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1.0 PROJECT DESCRIPTION 

The US Army Corps of Engineers, New York District (CENAN) is conducting a comprehensive 
feasibility study to identify and evaluate Coastal Storm Risk management measures for the south 
shore of Staten Island, NY. The feasibility study is a multi-year and multi-task effort, involving 
project planning and engineering, economic analyses and environmental studies. This engineering 
and design appendix provides a descriptive review and discussion of field investigations and data 
collection, with and without-project coastal processes, and alternative plan development. The 
information contained within this engineering and design appendix serves as the basis for 
evaluating these measures in terms of federal interest. A separate appendix is being prepared that 
documents the development of an interior drainage plan in support of the feasibility study. 

The appendix is divided into six primary sections.  Section 1 identifies the Study Area, Project 
Area, and summarizes the problem and study authorization. The history and physical conditions of 
the shoreline and meteorological and oceanographic conditions within the project area are provided 
in Section 2. The future without project coastal processes are evaluated in Section 3.  Section 4 
documents the development of structure type, geometry, and alternatives that compose the 
Tentatively Selected Plan.  The National Economic Development (NED) plan is also presented in 
Section 4. Coastal processes associated with the with-project conditions are identified in Section 5. 
A monitoring plan for the NED plan is presented in Section 6. 

1.1 Study Area 

The Study Area comprises the entire southern shore of the Borough of Staten Island (Richmond 
County), New York City – a distance of approximately 13 miles (see Figure 1-1). It extends along 
Lower New York Bay and Raritan Bay from Fort Wadsworth at the Narrows to Tottenville at the 
mouth of Arthur Kill. Adjacent to Staten Island’s western shore is the New Jersey shoreline of 
Raritan Bay, which extends from the community of South Amboy to the Sandy Hook peninsula. 
East of Staten Island are Brooklyn at the Narrows, Coney Island on Lower New York Bay, and 
Rockaway Point on the Atlantic Ocean. All of these lie on Long Island. The approach to Lower 
New York Bay from deep water in the ocean is through a 6-mile wide opening between Sandy 
Hook, New Jersey and Rockaway Point, New York. Figure 1-1 shows the limits of the Study Area. 

The Study Area lies within the limits of the City of New York and consists of a series of 
neighborhoods. The principal neighborhoods along the southern shore of Staten Island from east to 
west are South Beach, Midland Beach, New Dorp Beach, Oakwood Beach, Great Kills, Annadale 
Beach, Huguenot Beach, Prince’s Bay and Tottenville Beach. 

The study area is divided into three similar segments to evaluate economic benefits of Coastal 
Storm Risk management measures: 

• Fort Wadsworth to Oakwood Beach (Phase I) 

• Great Kills Harbor to Crescent Beach (Phase II) 

• Annadale to Tottenville (Phase II) 
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Figure 1-1: Study Area 

In the aftermath of Hurricane Sandy the study area was split into two phases: Phase I – Fort 
Wadsworth to Oakwood Beach and Phase II Great Kills Harbor to Tottenville. The focus of this 
Engineering & Design Appendix is Phase I. 

The Phase I Project Area is Fort Wadsworth to Oakwood Beach, as shown in Figure 1-2. The 
Project Area terrain ranges from high bluffs at the western and eastern end of the study area to low 
lying areas in much of the central section. The west end is fronted by low narrow beaches 
intersected by several creeks and lake outfalls. The east end generally has a wide low beach 
intersected by several drainage outfalls contained in groins. Behind the east end beaches are low-
lying residential areas. The shoreline is irregular because of the downdrift offsets at groins and 
headlands. The Project Area was divided in four engineering descriptive “shoreline reaches” (A1 
to A4) based on physical conditions of the shoreline, existing coastal and stormwater outfall 
structures, and existing infrastructure. 
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Figure 1-2: Project Area 
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1.2 Problem Identification 

Coastal flooding along the south shore of Staten Island from hurricanes in August 1954, September 
1954, and September 1960 (Hurricane Donna) caused extensive damage as low lying areas to the 
north of the Father Capodanno Boulevard (formerly Seaside Boulevard) were inundated by storm 
surge. In several locations near Fort Wadsworth, floodwaters approached three feet in depth.  Large 
waves also resulted in extensive beach and dune erosion at Fort Wadsworth and Cedar Grove and 
New Dorp Beaches. The March 1962 Nor’easter resulted in additional flooding and damage. 

A beach erosion study that included the south shore of Staten Island was authorized in 1955 and 
updated after the 1960 hurricane.  The conclusion of the beach erosion control study lead to the 
authorization of a feasibility study in October 1965 to evaluate federal interest in a flood control 
program from Fort Wadsworth to Arthur Kill, Staten Island in October 1965.  The feasibility study 
was extended to encompass Fort Wadsworth in 1969.  The recommended protective works included 
beach fill with dunes, groins, levees, floodwalls, and interior drainage facilities including pumping 
stations and relocations. A draft EIS and Design Memorandum for this plan were completed in 
1976 and 1977, respectively.  Financial troubles that affected New York City in the late 1970’s 
resulted in deferred construction of the project.   

There was renewed interest in the project after extensive flooding occurred along the south shore 
of Staten Island from the December 1992 Nor’easter.  During this storm, flood levels ranged from 
3 to 5 feet above existing ground between Fort Wadsworth and Miller Field.  Nearly 2,000 
structures along this shoreline were affected during this event including a large number of cottages 
at Cedar Grove Beach. At Oakwood Beach, an artificial dune system constructed by City of New 
York was breached, inundating low lying areas with 5 feet of water.  

In 1995, a reconnaissance level investigation was authorized to evaluated federal interest in storm 
damage reduction along the shoreline from Fort Wadsworth to Oakwood Beach and Annadale 
Beach (USACE, 1995). Several flood control and shore protection alternatives were investigated 
based on local needs and preferences, comparative costs, and implementation constraints.  The 
reconnaissance level analysis indicated that there was federal interest in continued study. 

Following Hurricane Sandy the feasibility study was split into two phases: 

• Phase I – Fort Wadsworth to Oakwood Beach 

• Phase II – Great Kills to Tottenville 

This engineering and design appendix covers Phase I. 

1.3 Study Authority 

A cooperative beach erosion and storm damage protection study was authorized by a resolution of 
the U.S. House of Representatives Committee on Public Works and Transportation and adopted 
May 13, 1993.  The resolution states that:  

“The Secretary of the Army, acting through the Chief of Engineers, is requested to review 
the report of the Chief of Engineers, on the Staten Island Coast from Fort Wadsworth to 
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Arthur Kill, New York, published as House Document 181, Eighty-ninth Congress, First 
Session, and other pertinent reports, to determine whether modifications of the 
recommendations contained therein are advisable at the present time, in the interest of 
beach erosion control, storm damage reduction and related purposes on the South Shore 
of Staten Island, New York, particularly in and adjacent to the communities of New Dorp 
Beach, Oakwood Beach, and Annadale Beach, New York.” 

Formal requests for a new reconnaissance study were made by former Governor Mario Cuomo to 
the District Engineer in letters dated January 4, 1993 and June 24, 1993.  The New York State 
Department of Environmental Conservation (NYSDEC), the New York City Department of 
Environmental Protection (NYCDEP) and the New York City Department of Parks and Recreation 
(NYCDPR) are the local project sponsors. 

2.0 EXISTING CONDITIONS 

Hurricane Sandy occurred near the completion of the draft Feasibility Study for the south shore of 
Staten Island.  Hurricane Sandy was the most devastating coastal storm event on record to impact 
the south shore of Staten Island. Consequently, some of the design conditions and technical analysis 
completed prior to Hurricane Sandy had to be updated to reflect the changed conditions. For 
example, the Federal Emergency Management Agency (FEMA) released a new Flood Insurance 
Study for the south shore identifying increased flood hazard areas and higher stillwater and base 
flood elevations.  The new FEMA stillwater elevations were reviewed and incorporated into the 
analysis supporting the feasibility study.  The revised stillwater elevations affect the design of the 
structures that compromise the Line of Protection for this project.  The geometry and stability of 
the structures (height, armor stone size, etc.) were modified due to these changed condition.  
However, the analysis of coastal processes such as the long-term sediment budget and shoreline 
change were not updated since these processes are dominated by average wave and water level 
conditions and not a single large episodic event. 

A list of updated baseline conditions and revisions to the technical analyses performed in support 
of the feasibility study are identified as follows: 

• Stillwater Elevations – FEMA 2013 FIS Study for Staten Island, 

• Storm History, 

• Storm-Induced Shoreline Change (SBEACH Modeling), 

• Recent Shoreline Change Analysis, 

• Surfzone Wave Transformation (i.e. Depth-Limited Wave Conditions), 

• Wave Overtopping and Structure Crest Elevations, 

• Armor Stone Stability, 

• Wave Forces on Vertical Walls, 
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• All of the above analysis incorporated the latest Post-Sandy LIDAR data in their respective 
analysis. 

The following baseline conditions and technical analyses were not updated in the feasibility study: 

• Tides, Sea Level Change, Currents, Winds, and Sediment Characteristics, 

• Sediment Budget, 

• Topographic Elevations shown on Plan View Drawing Set, 

• Submerged Beach Profile Conditions, 

• Offshore and Nearshore Wave Conditions. 

2.1 Physical Characteristics 

 Survey and Field Collection 

Topographic Survey 

Topographic surveys conducted by Rogers Surveying in 2000 and 2001 are the most recent 
topographic survey data for the project area. Post-Hurricane Sandy LIDAR was collected by the 
USACE Joint Airborne Lidar Bathymetry Technical Center of Expertise (JALBTCX) on 
November 16, 2012. In addition, beach profile data is available for the project area (described 
below). The project area was surveyed on the following dates: 

• October 27, 2000 - Oakwood Beach, 

• July 1, 2001 - Fort Wadsworth to Oakwood Beach, 

• November 16, 2012 - LIDAR over entire Project Area (Fort Wadsworth to Oakwood 
Beach). 

Bathymetric Survey 

Beach profile surveys were performed in February 2000 for the entire Project Area. Table 2-1 
shows a complete list of the beach profiles. Figure 2-1 shows the location of the beach profile 
surveys. Additional bathymetric data is available from NOAA Navigation Chart 12402 “New York 
Lower Bay and is used to supplement the beach profile surveys and characterize the offshore 
bathymetry. 

The profile data was grouped into four survey reaches along the Project Area. Reach A, 
representing Fort Wadsworth to South Beach, includes profile lines 1, 1A and 2.  Reach B, 
representing Midland Beach, includes profile lines 2A, 3 and 3A. Reach C, representing New Dorp 
Beach, includes profile lines 4 and 4A. Reach D, representing Oakwood Beach, includes profile 
lines 5 and 5A.  
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Table 2-1: Beach Profiles Surveyed in February 2000 

Profile Survey Reach Location 
PL-1 A Fort Wadsworth to South Beach 

PL-1A A Fort Wadsworth to South Beach 
PL-2 A Fort Wadsworth to South Beach 

PL-2A B Midland Beach 
PL-3 B Midland Beach 

PL-3A B Midland Beach 
PL-4 C New Dorp Beach 

PL-4A C New Dorp Beach 
PL-5 D Oakwood Beach 

PL-5A D Oakwood Beach 
 

 

 

Figure 2-1: Beach Profile Survey Locations 

Geotechnical Investigations 

Fourteen (14) borings (designated as SS02-4 through SS02-17) were performed along the shoreline 
between Fort Wadsworth and Oakwood beach. In addition, in the vicinity of the water treatment 
plant, several test boring results provided by NYCDEP were utilized to evaluate the subsurface 
conditions along the Line of Protection in that area. 
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All borings were advanced using mud rotary drilling techniques. Soil samples were obtained using 
techniques and equipment in general accordance with the American Society for Testing and 
Materials (ASTM) Standard Specification D1586-Standard Penetration Test (SPT).  Soils were 
classified using the Unified Soil Classification System (USCS) method and one to two samples per 
boring were chosen for laboratory analysis.  Undisturbed Shelby tube samples were also obtained 
from relatively soft or organic fine-grained soils for laboratory testing.  All test borings were 
advanced to final depths ranging from 24 to 30 ft below ground surface (bgs).  Bedrock was not 
encountered in any of the test borings. 

The laboratory testing program consisted of a variety of tests performed on selected soil samples 
obtained from the borings to verify the field classifications and to provide additional information 
for engineering evaluations.  The tests included grain size, specific gravity, unit weight, and 
Atterberg Liquid and Plastic Limits.  Triaxial compression strength, grain size, unit weight, and 
Atterberg limits tests were performed on undisturbed Shelby Tube samples.  All tests were 
performed by SOR Testing Laboratories, Inc. of Cedar Grove, NJ. 

Based on the results of the test borings, the primary soil type encountered at the project site was 
coarse to fine sand with varying amounts of silt and gravel.  However, in the vicinity of the water 
treatment plant, soft compressible organic soils were encountered to depths of about 6 feet below 
the ground surface.  The laboratory tests show that the majority of the sands at the site consist of 
trace to some amounts of silt and gravel.  The borings also indicate the presence of some clay and 
silt lenses within this stratum that ranged from 1 to 9 ft in thickness, at various isolated locations.  
Generally, the SPT N-values within this stratum ranged from 10 blows per foot (bpf) to 30 bpf and 
with an average of about 18 bpf, indicative of a medium dense material.  Since all borings were 
terminated within this stratum the thickness of this stratum is not defined at present. 

Sediment Sampling/Characteristics 

Beach sediment samples were obtained in January through March 1961, May 1962, February 1995 
and February 2000. Generally the mechanical analyses of the samples indicate the littoral materials 
consist of fine to medium-grained sands. However, there is significant fluctuation in the mean grain 
size diameters and standard deviations of the acquired beach samples. Beach samples were taken 
within all the survey reaches listed above at the above tidal, intertidal and below tidal zones. 

In previous stages of this study it was recommended that the 1995 data set best represents the native 
beach sediment for the south shore of Staten Island. Sediment characteristics were determined from 
mechanical analyses and from calculations of grain size distributions while omitting anomalous 
samples. 

The February 2000 beach samples were collected along five of the surveyed profile lines, 1, 2, 3, 
4, and 5. Samples were collected at elevations +12, +6, +2, 0, -2, -6 and -10 ft along each profile. 
Generally, samples collected below the tidal zone gave the best equilibrium profile (Y = Ax2/3). 
Median grain sizes from samples collected below the tidal zone closely match the 1995 sediment 
samples. Median grain sizes from the 1995 and 2000 data sets are shown in Table 2-2. 
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Table 2-2: Beach Profile Sediment Characteristics (1995 and 2000) 

Profile Survey
Reach Year Location D50 

(phi) 
D50 

(mm) 
Sample 

Elevation 
PL-2 A 1995 Fort Wadsworth to South Beach 1.06 0.48  
PL-1 A 2000 Fort Wadsworth to South Beach 1.09 0.47 Below Tidal 
PL-2 A 2000 Fort Wadsworth to South Beach 0.27 0.83 Below Tidal 
PL-3 B 2000 Midland Beach 1.06 0.48 Below Tidal 
PL-4 C 1995 New Dorp 1.03 0.49  
PL-4 C 2000 New Dorp  0.81 0.57 Intertidal 
PL-5 D 2000 Oakwood Beach 0.81 0.57 Below Tidal 

 

 Shoreline Characteristics 

Geology 

The south shore of Staten Island lies within the Atlantic Coastal Plain province which extends along 
the eastern margin of the United States. The surface of the plain slopes gently in a southeast 
direction toward the Atlantic Ocean and merges into the tidal marshes, shallow bays, and barrier 
beaches at the shore. The plain continues offshore beneath the waters of the ocean for about a 
distance of 100 miles to the edge of the continental shelf, where at a depth of approximately 100 
fathoms, it is bounded by a steep escarpment. At the edge of the continental shelf the ocean bottom 
drops abruptly to far greater depths. A submarine valley of the Hudson River crosses the continental 
shelf in Lower New York Bay. The bed elevation of this valley is more than 100 feet below MSL 
and varies in width from 2 to 10 miles. 

Beach Profile/Dimensions 

The Project Area terrain ranges from high bluffs (Fort Wadsworth) to low-lying areas in much of 
the center. Most of the Project Area generally has 250-350 foot wide dune-less beach intersected 
by several outfall structures / groins. The shoreline is irregular because of the downdrift offsets at 
groins. Landward the beaches are low-lying residential areas containing many structures 
susceptible to flooding. 

The average beach profile characteristics, including onshore, nearshore and offshore slopes, and 
berm heights and beach widths are categorized by four representative reaches as measured and 
tabulated in Table 2-3. Figure 2-2 shows the surveyed beach profiles at all 10 locations. 

The beach width in Reach A averages approximately 240 ft. The footprint of the 
boardwalk/promenade represents an additional beach width of approximately 40 ft. The wide beach 
berm provides protection against beach erosion and wave attack but the low berm crest elevation 
(+10 ft NGVD) limits storm protection to the developed area of South Beach adjacent to Father 
Capodanno Boulevard.  Ground elevations and associated foundations of residential and 
commercial buildings north of Father Capodanno Boulevard are lower, making these areas and 
buildings susceptible to flooding once water passes over the road. 
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Midland Beach, represented as Reach B, has the widest beach at approximately 360 ft fronting the 
40-ft wide boardwalk/ promenade. The beach berm is at approximately elevation 10 ft NGVD. 
Similar to the conditions in South Beach, once floodwater pass over Father Capodanno Boulevard, 
low lying structures are subject to flooding.  

Reach C (New Dorp Beach) has a progressively narrower beach compared to Midland Beach. The 
average beach width is 240 ft and the beach berm elevation is approximately 9 ft NGVD. There is 
no boardwalk or promenade in this area. 

The beach widths in Reach D (Oakwood Beach) range 0 to 170 feet. Immediately downdrift of the 
bulkhead/groin at the eastern limit of the Oakwood Beach, the beach is very narrow (0 to 50 feet) 
and backed by an existing riprap revetment. Further west, the beach widens and a vegetated dune 
rises up to approximately 16 ft NGVD. The average berm height in the Oakwood Beach area is at 
elevation 8 ft NGVD and the average beach width is 117 ft. Landward of the beach berm, the area 
consists of low-lying wetlands (elevation 3 to 4 feet) and a scattering of residential homes. 

Table 2-3: Beach Profile Characteristics 

Reach Profile  Onshore 
Slope 

Nearshore 
Slope 

Offshore 
Slope 

Beach/Bluff 
Elevation 

(ft, NGVD) 

Beach 
Width 

(ft) 

A 

PL-1 1:9 1:15 1:98 10.1 254 

PL-1A 1:9 1:10 1:90 10.4 187 

PL-2 1:11 1:9 1:106 9.2 279 

Mean 1:10 1:11 1:99 9.9 240 

B 

PL-2A 1:10 1:11 1:104 9.2 339 

PL-3 1:9 1:10 1:81 10 319 

PL-3A 1:10 1:14 1:113 10 426 

Mean 1:10 1:12 1:97 10.2 361 

C 

PL-4 1:11 1:11.0 1:116 9.4 249 

PL-4A 1:9 1:11 1:413 8.3 234 

Mean 1:10 1:11 1:182 8.9 242 

D 

PL-5 1:11 1:9 1:458 6 63 

PL-5A 1:10 1:11 1:172 9.8 170 

Mean 1:10 1:10 1:250 7.9 117 
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Figure 2-2: Beach Profile Surveys 

Historical Shoreline Change and Long-Term Erosion Rate 

Historical data on shoreline changes for the project area cover the time period 1836-1994 (Smith 
et al., 1995) based on topographic sheets and aerial photographs obtained from the National 
Atmospheric and Oceanic Administration (NOAA). Additional shoreline analysis was performed 
based on comparisons of beach profiles surveyed in March 1961, February 1995, and February 
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2000. Beach fill occurred between 1937 and 1960 but beach fill has not been placed between the 
beach profile survey dates (1961 and 1995). The results of the historical shoreline change analysis 
and recent shoreline change analysis are presented in Table 2-4 and Table 2-5. 

The shorelines in the study area have exhibit minimal recession and are generally been mildly 
erosional. Fill mechanically placed has resulted in major incidents of shoreline advance. The mean 
high water shoreline data from historic maps, aerial photographs, and surveys were used to conduct 
a shoreline analysis. The results indicated that the rate of erosion over most large areas of the 
shoreline is low. Most areas have averaged less than one foot of shoreline loss annually during the 
most recent period of analysis. Historic fill projects may have impacted shoreline loss rates in this 
area. 

Despite the overall mild shoreline changes, certain areas have experienced dramatic change as the 
shoreline reaches equilibrium adjacent to newly constructed coastal structures. The effect has been 
the development of headland-like features, with dramatic embayments. An example is Oakwood 
Beach, where the shoreline immediately west of coastal structures is seriously offset. Areas such 
as Fort Wadsworth have experienced minimal change, as they lie adjacent to land masses featuring 
elevated headlands consisting of more rocky material, helping to naturally strengthen the land 
against erosional forces. 

Table 2-4: Historical Shoreline Change (Based on Shorelines) 

Time Period Avg (ft/yr) Max (ft/yr) Reach (for Max)  
1836-1855 -3.6 -9.3 Fort Wadsworth to New Creek 

1855-1886 -3.2 -10.8 Oakwood Beach to Crookes point 

1886-1935 -3.6 -18.8 Oakwood Beach to Crookes point 

1935-1974 +2.3 +9.8 Fort Wadsworth to New Creek 

1974-1994 -0.9 -4.9 Oakwood Beach to Crookes point 

Table 2-5: Recent Shoreline Movement (Based on Beach Profiles) 

Reach 
Profile 
Line 

Avg (ft/yr)  

1961-2000 1995-2000 

A 

1 0.0 -2.8 
1A  +0.2 
2  +1.2 

AVERAGE 0.0 -0.5 

B 

2A  -0.2 
3 +0.9 +1.8 

3A  +3.6 
AVERAGE +0.9 +1.7 

C 
4 -0.3 +0.8 

4A  -0.2 
AVERAGE -0.3 +0.3 

D 
5 -1.1 -1.3 

5A  -1.6 
AVERAGE -1.1 -1.5 
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Recent Shoreline Change (2004-2014) 

Recent shoreline changes were analyzed by comparing aerial imagery from the spring of 2004 and 
spring of 2014 that were published by Google Earth. This analysis was performed to reaffirm the 
historical shoreline trends described above and sediment budget described below. The wet/dry line 
on the aerial photography was selected as the baseline shoreline for 2004 and 2014. During this 10-
year period the City of New York City Department of Parks and Recreation (NYC Parks) has 
performed miscellaneous beach management activities that include beach scraping and 
construction of artificial dunes. An exact accounting of sediment added to the active littoral system 
from these activities is not available but the assumption is that these activities did not provide a 
significant contribution to the sediment budget or shoreline change. 

The observed shoreline changes are shown in Figure 2-3. Reach average shoreline change rates 
along South Beach, Midland Beach, and New Dorp range between -1 ft/yr to -3.5 ft/yr.  These 
shoreline change rates are similar to the historical sediment budget described below.  

 
Figure 2-3: Recent Shoreline Changes 

Sediment Budget and Volumetric Changes 

Evaluation of volume changes for the project area was performed using the 1961 and 2000 profile 
surveys. Volume change computations show agreement with the shoreline location response. 
Within the 39 year period from 1961 to 2000, the beaches east of Great Kills Park showed mild 
erosion with the exception of Midland Beach which showed accretion. 
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Long-term erosion rates were calculated using the beach profile data characteristics at each location 
and a closure depth of -5 ft NGVD. Table 2-6 lists the volume changes and historic long term 
erosion rates for the Project Area shoreline. 

The erosion rates shown below are based on measured volumetric changes and the active beach, as 
opposed to the results shown in Table 2-5 above which refers to the MHW shoreline (+3 NGVD). 

Table 2-6: Volumetric Changes 1961-2000 

Location Reach 
Length(ft) (cy) (cy/yr) (cy/yr/ft)  Erosion 

(ft/yr) 
Ft. Wadsworth to So. Beach 8,310 -699,020 -17,900 -2.2 -3.9 

Midland Beach 5,365 193,140 5,000 0.9 1.6 

New Dorp Beach 6,865 -10,805 -300 -0.04 -0.1 

Oakwood Beach 3,135 -222,585 -5,700 -1.8 -3.2 

Great Kills Park 3,000 -886,700 -26,100 -8.7 -15.7 
Notes: Volume change data for these areas are based on shoreline change data for the period 1974 – 1994 

(Reference 8). Erosion rates were calculated assuming a 10 ft high berm, using 1961 profile lines 
information. Depth of closure was assumed to be at -5 ft NGVD (USACE, 1995). 

 
A sediment budget was developed for the south shore of Staten Island extending along the entire 
south shoreline of Staten Island from Fort Wadsworth to Tottenville. However, only sediment 
budget cells within the Project Area are presented here (Figure 2-4). The 1961 to 2000 volume 
change computations shown in Table 2-6 were used for the sediment budget analysis. Similar to 
the volume change computations, for areas where current data were not available, primarily the 
Great Kills Park area, information from previous years was used. Engineering judgment was 
applied in estimating sediment transport within the system. End losses at the eastern end of the 
Project Area, 10,600 cy/yr are transported into the Narrows, were estimated from the 
Reconnaissance Report (USACE, 1995). Dredging records at Great Kills Harbor indicate that a 
total of 1,600 cy/yr are transported into the entrance channel from the Great Kills Park shoreline. 
However, it is assumed that some additional sediment is transported offshore and stored in the 
offshore shoal at the Great Kills Park. It is also assumed that some material bypasses the channel 
and transported into the shorelines west of Great Kills Park Harbor. This latter assumption would 
account for the mild erosion occurring to the western shoreline along the south shore of Staten 
Island. 

Historical aerial photographs of the shoreline indicate that a nodal point in the longshore sediment 
transport exists in the vicinity of profile line 2 at South Beach. East of the nodal point (Fort 
Wadsworth) the net sediment transport direction is east, west of the nodal point (Midland Beach to 
Great Kills Park) the net sediment transport direction is to the west.  
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Figure 2-4: Historical Sediment Budget 
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Fort Wadsworth to South Beach, cell R1, has an average sediment loss of 17,900 cy/yr (shoreline 
erosion). A total 10,600 cy/yr is assumed to be transported offshore into the narrows at Fort 
Wadsworth and 7,300 cy/yr is assumed to be transported westward towards Midland Beach. 

Midland Beach, Cell R2, accumulates a total 5,000 cy/y (shoreline accretion). Based on aerial 
photos of the study area, the predominant sediment transport direction is to the west. With 7,300 
cy/yr transported into the cell from the east, 2,300 cy/yr is assumed to be transported westward 
towards Miller Field. 

New Dorp Beach, Cell R3, has an average sediment loss of 300 cy/yr (shoreline erosion). Adding 
this eroded sediment to the total sediment entering the cell from the east, a total 2,600 cy/yr is 
assumed to be transport westward towards Oakwood Beach. 

Oakwood Beach, Cell R4, has an average sediment loss of 5,700 cy/yr (shoreline erosion). Adding 
this eroded amount to the total sediment entering the cell from the east, a total of 8,300 cy/yr is 
assumed to transported westwards towards Great Kills Park. 

Great Kills Park, Cell R5, has an average sediment loss of 26,100 cy/yr (shoreline erosion). 
Interpreting the complex sediment transport system of the Great Kills Park required engineering 
judgment. Maintenance dredging records from 1945 to 1995 of the Great Kills entrance channel 
indicate about 1,600 cy/yr of sediment is transported into the channel from the east. With 
26,100 cy/yr erosion and 8,300 cy/yr moving from the east, a total 34,400 cy/yr sediment 
movement must be transported west at the western end of GKP. Of the 34,400 cy/yr it is estimated 
that 1,600 cy/yr of the material is deposited in the entrance channel, 22,800 cy/yr is transported 
offshore and stored in ebb shoal, and the remaining 10,000 cy/yr are assumed to bypass the channel 
and transported westwards to the shoreline between Crescent Beach and Annadale Beach. 

Sea Level Change Impacts on Sediment Budget 

The historic rate of sea level rise is incorporated in the historic shoreline change analysis. If the rate 
of sea level rise exceeds historical projections in the future, higher rates of shoreline erosion are 
anticipated. Cross-shore sediment losses due to sea level rise (SLR) are incorporated in the 
sediment budget based on Bruun (1962).  

� �
�

�
 

S = change in sea level 

θ = average profile slope over active beach profile 

R = horizontal recession of beach 

The historic rate of SLR in the study area is +0.0128 ft/yr (NOAA Sandy Hook Tide Gage). The 
average profile slope over the active beach profile, θ, was assumed as 1V:15H based on long profile 
surveys in the project area. Over the 20 year time period, commensurate with the time period used 
in the sediment budget, the sea level (S) will rise approximately 0.28 ft, which corresponds to a 
horizontal recession of the beach (R) of 4 ft. This 4-fot horizontal recession is equivalent to a 
volumetric loss of 2,800 cy/yr over the domain of the sediment budget. The impact of higher sea 
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level rise rates is summarized below in Table 2-7. A detailed discussion of sea level rise is provided 
in Section 2.2.1. 

Table 2-7: Sea Level Rise Impacts on Shoreline Changes and Sediment Budget 

Sea Level Rise Scenario SLR over 50-years 
(ft) 

Shoreline Change 
(ft/yr) 

Volume Loss 
(cy/yr) 

USACE-Low (Historical) 0.7 -0.22 -2,800 

USACE-Intermediate 1.1 -0.34 -4,400 

USACE-High 2.4 -0.74 -9,500 
Note:  Historical SLR is included in historical sediment budget. 

 Shoreline Stabilization and Stormwater Outfall Structures 

History 

Since 1935, two federal and two state/city sponsored projects have been completed to stabilize and 
enhance Staten Island's south shore.  Three of these were beach fill projects.   

• In 1936-37, the federal government built 6 timber and rock groins, constructed a timber 
bulkhead, and placed an estimated 1,000,000 cubic yards of hydraulic fill at South Beach.  

• The State and City placed about 1,880,000 cubic yards of fill between New Creek and 
Miller Field in 1955. The material, which consists of medium grained sand, was placed 
along the shore. Two concrete storm sewer outfalls that extend through the fill have acted 
as groins, helping to further stabilize the beach. 

• The USACE constructed a project in 1999 to protect the Oakwood Beach area from Bay 
flooding. The project consists of two earthen levee segments, one tide gate structure, 
underground storm water storage, and road raising. The first levee segment, located south 
of the treatment plant and east of Oakwood Creek running parallel to the creek, has a top 
elevation of 10 feet NGVD. The second levee segment, located north of the treatment plant 
and running approximately northward and westward, is a raised road system with a top 
elevation varying between 7.9 ft NGVD to 8.4 ft NGVD. This project also consists of: (1) 
a new tide gate; (2) the raising of an access road at the northwestern area of the treatment 
plant property; and (3) underground storm runoff storage. The project is based on a 10 year 
economic life and protects against a 15-year storm (6.7% chance of occurring in any given 
year). 

• After Hurricane Sandy (October 29-30, 2012) USACE awarded two repair contracts 
authorized under the Flood Control and Coastal Emergencies Act, PL 84-99 (USACE, 
2003) that we completed in Fall 2013 to repair the levee and tide gate from damages 
inflicted by Hurricane Sandy. 

• As part of other post-Sandy efforts, NYC initiated short term dune improvements as part 
of its Special Initiative for Rebuilding and Resiliency (SIRR) that included beach 
nourishment and dune construction along the study area in attempt to decrease future losses 
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from coastal storm events.  This program was completed in October 2013. Location and 
quantities of beach fill are pending. 

In addition, the City of New York has constructed a significant number of outfalls structures to 
discharge stormwater runoff from streets and residential/commercial properties. Several of the 
outfall structures have been repaired and replaced over the past 50-years. The following structures 
have been identified by shoreline reach based on existing site photos and field surveys.  

Fort Wadsworth to South Beach: 

There are four groins in this reach. The structure (G1) is an approximately 220 ft long terminal 
groin approximately 220 ft long at the edge of the Verrazano Narrows. A revetment extends 
approximately 280 ft north and 300 ft west of the groin. A 400-ft long timber crib groin (G2) is 
located at the southern terminus of Lily Pond Avenue. A timber pile field (remnants of a 
recreational pier) and a submerged rubble structure are located on the updrift (west side) of G2. 
Structure G3 is a 10-ft wide by 6-ft high concrete box culvert that extends approximately 615 ft 
offshore of Sand Lane terminus. The downdrift (east) side of the structure is armored with large 
rock. The last structures within this reach, parallel drainage outfalls offshore seaward Ocean Breeze 
Park (G4), consists of two 10-ft wide by 6 ft-9” high concrete box culvert that extends 950 ft from 
Father Capodanno Boulevard.  

Midland Beach: 

Between Seaview Avenue and east side of Miller Field, there are four primary structures and two 
secondary structures that intersect the beach. The Seaview Avenue structure (G5) consists of two 
800-ft long parallel 15-ft high by 6-ft high concrete box culverts encapsulated by armor stone. Just 
south of structure G5 are two small timber groins (approximately 150 and 200 ft, respectively) with 
armor terminal ends (G6 and G7). At the terminus of Naughton Avenue lies twin 10-ft wide by 6 
ft-6” high concrete box culverts that extend 875 ft from Father Capodanno Boulevard (G8). An 
approximately 1,370 ft long 8-ft wide by 4-ft high concrete box extends seaward from Father 
Capodanno Boulevard (G9) at Midland Avenue. Approximately 200-ft of the seaward end is 
protected by armor stone. The last structure (G10) within the reach is located on the eastern 
boundary of Miller Field and consists of twin 985-ft long, 15-ft high by 6 ft-3” high concrete box 
culverts. Armor stone is placed along approximately 350 ft of the seaward end.  

New Dorp, Cedar Grove, and Oakwood Beaches: 

This reach extends from the east side of Miller Field to the Oakwood Beach Wastewater Treatment 
Plant. Eight groin structures extend offshore of the shoreline; four of which contain stormwater 
outfall structures. In addition, the dune system fronting Oakwood has been enhanced with a riprap 
slope to protect this reach.  

Structure G11, a single 450-ft long 13-ft wide by 5 ft-6” concrete box culvert extends from the 
terminus of New Dorp Lane. The west side of the box culvert is protected by a wood bulkhead 
while armor stone has been placed on the seaward end. Structure G12 and Structure G13, located 
between New Dorp Lane and Cedar Grove Court, are non-emergent groins of 125 and 175 ft 
lengths, respectively. Structure G14, located at the terminus of Milbank Road, is an approximately 
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430-ft long groin structure with 125 ft of the seaward end submerged. A 10-ft by 5-ft concrete box 
culvert is incorporated into a 425-ft long groin structure (Structure G15) at Ebbitts Street. The outer 
end of G15 is protected by a pile field. Structure G16 bisects Cedar Grove Beach near the midpoint 
and consists of a 700-ft long rock groin with an internal 11-ft by 8-ft high concrete box culvert. 
Structure G17 is 790-ft long terminal groin consisting of a 590-ft section of timber training wall 
and a 200-ft section of submerged rock groin at the seaward end that effectively divides Cedar 
Grove Beach with Oakwood Beach. At the west end of Oakwood Beach is the last structure, G18, 
a combination 140-ft long concrete box culvert (140-ft long) and 165-ft long open top concrete 
flume that conveys return water from the Oakwood Beach Treatment Plant.  

In addition to the structures, a dune system with a riprap revetment has been constructed along the 
Oakwood Beach segment. The reinforced dunes provide some local protection, but do not prevent 
storm surge inundation during large storms such as Hurricane Sandy. 

Inundation and Flooding Areas 

Flooding in the Project Area may occur from either storm surges or interior runoff. The high 
existing elevations along the shorefront in South Beach and Midland Beach provide protection from 
storm surge during small storms. Much of this reach is protected from storm surges until 
floodwaters rise above Father Capodanno Boulevard (+8 feet NGVD to +12 feet NGVD) or other 
areas of high ground. After the waters rise above that controlling elevation, large low-lying portions 
of inland areas become flooded, dramatically increasing flooding caused by rainfall runoff trapped 
landward of the high shoreline elevations. 

Throughout the Project Area, more frequent localized flooding has been reported due to interior 
runoff which becomes trapped by high tides or storm surges or is restricted by the capacity of the 
storm drainage system. The storm drainage system can convey flows only when the tides in Raritan 
and Lower New York Bay are below the interior flood elevations. When runoff and high tides occur 
at the same time, the runoff is unable to flow to the Bay. This situation results in flooding from the 
landward side of Father Capodanno Boulevard and is distinguished from storm surge flooding that 
results from elevated storm surges in Raritan and Lower New York Bays. 

 Pedestrian/Vehicular Shoreline Access 

Boardwalk/Promenade 

The Franklin D. Roosevelt (FDR) Boardwalk, which was originally constructed in 1935, stretches 
from Fort Wadsworth to Miller Field, a distance of approximately 2.5 miles. Approximately 1.5 
miles of the boardwalk is a pile-supported wood boardwalk, with the last mile constructed at grade 
with an asphalt surface (promenade). The pile-supported section is approximately 40-ft wide with 
a deck elevation of 17 ft NGVD. The promenade section is also 40-feet wide with a 12-ft wide 
striped path. Recreational, concession, and restroom facilities are located on the north side of the 
boardwalk. The Ocean Breeze Pier, located just east of Seaview Avenue, is connected to the pile-
supported section of the boardwalk.  
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Ramps/Dune Walkovers 

Dedicated and maintained pedestrian and vehicular access to the beach is provided along the entire 
length of the FDR Boardwalk. Construction and maintenance vehicles access the beach on the east 
terminal end of the boardwalk using a 40-ft wide concrete ramp. A 15-ft wide concrete ramp is 
located on the west terminal end, where the wood boardwalk transitions to the at-grade promenade. 
The City of New York has a trash collection and maintenance facility at this location. Several 
vehicular access points are located along the at-grade promenade sections of the boardwalk 
including the City maintenance facility at Jefferson Avenue, the parking lot at Lincoln Avenue, and 
at the west loop section of Father Capodanno Boulevard. Vehicular access for maintenance is also 
provided on the west side of Miller Field at New Drop Lane, at Cedar Grove Lane, and Tarlton 
Street. 

Pedestrian access, consisting of pile supported wood ramps, is provided along the entire length of 
the elevated boardwalk. These 8-ft wide ramps, spaced every 250 to 500 feet, also support ATV 
access for park and law enforcement personnel. Pedestrians can also access at-grade sections of the 
boardwalk at several City owned parking lots (Iona Street, Jefferson Avenue, and Lincoln Avenue). 
The federal park at Miller Field provides pedestrian entry via parking lots at Cedar Grove Avenue 
and New Dorp Lane. Entrance to New Dorp Beach is via an asphalt and wood boardwalk from the 
parking lot Cedar Grove Lane and Center Place.  

At Cedar Grove Beach, the public can enter the beach by parking at terminal end of Cedar Grove 
Avenue and walking directly onto beach. At Kissam Avenue and Tarlton Street, makeshift paths 
have been created to gain entry to the beach. 

2.2 Meteorological and Oceanographic Conditions 

 Water Levels 

Astronomical Tides 

Tides along the Project Area are semi-diurnal and have a mean range of 4.6 ft at Fort Wadsworth. 
Tidal datum relationships at Fort Wadsworth are presented in Table 2-8. 

Table 2-8: Tidal Datum Relationships – Fort Wadsworth 

Tidal Datum ft, NGVD  
Mean Higher High Water (MHHW) 3.5 

Mean High Water (MHW) 3.2 

North American Vertical Datum of 1988 (NAVD) 1.1 

Mean Tide Level (MTL) 0.9 

National Geodetic Vertical Datum of 1929 (NGVD) 0.0 

Mean Low Water (MLW) -1.4 

Mean Lower Low Water (MLLW) -1.6 
Notes: Tidal datums based on NOAA’s VDATUM 1983-2001 Epoch 
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Sea Level Change 

By definition, sea level change (SLC) is a change (increase or decrease) in the mean level of the 
ocean. Eustatic sea level rise is an increase in global average sea level brought about by an increase 
to the volume of the world’s oceans (thermal expansion). Relative sea level change takes into 
consideration the eustatic increases in sea level as well as local land movements of subsidence or 
lifting. Historic information and local MSL trends used for the Study Area are provided by the 
NOAA/NOS Center for Operational Oceanographic Products and Services (CO-OPS) using the 
tidal gauge at Sandy Hook, New Jersey. The historic sea level change rate (1935-2013) is 
approximately 0.0128 ft/year or about 1.3 ft/century. 

Recent climate research has documented observed global warming for the 20th century and has 
predicted either continued or accelerated global warming for the 21st century and possibly beyond 
(IPCC 2013). One impact of continued or accelerated climate warming is continued or accelerated 
rise of eustatic sea level due to continued thermal expansion of ocean waters and increased volume 
due to the melting of the Greenland and Antarctic ice masses (IPCC, 2013). A significant increase 
in relative sea level could result extensive shoreline erosion and dune erosion. Higher relative sea 
level elevates flood levels which may result in smaller, more frequent storms that could result in 
dune erosion and flooding equivalent to larger, less frequent storms.  

The current guidance (ETL 1100-2-1 dated 30 Jun 2014) from the Corps states that proposed 
alternatives should be formulated and evaluated for a range of possible future local relative sea 
level change rates. The relative sea level rates shall consider as a minimum a low rate based on an 
extrapolation of the historic rate, and intermediate and high rates which include future acceleration 
of the eustatic sea level change rate. These rates of rise correspond to 0.7 ft, 1.1 ft, and 2.4 ft over 
50 years for the low, medium and high rates of relative sea level rise. The historic rate, 0.7 ft, is 
being used as the basis of design for the flood protection structures. However, a sensitivity analysis 
is performed to the medium and high SLC rates in the economic analysis. 

Storm Surge 

Two types of storms are of primary significance along the south shore of State Island: (1) tropical 
storms which typically impact the New York area from July to October, and (2) extratropical storms 
which are primarily winter storms occurring from October to March. These storms are often 
referred to as “nor’easters” due to the predominate direction from which the winds originate. Storm 
surge is water that is pushed toward the shore by the force of the winds, the decrease in astronomical 
area pressure during major storms, and other localized effects. Water levels rise at the shoreline 
when the motion of driven waters is arrested by the coastal landmass. 

Stillwater elevations for the Project Area were obtained from preliminary FEMA Flood Insurance 
Study (FIS) results (FEMA, 2013) as shown in Table 2-9. The coastal study project area for the 
modeling study includes New Jersey, New York City, Westchester County, NY, and the banks of 
the tidal portion of the Hudson River. A region wide storm surge modeling study was performed 
by FEMA (2011) using the Advanced Circulation Model for Oceanic, Coastal and Estuarine Waters 
(ADCIRC) which was dynamically coupled to the unstructured numerical wave model Simulating 
Waves Nearshore (unSWAN). Synthetic tropical and extra-tropical storms were generated based 
on parametric models and historical data. The numerical modeling results from the synthetic storms 
are used to determine still water frequency of occurrence relationships. The model results were 
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extracted offshore of the Project Area in the center of Lower New York Harbor (74°4’57.48”W, 
40°30’9.74”) as shown in Table 2-9. 

Table 2-9: Stillwater Elevations for Project Area (FEMA, 2013)1 

Return Period (yr) Still Water Level (ft NGVD) 
2 5.32 

5 7.2 

10 8.5 

25 10.0 

50 11.3 

100 12.6 

200 14.0 

500 15.9 
Notes:  1 Stillwater elevations obtained from FEMA (2013) 

2 Stillwater elevation for the 2-year event are obtained from Dredged Material Management Plan 
 (DMMP) Study (WES, 1998) 

Wave Setup 

Wave setup is an additional increase in the water elevation near the shoreline due to the transfer of 
wave momentum from the breaking waves to the water column. Wave setup for this study was 
calculated using small-amplitude wave formulas outlined in the CEM (1999) based on the breaking 
wave height (described below). The wave setup estimates represent the theoretical maximum wave 
setup near the instantaneous shoreline on a relatively steep beach (1V:10H). In reality water levels 
during the storm event may cause wave breaking to occur over a gentler slope reducing the breaking 
wave height and subsequent wave setup height.  Therefore, the estimated wave setup values below 
are conservative estimates of the maximum possible wave setup. Table 2-10 shows the wave setup 
vs. frequency of occurrence relationships for Project Area. 

Wave setup is not directly used anywhere in the design or analysis of the proposed Coastal Storm 
Risk management structures. Wave setup is indirectly included in the wave transformation 
calculations (i.e. Goda) and subsequent wave overtopping calculations. Wave setup is included here 
to provide an understanding of how the water levels increase along the shoreline due to wave 
breaking. 

Table 2-10: Wave Setup Height for Project Area 

Return Period (yr) Wave Setup (ft) 
2 1.7 
5 2.1 
10 2.3 
25 2.4 
50 2.6 
100 2.7 
200 3.0 
500 3.1 
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 Currents 

Tidal currents in the study area are generally weak. Longshore wave driven currents are limited 
due to the moderate wave heights and orientation of the shoreline that is generally perpendicular to 
the dominant wave direction. Table 2-11 lists the tidal currents in the Project Area (NOAA, 2001) 
which are representative of conditions throughout the Project Area. 

Table 2-11: Tidal Current Velocities (NOAA 2001) 

Station Peak Flood (knots) Peak Ebb (knots) 
Hoffman Island 0.9 0.8 
Midland Beach 0.8 1.3 

New Dorp Beach 0.5 0.5 
 

 Wind 

Measured wind speeds and direction have been recorded at the Ambrose Light Station (ALSN6) 
located approximately 16 miles offshore of the South Shore of Staten Island and is well situated to 
measure wind speeds over open water. The annual wind rose at Ambrose Light House is presented 
in Figure 2-6. 

 Waves 

The wave climate in Lower New York Harbor is comprised of a mixture of longer period swells 
that propagate from the New York Bight into the Harbor and locally wind-generated sea conditions. 
The complex wave conditions during large storm events are described by Coastal Engineering 
Research Center (CERC, 2001): 

Wave energy concentrates over the shoals in the approach and entrance to Lower New 
York Harbor. Wave height drops steadily over the shoals as shallow water-induced wave 
breaking and energy dissipation continue to impact the waves entering Lower New York 
Harbor… Storm wave response in Lower New York Harbor involves several additional 
complications. The shoals at the entrance to Lower New York Harbor have controlling 
depths of 10 to 15 ft MLLW. The effect of this “gate” depends on the incident wave 
conditions, astronomical tide, and storm-generated water levels. Sites in Lower New York 
Harbor are also exposed to local fetches which, coupled with strong storm winds, can 
result in locally-generated waves of concern. Local storm wave conditions depend strongly 
on wind speed and direction. Local wave generation may restore some energy to incident 
ocean waves which have broken on entering Lower New York Harbor or, if wind direction 
differs significantly from incident wave direction, generate a new wave component from 
another direction. 

A wave hindcast and wave transformation study of the waves in New York Bight and Lower New 
York Harbor was performed by the CERC in support of the Dredged Material Management Plan 
for New York Harbor (CERC, 2001). The storm wave results were based on offshore wave hindcast 
data transformed to the bay using the STWAVE numerical wave model. 
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Figure 2-5: DMMP Stations 

A total of 20 extratropical storms and 20 tropical storms were simulated in STWAVE. The 
extratropical storms were selected based on the data at WIS Station 73, near the STWAVE ocean 
boundary. Tropical storms were not sufficiently present in the WIS database, so special WIS model 
runs were made to generate wave information for 20 selected events. A detailed list of the storm 
events in the storm suite are contained in Attachment D “DMMP STWAVE Modeling”. Extreme 
wave events were simulated using the Empirical Simulation Technique (EST). The input to the 
EST analysis was the results of the wave model storm simulations with variable water levels (tide 
and surge). 

The results of the wave transformation study and EST analysis provide the basis for the design 
wave conditions. The spectral significant wave height, Hm0; peak wave period, Tp; and frequency 
of occurrence relationships were developed by CERC (2001) at several locations in the Study Area. 
The mean frequencies of occurrence relationships at Station P1 (or Station #8) define the wave 
characteristics for Project Area. The nominal depth at Station P1 is 17 ft (MSL). 

Thompson & Vincent (1985) found that energy based wave height (Hm0) deviates from the 
statistical wave height (H1/3) in shallow water prior to breaking. In deep water and inside the surf 
zone after wave breaking Hm0 and H1/3 are nearly equal. The model results for the study were 
extracted in relatively shallow water (17 ft) and are therefore converted to the statistical significant 
wave height, H1/3, following Figure II-1-40 of the Coastal Engineering Manual (USACE, 1999) 
which was originally developed by Thompson & Vincent (1985). The significant wave height (Hs) 
is a general term that may be used to describe either Hm0 or H1/3.  However, in this study significant 
wave height stands for H1/3. 
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The equivalent un-refracted deep water wave height, H’0, which had undergone wave refraction 
and diffraction, was calculated from Hs based on small amplitude wave theory. 

The maximum possible breaking wave height and depth at which it breaks are estimated based on 
Figure 2-72 and Figure 2-73 in the Shore Protection Manual (USACE, 1984) based on a 
representative nearshore slope of 1 on 10. The offshore and breaking wave characteristics are 
representative of the nearshore wave conditions in Lower New York Harbor assuming a uniform 
nearshore slope. The nearshore slope along Project Area exhibits less uniformity and may be 
steeper or gentler, affecting the breaking wave conditions at these locations. 

A summary of the nearshore, offshore, and wave breaking characteristics for Project Area are 
presented in Table 2-13. 

Table 2-12: Nearshore Wave Conditions (CERC, 2001) 

Return Period (yr) Peak Wave Period (s) Hm0 (ft) H s (ft) 

2 5.4 5.2 5.8 
5 8.3 5.4 6.5 
10 9.7 5.6 7.1 
25 11.3 5.7 7.5 
50 12.3 5.8 7.9 
100 13.2 6.0 8.4 
200 14.5 6.2 9.0 
500 16.0 6.5 9.7 

Notes: 1Nominal depth of nearshore wave station is 17 feet (MSL) 

Table 2-13: Offshore and Breaking Wave Characteristics 

Return Period 
(yr) 

H'0 
(ft) 

Hb 
(ft) 

db 
(ft) 

2 6.3 7.9 7.5 
5 6.3 9.8 8.1 
10 6.5 10.4 8.4 
25 6.5 11.2 8.8 
50 6.6 11.9 9.4 
100 6.8 12.6 9.8 
200 7.0 13.6 10.6 
500 7.2 14.4 11.1 

Note: H'0 is the equivalent un-refracted deep water wave height 
 Hb is the maximum possible breaking wave height 
 db is the water depth at which wave breaking occurs 



 

 Coastal Storm Risk Management Feasibility Study
June 2015 26 Engineering & Design Appendix

 

 

Figure 2-6: Annual Wind Rose at Ambrose Light 
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 Interior Flooding 

Interior flooding from Fort Wadsworth to Oakwood Beach results from high Bay storm surges and 
interior runoff that cannot be conveyed to the Bay by the storm drainage system. Once flood waters 
rise above high ground along the shoreline, large low-lying inland areas are flooded, supplementing 
flooding caused by rainfall runoff trapped landward of the high shoreline elevations. 

It is expected that future storms will continue to cause damage in this area. Since no major changes 
to the shorefront are expected, the magnitude and frequency of coastal flooding is expected in 
increase with sea level rise. It is also expected that continued development will occur in the 
floodplain as new construction is elevated above the base interior flood elevation. This fill would 
reduce storage of interior runoff and thereby exacerbate interior flooding conditions. 

2.3 Storm History 

Hurricane Donna (September 1960) 

Prior to Hurricane Donna an artificially filled beach and promenade was constructed between 
Miller Field and Fort Wadsworth. In addition, Seaside Boulevard (Father Capodanno Boulevard) 
was raised from Miller Field to the vicinity of Burgher Avenue (approximately half of the distance 
to Fort Wadsworth). During Hurricane Donna these projects were very effective in protecting the 
many dwellings located inshore of the beach. Tidewaters and waves did, however, break through 
under the boardwalk and across the old road, at the point where the new boulevard ends. Foam-
capped breakers reportedly soared 50 ft or more in the air between South Beach and Midland Beach.  
The beach was also breached at Sand Lane to the east and around the end of the boardwalk near 
Fort Wadsworth, inundating Seaside Boulevard up to a depth of 3 ft. 

In the community of Oakwood Beach, tide gates at a wastewater treatment plant flume at the south 
end of a protective sand dike failed to operate and tidewater began to flow into the streets. As the 
tide and wave action increased, the dike was flanked at the breach near the center. Twenty-five 
families were forced to leave the area when their homes were inundated. 

In New Dorp Beach, the grounds of the Seaside Nursing Home were flooded up to the steps of the 
main building, but damages were confined to clean-up operations. The streets of the residential area 
were flooded about 500 ft inland. From the Ocean Edge Colony, along New Dorp Lane to Cedar 
Grove Beach, residents and Fire Department crews reportedly pumped water from the streets. Cedar 
Grove Avenue was impassable due to flooding.  

Miller Field suffered damage when tidewater entered through the former New Dorp Avenue gate 
and flooded grounds, hangars and some buildings at the southeast end of the field. 

December 1992 Nor’easter 

During this storm, flood levels ranged from 8.4 to 10.6 ft NGVD between Fort Wadsworth and 
Miller Field. Nearly 2,000 structures within this area are at ground elevations at or below the 
average elevation of floodwaters recorded during this event. 
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The December 1992 storm caused the partial collapse of 22 bungalows at Cedar Grove Beach. 
Since that time, 26 bungalows at the western end of the beach have been demolished by New York 
City, and a dune was constructed in their place. The New York City Department of Parks and 
Recreation is reviewing the future uses for this area and the future of the remaining bungalows. 

At Oakwood Beach the artificial dune system, located on New York City property, was breached 
in the 1992 storm. This occurred at Kissam Avenue, creating a breach in the dune up to 175 yards 
wide. In addition, prior to the completion of the USACE project in 1999, the Oakwood Beach area 
was open on its western flank to the low lands around the sewage treatment plant and Great Kills 
Park. Large areas along Fox Lane and Kissam Avenue were flooded with depths up to 5 ft. 
Remedial action has been planned and implemented by local authorities to remove debris in the 
watercourse, repair the sewer system and reconstruct the dune. As previously described, a short-
term plan of protection was implemented under the Corps of Engineers Continuing Authority 
Program to protect Oakwood Beach residents from inundation from the western flanked area. 

As a result of this storm, 225 flood claims totaling almost $2 million were paid out from the 
National Flood Insurance Program (NFIP). 

Hurricane Sandy (October 2012) 

On 29 October 2012, Hurricane Sandy made landfall approximately five miles south of Atlantic 
City, NJ, where it collided with a blast of arctic air from the north, creating conditions for an 
extraordinary and historic storm along the East Coast with the worst coastal impacts centered on 
the northern New Jersey, New York City, and the Long Island coastline. Hurricane Sandy’s unusual 
track and extraordinary size generated record storm surges and offshore wave heights in the New 
York Bight. The maximum water level at The Battery, NY peaked at 12.4 ft NGVD, exceeding the 
previous record by over 4 ft. 

The south shore of Staten Island was one of the hardest hit areas by Hurricane Sandy. USGS 
deployed storm tide sensors and surveyed high water marks after the storm that indicated the 
maximum water levels during Sandy were likely between 12.5 and 13.6 ft, NGVD within the 
project area (USGS, 2013). Figure 2-7 shows a time series of the recorded water levels at Fort 
Wadsworth (RIC-001WL), The Battery, and surveyed USGS high water marks. It is noted that high 
water marks may be higher than still water levels just offshore of the shoreline since they may 
include an additional increase in the water level from wave setup or wave runup. 

An overview of the extent of flooding in the project area is shown in Figure 2-8. Storm surge and 
waves devastated low-lying neighborhoods in the project area. At Kissam Avenue (Oakwood 
Beach) many homes were swept off of their foundations or flattened (Figure 2-9). Floodwaters rose 
rapidly in many neighborhoods in the Project Area once storm surge elevations exceeded the 
elevation of Father Capodanno Boulevard and other high spots creating a “bowl” that trapped water 
in some areas for several days.  Figure 2-10 shows the damage to homes located along Cedar Grove 
Avenue (New Dorp Beach) that are located 700 ft landward of the shoreline. 
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Figure 2-7: Hurricane Sandy Storm Tide and High Water Marks 

 

 

Figure 2-8: Hurricane Sandy Flood Inundation 
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Figure 2-9: Hurricane Sandy Damage at Kissam Avenue (Oakwood Beach) 

 

Figure 2-10: Hurricane Sandy Damage at Cedar Grove Avenue (New Dorp Beach) 



 

 Coastal Storm Risk Management Feasibility Study
June 2015 31 Engineering & Design Appendix

 

3.0 WITHOUT PROJECT COASTAL PROCESSES 

3.1 Overview 

The water level and wave setup vs. frequency of occurrence relationships provided in Table 2-9 
and Table 2-10 were applied to assess the without project conditions. Future without project 
conditions included 0.7 ft of sea level rise. 

The wave height vs. frequency of occurrence relationships presented in Table 2-12 and Table 2-13 
were applied to assess the without project conditions. An appropriate wave height was selected 
from one of these tables depending on the application. A brief summary of the wave height selected 
for each coastal process application is given below: 

• Wave Runup was calculated using un-refracted offshore wave height, H’0; 

• Mean Wave Overtopping was calculated using the nearshore significant wave height, Hs; 

3.2 Storm Induced Shoreline Change 

Storm induced shoreline changes were investigated for the project area using the Storm-Induced 
Beach Chance Model (SBEACH). SBEACH is a one-dimensional model, developed by the United 
States Army Corps of Engineers (USACE), which simulates cross-shore erosion of beaches, berms, 
and dunes under storm water levels and waves. A basic assumption of SBEACH is that all profile 
change is produced by cross-shore processes, with no net gain or loss of sediment. This is only true 
if longshore sediment transport processes are uniform, which is typical considered a reasonable 
assumption during storm events on open coasts away from inlets and structures. Long-term 
morphologic changes (e.g. shoreline erosion) are typically controlled by longshore sediment 
processes, which are not simulated by SBEACH. 

The SBEACH model calculates beach profile change using an empirical morphologic approach 
with emphasis on beach and dune erosion.  In model simulations, the beach profile progresses to 
an equilibrium state based on the initial profile, median grain size, and storm conditions (wave 
height, wave period, wave condition, wind speed and direction, and water level).  The model also 
simulates overwash and dune lowering. 

Six profile transects were selected to capture the variability in the beach conditions. The profile 
topography (above MHW) was obtained from the Post-Sandy 2012 LIDAR data. The submerged 
portion of the profile was based on the February 2000 beach profile surveys. Figure 3-1 shows the 
six SBEACH profile transects. The alongshore spacing of the SBEACH profile transects was 
selected based on the alongshore variability in the beach conditions and availability of submerged 
profile data. The beach conditions from Fort Wadsworth to Midland Beach are fairly uniform and 
two profiles are adequate to capture the range in beach conditions. More detail about the uniformity 
of the beach conditions in the study area is provided in (Figure 5-2, Section 5.3). 
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Figure 3-1: SBEACH Profile Locations 

 Hurricane Sandy SBEACH Simulations 

The model has been verified based on field measurements at Duck, NC; Manasquan, NJ; Point 
Pleasant, NJ; and Torrey Pines, CA (Larson and Kraus 1989a, Larson et al. 1989b). However, it is 
still recommended that site specific model calibration be performed. No suitable data was available 
in the Project Area to calibrate the model. The available topographic data, 2001 and 2012, is too 
far apart to be used for model calibration. A sensitivity analysis and qualitative model validation 
was performed for Hurricane Sandy based on the available topographic data. Figure 3-2 presents 
the results of the SBEACH simulations at New Dorp Beach, capturing the erosion of sandy dune 
that occurred during Hurricane Sandy (Figure 3-3). The model sensitivity analysis shows that 
model is able predict the erosion of the sandy dune. 
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The SBEACH parameters applied in the modeling study are shown in Table 3-1. One of the most 
important parameters is the effective grain size, taken for this study as the mean grain size, 0.5 mm. 

Table 3-1: SBEACH Parameters  

SBEACH Parameter Value 
Landward surf zone depth (m) 0.3 

Effective grain size (mm) 0.5 

Maximum slope prior to avalanching (deg) 30 

Transport rate coefficient (m4/N) 1.75 e-6 

Overwash transport parameter (KB) 5 e-3 

Coefficient for slope-dependent term (m2/S) 2 e-3 

Transport rate decay coefficient multiplier 0.5 
 

 

Figure 3-2: SBEACH results from Hurricane Sandy simulation (New Dorp Beach) 
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Figure 3-3: Pre- and Post-Hurricane Sandy Photos at New Dorp Beach 
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 Synthetic Storm SBEACH Simulations 

SBEACH simulations were performed for five synthetic storm events representing the 2, 10, 25, 
100, and 500 year return periods. The synthetic storm events were developed following the same 
approach applied by Larson & Kraus (1989b) and utilized mathematical functions to represent the 
evolution of the surge during hurricanes and nor’easters.  The basic premise is that Hurricanes have 
relatively short storm surge durations when compared to nor’easters.  The 2, 10, and 25 year events 
were simulated as Nor’easters and the 100 and 500 year events were simulated as Hurricanes. 
Synthetic surge and wave boundary conditions were developed such that the maximum still water 
level and maximum wave height and wave period corresponded to the design conditions as 
described above and shown in Table 3-2. Figure 3-4 presents an example of the boundary 
conditions for a Nor’easter and Hurricane. 

Table 3-2: SBEACH Boundary Conditions 

Return Period  
(years) 

Still Water Level 
(ft, NGVD) 

Peak Wave Period 
(s) 

Significant Wave Height  
(ft) 

2 5.3 5.4 5.8 

10 8.5 9.7 7.1 

25 10.0 11.3 7.5 

100 12.6 13.2 8.4 

500 15.9 16.0 9.7 
 

The Without-Project Conditions were defined by the post-Sandy (2012) ground elevations. A total 
of 6 profile locations were simulated in SBEACH. 

The resulting eroded profiles for the “without project” conditions can be found in Attachment A. 
Table 3-3 and Table 3-4 present the maximum horizontal shoreline and dune/berm recession 
calculated in SBEACH, respectively. Shoreline recession is presented as the maximum horizontal 
recession of the +3.2 ft (NGVD) elevation contour which corresponds to Mean High Water 
(MHW). Dune/berm recession is presented relative to the 8 ft (NGVD) elevation contour. In general 
the model results indicate that shoreline recession is between 10 and 20 ft during storm events.  
Berm and dune recession is more dependent on the local profile conditions and varies along the 
Project Area accordingly. However, in general berm recession is between 10 and 60 ft during the 
largest of the storm events. Many of the profiles indicated that very little berm recession occurs 
during smaller storm events. As shown in previous shoreline evaluations, the South Shore of Staten 
Island shoreline is relatively stable due to its relatively coarse sand (0.5 mm) and relatively mild 
wave conditions in comparison to open ocean coastlines. 
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Table 3-3: Without-Project Shoreline Recession (ft) 

Return Period 
(Years) 

Oakwood 
Beach 

Cedar 
Grove 

New Dorp 
Beach 

Miller 
Field 

Midland 
Beach 

South 
Beach 

2 11 18 15 13 13 12 

10 12 15 15 13 15 12 

25 13 18 17 15 15 15 

100 17 18 17 17 18 17 

500 18 20 18 16 19 16 

 

Table 3-4: Without-Project Dune/Berm Recession (ft) 

Return Period 
(Years) 

Oakwood 
Beach 

Cedar 
Grove 

New Dorp 
Beach 

Miller 
Field 

Midland 
Beach 

South 
Beach 

2 2 0 1 1 0 2 

10 5 0 2 0 1 38 

25 104 0 21 0 13 41 

100 BC 1 23 5 16 45 

500 BC 22 37 12 33 59 
Notes: BC - Below contour. Entire profile was below the 8 ft contour at some point in the simulation. 

 

Figure 3-4: Synthetic Hurricane and Nor’easter Boundary Conditions 
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Figure 3-5: SBEACH Without-Project Results for New Dorp Beach 

3.3 Wave Runup 

Wave runup is the maximum elevation of wave uprush above the still water level. Wave runup 
consists of two components: wave setup and wave uprush (swash) fluctuations about that mean 
water level. The mean wave runup and 2% wave runup height were determined for the Project Area 
using the formulas given by USACE (1999) for irregular wave runup on plane, impermeable 
beaches. 

Table 3-5: Wave Runup – Without Project Conditions 

Return Period (Years) Mean Wave Runup (ft) 2% Wave Runup (ft) 
2 3.4 7.0 

5 4.5 9.5 

10 5.2 10.9 

25 5.7 12.1 

50 6.1 13.0 

100 6.6 13.9 

200 7.2 15.2 

500 7.8 16.6 
Notes:  Wave runup values are heights and reported relative to the still water level. 
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3.4 Wave Overtopping 

The wave overtopping rate, q, reported in this study is the mean overtopping discharge (liters/s/m). 
In actuality wave overtopping occurs in sporadic short pulses and is not constant over time. It is 
coastal engineering practice to use mean wave overtopping rates in engineering applications since 
available design formulas are based on the mean overtopping rate due to its ability to be easily 
measured in laboratory studies. 

Wave overtopping is generally classified into two types: “green water” where complete sheets of 
water run up the face of dune/structure and over the crest of the dune, and “white water” where 
spray from wave breaking is carried over the structure. The first type of overtopping “green” will 
only occur when wave runup exceeds the crest elevation of the dune/structure. The second type of 
overtopping, “white” may occur even if the runup elevations are not greater than the crest elevation. 

Due to the topography of the project area, wave overtopping is only relevant at one location along 
the project area, Oakwood Beach.  At this location a dune and riprap slope provides limited 
protection to the low-lying marsh area farther inland. Elsewhere along the project area the beach 
gradually transitions to inland areas without any dunes. During Hurricane Sandy the dune/riprap 
slope at Oakwood Beach was inundated and the homes landward in the low-lying marsh were 
largely destroyed (Kissam Ave). The dunes and rip rap slope experienced some erosion, but was 
largely intact and only suffered mild erosion. For this study, it is assumed the Post-Sandy elevations 
at Oakwood Beach, with a dune crest elevation of +12 ft NGVD, represent the Without Project 
Condition. 

Wave overtopping on the dune at Oakwood Beach was calculated based on a modified version of 
the Van der Meer (1995, 1998) methodology which was originally intended for estimating wave 
overtopping on coastal structures. Kobayashi et al. (1996) extended the Van der Meer overtopping 
formula to sandy dunes based on an equivalent uniform beach slope parameter, and the Alfageme 
(2001) empirical coefficient adjustment based on large scale tests performed by Delft Hydraulics 
Laboratory (1983). Note that the wave overtopping analysis applied to the coastal structures is 
based on the Van der Meer (1995, 1998) methodology as described in Section 5.4. 

Table 3-6: Wave Overtopping at Oakwood Beach– Without Project Conditions 

Return Period (Years) Overtopping (Liters/s/m) 
2 0.1 
5 10 
10 51 
25 176 
50 389 
100 Submerged 
200 Submerged 
500 Submerged 
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4.0 ALTERNATIVES DEVELOPMENT 

4.1 Alternatives Development Overview 

An iterative planning process occurring over many years has been applied in the development, 
evaluation, and selection of the Level of Protection plan. The following analyses have been 
performed: 

• Previously Authorized Federal Project (1965) 

• Reconnaissance Study (1995) 

• Formulation and Evaluation of Risk Management Measures (2002) 

• Comparison of Alternative Plans and Tentative Plan Selection (2005) 

• Optimization and NED Plan (2014) 

A detailed description of the alternative plan development is provided in the Main Report. 

 Optimization and NED Plan 

During the last phase of the study, Optimization and NED Plan, Alternative #4 (floodwall, levees 
and a buried seawall/armored levee with a raised promenade) was refined and evaluated at three 
different design levels to establish the NED plan. The NED plan is the alternative that reasonably 
maximizes net benefits and is the baseline against which other alternatives are compared.  
Normally, the Federal share of the NED plan is the limit of Federal expenditures on any more costly 
plan. 

Although the NED plan forms the basis for establishing the Federal share of a project cost, the 
planning process recognizes that the non-Federal partners may have additional desires for coastal 
storm risk management and erosion control that may differ from that provided by the NED plan.  
A locally-preferred plan may be recommended provided the non-Federal partner agrees to pay any 
difference in cost and the plan is economically feasible with a benefit-to-cost ratio greater than 
unity. 

The Tentatively Selected Plan for the Line of Protection Alternative was originally identified prior 
to Hurricane Sandy (October 29-30, 2012). The optimization process to identify the NED Plan, 
however, incorporates some post-Hurricane Sandy analyses and design changes. They are: 

• Use of updated stage frequency curves from FEMA’s forthcoming coastal Flood Insurance 
Study for New York City, 

• Changes in plan alignment and design section types based post-Sandy site conditions, and 

• A recent update in technical guidance related to I-Type floodwall design 

Prior to Hurricane Sandy, Alternative #4 was optimized to four still water levels: 10.6, 11.6, 12.5, 
and 14.3 ft NGVD. During this pre-Sandy evaluation, the plan optimized to the highest still water 
level, 14.3 ft NGVD. Based on the results of the pre-Sandy evaluation, the plan was re-evaluated 
at the following four still water surface elevations: 
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• 13.3 ft NGVD – 100-year still water level (plus 0.7 ft allowance for SLC); 

• 14.3 ft NGVD – Pre-Sandy optimized still water level; 

• 15.6 ft NGVD – 100-year still water level (plus 3 ft allowance for SLC). 

• 16.6 ft NGVD – 500-year still water level (plus 0.7 ft allowance for SLC). 

Feasibility level design, quantities, costs, and economic benefits were calculated for the four plans 
to determine the optimal plan. The sections below provide an overview of the design criteria used 
to refine the plans including a description of the plans alignment, structure types, structural design 
considerations, geotechnical design considerations, and plan to provide pedestrian and vehicular 
access. 

4.2 Optimized NED Plan 

 Alignment 

The alignment of structures was initially defined as part of the reconnaissance level study and 
subsequent meetings with the sponsor (City of New York), the State of New York, and the USACE. 
Following Hurricane Sandy and additional meetings with the sponsor, National Park Service 
(NPS), and State of New York the alignment was shifted landward in some areas to increase 
protective buffer between the ocean and structures.  These changes allowed for a more homogenous 
structure geometry, lower structure crest elevations, and potentially lower maintenance costs. 

The NED plan provides coastal storm Risk management to several neighborhoods along the south 
shore of Staten Island. Figure 2-8 shows the maximum inundation depths during Hurricane Sandy 
highlighting the vulnerability of the entire Project Area.  In order to provide Coastal Storm Risk 
management to severe storms, such as Hurricane Sandy, it is necessary to limit coastal flooding 
throughout the entire project shoreline. If one location floods, it is likely that the flood waters will 
spread to other low-lying areas in the Project Area. 

The NED plan consists of four shoreline reaches and three typical structures: 

• Shoreline Reach A-1: Levee 

• Shoreline Reach A-2: Levee 

• Shoreline Reach A-3: Vertical Floodwall 

• Shoreline Reach A-4: Buried Seawall 

An overview of the alignment is provided in Figure 4-1. 
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Figure 4-1: Overview of Line of Protection 

Starting in Oakwood Beach in Shoreline Reach A-1, the earthen levee with a 10-ft wide crest ties 
into high ground on the northwest side of Hylan Boulevard. A closure structure, consisting of H-
shaped posts that accommodate the stacking of metal panels, is proposed at Hylan Boulevard to 
prevent floodwaters from flanking the levees during rare high water events.  The earthen levee 
continues southeast through Oakwood Beach parallel to Oakwood Creek and Buffalo Street until 
the levee crosses over Oakwood Creek. A tide gate structure is proposed at this location. The total 
length of Shoreline Reach A-1 is 2,800 ft. 

Shoreline Reach A-2 is a 600 ft long earthen levee section with a wider 15-ft crest to accommodate 
maintenance vehicles accessing the tide gate structure.  This wider levee section begins on the south 
side of the tide gate and terminates at the northwest corner of the Oakwood Beach Waste Water 
Treatment Plant. 

In Shoreline Reach A-3 the structures transitions from an earthen levee to a vertical concrete T-
shaped floodwall due to the limited area between Oakwood Creek and the Oakwood Beach Waste 
Water Treatment Plant (WWTP).   The 1,800 ft long vertical floodwall protects the west and south 
sides of the WWTP.   

Shoreline Reach A-4 extends 22,700 ft from the southeast corner of the WWTP to Fort Wadsworth. 
In previous alternatives Shoreline Reach A-4 consisted of a mixture of exposed armor stone 
revetments, buried seawalls, and vertical steel sheet pile flood walls. The structure was revised to 
a continuous buried seawall. The alignment of the buried seawall through Oakwood Beach deviates 
from previously developed alternatives, extending across a portion of the Fox Beach neighborhood 
that is being environmental restored as part of the State of New York’s Blue-Belt Plan. The 
alignment continues across the marshes of Oakwood Beach and past Kissam Ave. The alignment 
in this marshy area is landward of New York City’s sanitary sewer trunk line to the WWTP.  A 
service access road is proposed along the seaward edge of the buried seawall to facilitate access to 
the trunk line. A bend in the alignment occurs at the eastern end of Oakwood Beach to 
accommodate a second proposed tide gate structure. 
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Within Cedar Grove Beach and New Dorp Beach, the alignment was shifted landward from 
previous alternatives to reduce the impacts of wave overtopping on the structure, resulting in a 
reduction of the structure crest elevations, footprint, and maintenance costs. At the eastern end of 
New Dorp Beach, the alignment incorporates a 45 degree bend before continuing eastward along 
the alignment of the existing dunes fronting Miller Field.   The alignment of the buried seawall 
fronting Miller Field was coordinated with the National Park Service.  

From Midland Beach to Fort Wadsworth the alignment generally follows the footprint of the 
existing promenade and FDR Boardwalk. There are a few exceptions where the alignment was 
shifted landward to maximize a protective beach buffer between the shoreline and structures. This 
is most noticeable at the eastern end of the project area where the beach narrows. The optimized 
NED plan ties-in to high ground at For Wadsworth. 

 Structure Type 

This section describes the type of structures used to form the optimized NED plan.  Since many of 
the structures are located along sections of the shoreline with similar topographic and bathymetric 
conditions and are exposed to similar wave and water level design criteria, the design of structures 
throughout the Project Area are the same. The alternative plan is being optimized to four different 
design levels based on the 13.3, 14.3, 15.6, and 16.6-ft NGVD still water levels.  Attachment A 
consists of plan and typical cross section sheets of the optimized NED plan. 

The crest elevations for the structures were determined based on wave overtopping and a maximum 
allowable wave overtopping rate for each structure type: 2 liters/m/s for levee, and 50 liters/m/s 
vertical floodwall and buried seawall. A detailed discussion of the wave overtopping analysis and 
determination of structure crest elevations is provided in Section 5.0. 

Earthen Levee 

An earthen levee is proposed in Shoreline Reaches A-1 and A-2 (Station 10+25 to Station 
47+14.81) to terminate the structures in the optimized NED plan into high ground northwest of 
Hyland Boulevard, thereby creating a closed system that protects the project area from floodwaters. 
The termination point of the earthen levee on the northwest side of Hyland Boulevard will be 
finalized once updated topographic information is collected and coordination with NYC Parks on 
the trail system integration is complete.  The proposed levee in Shoreline Reaches A-1 and A-2 has 
crest elevations of 16, 17, 18, and 19-ft NGVD (corresponding to four different design still water 
levels). The proposed levee is a trapezoidal core section consisting of compacted impervious fill 
placed at 2.5H:1V side slopes.  An inspection/seepage trench, created by excavating native soil a 
minimum of 6 ft below the existing ground surface and replacing it with compacted impervious 
fill, is incorporated into the design to prevent seepage.   A high performance turf reinforcement mat 
will be placed on the exterior side slopes and levee crest to minimize scour and erosion during 
storm events.  The levee along Shoreline Reach A-1 has a crest width of 10 ft, which is widened to 
15 ft in Shoreline Reach A-2 to accommodate maintenance vehicle access to the tide gate. 
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Vertical Floodwall  

A reinforced concrete floodwall is proposed for Shoreline Reach A-3 (Station 47+14.87 to Station 
65+00) where a confined footprint is necessary to minimize impacts to the Oakwood Beach 
WWTP. The floodwall design consists of an H-pile supported T-wall with top of wall elevations 
of 16, 18, 20.5, and 22.5-ft corresponding to the four still water levels, respectively.  

The structure footing was designed to accommodate localized wave induced and overtopping jet 
scour by defining a 4-ft thick base set 2-ft below grade. In addition, a rock blanket extends 15-ft 
seaward side of the wall to address wave scour and a rock splash apron extends 10 to 15 ft landward 
from the concrete footing to provide adequate overtopping jet scour protection.  A vertical steel 
sheet pile wall has been added beneath the wall to prevent seepage below the footing. 

Buried Seawall 

A buried seawall proposed for Shoreline Reach A-4 (Station 65+00 to Station 292+44.67) is the 
structure type that is used for the majority of the optimized NED plan Four crest elevations, 16, 18, 
20.5, and 22.5 ft NGVD corresponding to the four still water levels, respectively. 

The buried seawall comprises a trapezoidal shaped core structure with a 10 to 18-ft wide crest and 
1.5:1 (horizontal: vertical) side slopes. The core is constructed with two-stone thickness armor 
stone and bedding stone layers.  A 10 to 18-ft wide scour apron is incorporated into the seaside 
structure toe.  The seaward face or the landward and seaward faces of the above-grade portions of 
the structure are covered with material excavated to accommodate the structure foundation.  This 
material, primarily sand with some clay, silts, and topsoil, will be placed on 2:1 side slope to support 
native beach vegetation.  The 2 to 3-ft material cover is used to visually integrate the buried seawall 
with surrounding topography and to protect the public from climbing and/or falling on the uneven 
rock surface. Geotextile fabric is placed underneath the bedding layer to reduce settlement and 
around the core structure to minimize loss of fill through the voids.  A vertical steel sheet pile wall 
will be installed in the interior of the structure to prevent seepage. 

Station 65+00 and Station 158+00 

This reach of the buried seawall incorporates a 17 ft wide raised promenade at elevation 22.5 ft 
NGVD. The raised promenade is constructed with reinforced cast-in-place concrete with an asphalt 
or paver surface finish to support maintenance vehicles.  Seaward and landward faces of the buried 
seawall are covered with the excavated material and planted with native dune vegetation.  
Phragmite control will be conducted on the seaward faces between Station 65+40 and Station 
102+00 within the Oakwood Beach corridor. 

The two sanitary sewer interceptor lines (30-inch and 60-inch diameter) that convey wastewater 
from the eastern communities of Staten Island to the Oakwood Beach Wastewater Treatment Plant 
generally follows an alignment that is landward of the Line of Protection (LOP) except within the 
Oakwood Beach Corridor. The two interceptors lines cross underneath the LOP on the south side 
of Cedar Grove Beach and generally follow a parallel alignment to that of the LOP on the seaward 
side. As a means to provide the City of New York with access to the interceptor lines for 
maintenance purposes and to minimize the risk of flooding to the sanitary system during more 
frequent storm events, a service access corridor has been provided.   
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The service access corridor consists of raising the grade above the two interceptor lines to elevation 
+10 feet NGVD, installing concrete junctions boxes with sealed manhole covers, and adding a 20-
foot paved surface to facilitate vehicle movements.   The seaward face of the raised grade will be 
stabilized with armor stone to minimize erosion during storm events.  The landward face of the 
service access corridor will be integrated with the seaward face of the LOP except where it crosses 
drainage flow paths associated with the City’s Bluebelt plan.  In these locations, the landward face 
will not extend to the LOP but will be sloped to meet existing grade and stabilized with armor 
stone.    Vehicular ramps to provide entry to the service access corridor will be incorporated into 
the LOP at Cedar Grove Beach, Oakwood Beach WTTP, and Kissam Avenue.  The integration of 
the Bluebelt plan and the final location and alignment of the vehicular ramps will be coordinated 
with the City during the Preliminary Engineering and Design (PED) phase. 

Station 158+00 to Station 268+00 

The buried seawall incorporates a 2.4 mile long, 38-ft wide pile supported promenade to replace 
the 1.0 mile long 38-ft wide at-grade paved and 1.4 mile long 40-ft wide pile supported promenade 
of the FDR Boardwalk and esplanade that currently extends between Fort Wadsworth and Miller 
Field. A new timber pile supported boardwalk integrated into the buried seawall will have a deck 
elevation of 22.5 ft NGVD.  Reinforced concrete grade beams located on the crest of the buried 
seawall will support the waterside section of the timber boardwalk. Landward of the grade beams, 
timber piles with concrete spread footings support the remainder of the boardwalk.  The concrete 
spread footings will be poured to form an integrated section within the armor stone layer of the 
buried seawall. The piles are connected by longitudinal timber pile caps and cross-bracing.  Deck 
surface finishes of the pile-support boardwalk may include timber, timber-composite, or concrete 
panel finishes. 

Several recreational facilities operated by NYC Parks as well as restaurants along the existing at-
grade paved esplanade and pile support sections of the FDR Boardwalk have first floor elevations 
lower than the deck elevation of the timber boardwalk at the 15.6 and 16.6 ft WSEL.   To provide 
access to these facilities, the buried seawall design was modified to accommodate a split boardwalk.   
Landward of the structure crest, the rock slope was replaced by a combination wall comprised of 
steel H-piles and steel sheet pile. This vertical element accommodates the split boardwalk, with a 
boardwalk width of 25 ft at elevation 22.5 ft NGVD and a 13-ft wide section that may be ramped 
down to meet building first floor elevations.  The 13-ft section is ADA compliant. The ramp 
maintains a minimum 12-ft clear distance between railings for two way pedestrian and bicycle 
traffic.  

Only the seaward face of the buried seawall is covered with the excavated material and planted 
with native dune vegetation.  The landward face of the buried seawall lies underneath the pile-
supported boardwalk where the placement of cover material and native beach vegetation is 
challenging to implement and maintain. Phragmite control will not be required for this reach. 

Station 268+00 to Station 288+00 

The buried seawall in this 2,000 foot section also incorporates a 38-ft wide-foot pile supported 
promenade as described above for Station 158+00 to Station 268+00. In this 2,000 foot section, 
from Sand Lane to Ocean Ave, the width of the armored crest of the buried seawall is increased to 
18 ft to accommodate the larger design waves and reduce wave overtopping. The weight of the 
armor stone and depth of scour protection are also increased to handle the larger design waves. 
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STA 288 + 00 to STA 292 + 44.67  

The section of the buried seawall ties into high ground adjacent the Seaside Plaza Apartments and 
the south boundary of Fort Wadsworth, the former military installation that is now operated by NPS 
as part of the Gateway National Recreational Area.  This approximately 400-ft section has a 2-to 
3-ft layer of excavated material covering the landward and seaward faces and the structure crest.  
Native dune vegetation will be planted along the seaward face of the structure adjacent to 
boardwalk), transition to upland grasses and planting along the remaining areas.  A promenade is 
not incorporated into this tie-in section. 

4.3 Structural Design Considerations 

 Water Levels, Waves, and Coastal Processes 

As described above, alternative plans were designed based on still water elevations of 13.3, 14.3, 
15.6, and 16.6 ft NGVD. These still water elevations are roughly equivalent to a future conditions 
100, 150, 300, and 500 year storm event based on the frequency of occurrence relationships for the 
Project Area and a sea level rise allowance of 0.7 ft (Section 2.2.1).  In addition the alternative 
plans were designed to withstand wave forces, wave overtopping, local scour, and coastal erosion.  
A detailed description of these coastal processes is provided in Section 5.0. 

 Armor Stone Stability 

The required weight of the armor stone that comprises the core structure of the buried seawall in 
Reach 4 was determined based on armor stone stability methodologies developed by Van der Meer 
and Hudson. Both methodologies relate the stability of the armor stone to the weight of the stone 
and transformed wave height at the toe of the structure. The required nominal armor stone weight 
was calculated based on both formulas and the maximum weight was selected for use in the study. 

The recommended stability coefficient and wave height characterization (e.g. H1/3 vs. Hmax) for 
Hudson’s equation have evolved over time. The Rock Manual (2006) recommends using H1/10 and 
a stability coefficient (Kd) of 4.0 for permeable structures. These values result in nominal weights 
that are in between the values determined if the 1977 Shore Protection Manual (USACE, 1977) and 
1984 Shore Protection Manual (USACE, 1984) are applied.  Table 4-1 presents a summary of the 
recommended armor stone weights for the Buried Seawall. 

Table 4-1: Armor Stone Weight – Buried Seawall  

Return Period 
years 

SWL 
ft NGVD 

Tp 

(s) 
H1/10 
(ft) 

Hmax 
(ft) 

Van der 
Meer 

(Tons)1 

Hudson 
(Tons)1 

Recommended 
(Tons)1 

100 13.3 13.2 5.1 5.9 0.5 0.9 1 

150 14.3 14.1 6.1 6.9 0.8 1.5 1.5 

300 15.6 15.2 7.4 8.2 1.4 2.7 3 

500 16.6 16.0 8.4 9.2 2.0 3.9 4 
Notes:  1 Nominal weight of armor stone (W50) 
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During Plans, Engineering, and Design (PED) the armor stone specifications for the buried seawall 
will be finalized. In general the stone shall consist of angular, fresh, sound, hard, dense, close-
grained, durable stone of crystalline igneous or metamorphic rock, which will be separated from 
bedrock by quarrying. Armor stone shall be furnished in blocky and angular shapes, with its greatest 
dimension not greater than three times its least dimension.  Flat stones, slabs, boulders and parts of 
boulders will be rejected. Bedding stone shall be from silt, clay, organic material, debris or other 
unsuitable material. Typically the bedding stone is obtained from the same quarry as the armor 
stone, and the smaller remaining stone is broken into smaller stone suitable for under layer and 
bedding stone. 

 Vertical Floodwall Design 

Three failure modes were evaluated for the concrete T-wall: (1) structural performance, (2) global 
stability, and (3) seepage beneath the wall. Design development and supporting calculations were 
based on USACE design guidance (EM 1110-21-2502 and the USACE New Orleans District 
Hurricane and Storm Damage Risk Reduction System Design Guidelines) for floodwalls, including 
the use of dead and live load factors of 1.7 and a hydraulic load factor of 1.3 on all shear and 
bending calculations. A safety factor of 1.5, which is consistent with structural engineering practice 
for retaining/floodwall design was used to resist both overturning and sliding. The design of the 
concrete reinforced walls was performed using LRFD load reduction factors.  

Wave loads were calculated as pressure distributions along the wall; however, they have been 
reduced to resultant forces at the heights above ground level provided in the table below. The wave 
forces were applied to the wall at their respective heights above the existing ground, resulting in a 
large bending moment at the base of wall. Due the maximum load occurring at the base of the wall, 
the top of wall was set at a minimum 18-inch dimension and tapered to the required thickness at 
the base, where necessary. 

Table 4-2: Floodwall Design Criteria 

Reach 
SWL 
(ft, 

NGVD) 

Crest Elevation 
(ft, NGVD) 

Ground Elevation 
(ft, NGVD) 

Wave Force 
(kip/ft) 

Height of Moment 
Arm (ft) 

A3 13.3 16 10 2.9 4.4 

A3 14.3 18 10 4.2 5.4 

A3 15.6 20.5 10 5.9 6.6 

A3 16.6 22.5 10 7.5 7.5 

 

The overturning and sliding components consist of the resultant wave force, the flood water level 
and soil pressure on active side of the wall only. The wall is designed for overtopping jet-induced 
scour from the ground elevation to the base of the footing on the passive (landward) side, leaving 
the concrete self-weight as the single resisting component. The overturning and sliding analyses of 
the wall with a spread footing resulted in factors of safety significantly less than 1.5; therefore, the 
structure is designed to resist these forces in the piles. Two piles, HP14x89 H-piles of lengths of 
60, 65, 80, and 95-feet for the 13.3, 14.3, 15.6, and 16.6-ft stillwater levels, respectively are 
designed to handle two force components: 1) the axial (tension and compression) forces resulting 
from the moments in the overturning analysis and 2) the shear forces from the sliding analysis. 
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Bearing loads are not analyzed due to the structure being pile supported. During the Preconstruction 
Engineering and Design phase (PED) additional options will be evaluated for the foundation such 
as modifying the structure to utilize plumb piles in lieu of battered piles and/or increasing the width 
of the footing to incorporate scour/splash protection. 

The footing was designed to be 4-ft thick with a 2-ft overburden to allow for up to 6-ft of scour 
without comprising the integrity of the wall. A 15-ft wide scour blanket on the seaward side of the 
wall and 10 to 15-ft wide splash apron on the landside are provided to accommodate localized wave 
induced and overtopping jet scour.  The footprint of the floodwall may be reduced between Stations 
55+00 and 58+00 due to the close proximity of the Oakwood Creek and the WWTP. A narrower 
concrete footing at this location with a reduced pile spacing and/or increased pile lengths would be 
incorporated. 

A PZ 22 sheet pile wall beneath the footing has been sized to handle full hydrostatic head (from 
SWL on one side of the wall to MLLW on the opposite side) and the seepage analysis dictated a 
required sheet pile tip elevation of -10-ft NGVD. 

4.4 Geotechnical Design Considerations 

The engineering evaluations and recommendations presented herein are based on the subsurface 
investigation results, as well as our experience on other similar projects and the requirements for 
this project.  As per the project requirements, engineering evaluations were primarily performed 
using the USACE design manuals, EM 1110-2-1913 “Design and Construction of Levees”, EM 
1110-2-2502 “Retaining and Flood Walls” and EM 1110-2-1901 “Seepage Analysis and Control 
for Dams”.  It should also be noted that engineering evaluations presented herein were performed 
for shoreline segment FWOB for the 300 year storm event (WSEL 15.6 ft NGVD).   

Seepage and stability analyses were performed for each type of structure using conservatively 
selected representative sections.   

The following sections provide descriptions and results of analysis performed to evaluate soil 
behavior under seismic conditions, seepage conditions, and slope stability. 

 Generalized Subsurface Conditions 

Based on the results of the 2002 subsurface exploration program, the primary soil type encountered 
at the project site was coarse to fine sand with varying amounts of silt and gravel.  However, in the 
vicinity of the water treatment plant, soft compressible organic soils were encountered to depths of 
about 6 feet below the ground surface.  The laboratory tests show that the majority of the sands at 
the site consist of trace to some amounts of silt and gravel.  The borings also indicate the presence 
of some clay and silt lenses within this stratum at isolated locations.  Generally, the SPT N-values 
within this stratum ranged from 10 bpf to 30 bpf with an average of about 18 bpf, indicative of a 
medium dense material.  Since, all borings were terminated within this stratum at depths ranging 
from 25 to 30 ft, the thickness of this stratum is not defined at present.  Considering that soils 
encountered at the project site are predominantly medium dense sandy soils, the subsurface 
conditions at the project site are generally suitable for the construction of the storm damage 
reduction structures.  However, additional test borings should be performed during the final design 
stage at locations where pockets of soft clayey/silty soils and loose sandy soils were encountered 
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during the 2002 exploration program to verify the extent of such soils and in the vicinity of the 
water treatment plant.  Further, it should be noted that engineering evaluations presented in the 
following sections are based on the assumption that there are no continuous layer of soft clayey/silty 
soils and/or loose sandy soils within the limits of the project site. 

 Seismic Considerations 

In accordance with EM 1110-2-1913, slope stability analyses should also be performed for the 
seismic loading case as presented below in “Slope Stability Analysis”.  The seismic loading 
condition was evaluated using the pseudo-static method of analysis.  The effects of the seismic 
motion were simulated by applying a pseudo-static coefficient in the horizontal direction.  The 
pseudo-static coefficient was assumed 2/3 of the peak ground acceleration (PGA) at the foundation 
(ground surface) level for the 2,500-year seismic event.  Considering that the depth to bedrock at 
the project site appears to be greater than 100 ft, and the soils within the top 100 ft are likely to be 
generally medium dense to dense in compactness, the soil profile type will very likely to be seismic 
site class ‘D’ (SD).  Based on 2008 Probabilistic Hazard Curves from the U.S. Geological Survey 
(USGS, 2008), the PGA at the bedrock level is approximately 0.16g for a 2,500-year seismic event 
at the project site.  Therefore, as per NEHRP (2009) provisions, the PGA at the ground surface for 
seismic site class D (SD) soil profile was estimated to be about 0.24g.  Hence, the pseudo-static 
coefficient of 0.16g (i.e., 0.67 x 0.24) was assumed for the seismic loading case. 

Since the sandy soils below the groundwater level at the project site are generally medium dense 
to dense in compactness, it appears that seismic induced liquefaction at the project site will not 
likely occur and therefore should not be a concern.  However, it should be noted that at a few 
isolated locations, pockets of loose sandy soils were encountered and additional investigations will 
be required to verify the extent of such loose sandy soils. 

 Seepage Analyses 

Seepage analyses for all types of storm damage reduction structures were performed in order to 
estimate the seepage quantity through and/or underneath the structures, exit hydraulic gradients on 
the downstream side of the structures and the pore pressures within the embankments (used for 
Case III of slope stability analyses). 

Typically, it is standard practice to conservatively use the fully developed phreatic surface obtained 
from a steady-state seepage analysis to perform the slope stability analysis under a long-term 
condition.  This condition occurs when the water remains at or near flood stage for a sufficient 
period of time to result in full embankment saturation and a condition of steady seepage.  However, 
considering the relatively short duration (about 6 hours to 24 hours) of anticipated storms, this 
condition will most likely not occur during the anticipated storms.  Therefore, for Buried Seawalls, 
both transient and steady seepage analyses were performed.  For all other structures, only steady 
seepage analyses were conservatively performed. 

The 300 year storm still water elevation of 15.6 ft (NGVD 29) was used in the seepage analyses. 
The storm hydrographs used in the transient seepage analyses are based on November 1950 
nor’easter in New York City and hurricane hydrograph for the New Bedford Harbor area in 
Massachusetts.  The two hydrographs were chosen to represent shorter and longer durations in peak 
water levels. 
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The seepage analyses were performed using the commercially available finite element method 
(FEM) software program SEEP/W.  In order to perform the seepage analyses a representative 
cross section was selected for each type of structure.  As indicated above, these representative 
sections were conservatively selected at maximum height locations.  The "maximum height" refers 
to the difference between the lowest ground surface elevation and highest structure elevation.  One 
of the important parameters required to perform the seepage analyses is the hydraulic conductivity 
of storm damage reduction structure materials and foundation materials. 

The saturated hydraulic conductivity of porous materials varies typically by one or two orders of 
magnitude (e.g. silty sand, 10-3 to 10-5 cm/sec).  Therefore, seepage analyses were performed for a 
range of hydraulic conductivity values.  Based on the results of these analyses, conservative values 
were selected and are presented in this section. 

The phreatic surfaces for the stability analyses were developed from the seepage analyses.  In order 
to develop the phreatic surfaces, the materials within the embankments were modeled as 
saturated/unsaturated materials with hydraulic conductivity as function of the pore pressure.  
However, considering that the results of the seepage analyses are not sensitive to hydraulic 
conductivity as function of the pore pressure, only saturated hydraulic conductivity values are 
presented. 

1. The foundation soils generally consist of coarse to fine sands with varying amounts of clay, 
silt and gravel.  Considering this, the hydraulic conductivity (k) for the foundation soils 
was assumed to be 1 × 10-4 cm/sec. 

2. Compacted fill will be used for core and shell material for levee structures, and as earth 
cover material on the water side and impervious fill on the landside for the Buried Seawalls.  
Considering that the compacted fill should be relatively impervious, it is anticipated that 
silty sand (SM) and/or clay sand (SC) with a hydraulic conductivity less than 1 × 10-5 
cm/sec will be used as compacted fill.  Therefore, for the compacted fill, a hydraulic 
conductivity (k) of 1 × 10-5 cm/sec was assumed. 

3. Armor and bedding stones will be used for the construction of Buried Seawalls.  
Considering that these materials will have a significant amount of voids, a hydraulic 
conductivity (k) of 10 cm/sec was assumed for these materials. 

The results of both transient and steady-state seepage analyses were presented in URS 
memorandum dated July 22, 2011 (URS, 2011), for Buried Seawalls (see Attachment D).  Based 
on those analyses, steady-state seepage conditions are not expected to develop during the 
anticipated storms.  Therefore, for Buried Seawalls, the results of transient seepage analyses are 
presented in Table 4-3.  However, for the levee and vertical wall, the steady-state seepage 
(conservative) analyses results are presented in Table 4-3. 
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Table 4-3: Summary of Seepage Analyses Results 

Type of Structure 
Seepage Quantity per 1000 ft 

Exit Hydraulic 
Gradient 

ft 3/sec (cfs) Gallons/min (gpm) 

Buried Seawall < 1 5 0.25 

Vertical Floodwall < 1 20 0.05 

Levee < 1 10 0.25 

 

 Slope Stability Analyses 

As per EM 1110-2-1913, slope stability analyses were performed for four loading conditions as 
follows: 

• Case I, end of construction (downstream slope); 

• Case II, sudden drawdown (upstream slope); 

• Case III, steady-state seepage from full flood stage (downstream slope); 

• Case IV, earthquake (downstream slope). 

A commercially available computer program, SLOPE/W, was used to perform the slope stability 
analyses.  SLOPE/W is a general purpose slope stability program that uses limit equilibrium 
methods to compute the factor of safety (FOS) for a given slope geometry and loading conditions. 
Spencer’s Procedure for the method of slices for circular failure was used to evaluate the slope 
stability as this procedure satisfies the complete static equilibrium for each slice. SLOPE/W 
automatically searches for the circular shear surface associated with the minimum FOS, which is 
considered the critical or controlling shear surface.  As mentioned in “Seepage Analyses”, the pore 
pressures within the embankments for the Case III loading condition were obtained from the 
phreatic surfaces developed using the transient and/or steady state seepage analyses using 
SEEP/W.  For Case II (sudden drawdown) loading condition, because of the instantaneous 
drawdown, it was assumed that pore pressures within the embankment remain the same before and 
after the drawdown.  

Because of the low probability of earthquakes coinciding with severe storm events, stability 
analyses for the Case IV (earthquake) loading condition was performed assuming no water above 
the ground surface.  As described in “Seismic Considerations”, pseudo-static coefficient of 0.16g 
was assumed for the earthquake loading case. 

Besides knowledge of the pore pressure distribution within the embankment, the shear strength 
parameter values of the embankment materials and foundation soils are important for the slope 
stability analyses. 
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The material parameters required for the stability analyses are the shear strength and unit weight 
properties of the embankment fill and foundation soils.  Considering that sandy soil and stones will 
be used as embankment fill materials, and since the foundations soils generally consist of sandy 
materials, effective stress shear strength parameter values were used in the stability analyses for all 
conditions as follows: 

1. Foundation soils are generally medium dense to dense sandy soils.  Based on the SPT N-
values obtained within the foundation soils and widely used empirical correlations, a 
conservative effective stress friction angle of 30 degrees was used in the current analysis 
for the foundation soils.  However, as previously mentioned, pockets of soft clayey/silty 
soils and loose sandy soils were encountered at isolated locations.  But, currently it was 
assumed that there are no continuous layers of soft clayey/silty soils and/or loose sandy 
soils within the project limits. 

2. Sandy fill will be compacted to a density corresponding to 95% of the maximum dry 
density.  Therefore, a conservative effective stress friction angle of 32 degrees was used in 
the current analysis for the compacted fill. 

3. Bedding stone and armor stone friction angle values are typically greater than 36 degrees.  
Therefore, conservative effective stress friction angle values of 36 degrees and 38 degrees 
were used in the current analyses for bedding stone and armor stone, respectively. 

Table 4-4 below summarizes the material shear strength and unit weight parameter values used in 
the stability analyses. 

Table 4-4: Summary of Material Parameters for Stability Analyses 

Materials 
Unit Weight 

(pcf) 
Friction Angle 

(degrees) 
Cohesion 

(psf) 
Foundation Soils 120 30 0 

Compacted Fill 125 32 0 

Bedding Stone 140 36 0 

Armor Stone 145 38 0 
 

As presented previously, the slope stability analyses of Buried Seawalls for the Case III loading 
condition was performed using pore pressures obtained from transient seepage analyses.  However, 
for the earth embankment levees the slope stability analyses for the Case III loading condition were 
performed using conservative pore pressures obtained from the steady-state seepage analyses.  The 
slope stability analyses results are presented in Table 4-5, along with the corresponding minimum 
acceptable factors of safety. 
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Table 4-5: Summary of Slope Stability Analyses Results 

Slope Design Condition 
Factor of Safety 

Minimum Acceptable 
Buried 
Seawall 

Levee 

Downstream Case I: End of Construction 1.3 1.4 1.7 

Upstream Case II: Sudden drawdown 1.0 1.2 1.2 

Downstream 
Case III: Seepage from 
maximum flood level 

1.4 1.4 1.5 

Downstream Case IV: Earthquake 1.0 1.0 1.2 

 

 Groundwater 

No groundwater observation well was installed during the 2002 investigation.  In addition 
groundwater levels were not measured inside the test borings.    Considering the proximity of the 
site to the Lower New York Bay and the topography of the site it is anticipated that the groundwater 
is likely to be encountered at about +2 ft NGVD 29.  

4.5 Closure Structure 

In order to tie-off the optimized NED plan at Drainage Area A, the alignment extended to the north 
of Hylan Boulevard by approximately 300 linear ft.  The grades on Hyland Boulevard are not high 
enough, at elevation 13 ft NGVD, to prevent floodwaters from affecting areas in Oakwood Beach.  
Raising of the road would affect existing residential and commercial buildings and existing 
intersection at Buffalo Road.  In order to prevent water from passing through the 110 ft wide 
opening, three alternatives were considered: 1) a stop log gate structure which would utilize 
removable columns installed between each lane, at the median and adjacent to each curb line; 2) a 
roller gate which would require an open area for storage monolith on the south side of Hylan 
Boulevard along with a gate monolith and track extending across the road; and 3) a swing gate with 
a removable center column. 

Comparing the three alternatives indicates that the stop log gate would have limited impact on 
utilities and road closures.  However the closure itself will take several hours to gather, deliver and 
install the removable columns, stop logs, and sand bags.  The roller gate would require extensive 
road closures for installation of the gate monolith and track, utility installation and modification of 
the roadway but would also provide a faster method of closing the roadway.  The swing gate would 
require storage monoliths on both sides of the roadway to store the gate when its open, would have 
limited utility impacts and the time to close the roadway would be similar to the roller gate except 
for the placement of sandbags along the base of the gate. 

A comparison of the cost indicates that the stop log gate would be the least expensive at 
approximately $740,000.  The swing gate would be nearly double this cost.  The cost of the roller 
gate would exceed two million dollars assuming extensive roadway and utility relocation 
cost.  Since the proposed crossing at Hylan Boulevard is higher than the 100-year Stillwater stage 
(12.6 ft. NGVD 1929) and therefore the anticipated number of gate closures is infrequent the stop 
log gate structure was chosen for closing off Hylan Boulevard. 
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4.6 Tide Gates, Stormwater Outfalls, and Drainage/ Sanitary Sewer Structures 

Existing stormwater outfalls, consisting of single and double concrete box culverts, pass beneath 
the Shoreline Reach A-4 buried seawall at nine locations. At these locations, the sheet pile seepage 
wall terminates either side of the existing culverts and the buried seawall rock structure will be 
constructed around these existing culverts.  A drainage control structure that incorporates tide and 
secondary sluice gates will be integrated with the stormwater pipe to prevent elevated storm-
induced water levels from flooding interior areas behind the LOP structures.   

Tide gate structures with reinforced concrete wing walls and concrete channel bottom are proposed 
at two locations in Shoreline Reaches A-2  and A-4 where the alignment crosses existing creeks. 
Aside from increases in wall height and thickness, the basic design of the proposed tide gate 
structures is consistent with the design of the existing tide gate structure located to the east of the 
Oakwood Beach Water Treatment Plant. The 10 inch thick slab atop the tide gate structure was 
designed to handle a 60 pound per square foot (PSF) pedestrian live load. The structure has not 
been designed for vehicular loading. The wing walls were designed to handle the soil pressure on 
the backside of the wall. Wing wall thickness varies linearly from 1ft-3” at the top to 2 ft-8” at the 
base. A 12-inch thick concrete slab will line the bottom of the channel. 

There are eight existing drainage and sanitary sewer lines that cross the earthen levee and buried 
seawall in Shoreline Reaches A-1 through A-4 in Oakwood Beach area.  Control structures with 
integrated sluice gates are installed where the pipes cross the earthen levee, concrete floodwall, and 
buried seawall to prevent floodwaters from entering these pipes and inundating low-lying areas 
behind the LOP structures. 

4.7 Pedestrian and Vehicular Access 

Three types of access points are provided along the LOP: Maintenance vehicle access (MVA), 
combined truck and pedestrian access (DTP), and pedestrian access (PA). One vehicle access is 
provided at Shoreline Reach A-2; however, the remainder of the access points are dispersed along 
the buried seawall (Shoreline Reach A-4), approximately every 500-ft. 

Earthen ramps are proposed to provide vehicular access to the tide gate and stormwater outfall 
structures. These ramp sections are designed to handle HS-20 loading to allow maintenance 
vehicles to access the sluice gates in the drainage structures from above. Maintenance vehicle 
access is provided at one location on Shoreline Reach A-2 and at four locations along Shoreline 
Reach A-4 between New Dorp Beach and Oakwood Beach. 

An additional nine earthen ramps are proposed between Oakwood Beach and the east end of South 
Beach. These ramps are designed for both pedestrian and HS-20 vehicular access and meet the 1:12 
maximum slope required by ADA guidelines. The ramps have been strategically located to provide 
beach access from existing roads and access paths. 

Pedestrian access points are located along Shoreline Reach A-4 between Midland Beach and South 
Beach. Each access point comprises 10-ft wide reinforced concrete stairs on both the landward and 
seaward sides of the buried seawall, providing access to the promenade and the beach. 
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The buried seawall crest elevation exceeds the existing deck elevation for the Ocean Breeze fishing 
pier. The pier segments nearest to the promenade will need to be reconstructed to ramp up to the 
promenade at a 1:12 maximum slope required by ADA guidelines. 

4.8 Adaptability 

The low relative sea level was used in the evaluation of the structures based on current guidance 
(ETL 1100-2-1 dated 30 Jun 2014).  However, immediate or high rates of sea level change may 
affect the performance of the optimized NED Plan.  The ability of the structures to adapt to higher 
rates of seal level change by raising their crest and/or top of wall height, without the need to rebuild 
the structures, was evaluated during the optimization phase.  The intent in developing the 
adaptability measures was to minimize enlarging the structure footprint, therefore the measures 
were developed to raise structures height within the existing structure footprint where possible.   

A reinforced concrete parapet wall and base constructed atop the crest of the buried seawall would 
raise the crest height of the structure by up to 3 feet to provide overtopping protection as shown in 
Figure 4-2. The parapet wall and base may be aligned with the landward or seaward crest edge of 
the buried seawall (Figure 4-2 shows the latter alignment).  A concrete base integrated with the 
armor layer of the buried seawall is designed to prevent overtopping and sliding of the parapet wall 
due to wave-induces horizontal and vertical forces.     
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Figure 4-2: Concrete Parapet Wall atop Buried Seawall 

The concrete vertical floodwall may accommodate sea level change by raising the top of wall 
height.  By designing the foundation of the concrete floodwall during the initial construction to 
counteract future hydrostatic and wave forces, the reinforcing steel matrix is arranged to accept 
doweling of the future cast-in-place concrete wall addition as shown in Figure 4-3. 

 

Figure 4-3: Raising of Concrete Floodwall 

 

 

Raising of the earthen levee by up to 3 feet may be accomplished by adding imperious and selected 
backfill to the same lines and grades of the initial construction as shown in Figure 4-4.  This raising 
will increase the footprint of the structure but would fall within the 15-ft wide flood protection 
easement.  If additional height is required, a concrete parapet wall, similar to that shown for the 
buried seawall, could be added to the levee crest.  

Figure 4-4:  Raising of Earthen Levee 
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The cost to adapt the line of protection to the high sea level change scenario is estimated to be $58 
million. The cost estimate includes 1) mob/deomb; 2) adaption of the structures (i.e. increase levee 
height, upfront costs of larger H-piles, increase floodwall height, add concrete parapet wall, and 
demo timber boardwalk); 3) S&A (20%); 4) Contingency (30%). 

The beach along the South Shoreline of Staten Island is a buffer between the Line of Protection 
(LOP) structures (earthen levee, concrete vertical floodwall, and buried seawall) and Raritan Bay, 
dissipating wave energy and insulating the LOP structures from short and long-term changes in 
shoreline position.  The alignment of the LOP structures was selected so the structures are set back 
and elevated, minimizing their exposure to storm induced water levels and waves except during 
infrequent extreme events (i.e. 25-year event and greater).  

Beach erosion is not anticipated to affect the performance of the structures or the sediment transport 
processes that may affect the stability of beaches in or adjacent to the project area until it reaches a 
minimum beach width.  A minimum beach width threshold of 75 feet (measured from MHW) was 
determined based on analysis of the impact of LOP structures on storm induced beach change using 
a validated SBEACH model. 

Since the long-term sediment budget for the project area indicates that the beach is relatively stable, 
it is not anticipated over the project period of analysis (50-years) for the beach to erode below the 
minimum 75-ft threshold.  A project cost to maintain the beach was not included for this reason. 

The long-term beach erosion rate may be affected by climate variability, including increasing sea 
level rise and frequency/duration of coastal storm events.  If the long-term beach erosion 
accelerated such that the minimum beach width of 75 ft were reached, beach 
maintenance/restoration activities may be evaluated. The implementation of beach 
maintenance/restoration as a future project adaptation would be based on a future decision 
document that would evaluate and record the changed metrological and oceanographic conditions. 

4.9 Cost Estimate 

Feasibility level quantities and costs were calculated for the four plans to aid in the selection of the 
optimal plan.  The cost estimates are based on August 2014 price levels, a project life of 50 years, 
3.375% interest rate, 48 month construction period, and 30% contingency.  The cost estimate only 
includes the components of the overall plan related to the Line of Protection.  It also includes the 
vehicle and pedestrian access, as well as demolition of the existing boardwalk.  A summary of the 
cost estimates for the four plans is provided in Table 4-6. 
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Table 4-6: Line of Protection Cost Estimate 

Item Description 13.3' SWL  14.3' SWL  15.6' SWL  16.6' SWL 
Mob/Demob. $6,219,000 $7,033,000 $8,526,000 $9,705,000 

Clearing/Grubbing &Stripping of Topsoil $1,268,000 $1,268,000 $1,268,000 $1,268,000 
Demolition of Timber Boardwalk & Asphalt 
Walkway 

$4,480,000 $4,480,000 $4,480,000 $4,480,000 

Tidal Wetlands Mitigation $5,598,000 $5,598,000 $5,598,000 $5,598,000 

Cultural Mitigation $3,000,000 $3,000,000 $3,000,000 $3,000,000 

A-1 Levee  $3,042,000 $3,294,000 $3,541,000 $3,612,000 

A-2 Levee $589,000 $655,000 $700,000 $750,000 

A-3 Vertical Floodwall $10,720,000 $11,955,000 $13,281,000 $15,133,000 

A-4 Buried Seawall $126,788,000 $145,577,000 $181,290,000 $208,834,000 

     

Subtotal $161,704,000 $182,860,000 $221,684,000 $252,382,000 

Contingency (30%) $42,043,000 $54,858,000 $66,505,000 $75,714,000 

     

Subtotal $210,215,000 $237,718,000 $288,187,000 $328,096,000 

Engineering and Design, and S&A (20%) $42,043,000 $47,544,000 $57,637,000 $65,619,000 

     

Total Project Cost  $252,258,000 $285,262,000 $345,824,000 $393,715,000 

     

IDC  (3.375%, 48 months) $17,415,000 $19,694,000 $23,875,000 $27,181,000 

     

Total Investment Cost $269,673,000 $304,956,000 $369,699,000 $420,895,000 
     
Annualized Investment Cost (3.375%, 50 
years) 

$11,239,000 $12,710,000 $15,408,000 $17,542,000 

O&M Cost $178,000 $178,000 $178,000 $178,000 

     

Total Annual Cost $11,417,000 $12,888,000 $15,586,000 $17,720,000 
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5.0 WITH PROJECT COASTAL PROCESSES 

5.1 Overview 

This section describes the coastal engineering analyses applied to determine the crest elevations of 
the structures that comprise the line of protection. The primary purpose of the line of protection is 
to manage the risk of flooding and wave attack along the Project Area.  

The principal criteria used to determine the structure crest elevations is wave overtopping. 
Floodwalls that are exposed to heavy wave overtopping for many hours are susceptible to structural 
failure (Goda, 2000). Therefore, floodwalls are often designed to limit wave overtopping below a 
certain threshold depending on the structure type and desired level of risk reduction. The Coastal 
Engineering Manual (USACE, 1999) provides guidelines for maximum allowable mean wave 
overtopping rates for various structures before the structure begins to exhibit damage which may 
eventually lead to structural failure. Based on available literature including European and United 
States reference documents including Table 5-1, the following overtopping thresholds for specific 
structures types have been applied to determine the structure crest elevations:   

• 2 liters/m/s for levees; 

• 50 liters/m/s vertical floodwall and buried seawall. 

Four different plans are being evaluated at this phase of the study which are characterized by four 
still water levels (sea level rise, 0.7 ft over 50 years, is already included in the still water levels): 

• 13.3 ft NGVD (100 year return period) 

• 14.3 ft NGVD (150 year return period) 

• 15.6 ft NGVD (300 year return period) 

• 16.6 ft NGVD (500 year return period) 

As discussed above, the structure crest elevations required for the four still water levels (100, 150, 
300, and 500 year return periods) were determined based on the maximum allowable wave 
overtopping. The return periods associated with these four still water levels were determined based 
on the FEMA stage frequency curve applied for the Project Area (Table 2-9). 

Several other coastal processes must be evaluated prior to calculating the mean wave overtopping 
rate: storm-induced shoreline change and wave transformation across the surf zone. SBEACH 
simulations were performed to evaluate the expected profile change and possible storm-induced 
erosion with the structures in place. Wave conditions at the toe of the structures, which are depth 
limited, were determined using Goda’s (2000) model of random wave breaking. 
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Table 5-1: Critical Values of Mean Wave Overtopping (Table V1-5-6, CEM) 

 

5.2 Storm-Induced Shoreline Change 

With Project SBEACH simulations were performed at the same six profiles as in the Without 
Project modeling (Figure 3-1).  Seawalls were added to the profiles based on the preliminary 
location of the toe of the structure. A failure threshold for the seawalls was not added to SBEACH 
since the primary goal is to evaluate how the structure impacts profile change during storm events.  
Therefore the structure is treated as an infinitely high vertical wall. SBEACH does not model the 
detailed physics at the structure:  wave runup, wave reflection, and local scour. However, SBEACH 
does capture the larger scale effect of the structures on the profile change such as preventing wave 
overwash and starving the area immediately seaward of the structure of sand. 
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The effect of the structures storm induced profile change to the location of the structure is presented 
in Figure 5-1.  The top panel shows an example of storm-induced erosion if the structure is located 
on the berm. In this example the structure does not have a significant impact on the profile erosion. 
The bottom panel of Figure 5-1 shows an example of storm induced erosion when the structure is 
located in the foreshore. In this example (bottom panel) the structure has an impact on the profile 
change and causes an increase in erosion immediately seaward of the structure. 

The line of protection was selected to minimize the risk of storm-induced profile lowering at the 
toe of the structure, which could lead to structural instability. Local scour may occur at the 
structures due to wave breaking, turbulence, and wave reflection, which is not accounted for in 
SBEACH. 

 

Figure 5-1: Sensitivity of Storm Induced Erosion to Structure Alignment 

5.3 Surf Zone Wave Conditions 

Goda (2000) developed a computational model of wave transformation in the surf zone which 
accounts for wave shoaling, random wave breaking, wave setup, and surf beat. The model relates 
the wave height inside the surf zone to the wave steepness and nearshore slope. As the wave 
steepness decreases (longer waves relative) and profile becomes steeper, wave shoaling increases 
and the wave heights increase. The impacts of the profile slope and wave steepness are most 
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pronounced near the breaker line. Further inside the surf zone (e.g. depth limited waves) the impacts 
of the profile slope and wave steepness are smaller. 

An analysis of the beach profile characteristics in the study area (Section 2.1.2) indicates that the 
nearshore and onshore beach slope is fairly consistent throughout the project area.  The shoreline 
may generally be characterized by a gentle offshore slope (e.g. 1:100) and steep nearshore and 
onshore beach slope (e.g. 1:10). Most of the shoreline is characterized by a gently sloping beach 
berm between 8 and 10 ft NGVD.  Figure 5-2 shows the beach profiles at four locations along the 
Project Area aligned at MHW, highlighting the similarity in the offshore, nearshore, and onshore 
beach slopes. 

 

Figure 5-2: Aligned Beach Profiles in Project Area 

As a result of the alongshore uniformity in the beach profiles the most distinguishing factor in the 
wave conditions at the structures is the alignment of the structures that form the Line of Protection. 
If a structure is set back from the shoreline and located near the back of the berm than the wave 
conditions (depth limited) will be relatively small due to the high berm elevation (+10 NGVD) and 
gentle beach slope immediately seaward of the structure. In contrast, if the structure is located along 
the steep foreshore, than the wave heights will be considerably larger since the water depth and 
beach slope will be greater. Consequently, a considerable reduction in wave height at the structure 
may be achieved by setting the alignment as far landward as possible. 
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The entire line of protection may be characterized by four scenarios that describe the beach 
conditions on the seaward side of the structures: 

• Scenario 1a - Narrow Berm at +10 ft NGVD (Buried Seawall), 1:15 beach slope; 

• Scenario 1b – Narrow Beach at +8 ft NGVD (Buried Seawall), 1:11 beach slope; 

• Scenario 2 - Gently sloping upland area at + 10 ft NGVD (Floodwall), 1:100 beach slope; 

• Scenario 3 – Wide upland area with fetch-limited wave conditions (Levee). 

The wave heights at the toe of the structures for the four scenarios are presented below in Table 
5-2. Scenario 1a applies to the majority of the Buried Seawall where existing beach is relatively 
wide and the shoreline is stable. 

The existing beach is relatively narrow along the last 2,000 feet of the Buried Seawall near Fort 
Wadsworth (Station 268+00 to Station 288+00). In addition, the historical shoreline change data 
shows that this area has experienced shoreline erosion at an average rate of approximately 2 ft/yr. 
The beach conditions at the end of the 50-year project period of in this 2,000 foot section are 
characterized by Scenario 1b, which results in larger design wave heights. 

The wave conditions along the west tie-off earthen levee are protected from long period ocean 
swells by an area of high ground.  However, the levee may be exposed to locally generated wind 
waves (fetch limited) during storm events. The wave heights and wave periods for the fetch limited 
wave conditions were determined using ACES (Table 5-3).   

Table 5-2: Depth Limited Wave Heights (Goda, 2000) 

Return Period 
(yr) 

SWL 
(ft, NGVD) 

Tp 
(s) 

H' 0 
(ft) 

Scenario 1a 
H toe (ft) 

Scenario 1b 
H toe (ft) 

Scenario 2 
H toe (ft) 

100 13.3 13.2 6.78 4.0 6.1 3.0 

150 14.3 14.1 6.9 4.8 7.0 3.6 

300 15.6 15.2 7.05 5.8 8.2 4.4 

500 16.6 16.0 7.2 6.6 9.1 5.1 

Table 5-3: Fetch Limited Wave Heights (Scenario 3) 

Return Period 
(yr) 

SWL 
(ft, NGVD) 

Wind Speed 
(mph) 

Fetch 
(ft) 

Avg. Depth 
(ft) 

Tp 
(s) 

H toe 
(ft) 

100 13.3 75 3,000 3.3 2.03 1.7 

150 14.3 75 3,000 4.3 1.99 1.75 

300 15.6 75 3,000 5.6 2.09 2.06 

500 16.6 75 3,000 6.6 2.10 2.14 
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5.4 Wave Runup and Wave Overtopping 

Wave runup and mean overtopping rates at structures are calculated based on the EurOtop manual 
(Pullen et. al. 2007).  All the overtopping formulas applied herein require the wave height at the 
toe of the structure as an input.  Other key parameters are the freeboard, structure slope, and wave 
period.  The wave runup and overtopping presented herein are based on the deterministic EurOtop 
formulas.  The deterministic formulas are recommended for deterministic design, which include 
one standard deviation from the mean to account for the scatter in the empirical data. 

The wave runup height is given by R2%.  This is the wave runup level, measured vertically from 
the still water line, which is exceeded by 2% of the number of incident waves.   

The overtopping rate, Q, is given as the mean overtopping discharge (liters/s/m).  In reality the 
there is no constant discharge over the crest of a structure, rather periodic events caused by the 
largest waves.  Wave overtopping is generally classified into two types:  “green water” where 
complete sheets of water run up the face of structure and over the crest, and “white water” where 
spray from wave breaking/dissipation is transported over the structure. The first type of 
overtopping, “green water”, will only occur if the greatest wave runup elevations exceed the crest 
elevation (i.e. Rmax exceeds crest elevation). The second type, “white water”, may occur even if 
the runup elevations are not greater than the crest elevation. 

Buried Seawall 

Wave runup and wave overtopping along the buried seawall were calculated using formulas in 
EurOtop for armored rubble slopes and mounds. The wave conditions at the toe of the structure 
were set to the depth limited wave conditions for Scenario 1a. The buried seawall has an 
impermeable core, two-layers of armor stone, and a 1V:1.5H slope. Crest elevations were set based 
on a maximum allowable overtopping of 50 liters/s/m. The wave runup and overtopping results are 
presented in Table 5-4. 

Table 5-4: Wave Runup and Overtopping Results – Buried Seawall 

Return Period 
(yr) 

Crest Elv. 
(ft, NGVD) 

SWL 
(ft, NGVD) 

Tp 
(s) 

Htoe 
(ft) 

R2% 
(ft) 

Qd 
(liters/s/m) 

100 16 13.3 13.2 4.0 14.3 50.0 

150 18 14.3 14.1 4.8 16.9 44.1 

300 20.5 15.6 15.2 5.8 20.2 43.0 

500 22.5 16.6 16.0 6.6 22.8 42.5 
 

Rather than increasing the elevation of the buried seawall along the 2,000 foot section near Fort 
Wadsworth to accommodate the larger design wave conditions (Scenario 1b) the armored crest 
width is increased to reduce wave overtopping. The EurOtop manual indicates that wave 
overtopping is lower for structures with a wide crest (more than 3 armor stones) due to the extra 
wave dissipation over the crest. The width of the structure crest was increased to 4 armor stones in 
this section to reduce wave overtopping below the maximum allowable overtopping threshold. 
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Vertical Wall 

Wave overtopping along the vertical wall was calculated using formulas in EurOtop for a vertical 
and steep walls. The wave conditions at the toe of the structure were set to the depth limited wave 
conditions for Scenario 2. Crest elevations were set based on a maximum allowable overtopping of 
50 liters/s/m. The wave overtopping results are presented in Table 5-5. 

Table 5-5: Wave Overtopping Results – Vertical Wall 

Return Period 
(yr) 

Crest Elv. 
(ft, NGVD) 

SWL 
(ft, NGVD) 

Tp 
(s) 

Htoe 
(ft) 

Qd 
(liters/s/m) 

100 16 13.3 13.2 3.0 53.3 

150 18 14.3 14.1 3.6 47.7 

300 20.5 15.6 15.2 4.4 50.4 

500 22.5 16.6 16.0 5.1 55.1 

Earthen Levee 

Wave runup and wave overtopping along the levee were calculated using formulas in EurOtop for 
coastal dikes and embankment seawalls. The wave conditions at the toe of the structure were set to 
the fetch limited wave conditions for Scenario 3. The Levee has a 1V:2.5H slope and is assumed 
to have roughness factor of 1.0 (i.e. no reduction due to surface roughness). Crest elevations were 
set based on a maximum allowable overtopping of 2 liters/s/m. The wave runup and overtopping 
results are presented in Table 5-6. 

Table 5-6: Wave Runup and Overtopping Results – Levee 

Return Period 
(yr) 

Crest Elv. 
(ft, NGVD) 

SWL 
(ft, NGVD) 

Tp 
(s) 

Htoe 
(ft) 

R2% 
(ft) 

Qd 
(liters/s/m) 

100 16 13.3 2.0 2.0 4.1 1.3 

150 17 14.3 2.0 2.0 4.1 1.3 

300 18 15.6 2.0 2.0 4.1 2.2 

500 19 16.6 2.0 2.0 4.1 2.2 
 

5.5 With Project Coastal Impacts 

The beach along the South Shoreline of Staten Island is a buffer between the Line of Protection 
(LOP) structures (earthen levee, concrete vertical floodwall, and buried seawall) and Raritan Bay, 
dissipating wave energy and insulating the LOP structures from short and long-term changes in 
shoreline position.  The alignment of the LOP structures was selected so the structures are set back 
and elevated, minimizing their exposure to storm induced water levels and waves except during 
infrequent extreme events (i.e. 25-year event and greater).  The with-project coastal impacts are 
expected to be minor for the LOP structures. 
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 Erosional Impacts from Line of Protection 

Hall and Pilkey (1991) categorized the possible mechanisms for beach degradation from shore 
parallel seawalls as (1) placement loss, (2) passive erosion, and (3) active erosion. 

Placement loss is described as the loss of useable recreational beach due to the construction of a 
seawall seaward of the mean high water line. In these instances the available beach width has 
narrowed and the sand supply to the beach from the berm is cutoff. Placement loss also 
characterizes the loss of sediment supply from eroding dunes or bluffs behind the seawall. 

Passive erosion may occur along eroding shorelines and is described as gradually narrowing of a 
beach due to the fixed landward boundary of the beach (i.e. seawall). Eventually if erosion is severe 
the entire beach fronting the seawall may disappear. 

Active erosion describes any process that accelerates beach erosion due to the presence of the 
structure. There is not a consensus among the scientific community about the role and importance 
of active erosion. Kraus (1988) reviewed over 100 articles on the effects of seawalls on beaches 
and concluded that the impact of seawalls on cross-shore processes is relatively minor and are only 
potentially damaging when longshore processes are interrupted (e.g. seawall sticking out from the 
shoreline acting as a headland or groin). 

In general the impact of all three mechanisms for this project are expected to be minimized by the 
selected alignment of the structures comprising the Line of Protection and relatively stable 
shoreline positions in the project area. Placement losses are minimized by positioning the buried 
seawall at the landward edge of the beach. Since the majority of the South Beach, Midland Beach, 
New Dorp Beach, and Cedar Grove Beach shorelines lack dunes or bluffs to supply sediment to 
the littoral system, the storm induced modeling results indicate that the buried seawall location is 
positioned landward of the active littoral zone to avoid placement losses (e.g. cutting off supply of 
sand from berm/dune). In some instances, the buried seawall may actually increase sediment in the 
system by blocking overwash and wind transport. The sand cover on the buried seawall will also 
provide a layer of erodible material that will help supply sediment to the beach. 

Similarly, passive erosion is expected to be minor since the shoreline positions are relatively stable 
in the project area. If there is a significant acceleration in sea level rise in the future than the beach 
widths may narrow. 

Active erosion is also expected to be minor due to the setback location of the structure. The structure 
will only be exposed during storm events with a return of 25 years or more. It is expected that 
during these storm events there will some additional local scour near the toe of the structure.  
However, the scoured sediment is not lost from the system and may recover naturally following the 
storm. The low probability of occurrence for storm events exposing the seawall are therefore 
unlikely to result in any significant impacts in the sediment budget, which is dominated by more 
frequent storms and longshore sediment processes. 

An analysis was undertaken to identify a minimum beach width that shall be maintained over the 
project life to provide a protective beach buffer if accelerated sea level rise would occur. This 
minimum beach width shall also maintain the performance of the project. The performance of the 
Line of Protection is tied to the beach conditions which dissipate wave energy and prevent the 
structures from being undermined.  Identification of a minimum beach width for the project is based 
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on analysis of the impact of the structures on storm induced beach change. The location of the 
structures relative to a typical beach profile is evaluated at several locations across the beach profile 
to identify at what location the structures begins to affect storm induce beach change. The analysis 
is based on simulations with the validated storm induced beach model (SBEACH).  A typical beach 
profile developed for the storm-induced shoreline change modeling discussed in Section 5.2 was 
used. 

The location of the structures are treated as a vertical wall and represents their seaward toe. 
Simulations of the structures at a location 150, 125, 100, 75, and 50 feet landward of MHW are 
evaluated, as well as a simulation without any structures. Simulations are performed for a range of 
storm events as described in Section 3.2.2. The results as shown in Figure 5-3, indicate the 
structures begin to have a significant impact on the storm induce beach change when it is located 
within the steep foreshore (i.e. 50 feet landward of MHW). In instances where the structures are 
located 75 feet or more landward of MHW, the structures do not significantly affect the storm 
induced profile change. The model results show that in some instances the structures may actually 
help keep sediment within the active beach by preventing overwash. 

Since the long-term sediment budget for the project area indicates that the beach is relatively stable, 
it is not anticipated over the project period of analysis (50-years) for the beach to erode below the 
minimum 75-foot threshold.  A project cost to maintain the beach was not included for this reason. 

The long-term beach erosion rate may be affected by climate variability, including increasing sea 
level rise and frequency/duration of coastal storm events.  If the long-term beach erosion 
accelerated such that the minimum beach width of 75 feet were reached, beach 
maintenance/restoration activities may be evaluated. The implementation of beach 
maintenance/restoration as a future project adaptation would be based on a future decision 
document that would evaluate and record the changed metrological and oceanographic conditions. 

 Erosional Impacts of Any New Drainage Structures 

Any new drainage structures will be built adjacent to existing drainage structures and extend the 
same distance seaward. Since the existing drainage structures are already impermeable, increasing 
the width of these structures would have little impact on longshore sediment transport or the 
sediment budget. 
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Figure 5-3: SBEACH Model Results 
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6.0 MONITORING PLAN 

This monitoring plan is the basis to evaluate the structural condition and performance of the Line 
of Protection (LOP) once implemented along the south shore of Staten Island. The LOP consists of 
three primary flood and wave protection structures along the 4.6 mile shoreline; 1) a buried seawall, 
2) vertical concrete floodwall, and 3) earthen levee.  These structures will be constructed to 
minimize potential damage to existing and future infrastructure landward of the proposed structure 
due to storm surge and waves.  This monitoring plan outlines the requirements to document the 
original condition, location, outline and elevations as well as provide a detailed inspection 
procedure for each of the structures. In addition, this plan utilizes a tiered inspection approach that 
adjusts the required frequency and complexity of the inspection components depending on the 
recorded performance of the structures. This monitoring plan also provides requirements for 
weather-triggered and special event inspections and evaluate impacts of structures on coastal 
processes, environment, and recreational resources. 

6.1 Pre-Construction Monitoring 

Topographic surveys shall be performed to document baseline conditions of the shoreline and beach 
and existing site infrastructure that will be impacted by the structures prior to the construction.  In 
addition, geo-rectified aerial photography of the project site will be taken. This baseline assessment 
will serve as the basis for comparison with future monitoring events.    

 Topographic Survey 

Topographic surveys shall consist of a collection of three dimensional coordinate data points 
measured with survey grade instrumentation.  Profiles or transects will be surveyed every 500 feet 
along approximately 24,500 linear feet of shoreline.  In addition, transects shall be surveyed on the 
updrift and downdrift sides of existing outfall structures.  The transect will extend from 15 feet 
landward of the proposed structure (coinciding with levee easement line) to the mean high water 
line (MHW) line, with a sufficient number of survey points along the transect to identify existing 
structures (elevated and at-grade boardwalks/trails), the landward and seaward toes and crests of 
structure and cover material (where appropriate), the beach berm and beach slope to the MHW line.   

 Geo-Rectified Aerial Photography 

Geo-rectified digital images of pre-construction conditions will be produced at a scale of 1:500 
from aerial photography prior to construction to identify shoreline position, vegetation coverage, 
beach plan shape, tidal marsh morphology, and land use to compare future conditions of these 
shoreline features.  

6.2 Post-Construction Monitoring 

The monitoring plan (Plan) will assess the structural performance of the structures using a three 
tiered inspections that include the following elements: topographic surveys, geo-rectified aerial 
photographs, and visual inspections. The Plan establishes a schedule of inspections and surveys.  
The Plan allows for the adjustment of the schedule after a sequence of favorable inspections occurs.  
The plan also includes provisions for inspections of the system after the occurrence of severe 
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weather and special condition events.  The program elements are described in detail in the following 
sections. 

 Visual Inspection 

The buried seawalls, vertical floodwall, earthen levees, tide gates, and outfall structures will be 
visually inspected for general damage caused by natural and man-made activities including severe 
weather.  Inspectors should note, at a minimum, any of the following anomalies: 

Buried Seawall 

1. Overall structural stability of the buried seawalls  

2. Formation of voids in armor stone layer (missing armor stones) 

3. Displaced armor stones 

4. Loss of fines from between armor stones 

5. Exposure of the underlayer of stone 

6. Change in elevation of the crest 

7. Appearance of scouring patterns at the toe of structure 

8. Exposure of filter fabric layers 

9. Closure structures 

10. Sand and/or fill material coverage 

11. Vegetation coverage 

Vertical Floodwall 

1. Overall structural stability of concrete wall including sliding/overturning. 

2. Concrete integrity including spalling, cracking, and exposed reinforcing steel. 

3. Active erosion or scouring at toe of structure 

4. Displaced stones and exposure of underlay stone or filter fabric on scour blanket and splash 
pad  

5. Seepage 

6. Location of vegetation in proximity to structure 
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Levee 

1. Embankment and foundation seepage including: 

a. Settlement 

b. Cracking 

c. Seepage 

d. Sod/Vegetation coverage 

e. Unwanted vegetation growth 

f. Animal Control 

2. Embankment Stability/erosion including: 

a. Slope stability 

b. Settlement 

c. Depressions/rutting 

d. Cracking 

e. Erosion/bank caving 

f. Toe erosion/scour 

Tide Gate and Outfall Structures 

1. Overall structural stability of foundation and concrete chamber of outfall structure. 

2. Overall structural stability of foundation and wing walls of tide gate. 

3. Concrete integrity including spalling, cracking, and exposed reinforcing steel for outfall 
and tide gate structures. 

4. Integrity and condition of pre-engineered bridge spanning tide gate. 

5. Movement of gate actuator and sluice gates at the tide gate. 

6. Condition of sluice gates and bar screens at the tide gate. 

7. Movement of flap and sluice gates at outfall structures including manual and electric 
actuation systems for sluice gates. 



 

 Coastal Storm Risk Management Feasibility Study
June 2015 71 Engineering & Design Appendix

 

 Topographic Survey 

Topographic survey of the buried seawall and earthen levee will be performed based on survey 
profile spacing of 500 feet. The number of survey points along the profile shall be sufficient to 
identify the landward and seaward toes, the landward and seaward crest or cap limits, the side 
slopes, the horizontal extent of the splash scour blankets. The survey shall extend from 15 feet 
landward of the structure toe (coincides with easement) to the Mean High Water line. 

Long profile surveys will be performed at an additional ten locations along the project area. The 
profile locations will be consistent with the 2000 beach profile survey (Table 2-1). These surveys 
will capture the entire subaerial and submerged profile from 15 feet landward of the structure toe 
to 4,000 ft to 6,000 feet offshore, well beyond the depth of closure. 

 Geo-Rectified Aerial Photography 

Geo-rectified digital images of post-construction conditions will be produced as discussed in 
Section 6.1.3 

6.3 Weather Triggered Inspection 

A weather triggered inspection shall take place following a severe weather event.  A weather 
triggered inspection shall follow all of the inspection and reporting requirements of a visual 
inspection as specified in Section 6.2.1 Visual Inspection.  

As a minimum, a visual inspection shall be completed when National Weather Service (NWS) 
defined severe weather conditions occur at or within ten miles of the site.   

1. Sustained winds of 58 mph or greater are measured by any available anemometer at 
Newark International Airport or Ambrose Light Station. 

2. NOAA predicted elevated water levels of 5 feet above Mean High Water.  

6.4 Special Inspection 

A special inspection is a visual inspection conducted in accordance with the procedures and 
requirements outlined in Section 6.2.1 Visual Inspection.  A special inspection is required when an 
unusual and unanticipated incident occurs that has the potential to cause damage to a structure.  
Vehicular damage to the earthen levee is an example of a special condition that would require a 
visual inspection.  A special inspection can be localized to location along the Line of Protection if 
the conditions warrant it.  Special inspections are case-by-case events and have no scheduled 
frequency, follow-up inspection requirements and do not affect the normal visual inspection 
schedules. 
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6.5 Monitoring Plan Schedule 

 General Description 

There shall be three inspections of the structures as follows: 

• Baseline survey  

• Annual Survey  

• Five (5) Year Survey  

 Inspection Schedule 

Baseline Survey  

A baseline survey shall be performed as soon as practical after construction has been completed. 
This baseline inspection shall serve the purpose to set the original as-built conditions of the 
structures and the surrounding land. 

Annual Inspection  

All structured shall be visually inspected) each year and after severe weather and special incidents. 
If Watch List items from previous visual inspections are determined to be degrading or if significant 
anomalies are identified during the inspection, operation and maintenance activities will 
commence. 

Five (5) Year Inspection 

A regularly scheduled comprehensive visual inspection of all structures and topographic survey of 
the earthen levee and buried seawall shall be performed at 5-year intervals.  After the second 5-
year inspection, the interval shall increase to 10-years.  

If the analysis of two subsequent surveys shows that no substantial change in the structures, the 
beach berm, and MHW line during the survey interval, then regularly scheduled 5-year inspections 
surveys may be suspended.   

6.6 Survey Report Requirements 

 Topographic survey 

The following shall be provided: 

1. Fully contoured plan view drawings of each surveyed structure.  

2. Cross section drawing of each surveyed structure at 500 foot intervals. 



 

 Coastal Storm Risk Management Feasibility Study
June 2015 73 Engineering & Design Appendix

 

3. Analysis of the 3-D data sets of the baseline, preceding and current surveys to produce 
plots of relative elevation changes between the surveys. 

4. Plan and cross section drawing comparing the present survey with both the most recent 
past survey and the baseline survey. 

5. Written report including: analysis of any change in shape or elevations of LOP structures 
found during the survey comparison and recommendations for any necessary repairs. 

6. An electronic copy of the topographic survey data.  

 Visual Inspection 

Comprehensive Written Report 

The inspecting firm shall submit a detailed, comprehensive report identifying all observed 
conditions that were noted during the visual inspection. The established stations shall be used to 
locate these observed conditions.  The report shall include a Watch List of all observed minor 
anomalies and document their conditions in sufficient detail to allow the determination in 
subsequent inspections if the conditions are stable or deteriorating. If either deteriorating Watch 
List items or significant anomalies are observed the report shall recommend appropriate Level 3 
surveying.  If the visual inspection is weather triggered or special condition triggered, a detailed 
summary of the weather event or special condition shall be included in the inspection report.  

Observed Conditions Drawing 

A scaled drawing in plan view shall be provided showing any observed conditions and their location 
(station) on drawings.  

Digital Photographs 

Digital photographs of both overall typical views of structures and specific observed conditions 
shall be provided. All photographs shall include a ruler or similar measuring device to provide a 
graphic scale.  A minimum of three (3) photos per structure shall be provided. Photo documentation 
consisting of the name of the photographer, the date, time, location, and description of the 
photograph shall be provided for each photograph submitted.   A disc containing all of these 
photographs shall also be provided.  

6.7 Survey Record Maintenance 

Copies of survey reports and records of maintenance/repair activities for LOP structures shall be 
maintained by the New York District, US Army Corps of Engineers.  
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7.0 MAINTENANCE PLAN 

The maintenance plan applies to the Line of Protection (LOP) structures along the South Shore of 
Long Island. The Line of Protection structures are intended, in conjunction, with interior drainage 
features, to reduce coastal flooding from severe winter storms and hurricane events.  Major project 
components implemented to reduce flooding along 5.5 miles of shoreline include a buried seawall, 
vertical concrete floodwall, and earthen levees.   

The performance of the LOP plan will continue to meet its design intent if it is properly maintained 
during normal (non-storm conditions) and properly operated during times of nor’easters and 
hurricane flooding events.  The need for proper maintenance of the LOP is critical given the 
potential damages to infrastructure in this urban area if deterioration or damage to structures due to 
lack of maintenance fail during the storm event.  Maintenance and proper operation require that the 
personnel overseeing the LOP structures understand the functionally aspects of the individual 
structure and the best means of maintaining the project during non-storm events as well as operating 
the system during a storm event.  

This O&M will provide an overview of operational considerations during storm events, specific 
maintenance works to be performed, and the frequency or timing of work.  The evaluation and need 
for maintenance is based on the needs assessment conducted during the monitoring period and 
outlined in the Monitoring Report. 

7.1 Maintenance 

A summary of maintenance requirements for each Line of Protection structure is provided.  
Maintenance is defined as the upkeep and repair of structures to maintain the function of the 
structure after construction is complete.  

 Buried Seawall 

The primary maintenance of this structure is the repositioning of armor and bedding stones that 
may be displaced during storm event.  Additional maintenance on the buried seawall will also 
include repair and/or replacements the protective material cover, vegetation and associated 
reinforcing matting.  Specific maintenance activities include: 

Displaced/Dislodged Stones 

Repair of displaced/dislodged stones is initiated once damage exceeds thresholds based on visual 
operations and surveys taken during the monitoring period. The basis of the damage evaluation for 
these two structures is the non-dimensional damage level variable, S, defined as: 
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Damage classifications are those outlined in the Coastal Engineering Manual1 are: 

• Initial damage – few stones are displaced in spot locations.  This corresponds to the no 
damage condition in relation to the Hudson formula stability coefficient where no damage 
level is defined as 0-5% displaced units.  This corresponds to an S value of 2 for a two 
layer armor design. 

• Intermediate damage – Units are displaced but without causing exposure of the under or 
filter layer to direct wave attack.  This corresponds to an S value of 3-5 for a two layer 
armor design. 

Repairs options shall vary depending on the damage level.  If the monitoring report indicates initial 
damage to the armor layer, this layer shall be repaired by replacing the dislodged armor stones with 
stones of similar type and size.  The reuse of displaced armor stones, supplemented with new units 
is acceptable providing the old armor stones are still sound and have not broken into pieces. 

If the monitoring report indicates damage level corresponds to a value of S of 3 or more, then repair 
will consist of two options: 1) two-layer stone overlay or 2) replacement of the cross section.  The 
overlay option may be applied at transitions between adjoining LOP structures where interlocking 
with adjacent armor layers is possible to create a cohesive structure. At all other locations, the cross 
section shall be repaired to the origin design intent.  The reuse of displaced armor stones, 
supplemented with new units is acceptable providing the old armor stones are still sound and have 
not broken into pieces.   

Material Cover and Vegetation 

The material cover on the landward and seaward slopes of the buried seawall may be eroded due 
to wind-borne transport, high water and wave events, animal burrows, and human activity.  
Similarly vegetative cover may fail to establish or die-off.  If the thickness of the material cover is 
less than 6-inches, these erosive areas should be immediately repaired by replacing the lost 
material.   The repaired area should then be stabilized using and reinforcing mat or fabric and 
replanting to reestablish the vegetative cover.  The vegetative cover shall be replanted and 
monitored for a period of 3 months to ensure establishment. 

If the material cover is sufficient but vegetative cover has not established or died off within a 100 
sq. foot area, the vegetative cover shall be replanted and monitored for a period of 3 months to 
ensure establishment. 

Recreational Trial and Access Ramps 

The crown of the buried seawall and the access ramps should be properly maintained and kept 
serviceable. This work involves repairing the roller compacted concrete or asphalt top coat.   

                                                 
1 U.S. Army Corps of Engineers, draft.  Coastal Engineering Manual, EM 1110-2-1100 (Part VI), pageVI-5-

60.  URL:  http://chl.erdc.usace.army.mil/cem 
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 Floodwall  

Maintenance of the concrete T-shaped floodwall is based on maintaining the integrity of the 
structure, which may be reduced due to loss of material at the toe of the structure and/or liquefaction 
of soil due to poor drainage.  In addition, repair of the concrete shall be performed to minimize 
corrosion of the reinforcing steel within the concrete.   

Repair of the scour and splash blankets protecting structure toe is similar to the procedures outlined 
for the buried seawall. When damage levels are identified as initial, displaced or dislodged stones 
should be repositioned or replaced with previous or new stones of similar type and size.  If damage 
levels are considered immediate, the damage section should be removed and replaced by a cross 
section that contains stones of similar size and type to original design. 

The geotechnical conditions in the coastal environment have been identified as primarily permeable 
materials that would not result in long-duration ponding (>2 days) on the land and/or seaward side 
of the structure.  If ponding does occur, an investigation should be undertaken by a qualified 
engineer to determine the cause and extent of the ponding.  Remediation measures shall be 
undertaken if required.   

Repairs to concrete spalls should be initiated if concrete coverage over reinforcing steel is less than 
one (1) inch.  Repair work shall consist of removing the deteriorated concrete and installing and 
patching with a cementitious concrete product.   

 Earthen Levee 

Earthen levees shall be maintained to remedy any adverse conditions threatening the integrity of 
the structure.  The following sections identify the activities and repair recommendations for this 
structure.  

Crown Roadway and Access Ramps 

The levee crown should be maintained and all crown roadways, ramps, and access roads should be 
properly maintained and kept serviceable. This work involves periodically grading and gravelling 
road surfaces.   

Rodent Activity 

Squirrels and other burrowing rodents can threaten the structural integrity of levees by loosening 
soil, increasing the risk or erosion and sloughing, and increasing the likelihood of piping-type 
erosion failures. Therefore, a rodent control program should be implemented year-round for the 
levees.  

Vegetation Management 

Mowing, burning, spraying, and other vegetation management procedures should be implemented 
on an annual basis.  Broadleaf weeds growing among desirable grasses should be controlled by 
selective herbicides. Ground cover should be maintained at 12 inches in height or less. Trees and 
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shrubs are not permitted to grow on levee slopes or crown. Any plant that obscures the view from 
the crown of the levee to the toe where boils and leaks would be most likely to occur should be 
removed. All vegetation over 2 inches in diameter should be removed from an area that extends for 
fifteen feet from the waterside and landside toes of the levee. 

In general, vegetation within any existing access easements landward and seaward of the levee toe 
shall be limited to groundcovers to allow unimpeded maintenance activities, inspections and flood 
fighting. Vegetation should be maintained in such a manner as to allow for unimpaired passage and 
operation of maintenance equipment and flood fight efforts. 

Erosion Control and Repair 

Dragging of the levee slopes to repair minor surface erosion or irregularities and prevent serious 
erosion should be performed annually. Areas of significant erosion, as determined by a qualified 
Engineer, should be over-excavated and filled with compacted backfill. The material properties and 
compaction requirements for the backfill should be the same as specified for the original project 
construction. The repaired area should then be stabilized using an erosion mat or fabric, as approved 
by the Engineer, and reseeded to reestablish the ground cover. 

Seepage 

Areas of heavy seepage and/or boils should be immediately reported to and evaluated by a qualified 
engineer and remedial measures implemented, as determined necessary. 

Cracking, Settlement and Slips 

All cracks in the levee crown or slopes should be repaired using the following procedure: 1) 
Remove and salvage the gravel surfacing material on the levee crown if applicable; 2) excavate the 
levee crown and/or slope along the crack to the full depth of the crack; 3) backfill with compacted 
clayey material placed in thin lifts and meeting the material property and compaction requirements 
for the original levee construction; 4) replace and compact the gravel surfacing over the levee 
crown; and 5) stabilize the repaired area on the levee slope using an erosion mat or fabric and reseed 
it to reestablish the ground cover. 

All slips in the levee crown or slopes should be repaired using the following procedure: 1) Remove 
and salvage the gravel surfacing material on the levee crown; 2) excavate and remove the entire 
slip or crack surface to ensure that the failure plane and all failed materials (since these materials 
would thereafter only obtain residual strength) are completely removed and; 3) backfill with 
compacted clayey material placed in thin lifts and meeting the material property and compaction 
requirements for the original levee construction; 4) replace and compact the gravel surfacing over 
the levee crown; and 5) stabilize the repaired area on the levee slope using an erosion mat or fabric 
and reseed it to reestablish the ground cover. 
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