds which are generally planted in 
the shallow subtidal and very low intertidal regions of mudflats.  Surveys of benthic invertebrates which serve 
as prey for shorebirds were conducted in the early summers of 2004 and 2006 at clam aquaculture and control 
sites.  The findings from both years indicate that both species numbers and total prey abundance in the 
sediments on clam farms (both between the nets and at locations which previously had nets) are comparable 
to both local and distant control sites.  Further, they reveal that the macroalgae (seaweed) on the surfaces of 
the nets harbor species numbers and prey abundances that are comparable to or even greater than those 
found in surface sediments on and off clam farms.  These prey include a wide array of species generally 
considered to be infaunal, including many that are known prey items for shorebirds.   In short, although the 
time available for shorebirds to forage at clam aquaculture sites is limited by tidal exposure, data suggest that 
abundant and diverse prey are available at these sites. 
 
Virginia CZM Investment to Date: $378,000 to the Center for Conservation Biology and Virginia Institute of Marine 
Science  
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Bird Predation Management 

Predation by the raccoon and red fox is a major factor in the decline of shorebirds and colonial waterbirds on 
Virginia's Seaside.  The Virginia CZM Program has been working with the Virginia Natural History Museum  
since 1998 to develop and implement a plan to manage these predators and restore avian nesting habitat on 
the Virginia Barrier Islands. 

To test for the effects of predation management, US Fish and Wildlife Service field staff removed red foxes and 
raccoons from six Virginia Barrier Islands including Assawoman, Fisherman, Metompkin, Myrtle, North Cedar, 
and Ship Shoal.  Avian nesting was then monitored from June to August 2004 with some very promising early 

results.  Bird numbers and nest productivity increased in most cases.  
Colonial waterbird abundance in 2004 was greater than the five year 
average between 1998 and 2003.  Piping plover nest productivity was the 
highest, since 1980, on Assawoman, Metompkin, and Cedar Island.  
Oystercatcher nest productivity was the highest ever reported on 
Metompkin Island. 

These results indicate that predator removal can be effective.  In reality, 
however, removals are seldom complete; it is common for 1-3 raccoons to 
remain on an island (or to re-colonize an island very quickly) even after a 

productive removal program.  A new method was evaluated.  Instead of physically removing predators, project 
staff "convinced" predators not to eat the eggs through conditioned taste aversion using Oral-estrogen as the 
"aversive agent" for reducing nest and egg predation.  It is biodegradable, stable when injected into eggs, and 
shown to induce a conditioned taste aversion to shorebird, terrapin, and sea turtle eggs.  Oral estrogen use 
was successfull in 2006.  It influenced the foraging activity of individual raccoons, and it lasted long enough to 
bridge the period of avian egg-laying and incubation.  Predation management is both more feasible and more 
effective as a conservation strategy on the Virginia barrier islands. Aversive conditioning appears to hold 
substantial promise for reducing depredation by predators on any island having low numbers of predators, 
either naturally or following a trapping campaign.        

Virginia CZM Investment to Date: $167,100 to the Virginia Museum of Natural History 

Sustainable Industries: Ecotourism and 
Shellfish Farming 

Goal: Develop sustainable ecotourism 
opportunities through construction or 
enhancement of public access sites, creation of a 
canoe/kayak water trail and map, and an ecotour 
guide certification course.   

Photo left - Organized canoe and kayak trips led by certified 
ecotour guides can help protect sensitive coastal resources and 
stimulate the economies of rural coastal counties.   

Ecotour Guide Certification 

In order to ensure that ecotourism remains a 
sustainable industry, the Virginia CZM Program began development of an ecotour guide curriculum and 
certification concept for the Eastern Shore of Virginia in 1997, and a pilot class was presented by the Virginia 
Institute of Marine Science (VIMS) in 2001.  Through the Virginia Seaside Heritage Program this curriculum 
was modified and the first Ecotourism Guide Certification Training Course was held in 2003.   
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The goal of this course was to provide safe, responsible, and environmentally sound guidelines to encourage 
more responsible kayak and boating tours on the Eastern Shore and other Virginia coastlines.  The course 
curriculum included barrier island rules and regulations and pertinent information about approaching wildlife.   

Conducted by VIMS, the course included field and classroom work.  Nineteen of 
the 24 attendees passed the required written final exam and received certifcates 
good for three years, as well as an official Virginia Ecotour Guide logo to denote 
their new status as certified operators.     

In 2005, an Instructor Certification class was offered and 5 of the 7 certified 
guides became certified instructors.  Also taught at the VIMS Wachapregue 
Laboratory, the course consisted of 16 hours of classroom instructions.   

In the fall of 2007, the Virginia CZM Program began working with the Eastern 
Shore Community College (ESCC) to develop an Ecotour Guide Certification Curriulum at the college.  This 
curriculum was offered in spring 2009 as part of a larger tourism curriculum.  The ESCC has met with the 
Virginia Tourism Commission to discuss ways in which a curriculum might be expanded into tourism regions 
throughout the Commonwealth.   

Virginia CZM Investment to Date: $44,750 to the Virginia Institute of Marine Science and E. Shore Community 
College 

Virginia Seaside Water Trail  

The Virginia Seaside Water Trail was created to help build an ecotourism 
infrastructure on the Seaside of the Eastern Shore.  The trail was mapped out 
by a Certified Ecotour Guide, Dave Burden (Southeast Expeditions), with input 
from VSHP partners.  The Virginia Seaside Water Trail offers over 100 miles of 
paddling routes through the Seaside’s coastal bays.  Over 30 routes have been 
mapped between the Eastern Shore Wildlife Refuge in Cape Charles to 
Chincoteague Island.  The Virginia Seaside Water Trail website provides 
launch site and route descriptions and maps; expected paddling time and level 
of difficulty for each of the paddling routes; emergency and safety information; 
an overview of barrier island and protected land visitation policies; cultural 
resources and amenities near those locations; and, information on wildlife and 
conservation efforts along the trail.   A brochure – Navigating Virginia’s Eastern 
Shore Seaside Water Trail – was produced and is being distributed in Virginia’s 
Coastal Zone to market the availability of the on-line guide to the trail – 
www.deq.virginia.gov/coastal/Seasidewatertrail/homepage.html. 

Virginia CZM Investment to Date: $25,000 to the Accomack Northampton Planning District Commission 

Floating Docks 
To complement the trail, the Virginia CZM Program is 
working with the Accomack-Northampton Planning District 
Commission (A-NPDC) to install floating docks designed to 
make it very easy to get a kayak or canoe into the water.  
Floating docks are now available at Chincoteague Eastside 
Landing, Wachapreague Town Marina, Willis Wharf and 
Quinby Harbor.   

Virginia CZM Investment to Date: $87,500 to the Accomack 
Northampton Planning District Commission 

http://www.deq.virginia.gov/coastal/seasidewatertrail/homepage.html�
http://cntrl28648/coastal/seasidewatertrail/homepage.html�
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Willis Wharf Observation Platform 

The Virginia Department of Games and Inland 
Fisheries worked with the Accomack Northampton 
Planning District Commission and Virginia CZM to 
construct an observation platform in Willis Wharf, just 
across from the new floating dock.  The platform 
provides an excellent venue for watching shorebirds 
feeding on the mudflats and aquatic vegetation around 
the Willis Wharf marina. It is a stop on the Virginia 
Birding and Wildlife Trail that consistently provides 
feeding and resting habitat for a variety of unique 
shorebirds such as godwits, skimmers, and a variety of 
sandpipers. In 2008, interpretive signage about 
mudflats, tidal wetlands, barrier islands and the various 
wildlife species of the Seaside was mounted on the platform.  In 2009 an interpretive sign was added in front of 
the deck describing the ecological and economic value of the Seaside and the history of Willis Wharf as a 
working waterfront.  Also in spring of 2009 a demonstration planting using all Eastern Shore native plants 
appropriate to the site was installed. 

Virginia CZM Investment to Date: $30,000 to the Department of Game and Inland Fisheries 

 

Aquaculture Codes of Practice and Best Management Practices 

Working closely with the five largest members of the clam aquaculture industry (repesenting ~80% of total 
clam production), the Virginia Institute of Marine Science (VIMS) developed a draft set of Environmental Codes 
of Practice (ECOP) and Best Management Practices through the Virginia Seaside Heritage Program (VSHP).  
The draft ECOPs were presented at a 2003 annual meeting of clam growers on the Eastern Shore and 
received general endorsement.   

The ECOP provides a set of guiding principals for environmental stewardship by the industry.  The 
Environmental BMP's (i) identify specific environmental and social issues and potential conflicts, (ii) propose 
best management practices that minimize undesirable environmental consequences and promote social 

acceptance of clam aquaculture, and (iii) 
identify where information gaps exist for the 
further development of BMP's.  The BMP’s 
have recently been updated to include the 
findings and recommendations from a survey of 
derelict clam netting conducted as another 
element in the VSHP and from the shorebird 
prey study referenced above.  The BMP’s now 
incorporate elements related to site selection, 
site deliniation, predator protection, biofouling 
management, waste management, 
maintenance of water quality, disease 
management, exotic species, aesthetics and 
public education.   

Virginia CZM Investment to Date: $39,400 to the 
Virginia Institute of Marine Science 
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  Management and Education 

Goal: Develop management tools, improved enforcement capabilities and public education 
efforts.  Develop a comprehensive Seaside inventory of natural resources and human use 
patterns that would form the basis for long term restoration and management strategies.   

Virginia Eastern Shorekeeper  

The Virginia Eastern Shorekeeper (www.shorekeeper.org) 
provides year-round on the water monitoring of oyster reef 
sanctuaries, restored eelgrass beds and seasonal nesting bird 
areas on the barrier islands off the Eastern Shore of Virginia 
and assesses human impacts on these and other seasdide 
resources and Virginia Seaside Heritage Program (VSHP) 
restoration sites.  The Shorekeeper’s boat patrol hours provide 
valuable observations that assist law enforcement and barrier 
island resource managers.  Aided by Creekwatchers, a 
Shorekeeper volunteer program, monitoring of cumulative 
human impacts has expanded significantly. The Shorekeeper 
helps distribution public education materials, such as the 
brochure “Life on the Beach isn’t Always Easy” and has found these publications to a valuable tool to engage 
the public while on patrol. 

Of particular note is the Shorekeeper’s work with the clam and expanding oyster aquaculture industry to 
reduce the amount of discarded clam nets.  This effort has had very positive results.  A 2004 and later 2006 
report, both titled - "Discarded and Abandoned Aquaculture Clam Netting on the Atlantic Barrier Islands on the 
Eastern Shore of Virginia" - document inventories conducted by the Shorekeeper of clam aquaculture netting.  
The Shorekeeper assessed the potential cumulative and secondary impacts of discarded clam netting to the 
Seaside’s fragile ecosystem.  Preliminary results indicate that the netting has little short term environmental 
impact and acts in a very similar fashion to beach wrack.  However future study is warranted due to the 
longevity of the netting and its possible long term cumulative impacts.  There continues to a positive 
momentum within the clam aquaculture industry to clean up these abandoned clam nets.  Peer pressure from 
larger growers and a willingness by the growers to accept the discarded net as an image problem has reduced 
the amount of discarded netting.  Clam growers worked with the Shorekeeper to create a "Clam Net Hotline" to 
report discarded net, which are then cleaned up by the growers.  Over a three year period, 2004 – 2006, the 
amount of net on barrier island beaches dropped by 41 percent suggesting that the clam industry was being 
more responsible and major growers were beginning to actively police their co-op and independent growers.  
The Shorekeeper is also working with the clam industry to encourage voluntarily implementation of aquaculture 
Best Management Practices developed by VIMS through the VSHP.   

The Shorekeeper also interacts with local kayak and nature operators, providing them with up-dated 
information and educational materials on Seaside resources and VSHP efforts.  The Shorekeeper conducted a 
feasibility study of “on the water” camping platforms along the Virginia Seaside Water Trail through a 2007 
Virginia CZM Program grant. 

The Shorekeeper’s patrol summary reports indicate that public awareness of Seaside resource stewardship 
has improved.  Signage posted by VSHP partners near sensitive resources, such as beach nesting bird and 
oyster reef sanctuary sites, appears to have had an impact on the public’s awareness and stewardship of 
these resources.   

Virginia CZM Investment to Date: $122,200 to the Virginia Eastern Shorekeeper 

http://www.shorekeeper.org/�
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Educating Landowners about Phragmites 

The Department of Conservation and Recreation (DCR) offered many 
Phragmites workshops in Accomack and Northampton Counties which focused 
on the history, ecology, abundance, and control methods for Phragmites as well 
as strategies private landowners can apply to fight Phragmites invasions.  
Twenty-eight landowners attended these workshopsIn 2006, 5 additional 
landowner workshops were offered and attendance numbers climbed to 124 
people.  The second series of workshops emphasized responsible use of 
approved herbicides, recommended the use of contracted pest control 
specialists, and recommended combining financial resources with neighboring 
landowners to bring down costs.    
 
A Web tool, the Phragmites Mapping Application  was created to assess which 
Seaside land holdings currently support Phragmites invasions and to  
what extent.  The user can zoom, pan, view, and print maps of Phragmites 
occurrences on the Seaside.  Phragmites occurrences can be superimposed 
over the county tax parcel layers and polygons can be screen digitized to 
measure areas covered by Phragmites. 

 
In April 2008, DCR published a new technical guidebook for landowners about the reasons and methods for 
controlling Phragmites titled “Marsh Invader!  How to Identify and Combat One of Virginia’s Most Invasive  
Plants: Phragmites”  This guidebook is downloadable from the VSHP website at 
www.deq.virginia.gov/coastal/documents/task10-03-07.pdf .   

Four landowner workshops were held in summer of 2008.  Two workshops were held in Accomack County at 
the Virginia Institute of Marine Science in Wachapreague and the two others 
were held in Northampton County.   

Virginia CZM Investment to Date: see “Habitat Restoration” Goal page 
Phragmites mapping, control and education –4  

 
Beach Nesting Bird Brochure 

The Virginia CZM Program and its partners published a brochure in 2006 
titled "Life on the Beach Isn't Always Easy" to help educate barrier island 
visitors about the critical role island habitats play in the life-cycle of beach 
nesting birds.  Thousands of birds nest on the beaches of the barrier islands 
each year from April to September, which coincides with the height of tourism 
in the region.  The survival of beach nesting birds on the islands is already 
difficult due to predation on eggs and small chicks, and natural forces such as 
storm waves and high tides which threaten to wash the nests away.  People 
using these beach can also affect the birds' survival by accidentally stepping 
on nests, bringing dogs to the island, and leaving trash on the islands which 
attract predators to these areas. 

Funding Provided by Virginia CZM Program, US Fish and Wildlife and the 
Virginia Department of Game and Inland Fisheries  

 

  

http://www.deq.virginia.gov/coastal/documents/task10-03-07.pdf�
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 Public Seminar Series 

A free monthly public seminar series is being held at the University of Virginia’s Anhueser Busch Coastal 
Research Center (ABCRC)  in Oyster, Virginia centered on research and management activities supported 
through the Virginia CZM Program and the Virginia Seaside Heritage Program.  Topics have covered an 
overview of the VSHP; the history and geomorphology of the VA Barrier Islands; eelgrass ecology and 
restoration effort;  the ecology of Oyster Catchers; the ecology of sea turtles found in Virginia waters; habitat 
restoration for migratory songbirds; an overview of the Natural Heritage Program on the Eastern Shore; and  
responses/impacts of local salt marshes to sea level rise.  Growing popularity of the seminar series has not 
only filled the meeting room to capacity, it has resulted in several "in-kind" donations of free advertising, and 
printing expenses.   

Virginia CZM Investment to Date: $5,000 to the University of Virginia  

Seaside Heritage Program Educational Signage  

The Virginia CZM Program worked with A-NPDC and VSHP 
partners to design and install educational signage along the 
Seaside Water Trail highlighting the ecological and economic value 
of Seaside resources.  In spring 2009, signs are going up in Oyster, 
Chincoteague, Wachapreague, Willis Wharf and on the Eastern 
Shore of Virginia Wildlife Refuge.   

Virginia CZM Investment to Date: $14,725 to the Accomack 
Northampton Planning District Commission  

Village of Oyster Vision/Plan  

In 2004 the Village of Oyster received a Virginia CZM Program 
grant to create a village plan for the future of Oyster that serves as 
the foundation for future community and local government 
decisions.  Development of the plan involved a citizen-based 
visioning effort, with professional facilitation and support from The 
Nature Conservancy.  The community of Oyster sees itself in the 

future as "preserving the Village's traditional character with its historic maritime culture and lifestyle; 
maintaining and enhancing the quality of the natural resources around the Village; and supporting the needs of 
the commercial and recreational users of its waterfront without compromising the residential character and 
rural village way of life."   

Virginia CZM Investment to Date: $4,500 to Citizens for a Better Eastern Shore and The Nature Conservancy 
 
Native Plant Social Marketing Campaign 

In spring of 2008 the Virginia CZM Program began work on a social 
marketing campaign to increase the use of native plants on the Eastern 

Shore in hopes of protecting water quality and 
habitat for wildlife. Focus group meetings with local 
residents were conducted to determine what the 
major barriers are to increasing the number of 
native plants that people will plant around their homes, schools, parks, rights-of-way, 
etc. An Eastern Shore Native Plants Guide is being developed and the kick-off event 
was held at the Willis Wharf Wildlife Observation Deck on April 24, 2009.     

Virginia CZM Investment to Date: $18,084  
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Seaside Mapped Resources on the Coastal GEMS Internet Mapping Website 

Coastal GEMS, developed and maintained by the Virginia CZM Program, serves as the foundation for long 
term restoration and management strategies for the Seaside of Virginia's Eastern Shore.  Coastal GEMS 
includes data layers for the Virginia Seaside Heritage Program boundary, Seaside Water Trail, Seaside public 
access locations, Birding and Wildlife Trail, barrier island ownership and access, important bird areas, 
migratory songbird stopover habitat, oyster restoration sites, seagrass coverage and restoration sites, hard 
clam and oyster aquaculture permit sites, clam and oyster aquaculture suitability models, and Phragmites 
coverage. (http://www.deq.virginia.gov/coastal/coastalgems.html) 

 

The screenshot above from Coastal GEMS shows important water features near Chincoteague, including clam and oyster 
permitted aquaculture sites, seagrass, public oyster bottom, private oyster leases, and fisheries management areas. 

Seaside Management Plan 

The Virginia CZM Program worked with the University of Virginia and its Virginia Seaside Heritage Program 
partners to draft a Seaside Management Plan in the spring of 2008.  Drawing on the experience and the 
research and restoration efforts of the partners, a final plan will be developed that will provide comprehensive 
management recommendations designed to protect the investment made in improving aquatic resources and 
those industries that depend upon them.  Specific policies will be developed using future funds for a Seaside 
Special Area Management Plan. 
 
Virginia CZM Investment to Date: $44,100 to the University of Virginia and $280,000 to be allocated 

http://www.deq.virginia.gov/coastal/coastalgems.html�
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Assateague Coastal Trust 

P.O. Box 731 
Berlin, Maryland 21811 

410-629-1538      
 
 

May 8, 2009 
 
Mr. Josh Bundick 
250/NEPA Manager 
WFF Shoreline Restoration and Infrastructure Protection Program 
NASA Goddard Space Flight Center’s Wallops Flight Facility 
Wallops Island, Virginia 23337 
wff_shoreline_eis@majordomo.gsfc.nasa.gov 
 
Dear Mr. Bundick: 
 
Assateague Coastal Trust (ACT), the oldest non-profit grassroots environmental advocacy organization in 
the Atlantic coastal bays watershed, works to protect and enhance the natural resources of the watershed 
through advocacy, conservation, and education.  ACT has a long history of environmental advocacy in the 
Maryland and Virginia coastal bays region, beginning with its landmark efforts in the early 1970s to 
preserve the unspoiled character of Assateague Island, which is now protected as a National Seashore. 
 
We support NASA’s Wallops Flight Facility as part of our community and hope to work both towards the 
success of the Facility and the protection of our region’s coastal ecosystem.  We are concerned that the 
Shoreline Restoration and Infrastructure Protection Project will impact many of the natural resources that 
our organization works hard to protect, including barrier island habitats, coastal waters, shorebirds, sea 
birds, fish, and marine mammals. 
 
Potential Impacts of Dredging on Barrier Islands 
 
Barrier island morphology supports a variety of fragile and dynamic habitats, including the intertidal, 
beach, and dune habitats.  Those habitats would potentially be impacted by accelerated shoreline erosion, 
addition of incompatible non-native sediments, and other changes in natural coastal processes. 
 
Offshore shoals are known to dissipate incoming wave energy, diminishing the wave energy that reaches 
the shoreline, and thereby sheltering the coastline from wave-driven erosion.  ACT is concerned that 
dredging either of the shoals, particularly Blackfish Bank, will reduce the protection that it provides to 
Assateague, Wallops, and Assawoman Island, depending on wave direction.  The resulting increase in 
wave energy reaching the shoreline could, in turn, lead to accelerated erosion of beaches and dunes.  
Therefore, the EIS should consider existing wave climate and shoreline change data for the islands that 
will potentially be impacted, and should model potential changes to the wave climate and shoreline 
change resulting from dredging either of the targeted shoals.  Any dredging with the potential to increase 
erosion or wave energy on the barrier islands should follow a detailed dredging plan that is included in the 
EIS.  That plan should identify which shoal is less important in wave sheltering, and should describe 
dredging methods that minimize impacts on island shorelines, such as maintaining the existing shoal crest 
height and dredging the more distant Unnamed Shoal. 



 
ACT is also concerned that removal of a significant volume of either shoal will reduce the volume of 
sediment currently being transported to the barrier islands, thereby accelerating erosion and impacting the 
islands’ natural coastal processes and resilience to the ongoing effects of climate change including sea 
level rise and storm intensity.  As part of the barrier complex, offshore shoals are also an important 
component of the regional sediment budget and sediment transport pathways, as shown in multiple 
mapping and modeling efforts along the mid-Atlantic coast, including Fire Island, New York, 1,2 Fenwick 
Shoal, Delaware, 3  and Wrightsville Beach, North Carolina. 4  These studies indicate that sediment is 
transported in a cross-shore direction and connects the beach with the continental shelf, so a realistic 
sediment budget must include a large spatial scale that includes sediment input from the inner-continental 
shelf. Therefore, the EIS should evaluate the regional sediment transport pathways, and the potential 
changes to the sediment budget and pathways that could result from the proposed dredging.  This 
evaluation should also identify which of the two shoals contributes less sediment to the barrier islands. 
 
Potential Impacts of Hard Structures on Barrier Islands 
 
Groins are well known to cause erosion on their downdrift side.5 The severe and lasting impacts of shore-
perpendicular sand retention structures in our region are clearly visible at Assateague Island, just north of 
the proposed project site.   The Ocean City Inlet jetty starved the downdrift island of 6.6 million m3 
between 1934 and 1998, not including the volume of sediment lost due to natural erosional processes, and 
the spatial extent of the impacts extended 6.8 miles along the downdrift shoreline. 6  That sand starvation 
caused “adverse physical, biological, and economic impacts” including a loss of geologic integrity, salt 
marshes, habitat diversity, and aesthetic appeal, while increasing overwash frequency, infilling 
Sinepuxent Bay, increasing the likelihood of a breach, and increasing the vulnerability of mainland 
communities to storm damage. 7  Efforts to mitigate jetty impacts have been expensive, long-term, 
iterative management approaches requiring a great deal of regular attention from several agencies for 
monitoring, data analysis, interagency meetings, and evaluation of threshold conditions that trigger 
management actions. 
 
Similar effects likely would be seen on Assawoman Island should the proposed groin be built at Wallops 
Island.  South of Chincoteague Inlet, the sediment transport rate is even lower than at Ocean City, and the 
erosion rate is already 5.5 m/yr on Assawoman Island.8  Accelerated erosion resulting from a groin would 
be particularly perilous to the geologic integrity of the fragile downdrift barrier islands, because “the 
                                                            
1 Schwab, W.C., Thieler, E.R., Denny, J.F., Danforth, W.W., 2000. Seafloor Sediment Distribution Off 
Southern Long Island, New York: U.S. Geological Survey Open-File Report 00-243. 
2 Schwab, W.C., Thieler, E.R., Allen, J.R., Foster, D.S., Swift, B.A., and Denny, J.F., 2000. Influence of 
inner-continental shelf geologic framework on the evolution and behavior of the barrier-island system 
between Fire Island Inlet and Shinnecock Inlet, Long Island, New York. Journal of Coastal Research 
16(2) pp. 408-422. 
3 Hayes, M.O., and Nairn, R.B., 2004.  Natural Maintenance of Sand Ridges and Linear Shoals on the 
U.S. Gulf and Atlantic Continental Shelves and the Potential Impacts of Dredging.  Journal of Coastal 
Research 20(1), pp. 138-148. 
4 Thieler, E.R., Brill, A.L., Cleary, W.J., Hobbs III, C.H., Gammisch, R.A., 1995.  Geology of the 
Wrightsville Beach, North Carolina shoreface: Implications for the concept of shoreface profile of 
equilibrium.  Mar. Geol. 126, 271-287. 
5 U.S. Army Corps of Engineers, 2002.  Coastal Engineering Manual. Manual No. EM 1110-2-1100. 
6 U.S. Army Corps of Engineers, 1998.  “Ocean City, Maryland, and Vicinity Water Resources Study Final 
Integrated Feasibility Report and Environmental Impact Statement, Appendix D, Restoration of 
Assateague Island,” Baltimore, Maryland. 
7 U.S. Army Corps of Engineers, 1998.   
8 Morang, A., Williams, G.G., and Swean, J.W., 2006.  Beach Erosion Mitigation and Sediment 
Management Alternatives at Wallops Island, VA. ERDC/CHL TR-06-21, Coastal and Hydraulics 
Laboratory, U.S. Army Engineer Research and Development Center, Vicksburg, MS, 81p. 



present surfaces of Assawoman and Metompkin Islands are extremely low, and are essentially an 
amalgamation of thin overwash fans migrating across the back-barrier marsh…Because of sediment 
starvation and rapid transgression, at times these barrier islands essentially cease to exist.”9 
 
To ensure that similar impacts of sediment starvation do not degrade the coastal habitats of Assawoman 
and Metompkin Island, the EIS should include action thresholds and methods for bypassing and 
mitigation of impacts to downdrift islands.  Because the planning and implementation process for coastal 
mitigation efforts is lengthy, this planning should be included now in the EIS as a proactive measure 
rather than a later reactive document.   
 
Potential Impacts to Terrestrial Wildlife 
 
Assawoman and Metompkin Islands provide important habitat for a variety of shorebirds, migratory birds 
including the declining Red Knot, and the Federally-listed Piping Plover.  The importance of these 
habitats have been recognized by the Audubon Society, which designated this area as an Important Bird 
Area, and by the United Nations, which designated the chain of undeveloped Virginia barrier islands as an 
International Man and the Biosphere Reserve.   The habitat value of the birds’ nesting and foraging areas 
depend on natural barrier island conditions, which are in turn controlled by natural coastal processes 
including sediment supply and type.  ACT is concerned that these valuable habitats will be adversely 
impacted by sediment starvation and increased erosion caused by the proposed groin and offshore 
dredging, as described in the preceding section.   
 
ACT is also concerned that dredged sediments will be incompatible with native sediments, which would 
in turn alter the terrestrial surface texture, the shoreface slope, and the sediment transport processes driven 
both by wind and by overwash.  The north end of Assateague Island provides a local example of the 
impacts resulting from emplacement of sediment with a high proportion of gravel.  The resulting surface 
exhibits a ‘desert pavement’ effect in which fine sediments are winnowed out by the wind, leaving a 
visible and incongruous surface of gravel along several miles of the beach.  This in turn has affected 
nesting and feeding behavior of the Federally-listed Piping Plover, has altered overwash and Aeolian 
sediment transport processes on the island, and has necessitated another mitigation project involving 
intensive monitoring, data analysis, interagency meetings, establishment of threshold values for piping 
plover reproductive success and vegetation communities, and further manipulation of beach topography 
when those threshold values are reached.  In consideration of these potential impacts, the EIS should 
consider the compatibility of shoal sediments with the native sediments of Wallops Island and downdrift 
nearshore and beach areas.   
 
Potential Impacts to Marine Life 
 
ACT’s mission includes protection of marine and estuarine life and the habitats on which it depends.  The 
marine waters along the Virginia barrier islands hosts a rich diversity of marine life, including benthic 
communities10 around the shoals that support pelagic fish, 11 which feed on the shoals and live parts of 
their lives in the estuarine waters behind the barrier islands.  The pelagic shoal communities also serve as 
feeding grounds for sea turtles, marine mammals, and sea birds. Studies along the Maryland and Virginia 

                                                            
9 Hobbs, C.H., Krantz, D.E., and Wikel, G.L., 2008.  “Coastal Processes and Offshore Geology.”  In The 
Geology of Virginia.  Ed. Chuck Bailey.  
10 Diaz, R.J., G.R. Cutter Jr., and C.H. Hobbs III, 2004.  Potential impacts of sand mining offshore of 
Maryland and Delaware: Part 2—biological considerations. Journal of Coastal Research, 20(1), pp. 61–
69. 
11 Vasslides, J.M. and Able, K.W., 2008. Importance of shoreface sand ridges as habitat for fishes off the 
northeast coast of the United States.  Fishery Bulletin 106(1), pp. 93-107. 



coast indicate that the majority of the species inhabiting the shoals are seasonal residents, and that pelagic 
fish use different parts of the shoal area at different times of the day and night.12  
 
ACT is concerned that destruction of shoal habitat will impact the complex food web of these shoals, and 
the marine communities that depend on it.  Therefore, we request that the EIS assess the habitat value of 
both shoals for benthic and pelagic marine life, that it evaluate the potential impacts of dredging on 
marine communities, and that it establish and describe dredging methods (including location and season) 
that minimize impacts to the most valuable shoal habitat areas.   
 
Additional Recommendations for Scope and Considered Alternatives in the EIS  
 
The Description of the Proposed Action and Alternatives left us with many questions about the proposed 
project’s methods, impacts, foundation data, and other aspects that should be more fully explored before a 
project alternative is chosen.  We request that you fully address the following issues in the EIS. 
 

1. The EIS should describe and fully consider an alternative involving retreat from the shoreline to 
an area with more stability in the face of continued shoreline erosion, sea level rise, storm 
intensity, and climate change.  This alternative should compare the relative cost of relocation to 
the combined costs of a 50-year sand dredging project, damage to shoal and island habitats, 
mitigation of impacts, and need for another shoreline project and associated EIS at the 50-year 
endpoint.  
 

2. The EIS should clarify which of the two proposed shoals would be targeted for dredging under 
each alternative, whether sediment might be taken from both shoals under a single alternative, 
and what the proportional and total volume of dredged sediment from each shoal would be.  Due 
to its closer proximity to the barrier islands, we would prefer that Blackfish Bank be left intact to 
minimize the potential impacts of dredging on the marine life, wave energy, and sediment 
transport reaching Assateague Island. 

 
3. The EIS should establish the fate of the hard structures at the end of the 50-year project.  

 
4. Overall, the EIS would be improved by inclusion of a detailed dredging plan, including a 

description of engineering and dredging methods and the proposed design of hard structures. 
 
Thank you for considering ACT’s concerns about this proposed project.  We look forward to working 
with NASA to evaluate alternatives for protecting both NASA infrastructure and our region’s important 
coastal resources. 
 
 
Sincerely, 
 
 
 
Kathy Phillips 
Assateague COASTKEEPER 
Executive Director, Assateague Coastal Trust 

                                                            
12 H. Ward Slacum Jr., Ed Weber, William H. Burton, Roberto Llansó, Jon Vølstad, David Wong, and Jodi 
Dew, 2006. Comparisons between Marine Communities Residing on Sand Shoals and Uniform-Bottom 
Substrates in the Mid-Atlantic Bight.  Minerals Management Service OCS Study MMS 2005-042, 151 p.  
Available online: http://www.mms.gov/SandAndGravel/PDF/MMS2005-042/MMS2005-042FinalReport.pdf 
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May 11, 2009 
 
Mr. Josh Bundick 250/NEPA Manager 
WFF Shoreline Restoration and Infrastructure Protection Program 
NASA Goddard Space Flight Center’s Wallops Island Facility 
Wallops Island, VA 23337 
 
Dear Mr. Bundick, 
 
Please accept these comments from Delmarva Low-Impact Tourism Experiences (DLITE) 
regarding NASA’s EIS for the proposed shoreline work at the Wallops Flight Facility.  
 
DLITE represents a union of Delaware, Maryland, and Virginia businesses, conservation 
organizations, and local, state, and federal partners, which have formed an alliance to strengthen 
and promote low-impact, nature-based tourism on the Delmarva Peninsula. Low-impact tourism 
plans, manages and promotes the enjoyment and protection of the environment and local culture to 
generate income, employment, and the conservation and sustainability of local ecosystems. 
 
Low-impact tourism is a tremendous economic development engine for the Delmarva Peninsula. 
Thousands of local jobs in our hospitality industry depend upon the opportunities for visitors to 
explore our seaside and bayside parks, refuges and preserves while engaged in outdoor activities 
such as cycling, paddling, and wildlife watching. 
 
In a 2006 survey conducted by the National Wildlife Refuge system titled “Banking On Nature,” 
Chincoteague NWR generated the most visits of any NWR in the U.S. (7.5 million) and is 
responsible for the most jobs (3,766). The total economic impact of Chincoteague NWR is $315.4 
million each year. The majority of visitors to Chincoteague participate in non-consumptive 
wildlife recreation. This matches national trends in wildlife-associated recreation, as indicated in 
the 2006 National Survey of Fishing, Hunting and Wildlife-Associated Recreation. Nationally, 
wildlife watching is up 8% since 2000, with 71 million Americans participating in outdoor 
activities such as birdwatching and wildlife photography.  
 
While Chincoteague NWR and our seven other Delmarva National Wildlife Refuges provide 
habitat and nesting areas for many of the birds and other wildlife species sought by our millions of 
annual visitors, these protected lands alone cannot support their needs. The barrier islands south of 
Chincoteague and Wallops Island – Assawoman, Metompkin, and Cedar Islands – are documented 
nesting and feeding areas for birds prized by wildlife watchers, including black skimmers, terns, 
whimbrels, the increasingly rare red knot, and the federally endangered piping plover. 
 
DLITE is concerned about the terminal groin proposed for Wallops Island, and the effect the 
proposed groin may have on Assawoman, Metompkin, and Cedar Islands. We suggest that you 
pursue movement of NASA’s Wallops Flight Facility inland to protect this nationally important 



program, and to protect the islands south of Wallops and the wildlife that support a thriving low-
impact tourism economy. We support NASA’s Wallops Flight Facility as part of our community, 
and as an economic engine for the region. We hope to work both towards the success of the 
Facility and the protection of our region’s coastal ecosystem. 
 
Sincerely, 
 
Jim Rapp 
Jim Rapp, Executive Director 
Delmarva Low-Impact Tourism Experiences 
 
cc:  Senator Ben Cardin 
 Senator Barbara Mikulski 
 







July 29, 2009 

250/NEPA Manager 
WFF Shoreline Restoration and Infrastructure Protection Project 
NASA Goddard Space Flight Center's 
Wallops Flight Facility 
Wallops Island, Virginia 23337 

RE: WALLOPS FLIGHT FACILITY (WFF) SHORELINE RESTORATION AND 
INFRASTRUCTURE PROTECTION PROJECT 

Dear WFF NEPA Manager: 

The Hampton Roads Military & Federal Facilities Alliance (HRMFFA) notes that WFF 
has announced intent to complete an Environmental Impact Statement (EIS) for a 
shoreline restoration and infrastructure project. HRMFFA supports the stated purpose 
and need for the project. 

HRMFFA is a not-for-profit corporation representing the 1.6 million citizens of the cities 
of Chesapeake, Franklin, Hampton, Newport News, Norfolk, Poquoson, Portsmouth, 
Suffolk, Virginia Beach and Williamsburg, and the counties of Isle of Wight, James City, 
and York in matters relating to the protection, sustainment, and growth of military and 
federal activities in Hampton Roads. 

WFF is a critical facility to the national security of the U.S. and protection of the 
shoreline and the infrastructure at WFF is imperative to ensure the continued viability of 
National Aeronautics and Space Administration (NASA), and Navy, Air Force, and 
Coast Guard missions at WFF, as well as commercial space flight activity. 

All of these missions are growing in their interrelationship to military and federal 
activities and missions in the Hampton Roads area of southeastern Virginia. We are 
pleased to offer our support of this important project that will ensure the mission 
performance of critical capabilities at WFF and to contribute positively to the economic 
vitality of Virginia's eastern shore for decades to come. 

FAR/far 

s~ 
~nkRoberts 

Executive Director 

430A World Trade Center. Norfolk, Virginia 23510 . (757) 644-6324 



MARYLAND COASTAL BAYS PROGRAM 
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        May 7, 2009 
 

 
Mr. Josh Bundick 250/NEPA Manager 
WFF Shoreline Restoration and Infrastructure Protection Program 
NASA Goddard Space Flight Center’s Wallops Island Facility 
Wallops Island, VA 23337 
 
RE: Wallops Flight Facility Shoreline Restoration 
 
Dear Mr. Bundick, 
 
Please accept these comments from the Maryland Coastal Bays Program regarding NASA’s EIS for the 
proposed shoreline work at the Wallops Flight Facility.  
 
The Maryland Coastal Bays Program is one of 28 National Estuary Programs charged with protecting the 
most ecologically and economically significant estuaries in the United States.  While our focus area of 
conservation extends only from the Delaware line south to the Virginia/Maryland border, we have a stake 
in protecting the unique barrier island system which extends from the Delaware inland bays south to Cape 
Charles. This internationally recognized coastal ecosystem is a critical foraging and nesting area for some 
of the worlds most threatened shorebirds. Its value as a nursery for fish, crabs and shellfish is unparalleled 
on the East Coast.  
 
For this reason I am writing to express the program’s deep concerns about the proposed terminal groin in 
the Preferred Alternative and Alternative 4. Having our watershed split in two by an inlet jetty built in 
1933, and having undergone extensive literature review on the subject, we are well-aware of the 
consequences of north-south sand starvation in this region. While the proposed groin is different from the 
Ocean City Inlet Jetty, its consequences will be similar: significant erosion and loss of integrity of the 
barrier island south of the groin. The population status of red knots, whimbrels, piping plovers and 
numerous other wading bird species that use mud flats, sandy shores and marshes suggests the potential 
loss of the Virginia barrier island habitat south of Wallops Island would have devastating impacts to the 
worldwide populations of these and other shorebirds. The best scientific knowledge available supports the 
likelihood of this very negative impact. 
 
One of the greatest international migratory bird areas in the world cannot abide erosion rates like those 
seen on the northern end of Assateague over the past 75 years. The loss in biodiversity under the groin 
alternative would be second only to the public relations debacle NASA could suffer under this scenario. 
 
We also suggest more study be undertaken on the proposed dredging from offshore shoals. Pelagic birds, 
fish, marine mammals and loggerhead sea turtles are heavy users of our nearshore shoals in Maryland and 
we have no reason to believe this is not also the case in Virginia.  
 
While our program does not oppose sand renourishment, we respectfully submit that land subsidence 
combined with significant sea level rise over the next century will continually undermine the integrity of 
the Wallops Island Facility and will cost much more to fend off in the long run, resulting only in the 

    



eventual movement of the facility to a safer location. We suggest that movement inland begin to occur 
now and are willing to shepherd public and political support for this move. We hope that our long 
relationship with Senator Mikulski’s and Senator Cardin’s office can help make this transition viable. 
 
Barrier island systems need to be able to migrate landward with sea level rise. Early attempts at armoring 
these systems will always eventually succumb to the rise of the ocean. 
 
Sincerely, 
 
 
 
Dave Wilson Jr. 
Executive Director 
Maryland Coastal Bays Program 
 
cc:  Senator Ben Cardin 
 Senator Barbara Mikulski 



  
 
 
 
 
 
Subj: SHORELINE RESTORATION AND INFRASTRUCTURE PROTECTION 

PROGRAM 
 
1. Thank you for the copy of the Shoreline Restoration and 
Infrastructure Protection Program (SRIPP) proposal for Wallops 
Island, Virginia. I have reviewed the proposal and would like to 
address a few issues. First and foremost, the southern portion 
of the island, which is most important to NASA, is eroding and 
will continue to erode through the natural process of sediment 
transport as well as sea level rise (Leatherman, 1991). Although 
there is an annual loss which occurs each year, there is also a 
stage of replenishment that resupplies the beach to some extent 
(Leatherman, 1988). I understand the need to protect valuable 
assets located on Wallops Island but think that the preferred 
alternative may cause more adverse unforeseen impacts than 
explained in the descriptions of the proposed actions. I 
recommend that the alternatives be more carefully studied 
including references from past NASA shoreline studies at Wallops 
Island, Virginia. 
 
2. Once steps to rebuild an eroding beach have begun, the process 
will be ongoing indefinitely (Leatherman 1988). In the notice 
published in the Federal Register, NASA states that the first 
beach fill would occur as part of the initial construction 
phase. Beach nourishment cycles would occur approximately every 
5 years, based on the frequency and severity of the storms, as 
well as funding availability. In 1987 NASA’s estimated annual 
construction budgets were determined to be inadequate to protect 
the shoreline. The recommendation at that time was to reduce the 
area of protection (Moffatt & Nichol, Engineers, 1987). I am 
concerned that a lack of funding will occur in upcoming years 
which would either hinder or eliminate the 5-year cycle of beach 
replenishments. The failure of the wooden groins in the early 
1960s and 1970s was attributed to the lack of beach fill (ACE, 
1978). If funding is not secured every 5 years, there is good 
reason to believe that history will repeat itself.  According to 
the Wallops Island shore protection study (1986), costs for 
construction, damages and repairs reached a value in 1986 
dollars of $18 million. I recommend that beach stabilization and 
nourishment be concentrated in the southern area where erosion 



is the greatest problem. This would reduce the cost, hence 
increasing the probability of continuing funding support.  
 
3. In the Federal Register a value of $800 million of Federal and 
state assets are listed as at risk on Wallops Island. In the 
Description of Proposed Action and Alternatives, a higher value 
of ‘over $1 billion’ in assets is listed as at risk. Please 
address the discrepancy in these values in the next stages of 
the study. Also the Navy facilities on Wallops Island are 
located further north, where the island is in fact accreting. To 
better understand the cost-benefit of the total SRIPP,  I 
recommend that the value of Navy buildings not be included in 
the at risk value given.  
 
4. The potential impact to the offshore shoals from which the 
sand will be removed needs to be further evaluated. Dredging 
material often releases stored toxins and re-suspends them in 
the water column (Alden et al., 1985; Sims and Presley, 2005). 
These toxins may greatly impact the various fishes found in that 
particular area. The local charter boats of Chincoteague use 
this shoal as a high-quality fishing spot. The quality and or 
health of the fish in this area may be adversely impacted by the 
re-suspension of the toxins. These effects may be amplified up 
the food chain and eventually end at human consumption (Sims and 
Presley, 2005). The physical perturbation of the habitat must 
also be noted. If the dredging does in fact occur every 5 years, 
the habitat will have little chance to recover, before being 
dredged again. This is likely to hurt the local fishing 
industry, and potentially the tourism of nearby Chincoteague and 
Assateague, Virginia. I recommend that the impacts to the shoal 
habitat be better defined.  
 
5. Disturbing and modifying the bathymetry of the offshore waters 
is likely to alter the wave action as well (Moffatt & Nichol, 
Engineers, 1986). This could intensify the erosion occurring on 
Assateague Island at the present time. These effects have the 
potential to be augmented during storm events and may have long-
term damaging consequences. I recommend that the alteration in 
the impact of storm surges due to the loss of the protective 
shoals be estimated. 
 
6. Overall it is my recommendation that future NASA projects be 
more strategically placed based on the current knowledge of the 
eroding shoreline. Barrier island movement is not only erosion 
on the seaside, but often includes an accretion on the marsh/ 
lagoon side. By building where the land is accreting, the risk 
for that structure would be much lower than if it were built on 



the seaside. Critical structures and roadways may be elevated in 
order to enhance their security as had been proposed in the 
Draft PEA of May 2007. I therefore recommend that careful siting 
of structures will significantly reduce the costs of the 
proposed Shoreline Restoration and Infrastructure Protection 
Program. 
 
 
       Marilyn Ailes, Ph.D. 
       Ecologist 
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Via email; hardcopy to follow 
 
May 11, 2009 
 
 
Mr. Joshua A. Bundick, NEPA Manager 
WFF Shoreline Restoration and Infrastructure Protection Program 
NASA Goddard Space Flight Center’s Wallops Flight Facility 
Wallops Island, Virginia 23337 
 
Re: Comments on the Notice of Intent to prepare an Environmental Impact 

Statement for Wallops Flight Facility Shoreline Restoration and Infrastructure 
Protection Program 

 
Dear Mr. Bundick: 
 
I am writing to submit The Nature Conservancy’s response to the National Aeronautics 
and Space Administration’s (NASA) Notice of Intent (NOI) to prepare an 
Environmental Impact Statement (EIS) for the proposed Wallops Flight Facility (WFF) 
Shoreline Restoration and Infrastructure Protection Program (SRIPP).    
 
We appreciate this opportunity to contribute to the EIS scoping process for this 
substantial project.  Our comments are structured as follows: 
 

 Review of The Nature Conservancy’s ownership, investment and interest in the 
barrier island system south of Wallops Island; 

 Conservation and property ownership concerns with the terminal groin; 
 Additional conservation concerns and research questions that need to be 

addressed by the EIS; and  
 Recommendation to evaluate an additional alternative in the EIS regarding 

phased relocation of the WFF infrastructure to the mainland. 
 
 
The Nature Conservancy’s Ownership, Investment and Interest in the Barrier Island 
System south of Wallops Island 
 
The mission of The Nature Conservancy (The Conservancy) is to preserve the plants, 
animals and natural communities that represent the diversity of life on Earth by protecting 
the lands and waters they need to survive. With the support of more than one million 
members, The Conservancy has protected more than 120 million acres and 5,000 river 
miles around the world, and currently has more than 150 marine conservation projects in 
32 countries and in every coastal state in the U.S. 

The Nature Conservancy in Virginia
530 E. Main St. Suite 800 
Richmond VA 23219 

tel (804) 644-5800
fax (804) 644-1685 
nature.org 
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The Conservancy has been working to protect barrier islands and coastal habitats off the coast of Virginia 
for nearly four decades.  Since our first project on Virginia’s Eastern Shore in 1969, the Conservancy’s 
ownership there has grown to encompass all or part of nine barrier islands and five marsh islands in addition 
to multiple preserves and conservation easements on the mainland collectively known as the Virginia Coast 
Reserve.  Together, investments by The Conservancy along with federal, state, and other non-governmental 
conservation partners have resulted in the protection of more than 114,000 acres of land and waters, 
including 40,000 acres in which the Conservancy holds direct legal interest (see attached map).  The 
Conservancy’s stake includes legal interest, through ownership or conservation easement, in over 400 miles 
of coastline along Virginia’s Eastern Shore. 
 
The 75-mile long Virginia barrier island chain is considered to be the best example of a naturally functioning 
barrier island system on the U.S. Atlantic coast and one of the best remaining examples of U.S. Atlantic 
Coast wilderness.  Virginia’s Eastern Shore coastal bays and lagoon-barrier island complex has been 
recognized as a United Nations International Man and the Biosphere Reserve, a U.S. Department of the 
Interior National Natural Landmark, a National Science Foundation Long-Term Ecological Research Site, 
and a Western Hemisphere International Shorebird Reserve Network Site.  These recognitions result 
largely from the fact that there is currently little direct human impact on the natural processes that maintain 
these barrier islands and associated habitats. 
 

The many miles of wild beaches and tidal mud flats associated with the barrier islands and coastal bays 
attract exceptional numbers of migratory shorebirds and waterbirds each year.  Almost 40 waterbird and 
shorebird species breed in the barrier island and lagoon system, including beach nesting shorebirds such as 
the Federally Threatened piping plover (Charadrius melodus), the state endangered Wilson’s plover (C. wilsonia), 
and the American oystercatcher (Haematopus palliatus), which is ranked as a species of high conservation 
concern in the US Shorebird Conservation Plan (Brown et al. 2001).  Other breeding waterbird species 
include the state threatened gull-billed tern (Sterna nilotica) and the least tern (S. antillarum), a state species of 
special concern, as well as the black skimmer (Rynchops niger), common tern (S. hirundo), royal tern (S. maxima) 
and sandwich tern (S. sandvicensis), all of which are species of high conservation concern (VDGIF 2005).  
Over 200 breeding pairs of piping plovers are currently found on island overwash beaches representing 
roughly 11 percent of the Atlantic coast population.  Over 75 percent of these breeding pairs nest on the 
northern barrier islands closest to Wallops including Assawoman (US Fish and Wildlife Service-owned), 
Metompkin (Conservancy and US Fish and Wildlife Service-owned), and Cedar (Conservancy, US Fish 
and Wildlife Service , State and private-owned) (Boettcher et al. 2007).  Of the more than 700 breeding 
pairs of American oystercatchers documented in coastal Virginia in 2008, over 50 percent occurred on 
Virginia’s barrier islands, with 40 percent occurring on Metompkin and Cedar islands alone (Wilke et al. 
2009).  Moreover, oystercatcher productivity rates along the barrier island chain are some of the highest 
reported on the US Atlantic coast, suggesting that the islands may serve as important population sources for 
the East Coast population (Wilke et al. 2008).   
 
Moreover, 24 species of migratory shorebirds use these islands as stopover or wintering habitat in the spring, 
fall and winter.  On peak spring days, over 250,000 shorebirds can be found on the seaside of the barrier 
islands. An estimated 80 percent of the hemisphere’s population of whimbrels (Numenius phaeopus) uses the 
mudflats as their last coastal stopover before heading to the arctic and subarctic regions to nest (Watts and 
Truitt, unpubl. data).  The expansive beaches and peat banks of the barrier islands provide rich invertebrate 
prey for migrating red knots (Calidris canutus), a species which has declined by 85 percent since 1990 and is a 
candidate for listing under the Endangered Species Act (Niles and Dey 2007).  Almost 40% of the 
hemispheric population of red knots stopped on Virginia’s barrier islands in May, 2007, during their 
migration to feed on shore-dwelling invertebrates (Watts and Truitt, unpubl. data).   
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The statistics cited above only begin to capture the ecological significance of the barrier islands and 
associated lagoon system on the seaside of Virginia’s Eastern Shore.  There are simply very few places in the 
country where the bulk of habitats, wildlife, and ecological processes function much as they did prior to 
human settlement.  Protecting the ecological integrity of this system and the value of our longstanding 
investments in the Virginia Coast Reserve is one of The Conservancy’s top priorities.  We continue to work 
collaboratively with multiple federal, state and local partners to protect, enhance and restore the unique and 
productive habitats and wildlife of the Virginia Coast Reserve in addition to the offshore areas of the Mid-
Atlantic Continental Shelf.   
 
To guide our efforts, The Conservancy, in 2003, worked with partners to develop a strategic conservation 
plan for the Virginia Coast Reserve in which we outlined our key conservation targets, threats, and actions to 
abate threats.  Since then, we have expanded our conservation vision to encompass the Mid-Atlantic 
Continental Shelf, working with state and federal partners to develop a conservation plan for the entire mid-
Atlantic coastal and offshore environment.  Through both efforts, we have identified a suite of conservation 
targets that represent the Mid-Atlantic’s marine biodiversity, and whose long-term persistence is indicative 
of the ecological function and resilience of this coastal region.  These conservation targets include:   
 

 Barrier island system 
 Barrier island/ coastal lagoon breeding birds 
 Migratory shorebirds 
 Sea ducks and sea birds 
 Tidal salt marshes 
 Oyster reefs 
 Eelgrass meadows 
 Coastal bay nursery habitat for estuarine-dependent fishes and sharks like drum, spot, croaker, sea 

trout, summer flounder, and sandbar shark 
 Sea turtles including Atlantic loggerhead and Kemp’s Ridley 
 Offshore sandy shoals and swales 

 
As part of our planning, we have developed a ranked list of human activities that may threaten the viability of 
these conservation targets, and we continue to compile and analyze germane spatial and biological data to 
better inform our understanding of where and how we need to work to protect these complex and dynamic 
ecosystems.  Among the many threats to coastal systems in the Mid-Atlantic, our team of partners and 
experts ranked shoreline hardening and armoring as a very high threat to many of the conservation targets 
listed above.   
 
The comments that we provide below are guided by and framed in the context of this strategic conservation 
plan and reflect The Conservancy’s nearly 40 years of research and conservation efforts to protect the 
Virginia Coast Reserve. 
 
Conservation and Property Ownership Concerns with the Terminal Groin 
 
The Conservancy has serious concerns regarding the proposed terminal groin included as an action under 
the Preferred Alternative and Alternative 4.  Because a groin’s effectiveness depends on its ability to 
impound sediment from the longshore transport system, it is certain that a groin installed in this area would 
trap sediment on Wallops Island, and prevent sediment from reaching downdrift beaches. This would have 
adverse effects on the islands themselves, the natural communities on the islands, and the species dependent 
on island habitats, including rare and threatened beach nesting and migratory shorebirds such as Federally 
Threatened piping plovers, oystercatchers, and red knots.  Moreover, because Wallops Island is a low 
elevation, sediment starved island, a terminal groin will not ensure long-term stability of the shoreline nor 
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increased durability of the beach nourishment project.  This is corroborated by a large body of scientific 
literature indicating that nourishment projects are transported offshore during storms (Gayes et al. 2003). 
 
The Coastal Scientists’ Position Statement on Groins summarizes the general consensus in the coastal 
geology community regarding the destructive impacts of groins—and is signed by 43 highly regarded coastal 
scientists from more than 30 institutions.  See 
http://www.westerngrad.com/WebFiles/PDFs/Coastal_Scientist_Groin_Statement.pdf . 
This statement includes the following conclusions:   
 

• The negative impact of groins on downdrift shorelines is well understood. When they work as 
intended, sand moving along the beach in the so-called down-drift direction is trapped on the up-
drift side, causing a sand deficit and increasing erosion rates on the down-drift side. This well-
documented and unquestioned impact is widely cited in the engineering and geologic literature. 

• A structure placed at the terminus of a barrier island, near an inlet, will interrupt the natural sand 
bypass system, deprive the ebb and flood tide deltas of sand and cause negative impacts to adjacent 
islands. 

 
These points are further supported in a scientific assessment entitled “An Evaluation of the Proposed 
Shoreline Restoration and Infrastructure Protection Program at Wallops Flight Facility, Wallops Island 
Virginia” prepared for The Conservancy by expert coastal geologist Dr. Robert S. Young (attached).  Dr. 
Young’s report states:  

 
There is no question that a large, rock groin placed at the south end of Wallops will interrupt sand 
transport to the islands south of the Project.  These islands are already sand poor. Further reduction 
in sand supply combined with rising sea level will only make their existence more tenuous. Without 
detailed studies, one cannot predict the precise impact of the structure. However, one cannot assume 
that a low elevation, sand-starved barrier island will maintain itself forever. The threat that these 
islands face from rising sea level makes them particularly vulnerable to the additional threat human-
induced sediment deprivation. [p. 9] 

 
Moreover, Dr. Young states: “There is no guarantee that the groin will add significantly to the life of the 
project. One storm could remove all of the nourishment sand in a day or two. In most storms that sand 
would be transported offshore, not alongshore, so the groin would provide no benefits” [p. 11].  
 
In the Description of Proposed Action and Alternatives (DOPAA) for the SRIPP, NASA states that the 
proposed groin “would allow some sediment that is entrained in the existing longshore transport system to 
pass through, over, and around the structure to be available to beaches to the south”, claiming the “net 
sediment transport to the islands south of Wallops Island would equal or exceed pre-construction 
conditions” [p. 8].  However, according to Dr. Young’s report, “The principle of conservation of mass 
indicates that one cannot build a structure that will both trap sand and still allow the constant flow of sand 
downdrift.  Even a permeable groin can impact nearshore circulation by directing flow offshore instead of 
alongshore, especially during storms” [p. 11].     
 
Therefore, The Conservancy concludes that a terminal groin would have substantial and destructive impacts 
on the physical habitat, ecological integrity, and natural processes associated with the islands acquired by the 
Conservancy and other conservation partners with the intent of preserving their natural ecological 
conditions.  Trapping sediment via a groin on Wallops will lead to a physical loss of property owned by The 
Conservancy as well as the U.S. Fish and Wildlife Service (USFWS), and other private property owners.  
The islands most at risk for loss of habitat occur directly to the south of Wallops: Assawoman, Metompkin 
and Cedar.  Loss of physical habitat on these islands in particular could be highly detrimental to the breeding 
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populations of piping plovers, American oystercatchers, and Wilson’s plovers—all three species which are 
largely concentrated and dependent on the protected beach and overwash habitats of these northern barrier 
islands.  Moreover, loss of beach habitat could reduce forage habitat and invertebrate prey abundance for 
migratory shorebirds such as red knots.  Disruption of downdrift sediment will also lead to loss of marsh 
habitat behind the barrier islands which is important for several species of marsh nesting birds and provides 
essential breeding, refuge and forage habitats for many fish and invertebrate species in the coastal bays.   
 
Due to the serious threat posed to the downdrift barrier islands the inevitable loss of Conservancy-owned 
island property and critical habitat, The Nature Conservancy respectfully requests that NASA remove the 
terminal groin from the actions proposed in the Preferred Alternative or any other alternative in the EIS.    
 
Additional Conservation Concerns and Research Questions for Inclusion in the Conservation 
Concerns and Research Questions  
 
The Conservancy strongly recommends that the EIS investigate all the physical, biological and ecological 
impacts due to detached breakwaters and sand mining for beach fill, respectively, on all downdrift barrier 
islands, sensitive habitats, communities and species in the draft EIS. 
 
Impacts Associated with Breakwaters 
 
Alternatives 2 and 5 include a series of near-shore detached breakwaters which would be constructed parallel 
along 6.8 km of shoreline on the south end of Wallops Island.  Of concern to The Conservancy, the 
DOPPA states that: “The reduction in wave energy would reduce sediment transport to the south” [p.12].  
Dr. Young’s report identifies this same issue:  “Breakwaters can cause downdrift harm” by creating a 
tombolo “which will block the alongshore movement of sand in the same fashion a groin would” [p.12].  As a 
result, we request that NASA conduct a detailed assessment of how a series of detached breakwaters along 
Wallops would interrupt sand supply to the downdrift barrier islands and evaluate the resulting physical, 
biological and ecological impacts to the islands, their habitats, beach-nesting and migratory shorebirds, and 
benthic communities.   

 
Impacts Associated with Beach Fill 
 
All of the alternatives include beach fill as a component for protecting the shoreline.  The Conservancy is 
concerned about the potential direct adverse impacts from recurring sand mining of the offshore shoals to 
the shoals’ biological communities and productivity, including benthic communities, demersal fishes, 
bottlenose dolphins (Tursiops truncates), Atlantic loggerhead turtles (Caretta caretta), and foraging sea birds and 
sea ducks.  USFWS data show that northern gannets (Morus bassanus) and black scoters (Melanitta nigra) have 
been found in high densities foraging in the areas known as Blackfish Bank and Unnamed Shoal (USFWS, 
unpubl. data).  Moreover, National Marine Fisheries Service ground fish trawl survey data show these shoals 
to be significant for summer flounder (Paralichthys dentatus) (spring and fall), horseshoe crab (Limulus 
polyphemus) (spring), weakfish (Cynoscion regalis) (fall), mackerel (Scomber scombrus) (spring), butterfish (Peprilus 
triacanthus) (fall), northern sea robin (Prionotus carolinus) (fall), red hake (Urophycis chuss) (spring), and 
windowpane flounder (Scophthalmus aquosus) (spring) (National Marine Fisheries Service, Northeast Fisheries 
Science Center, unpubl. data).  The EIS should determine the relative importance of these shoals as foraging 
areas for sea birds, sea ducks, turtles, and fish.  Specifically, The Conservancy requests that the EIS process 
characterize the spatial (location, depth and surface area) and temporal (seasonal migrations and diurnal 
cycles) variables that are critical to maintaining the shoals as functional habitat for characteristic benthic 
invertebrates, demersal and pelagic fishes/sharks, and foraging migratory seabirds and sea ducks.  The EIS 
should also include information on the post-dredging re-colonization rates of shoals. 
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The DOPAA indicates that sediment sampling analyses have been conducted for the two shoals under 
consideration and found that they contain adequate sized sediment for beach fill.  The Conservancy requests 
that the EIS include a detailed geotechnical investigation to support the claim that the sediment size in the 
shoals to be mined is in fact compatible with the existing beach and surrounding habitat of areas offshore of 
Wallops and within the nearshore zone of the islands to the south.  As recommended in Dr. Young’s report: 
“The EIS must ensure that the beach pumped onto Wallops does not contain material that will have a 
detrimental impact on critical habitat” in surrounding onshore and nearshore habitats [p.13].    

Finally, we are concerned that recurring sand mining of the two shoals targeted for this project could have 
detrimental impacts to coastal geomorphic processes by depriving sediment from reaching downdrift barrier 
islands, thereby causing more erosion.  The EIS should examine how changes to nearshore bathymetry 
resulting from dredging the shoals will affect local wave climate and tidal inlet-barrier island dynamics.    

Recommendation to Evaluate an Additional Alternative in the EIS regarding Phased Relocation of 
the WFF infrastructure to the Mainland of the Eastern Shore 

While the Intergovernmental Panel on Climate Change (IPCC) has projected global sea levels to rise 
between 18 and 58 cm by 2100, other independent scientific panels have concluded a rise of one meter is far 
more likely due to rapidly melting ice sheets in Greenland and Antarctica (Young 2009).  The worst case 
scenario purported by NASA’s Jim Hansen suggests that coastal communities should anticipate a sea level 
rise of up to 5 meters by 2100 (Hansen 2007).  Even the most conservative rate of predicted rise indicates 
that at some point this century NASA will need to consider relocation of WFF’s infrastructure to the 
mainland.  With these anticipated changes in mind, and given the considerable investment of public funding 
in WFF, The Conservancy requests that NASA evaluate an additional alternative in the EIS in which some 
or all of WFF infrastructure is relocated to the mainland of the Eastern Shore over time.  
 
Since the 1940s, many approaches have been taken at Wallops to stabilize the shoreline including wooden 
groins, rock seawalls, and geo-textile tubes.  All these attempts have ultimately failed, and in the view of Dr. 
Young have resulted in accelerated erosion, loss of beach and sand, and increased storm damage and flooding 
on Wallops Island and islands immediately to its south, including Assawoman, Metompkin, and Cedar.  
According to Dr. Young’s report, “Wallops Island is an incredibly vulnerable shoreline due to its low 
elevation, narrow width, and history of shoreline retreat.  This vulnerability will only increase into the 
foreseeable future due to global sea level rise” [pp. 5-6].   
 
The Conservancy is sensitive to the significant investments in infrastructure made by NASA, the U.S. Navy 
and others on Wallops Island, the critical importance of operations related to national security and science, 
and the significant public safety concerns associated with WFF activities.  We are also sensitive to the 
important economic impact of WFF on the surrounding community.  In our conversations with NASA, we 
understand that the geographical location of Wallops Island protects the public by meeting federal range 
regulations which require safety hazard buffers of 10,000 ft for conducting NASA and partner missions, 
including rocket launches, testing, and research activities.  According to the DOPPA, if the launch facilities 
were to be moved inland, “the public would be exposed to unacceptable safety risks, which would not be in 
compliance with Federal range regulations” [p. 16].  In balancing safety concerns against the reality of sea 
level rise and the increasing risk to Wallops Island as a location for critical infrastructure, the Conservancy 
requests that NASA include an alternative in the EIS that examines the costs and benefits of a shorter term 
relocation to the mainland of infrastructure that does not require a public safety buffer and a longer term 
relocation strategy for launch facilities requiring a safety buffer.   
 
In the final report of the Governor’s Commission on Climate Change, the commission makes the following 
recommendation:   
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Adaptation policies and programs for the built environment should take into consideration impacts 
on natural systems, particularly in coastal areas, and minimize negative impact on natural areas that 
are important for mitigating the impact of climate change.  Adaptation policies and programs for the 
built environment should make use of nature-based strategies, such as natural shorelines, and should 
be coordinated with fish and wildlife adaptation strategies. [p. 36] 

 
The Conservancy sees a real opportunity for NASA-Wallops to answer this challenge and lead by example 
through modeling climate change adaptation actions that both protect WFF and are compatible with the 
natural coastal ecosystem and shoreline of which Wallops is part.  In summary, The Conservancy strongly 
urges NASA to focus on alternatives in the SRIPP EIS that will ensure long-term adaptation to rising sea 
levels and do not impact the unique Atlantic Coast wilderness represented by the pristine barrier island 
ecosystem to the south.  We submit that eliminating the groin from the proposed Project and adding an 
alternative regarding phased relocation of WFF to the mainland are critical components of such a balanced 
response.    
 
The Nature Conservancy appreciates the opportunity to provide a response to this NOI.  We appreciate the 
complex challenges faced by NASA in determining how best to protect the costly infrastructure and 
operations at Wallops while protecting nearby globally significant coastal habitats  Like many in the 
community, The Conservancy supports NASA’s work at the Wallops Flight Facility.  We appreciate its 
critical national security functions, the opportunities for sub-orbital research programs and commercial 
launches it provides, and the important economic development it brings to the Eastern Shore.  We look 
forward to working with NASA as this EIS process unfolds.   Thank you for your consideration of our 
comments.   Please contact Gwynn Crichton at (434) 951-0571, gcrichton@tnc.org, with any questions or 
requests for additional information.  
 
 
Sincerely, 

 
Michael Lipford 
Vice President and Virginia Director 
The Nature Conservancy  
 
cc (via email):  
Tylan Dean, Assistant Supervisor, Ecological Services, Virginia Field Office, USFWS 
Lou Hinds, Superintendent, Chincoteague National Wildlife Refuge, USFWS 
Trish Kicklighter, Superintendent, Assateague Island National Seashore, NPS 
Laura McKay, Director, Virginia Coastal Zone Management Program, DEQ 
Karen McGlathery, Director, Virginia Coast Reserve Long-Term Ecological Research, UVA 
Nicole Rovner, Deputy Secretary of Natural Resources 
Tom Smith, Director, Division of Natural Heritage, DCR 
Tony Watkinson, Deputy Chief, Habitat Management Division, VMRC 
David Whitehurst, Director, Wildlife Diversity Division, DGIF  
 
 
attachments 
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This report is an evaluation of the March 2009 Description of the Proposed Action and 

Alternatives (DOPAA) for the proposed Shoreline Restoration and Infrastructure 

Protection Program (SRIPP) at NASA Wallops Flight Facility (WFF), Wallops Island, 

Virginia.  The purpose of the DOPAA document is to provide notice of proposed actions 

and alternatives to be considered in an Environmental Impact Statement (EIS) currently 

being prepared by NASA for the SRIPP.  This EIS will be the culmination of proposals 

developed over the last several years for shoreline protection at WFF and summarized 

primarily in a previously released Programmatic Environmental Assessment (PEA) for 

Goddard Space Flight Center’s Wallops Flight Facility, Shoreline Restoration and 

Infrastructure Protection Program (May 2007).  Both the PEA and the ongoing EIS rely 

heavily on an analysis prepared by the United States Army Corps of Engineers Coastal 

Hydraulics Laboratory (ERDC/CHL TR-06-21) released in September 2006. 

 The author of this report was retained by The Nature Conservancy (TNC) to 

evaluate proposed project alternatives, particularly with respect to any potential impacts 

on TNC properties.  This evaluation includes both a scientific appraisal of the preferred 

alternative in the DOPAA along with alternative management recommendations.  It 

should be noted that all opinions expressed within are solely those of the report’s author, 

and do not necessarily reflect those of any unit of The Nature Conservancy. 

 

This report is based upon the following: 

1) An evaluation of the DOPAA, the PEA, and a Shoreline Stakeholder Information 

Packet (SSIP) distributed by NASA in November 2008. 

2) A site visit and overflight conducted by the author in January 2009 

3) A review of the relevant scientific and engineering literature 

4) A personal assessment of the project impacts by the author based on 20 years of 

experience evaluating coastal engineering projects and their impacts. 

 

Background 

 The significant erosion of Wallops Island and the barrier islands immediately to 

the south (Assawoman, Metompkin, and Cedar) has been well documented.  The 

DOPAA reports a long-term erosion rate on Wallops Island of ~ 3.7 m/yr since 1857.   
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Assawoman Island has even higher retreat rates reported in the literature.  Oertel et al 

(2008) report that the extremely rapid retreat of these barrier islands is the result of 

complex underlying geologic control along the southern Delmarva Peninsula.  In simple 

terms, the nature of modern shoreline change along the Virginia eastern shore is guided 

by the patterns of river valleys and adjacent higher areas (interfluves) that existed during 

previous ice ages when sea level was significantly lower than it is today.  As these older 

topographic features are flooded by rising sea level they can impact the rate at which the 

barrier islands retreat, and thus the shape (morphology) of the coast.  Oertel et al propose 

that the area from Wallops roughly to Parramore is underlain by a broad sub-surface low 

left by an older path of the Susquehana River.  The shoreline indentation left by the rapid 

retreat of these barrier islands is dubbed “the Chincoteague Bight”.  The story is a bit 

more complex than that, but the important thing to note is that this section of shoreline is 

rapidly retreating due to natural causes controlled by the nature of the sediments that 

underlie the barrier islands.  Riggs and Ames (2003) report similar rapid barrier island 

retreat for the North Carolina Outer Banks based on the presence of old river valleys and 

interfluves. 

 Future shoreline erosion and barrier island migration rates within the 

Chincoteague Bight (CB) will be determined by a complex and unpredictable interaction 

between this underlying geologic control, storm frequency and intensity, and sea level 

rise.  Of course, human activities may also play a role in altering the rate of shoreline 

change within the Bight.  It is one goal of this report to examine how the proposed SRIPP 

for the WFF may alter the natural rate of retreat for the downdrift barrier islands. 

 

Sea level rise 

 It is very important to place the proposed project, and the future of the barrier 

islands within the Chincoteague Bight (CB) into a context of future sea level rise.  The 

rate of sea level rise along the CB has been on the order of 3.1 – 3.5 mm/yr for the last 

several decades.  It will accelerate over the next several decades due to global warming.  

The Intergovernmental Panel on Climate Change (IPCC) projected a global/eustatic sea 

level rise of 18 – 58 cm by the end of this century.  However, this projection did not 

include any contribution to sea level from the melting of the large ice sheets of Greenland 
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or Antarctica.  The recent scientific consensus is that including melt water contributions 

from the ice sheets is critical to an improved prediction of future sea level.  Scientific 

panels examining the impact of sea level rise on coastal management in Florida and 

Rhode Island have independently concluded that a rise of at least 1 m is far more likely.  

This corresponds to an average annual rate of 11 mm/yr, significantly higher than the last 

few decades (Pilkey and Young, In press).  NASA’s own James Hansen, who heads the 

Goddard Institute for Space Studies believes that a significantly higher sea level rise is 

possible by the end of the next century.  In a keynote address to the Geological Society of 

America Annual Meeting in 2008, he advocated planning for a 2 m or higher rise.  

Clearly, future sea level rise will play a critical role in the future evolution of the CB and 

in the viability of maintaining the safety of the WFF. 

 

Evaluating the proposed Shoreline Restoration and Infrastructure Protection 

Program (SRIPP) 

There are several major concerns with the SRIPP as proposed.  In order to make 

this report as simple as possible to follow, these concerns will be addressed individually 

rather than attempting a line-by-line review of all alternatives.  This analysis will focus 

on the Preferred Alternative outlined in the DOPAA.  This alternative calls for a massive 

beach nourishment project in combination with a large terminal groin and an extension of 

the seawall on Wallops Island. 

 

Relocation of Infrastructure is not listed as an alternative in the DOPAA: 

 Relocation of infrastructure is listed as “Alternatives considered and dismissed” in 

the DOPAA.  The dismissal is addressed in only four sentences.  The DOPAA suggests 

that relocation is not possible because it would cause a public hazard, it would disrupt 

activities, and it would be costly.  Yet, the DOPAA does indicate that relocation would 

“reduce the risk of critical infrastructure from storm events”.  This option should be given 

more serious consideration and serious scientific, engineering, and fiscal evaluation. 

 The DOPAA and the PEA have a common short-coming of  many engineering 

reports examining potential responses to coastal erosion.  There is a “No Action” option, 

but there is not a seriously considered “Relocation” option.  Wallops Island is an 
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incredibly vulnerable shoreline due to its low elevation, narrow width, and history of 

shoreline retreat (Figure 2).  This vulnerability will only increase in the foreseeable future 

due to global sea level rise.  The projected rise of 1 m over the next 50-100 years will 

make the Wallops facility unusable.   

So, the harsh reality is that sometime this century, NASA will need to move the 

critical infrastructure that exists today on Wallops Island.  In light of this reality, it seems 

that any EIS that adequately evaluates all of the options for infrastructure protection 

should examine the feasibility of moving some of that critical infrastructure inland to a 

safer location.  Ultimately, this will be the only long-term solution that will guarantee the 

safety of the facility, and America’s homeland security.  The scientific consensus on 

future sea level rise suggests that NASA managers will not be able to maintain the status 

quo at WFF into the next two decades.  To do so will ultimately threaten the very 

infrastructure that NASA would like to protect.  

 The USACE-CHL report states the following: 

This plan is not intended to protect against inundation and other impacts during 

major hurricanes and exceptional northeasters, when water levels can rise several 

meters. Protection against hurricane inundation and multi-decade sea level rise 

will require dikes, island elevation, or other major efforts, to be determined in the 

future. 

In other words, even the preferred alternative will only provide partial protection from 

storms, and it won’t protect the facility from sea level rise.  Waiting for the “future” to try 

and protect the facility from large storms and sea level rise will be a very risky gamble 

for the safety of WFF. 

Relocation of infrastructure away from vulnerable areas is not a radical idea.  In 

fact, the rationale behind this approach is supported by the work of many of NASA’s top 

climate scientists.  A recent United States Army Corps of Engineers Report (The 

Mississippi Coastal Improvements Program EIS) examining the options for protecting the 

coast of Mississippi from future storm impacts determined that relocation of coastal 

infrastructure was more cost-effective than beach nourishment for reducing future 

property damage.  At Cape Hatteras National Seashore, the National Park Service and the 

National Academies determined that moving the Cape Hatteras Lighthouse was the only 
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way to guarantee its long-term preservation.  That lighthouse was moved, and no one has 

had to worry about it since. 

 

   
Figure 2: Narrow, low-lying Wallops Island. 

 

NASA is the nation’s leading climate change agency and should lead by example. 

As the agency responsible for educating the public about the threats from global 

warming, NASA has the potential to demonstrate a forward looking coastal management 

scheme that can serve as a model for other agencies, communities, or private property 

owners.  In this light, the EIS should fully consider the future impacts of sea level rise on 

Wallops and evaluate the possibility of relocating infrastructure to a safer location.  This 

is a true long-term solution. 
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The DOPAA proposes the installation of a terminal groin 

 While the PEA and the Corps report both indicate the possibility of T-head groins, 

they do not hint at the scale of the 500 ft long groin that was presented to the 

Stakeholders in the SSIP.  Perhaps, this change of plans triggered the need for an EIS.  

This structure is not evaluated in the Corps’ engineering report.  The preferred alternative 

in the DOPAA indicates that this groin would be located at the south end of the project in 

order to reduce the rate of loss of nourishment sand. 

  The PEA reports that “Wallops is bounded by Assawoman Inlet to the south 

which is currently filled in.”  This is critical because that means that the Wallops 

alongshore sediment transport system is directly connected to the barrier islands to the 

south.  Activities on Wallops will have a direct impact to the south.  The DOPAA refers 

to the groin as a “terminal groin.”  Current engineering usage of the phrase “terminal 

groin” refers to a groin at an inlet and at the end of a longshore transport cell (ASPBA, 

2008).  This might be an accurate usage if Assawoman Inlet still existed as a sediment 

trap and a break in the longshore transport system.  However, this is clearly no longer the 

case.  The proposed structure may be “terminal” to the proposed project, but it is not 

“terminal” to the transport system.  Therefore, it will cause a long-term downdrift deficit 

of sand and increase in the rate of shoreline retreat on the barrier islands to the south. 

 A recent statement released by more than 40 coastal scientists had this to say 

about the use of groins in coastal engineering projects: 

The negative impact of groins on shorelines is well understood. When a groin works 

as intended, wave transported sand moving along the beach is trapped on the updrift 

or upcurrent side of the groin, causing erosion on the downdrift side. This well-

documented and unquestioned impact is widely cited in the engineering and geologic 

literature including in the US Army Corps of Engineers’ 2002 Coastal Engineering 

Manual. There is no debate. Groins cause downdrift erosion. 

The PEA acknowledges a significant impact of the jetties north of Assateague on the 

Wallops shoreline to the south: 

Assateague Island’s shoreline has retreated approximately 1 kilometer (0.6 mile), 

depriving Wallops Island of its source of natural sand replenishment from the north. 
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Groins operate in the same fashion as jetties.  There is no question that a large, rock groin 

placed at the south end of Wallops will interrupt sand transport to the islands south of the 

project (Figure 3). 

 

 
Figure 3:  Downdrift impacts of groins at Cape May, NJ. 

 

 These islands are already sand poor.  Further reduction in sand supply combined 

with rising sea level will only make their existence more tenuous.  Without detailed 

studies, one cannot predict the precise impact of the structure.  However, one cannot 

assume that a low elevation, sand-starved barrier island will maintain itself forever.  The 

threat that these islands face from rising sea level makes them particularly vulnerable to 

the additional threat human-induced sediment deprivation 

 The Chandaleur Islands and the Isle Derniere in Louisiana provide one possible 

example of what can happen when sand-starved islands, facing a high rate of relative sea 

level rise, experience a storm.  Rather than simply overwashing and migrating landward 

(as the CB islands have done for centuries), they have fallen apart and all but disappeared 

under the Gulf of Mexico (Figure 4). 
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Figure 4:  The disappearance of the Chandaleur Island in Louisiana following 
hurricane Katrina (USGS). 

 

The Corps report acknowledges the threat posed by sediment retention structures in this 

project: 

It is essential that structures do not deprive Assawoman Island of all longshore drift 

or it is likely to start eroding at greater than the twentieth century rate, thereby 

jeopardizing nesting habitat, and, eventually, the wetland 
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The DOPAA attempts to address this concern.  It indicates that the structure will be made 

“leaky” or permeable so that sand will move past it to the south.  This is a classic 

example of “having your cake and eating it too.”  The principle of conservation of mass 

indicates that one cannot build a structure that will both trap sand and still allow the 

constant flow of sand downdrift.  Even a permeable groin can impact nearshore 

circulation by directing flow offshore instead of alongshore, especially during storms. 

Groins can be particularly destructive following storms if a significant portion of the 

nourishment project is transported offshore, leaving the groin uncovered.  During this 

period, the groin will block all longshore transport until the cell is filled in again.  In 

short, if the groin works to hold sand to the north, there will be a long-term deficit to the 

south. 

 As noted in the Corps report, this deficit will cause a decrease in the sand volume 

of the southern barrier islands and reduce the islands’ effectiveness as a barrier.   A 

worst-case scenario, as suggested by the fate of the Chandaleur Islands in Lousiana, 

could result in: 

1) The barrier becomes starved of sand 

2) The barrier experiences a significant storm 

3) The barrier experiences significant breaching and/or sand loss as with the 

Chandaleurs 

4) There is significant loss of barrier island habitat including that for shorebird 

nesting and foraging 

5) There is significant loss of wetland in the area behind the compromised barrier 

and degradation of wetland and benthic habitat. 

6) Long-term recovery may, or may not, occur    

One final concern is that there is private property located on the mainland behind the CB 

barriers.  This project could also increase the vulnerability of that property if the barriers 

are compromised. 

 The groin should be removed from the considered alternatives. There is no 

guarantee that the groin will add significantly to the life of the project.  One storm could 

remove all of the nourishment sand in a day or two.  In most storms that sand would be 

transported offshore, not alongshore, so the groin would provide no benefits. 
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Figure 5:  Assawoman Island immediately south of the proposed project.  The 
island here is already extremely narrow.  Note the private property on the 
mainland currently protected by this barrier. 
 

 

It should also be noted that breakwaters can cause downdrift harm.  Breakwaters 

are often designed to create a wave shadow that will accumulate sand.  Often, this sand 

will build out until it makes contact with the breakwater forming a feature called a 

tombolo.  The tombolo will block the alongshore movement of sand in the same fashion 

that a groin would.  It is important to remember that any structure that accumulates sand 

in one place will deprive areas downdrift of sand.  Breakwaters should not be seen as a 

“friendlier” alternative to groins.  Beach nourishment without engineering structures, on 

the other hand, would increase the amount of sand in the nearshore system. 
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The EIS must include a detailed analysis of the nourishment sand and borrow area 

impacts 

 The Corps report incorrectly suggests that the quality of the borrow material 

placed on Wallops may not matter because it will not be used as a recreational beach.  

This might be true if all of the sediment were going to stay on Wallops.  It certainly will 

not.  Within 1-5 years, most or all of it will be gone.  It will move either offshore or 

alongshore.  In doing so it will impact habitat.  It will impact the subaerial habitat of the 

beaches to the south, and it will impact the benthic habitat of areas offshore of Wallops 

and within the nearshore zone of the islands to the south. 

 Therefore, detailed geotechnical investigation of the proposed borrow areas needs 

to be completed including a high density of sediment cores taken within the chosen site.  

This material should be compared with the native material on the beaches and in the 

nearshore zone of the other CB barriers.  The EIS must ensure that the beach pumped 

onto Wallops does not contain material that will have a detrimental impact on critical 

habitat. 

 The borrow areas are a significant distance offshore.  By standard practice, the 

proposed sites are far enough away from Delmarva coast that the borrow areas should not 

impact the onshore wave climate.  It is beyond the expertise of the author of this report to 

discuss the potential impact that removal of those shoals will have on marine organisms 

and birds within the vicinity of the borrow areas, but certainly that needs to be 

investigated. 

 

The EIS must consider the larger impacts of the project: 

 A major oversight of the previous PEA was the fact that it did not address the 

potential environmental impacts of any proposed actions on the areas outside of Wallops 

Island.  In particular, the impacts of an interruption in sediment supply to the south 

(downdrift) of Wallops was not discussed.  Only potential impacts to the already 

substantially altered resources on Wallops Island were considered.  Therefore, a Finding 

of no significant impact (FONSI) would apply to Wallops only and not the downdrift 

islands. 
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 The EIS must consider all of the potential impacts of the project.  These impacts 

could be felt for many miles to the south and significant distances offshore of Wallops. 

 

Summary of points for Evaluation in the EIS 

1) Any plans for a groin should be removed from the SRIPP. 

2) Breakwaters can also cause downdrift harm.  This likelihood needs to be 

adequately addressed in the EIS. 

3) The benefits/costs of relocating infrastructure should be scientifically evaluated in 

the EIS. 

4) The nature of the borrow material needs to be very carefully evaluated with 

detailed sedimentological investigation.  The habitat impacts of this material on 

downdrift beaches and nearshore areas must be documented.  Offshore impacts to 

organisms adjacent to the borrow should also be evaluated. 

5) The EIS must evaluate the potential impacts of the SRIPP on the entire 

Chincoteague Bight, unlike the PEA which had a very narrow focus. 

6) How do the current plans for the SRIPP fit into the reality of an acceleration of 

sea level rise during the coming decades?  How far into the future can NASA 

expect to maintain this facility with beach nourishment?  What is the post-project 

risk to facilities from a large storm? 

 

Recommendations 

 Many aspects of the Wallops Flight Facility’s Shoreline Restoration and 

Infrastructure Protection Program are problematic.  First and foremost, this project will 

do very little to protect Wallops Island and the WFF from the immediate threat, large 

storms; and, it will do nothing to protect the facility from the long-term threat, sea level 

rise.  The Corps’ engineering report acknowledges as much.  Yet, there is real potential 

harm from this project to downdrift barrier islands, barrier island habitat, back-barrier 

marshes, and to private property on the mainland sheltered by those barrier islands. 

 The Nature Conservancy should also be cautious about accepting mitigation as a 

solution to any potential downdrift harm.  The barrier islands in the Chincoteague Bight 

are currently maintained in a natural state.  This makes them globally important for the 
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habitat they provide and for their use a laboratory showcasing the impacts of rising sea 

level on a truly natural shoreline.  Allowing the dumping of sand on downdrift shorelines 

as mitigation would forever change these valuable, natural resources. 

 NASA should seriously consider planning for the relocation of critical 

infrastructure to the mainland.  It need not happen all at once.  Nourishment could be 

used to buy time for planning, land acquisition, and financing.  Local partners interested 

in keeping the facility active into the distant future would certainly be willing to assist.  

This is the only way to ensure the important missions carried out by WFF continue, the 

stated goal of the DOPAA.  One storm could kill the whole facility even after project 

placement. 

 At the very least, the groin should be dropped from consideration.  The potential 

harm is not worth the very small potential gains from extending the life of the 

nourishment project.  The EIS must address all of the environmental concerns outlined in 

this report. 

 

References 

Morang, Andrew, Greggory G. Williams, and Jerry W. Swean  (2006) Beach Erosion 
Mitigation and Sediment Alternatives at Wallops Island, VA. Report by U.S. Army Corps 
of Engineers, Engineer Research and Development Center, ERDC/CHL TR-06-21, 80p. 
 
NASA (2007) Programmatic Environmental Assessment for Wallops Flight Facility, 
Shoreline Restoration and Infrastructure Protection Program, URS Group, 89p. 
 
NASA (2008) Shoreline Stakeholders Information Packet, 8p. 
 
NASA, (2009) Description of the Proposed Action and Alternatives (DOPAA) for the 
proposed Shoreline Restoration and Infrastructure Protection Program at NASA Wallops 
Flight Facility (WFF), 16p. 
 
Oertel, G. F.  Allen, T.R., and Foyle, A.M. (2008) The Influence Of Drainage Hierarchy 
On Pathways Of Barrier Retreat: An Example From Chincoteague Bight, Virginia, 
U.S.A.,  Southeastern Geology, 45/3/179-201. 
 
Pilkey, Orrin H. and Young, Robert S.  (In press)  The Rising Seas, Island Press, 182p. 
 
Riggs, Stanley R., and Ames, Dorothea, V  (2003)  The Drowning of the North Carolina 
Coast: Sea Level Rise and Estuarine Dynamics, North Carolina Sea Grant, 152p. 
 







 
          
 
 

May 7, 2009 
 
Joshua Bundick 
Wallops Flight Facility NEPA Program Manager 
Wallops Island, VA 23337-5099 
 

Dear Mr. Bundick: 
 We are writing to express several concerns about the proposed Shoreline Restoration and 
Infrastructure Protection Program (SRIPP) at Wallops Island, Virginia.  As researchers at the 
Virginia Coast Reserve Long-Term Ecological Research (VCR-LTER) site on the Eastern Shore of 
Virginia, we are particularly concerned about the downdrift effects of the proposed project 
alternatives.   

From the information currently available, it appears that any alternatives involving a 
terminal groin or breakwaters will likely result in decreased sediment supply to the islands south of 
Wallops. This would accelerate landward migration of these islands potentially leading to the loss 
of back-barrier marsh and accelerating attachment to the mainland.  These geomorphic changes will 
likely result in loss of wildlife habitat and important ecosystem services that the coastal barrier 
system provides.  The “Description of the Proposed Action and Alternatives (DPAA)” does not 
address the sediment budget for the longshore transport system on Wallops Island. What volume of 
sand currently leaves the southern end of Wallops Island?  What volume of sand will be allowed to 
bypass and how will the project be designed to ensure that this happens?  What mitigation will 
occur if sediment bypassing is insufficient?  

In addition, there are three other aspects of the problem of coastal erosion and restoration on 
Wallops Island that were not addressed in the DPAA.  First, no plan was outlined for monitoring the 
planned restoration transport to assess whether the target amount of sediment is bypassing. Second, 
there is no mention of the impact of sea-level rise, currently about 4 mm/yr on the Eastern Shore, on 
past or future coastal erosion rates on Wallops Island or on the long-term viability of maintaining 
infrastructure on Wallops Island.  Finally, there is no mention of the potential for sand removal 
from the shoals to impact the islands by changing the local wave climate. 
 

As down-drift stakeholders, we request that NASA: 
1. Include in the Environmental Impact Statement a comprehensive assessment of potential 

immediate and future down-drift impacts for each project alternative. 
2. Guarantee that sediment volumes currently bypassing Wallops Island will be maintained in 

perpetuity. 
3. Develop plans and guarantee funding for monitoring and mitigation of down-drift impacts after 

the initial project is emplaced, including independent review of the monitoring data. 
4. Consider that, owing to sea-level rise, all of the proposed alternatives represent only short-term 

solutions. 



 
 
 
 

 
5. Explore and assess additional project alternatives that include relocating some portion of the at-

risk infrastructure to the mainland in combination with beach fill to protect the most critical 
island-based infrastructure. 

Sincerely,  
 

 

Karen J. McGlathery 
Professor, Department of       

Environmental Sciences 
 Lead PI, Virginia Coast Reserve LTER 

 
The following LTER researchers share and endorse the opinions stated in this letter: 

Patricia Wiberg, Professor, Department of Environmental Sciences, UVA 
Art Schwarzchild, Assistant Research Professor, Dept. Environmental Sciences, UVA and Site 
Director, Anheuser-Busch Coastal Research Center 
John Porter, Associate Research Professor, Department of Environmental Sciences, UVA 

Linda Blum, Associate Research Professor, Department of Environmental Sciences, UVA 
Mark Brinson, Professor, Department of Biology, East Carolina University 

Don Young, Professor and Chair, Department of Biology, Virginia Commonwealth University 
 



SRIPP EIS Scoping Responses from  
Elected Officials 
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