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Figure 2.3.3.10 – NCBB Miter Gate – 5% AEP Plan (Courtesy of USACE-NAP) 

 
 

 
Figure 2.3.3.11 – NCBB Miter Gate – 1% AEP Plan (Courtesy of USACE-NAP) 

 
In addition to Miter Gates, Sluice Gates were also utilized to inhibit flow in the upper reaches of some 
existing creeks and finger canals. The team utilized Sluice Gates mainly in locations where overpasses 
existed and assumed that the existing structure would be retrofitted with a sluice gate structure to block 
the 5% and 1% AEP floodplain and in some cases the 20% AEP floodplain. For example, see Figure 2.3.3.11 
for an example of a Sluice Gate alignment in Freeport, NY that ties into the bridge connecting Baldwin 
Harbor and the Village of Freeport. The Sluice Gate alignment is shown in Red. In this plan the gate is 
required to keep the floodplain from extending into the upper reach. The bridge also provides high ground 
to terminate the Type D (cyan) wall. The gate would be placed on the south side face of the existing bridge 
structure rather than at the north side face of the structure as to not impound water from high flow events 
beneath the bridge deck potentially causing scour to the existing substructure.  
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Existing flood risk management alignment was followed in the finger canals and lagoons in the 20% AEP 

Plan where the 3,000 LF replacement criteria was not met. Many local communities are currently 

constructing risk management measures at elevations like the El. +9.0 NAVD88 elevation recommended 

for this design event, which the local communities have accepted. For example, at the location in the 

figure below, the City of Long Beach is currently constructing bulkheads to this study’s 20% AEP Plan 

elevation. Figure 2.3.5.5 shows the construction of the new bulkhead along the finger canal on the left 

and an image of the new structure compared to the elevation of existing structure on the right.  

 

Figure 2.3.5.5 – Bulkhead Construction in Long Beach, NY (Courtesy of USACE-NAP) 

 

Initially the 20% AEP Plan for the location shown in Figure 2.3.5.5 was to continue the alignment 

throughout the finger canal and match the construction elevation. However, the approach was changed 

to place a Miter Gate at the canal opening for the previous reasons stated. Therefore, the 20% AEP Plan 

provides less risk reduction and a similar level of operation and maintenance to the 5% and 1% AEP Plans. 

The only major advantage is the potential for a reduction in impact of real estate acquisition costs. Lower 

elevation floodwall and gates mean less of a viewshed encumbered by the structure. The real estate 

acquisition costs for the reduced viewshed impacts were not considered in the cost screening of the 

alignments, however if the 20% AEP Plan was selected for the TSP or even as a Locally Preferred Plan 

(LPP), that analysis would need to be further vetted by USACE Real Estate. Figure 2.3.5.6 shows street 

view of the 20%, 5% and 1% AEP Plan floodwall and gate structure at Elevations +9.0, +13.0 and +16.0 

NAVD88. Compare these images to the bulkhead constructed at this location shown in the previous figure.  
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Figure 2.3.5.6 – Street View of Floodwall Alignment (Courtesy of USACE-NAP) 

 

 

 

 

 

Before (Existing Conditions) 

1% AEP – El. +16.0 NAVD88 

20% AEP – El. +9.0 NAVD88 

5% AEP – El. +13.0 NAVD88 
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5. Termination Point Assumptions 

All perimeter plans formulated within the HVAs generally follow the waterfront of the community. 

However, since the idea of a comprehensive perimeter plan was screened out during the initial plan 

formulation phase, each HVA plan is essentially independent of one another. The lack of continuity means 

that the plans must terminate into an upland location that is at a ground elevation equal to or greater the 

design intention of the associated plan. This termination must be completed to ensure the designed level 

of risk management is contiguous throughout the plan alignment. Since risk management was identified 

for HVAs only in the plan formulation, the termination points for many of the plans would extend inland 

a significant distance to reach a location that is of an acceptable elevation. To determine the appropriate 

tie-in location, the team used Digital Elevation Models (DEMs) of each HVA to discern where to terminate 

the structural alignment (See Exhibit A for DEM mapping). An excerpt of the Village of Freeport 1% AEP 

Plan is shown in Figure 2.3.5.7 below.  

The Freeport plan terminates at a location where the elevation is a minimum of El. +14.0 NAVD88. The 

Type C wall shown in pink extends along the roadway to the point where the floodplain extents have been 

blocked and the tie-in elevation has been met. El. +14.0 satisfies the tie-in requirements in Freeport and 

East Rockaway since the tie-in locations are so far upland. The team did not need to account for design 

considerations like wave overtopping in these locations since these far inland areas are not opened to 

direct wave attack. The El. +14.0 tie-in also satisfies the tie-in requirement for the 5% AEP Plan since the 

structural crest elevation for that plan is El. +13.0. Post-TSP optimization of any selected plans could 

potentially increase or decrease the terminus elevation through further hydraulic modelling which could 

shorten or extend the alignment lengths. Note the alignment shown would require access measures to 

accommodate residents and changes in the traffic pattern to avoid the implementation of road closure 

gates (i.e. creation of one-way streets). Also, the alignment would require a sluice gate located at the face 

of the bridge to block tidal flow from flanking the protection termination.  

 

Figure 2.3.5.7 – Upland Tie-In of Freeport Alignment (Courtesy of USACE-NAP) 



 

Appendix C, Civil C-54 

 

If the perimeter plan could not be tied into an acceptable elevation, the HVA then needed to be 

completely encompassed by structural risk management. Complete encircling of a community is 

worrisome, since it creates higher risk for life safety. An encircled community may use structural risk 

management as a false sense of security and not upgrade existing infrastructure within the perimeter plan 

alignment. This potential neglect could lead to catastrophic losses to life and property within the 

encompassed community. However, for communities closer to the oceanfront such as Island Park and 

Long Beach this encompassing plan is unavoidable. If a community with an all-encompassing plan is 

selected for TSP, a life and safety risk analysis would need to be completed during the plan optimization 

phase. Figure 2.3.5.8 shows the 1% AEP Plan for the City of Long Beach. The 1% AEP Plan completely 

encompasses the community, with a floodwall shown within the dune alignment of the existing Federal 

Dune & Beach Project. This floodwall is necessary since the existing Federal Project dune crest elevation 

is El. +14.0 and is in a location open to direct wave attack. Therefore, the plan must provide adequate risk 

management in this location to ensure a contiguous line of protection. The 5% AEP Plan here does not 

require floodwall along the oceanfront since the dune elevation exceeds the El. +13.0 design crest. Further 

explanation regarding tie-in to the Federal Project can be found in Section 11.0 of the H&H Appendix.  

 

Figure 2.3.5.8 – City of Long Beach 1% AEP Plan (Courtesy of USACE-NAP) 
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6. Pump Stations 

All plans referenced in Table 2.3.5.1 would require the design and installation of a pump station. 

Implementation of floodwalls in the communities will affect the existing drainage conditions. The 

floodwalls will be effective in keeping flooding out but will also keep stormwater from intense rain events 

in the community’s streets. For this level of design only a cost for the potential pump stations was applied 

to the individual perimeter plans based off parametric values developed by the USACE-NAP H&H design 

team. See Appendix B, Section 10.0 for more information regarding assumptions for Pump Station design 

assumptions and considerations incorporated into this plan. If a structural alignment were chosen as part 

of the TSP, the Pump Station design would be further evaluated with extensive stormwater modelling and 

hydraulic design. See Figure 2.3.5.9 for an example of a typical Pump Station that would be required.  

 

Figure 2.3.5.9 – Pump Station Typical Section (Courtesy of USACE-NAO) 
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7. Real Estate Considerations 

Preliminary Real Estate acreage requirements (permanent and temporary easement limits) were 
computed for all the structures shown in the various plan alignments and provided to Baltimore District 
Real Estate. Refer to the figures provided in Section 7 Real Estate. The goal of the alignments was to impact 
existing properties as little as possible and limit the number of buyouts required to construct the plan. 
The initial analysis indicates that real estate values for the perimeter plan will be very high due to the 
amount of floodwall required and the amount of easement area required for the footprint of the proposed 
structures on private property. This may include compensation to front line property owners for loss of 
view as previously mentioned. An alignment change that was considered for future work in the NJBB 
formulation was to move the line of protection offshore, which was suggested by the Non-Federal 
Sponsor. This idea was not explored for NCBB due to the presence of highly sensitive environmental areas 
(CBRA System Unit), potential impacts to existing navigable waterways, potential increase in construction 
costs, and various other reasons. Another alignment alternative would be to buyout all owners adjacent 
to the waterfront and build structural protection in those locations landward of the existing protection. 
That option was not explored as a portion of this study due to the high density of structures, both 
residential and commercial, in the area that are situated along the waterfront and are essential to the 
stability of the municipalities. These additional alignment strategies could be explored post-TSP at request 
of the sponsor, but for the purposes of this phase of the study the plan formulation follows the current 
alignments for all the design assumptions and considerations previously referenced within this appendix.  
The team did explore the option of creating smaller perimeter plans focused on managing risk to critical 
infrastructure essential to each community that are further discussed in Section 3.0 of this appendix.  
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3 CRITICAL INFRASTRUCTURE PLAN ANALYSES 

3.1 Critical Facility Identification 

Critical Infrastructure Plans were developed as an alternative to community perimeter structural risk 

management for this study. Critical Infrastructure is identified in the Army Field Manual (FM) 3-34.170 as 

SWEAT-MSO. A list of facility categories that fall under SWEAT-MSO have been identified in Table 3.1.1 

below. Due to the highly developed nature of the NCBB study area several facilities could be classified 

within the SWEAT-MSO identification guidance. It is important to note that some facilities may not fall 

within the table below but are still considered critical to the community. As discussed with the vertical 

team, Critical Infrastructure is also represented by any facility that is essential to community recovery 

after a major storm event. Therefore, essential economic drivers such as industrial facilities, commercial 

areas or tourist attractions can also be deemed as critical for the purposes of plan formulation.  These 

facilities would fall into the “Other” category listed below. 

Table 3.1.1 – Army Field Manual SWEAT-MSO 

 

The PDT used mapping techniques to identify all critical infrastructure that met the above field manual 

categories within Nassau County. All critical infrastructure identified within the study area that is 

susceptible to AADs will be protected at minimum by a Non-Structural measure (Elevation, Dry-

Floodproofing, Wet-Floodproofing, etc.). However, the challenge for the team was to determine what 

facilities would be good candidates for a Structural measure in the form of a localized perimeter plan. To 

accomplish this a Critical Infrastructure screening process occurred. 

3.2 Critical Infrastructure Plan Screening 

The team developed the following criterion for selecting critical facility locations eligible for structural 

measures: 

 

Conditions Indicat ors Met rics 

s Sewage 
Collection Kind of Toi let; Sewage Service Availabi lity Perception (simulat ed) 

Treat ment Distance to Wastewater Treatment 

Production Distance to Wat er Tower; Functionality of Water Facilities 

w Wat er Distr ibution Cooking/ Drinking Water Source; Laundry/ Bathing Water Source; Water 
Avai lability Perception (simulated); Water Secu rity Disruption 

Generation Distance to Elect rical Transformer 

E Electr icity Distr ibution Fuel for lighting; Fuel for Cooking; Has Washing Machine; Has Refrigerator; 
Has Television Set; Electricity Availabi lity Perception (simulated) 

Facil ities Distance to School 

A Academics Services lit eracy; School Attendance; Highest Grad Complet ed; School Avai labil ity 
Perception (simulated) 

T Trash 
Collection Manner of Garbage Disposal; Trash Collect ed Perception (simulated) 

Disposal Distance to City Dump 

M Medical 
Facil ities Distance to Medical Facil ity 

Services Has Disability; M edical Availabi lity Perception (simulated) 

Facil ities Distance to Po lice/ Fire Station; Distance to Government Administration 

s Safety 
Bui lding 

Services Has Television Set; Has Radio; Has Telephone; Police Perception (simulated); 
Army Perception (simulated) 

0 Other Transportation Distance to Major Road; Traffic Perception (simulated) 
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• Must meet Army SWEAT-MSO guidelines for Critical Infrastructure. 

• Must fall within the 1% AEP floodplain limits.   

• Protection must maintain the functionality of the facility. 

• No adverse impacts to surrounding properties/facilities. 

• Cannot be within the CBRA System Unit. 

These criteria effectively screened out several locations since many critical facilities are in highly 

developed areas that floodwall risk management would not only impact the functionality of the critical 

facility, but also impact other properties in terms of stormwater conveyance, property encroachment and 

viewshed impacts. An example of a critical facility that was chosen for Non-Structural evaluation only is 

shown in Figure 3.2.1 below. The Island Park Fire Department is located on a busy thoroughfare in a 

densely populated community. At this location it is not feasible to construct a perimeter plan around the 

property as floodwall footprints would both encroach upon and increase stormwater runoff onto adjacent 

properties. Also, the function of a Fire Department is to quickly mobilize equipment and personnel to and 

from the firehouse. A wall around the perimeter would inhibit this mobility unless several closure gates 

are installed. This could be achieved but could block driver viewshed when exiting the building which 

could impact traffic patterns. Therefore, the best course of action is a Non-Structural measure that 

maintains the current facility footprint. See Section 5.3 for more information.  

 

Figure 3.2.1 – Island Park Fire Department Aerial View (Courtesy of Google Images) 
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An example of a location that would meet the criteria developed for the screening is the Bay Park 

Wastewater Treatment Plan (WWTP). In this location a perimeter concrete floodwall and levee was 

constructed by the County after serious damage was sustained during Superstorm Sandy. The site plan of 

the proposed construction is shown in Figure 3.2.2 below.  

 

Figure 3.2.2 – Bay Park WWTP Protection Plan (Courtesy of Google Images) 

 

The location of this facility is ideal for a structural solution due to its proximity to a large amount of open 

space, the number of structures within the facility (i.e. perimeter plan is more ideal for several component 

facilities rather than an individual facility) and proximity to the waterfront. The floodwall height at this 

location was designed for the 0.2% AEP storm event or 500 year. For this phase of the NCBB study, Critical 

Infrastructure Plans were formulated to the 1% AEP design storm event (El. +16.0 NAVD88), but 

formulation to the 0.2% AEP storm event could be optimized post-TSP if critical infrastructure plans are 

selected. For this phase of the study, all critical infrastructure is assumed to remain in its current location 

and not to be relocated. Per E0-11988 the team must then ensure that if a facility must remain within the 

1% AEP floodplain and is to be protected by a floodwall or levee then it must be designed to protect from 

the 0.2% AEP floodplain elevation. The 0.2% AEP storm event differs from the floodplain elevation, but 

this optimization could increase or decrease the Critical Infrastructure Plan heights.  Figure 3.2.3 shows 

the height of the floodwall constructed around the Bay Park WWTP. The placard shown in the image is 

the flood elevation recorded at this location during Superstorm Sandy.  
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Figure 3.2.3 – Bay Park WWTP Floodwall (Courtesy of USACE-NAP) 
 

Using the stated assumptions and design criteria initially three (3) intrinsic structural plans were 

developed that protected critical infrastructure. An example of one of these plans is depicted in Figure 

3.2.4. This plan is risk management for the E.F. Barret Power Generation Station in Island Park, NY. This 

station is crucial to supplying power to Nassau County and damages sustained to the plant in a storm 

event could result in major economic and social hardships to the community. All Critical Infrastructure 

Plans can be found in the maps and drawings attached to this appendix. 

 Figure 3.2.4 – Island Park Critical Infrastructure Plan (Courtesy of USACE-NAP) 



 

Appendix C, Civil C-61 

 

The three plans developed were in the Village of Freeport, Village of Island Park and the City of Long 

Beach, which are all HVAs. The team did not want to limit structural plans for critical facilities just to HVAs 

but could not determine any candidates outside of the HVAs. The team reached out to the Non-Federal 

Sponsor and coordinated a Site Visit to identify any additional areas that would meet the established 

criterion. See Exhibit E for more information on the site visit referenced. From that visit, the Cedar Creek 

Wastewater Treatment Plant (WWTP) in Wantagh, NY was identified as another location.  

Per a progress review meeting with the vertical team, the PDT was tasked to evaluate if risk management 

for the evacuation routes within the study area was possible. For the purposes of structural critical 

infrastructure plan development, evacuation routes can be considered as a critical facility within the 

“Other” category of the SWEAT-MSO guidance. Figure 3.2.5 shows the four (4) major evacuation routes 

within Nassau County. Portions of Evacuation Routes No.1 and No. 4 that where within the 1% AEP 

floodplain were considered for a structural risk management plan. Evacuation Route No. 2 was not 

considered since it is encompassed by contiguous risk management from the HVA plans. If the HVA plans 

were not considered for the TSP, then Non-Structural measures would be required to protect the 

evacuation route which would be evaluated post-TSP. No plan was proposed for Evacuation Route No. 3 

since the portion within the 1% AEP floodplain is also within the CBRA System Unit. With the addition of 

plans at Evacuation Routes No. 1 & No. 4, a total of seven (7) intrinsic Critical Infrastructure Plans were 

developed for this phase of the study.  Table 3.2.1 contains a summary of the Critical Infrastructure Plans.  

  

 

Figure 3.2.5 – Nassau County Evacuation Routes (Nassau County 2020) 

 

 

Route 
No. 1 

Route 
No. 2 

Route 
No. 3 

Route 
No. 4 
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Table 3.2.1 – Critical Infrastructure Alignment Summary Table  

 

A 20% AEP Critical Infrastructure Plan was also developed for the City of Long Beach only. This plan does 

not meet the EO 11988 guidance for critical infrastructure risk management plans (i.e. designed for a 

minimum of 1% AEP). However, it was developed to build off an existing plan that is currently being 

proposed by the City and FEMA. The Long Beach plan is to construct an El. +9.0 floodwall to protect critical 

infrastructure adjacent to the back bay waterfront. See Figure 3.2.6 for the alignment of this plan. The 

USACE plan would extend this alignment to ensure the 20% AEP floodplain is fully repelled in the area of 

the critical facilities. This plan is something the local sponsor can consider as part of an LPP or to utilize to 

increase the scope of their existing design. See Exhibit E for the USACE plan. 

Figure 3.2.6 – Proposed Long Beach Critical Infrastructure Plan (Long Beach 2020) 

 

 

 

 

Location
Cycle 2 Polyline 

Names
AEP%

Floodwall / 

Levee (ft)
Type A Type B Type C Type D

Miter 

Gates 

(ea)

Sluice 

Gates 

(ea)

Road 

Closure

s (ea)

Rail 

Closure

s (ea)

Freeport FPV-CI100 1 12,245       -        8,221    4,024    -        0 0 3 0

Long Beach LBC5-CI 20* 1,505         -        -        -        1,505    0 0 0 0

Long Beach LBC100-CI 1 10,283       -        -        10,283  -        0 0 3 1

Island Park IPV100-CI 1 6,951         -        -        6,951    -        0 2 2 0

Far Rockaway FROC100-CI-EVAC 1 7,059         -        -        7,059    -        0 1 4 0

Wantagh WTG100-CI 1 6,080         -        -        6,080    -        0 0 1 0

Wantagh WTG100-CI-EVAC 1 792            -        -        792       -        0 0 0 0

QUANTITY

*20% AEP Critical Infrastructure Plan completed at Long Beach only

PERIMETER PLAN
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3.3 Critical Infrastructure Plan Future Work 

If any of the Critical Infrastructure Plans are selected for TSP, optimization will be conducted. There will 

be a difficulty in selecting these plans quantitatively due to the difficulty for the Economics team to 

identify benefits outside of the structural risk management benefits of the individual plans. For example, 

it is currently quantifiable for the team to determine damage to the facilities within a power plant during 

a storm event and then correspond those benefits to the cost of the implementation of a SBM around 

that facility. However, it is not quantifiable for the team to ascertain economic damages to residential and 

commercial facilities when a power plant goes offline during an event. The costs associated with the 

indirect impacts to the community when a critical infrastructure element is damaged or temporarily out 

of service can be significant and may affect the BCR of that plan greatly.  Therefore, once this abstract 

analysis is completed post-TSP, a more informed decision regarding the use of critical infrastructure plans.  
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4 STORM SURGE BARRIERS  

4.1 SSB Background 

The second structural alternative that this study focused on was the implementation of Storm Surge 
Barriers (SSBs). The M&N Report from 2018 also explored the possibility of utilizing Storm Surge Barriers 
(SSBs) as coastal storm risk management solutions. SSB alignments were proposed in Alternative 1A and 
1B.  Figure 4.1.1 and Figure 4.1.2 below show the respective plans. The SSBs for Alternative 1A would span 
East Rockaway, Jones and Fire Island Inlets within Nassau County. Alternative 1B would have SSBs span 
East Rockaway and Jones Island, while providing a cross-bay barrier along Wantagh Parkway.  
 

 
Figure 4.1.1 – Storm Surge Barrier Alternative 1A (Moffat & Nichol 2018) 

 

 
Figure 4.1.2 – Storm Surge Barrier Alternative 1B (Moffat & Nichol 2018) 
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When the project was transferred to USACE-NAP the team further expanded on the SSB plan alternatives, 
creating four different alignments. See H&H Appendix for more information regarding the SSB plan 
formulation and hydraulic modelling results. Figure 4.1.3 contains the Alternatives 1A-1D that were 
hydraulically modeled with the help of ERDC.  

Figure 4.1.3 – USACE-NAP SSB Alternatives (Courtesy of USACE-NAP) 
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4.2 SSB Screening 

Underwhelming hydraulic modelling results coupled with constraints from formulation within the CBRA 
System Unit effectively screened out all proposed SSB solutions for coastal storm risk management. 
Therefore, all associated structures such as seawalls, revetments, sector gates, vertical lift gates and other 
potential structures that would have been included in these alternatives were all screened out with the 
reduction of SSBs from consideration for TSP. A succinct explanation for the hydraulic screening of the 
SSBs has been included in the H&H Appendix. Figure 4.1.4 shows the SSB plans in relation to the CBRA 
System Unit.  
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.1.4 – USACE-NAP SSB Alternatives w/ CBRA System Unit (Courtesy of USACE-NAP) 
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5 NON-STRUCTURAL 

5.1 Background 

All areas that were not identified as HVAs in the initial plan development and screening process would 
still be included for risk management in this study by non-structural solutions. Raising structures (primarily 
residential) to elevate the first floor above the design flood level and Dry-Floodproofing large public and 
commercial facilities have been considered for this phase of the screening process. Due to the large 
inventory of structures, for this phase of the study parametric costs from other USACE projects have been 
utilized for elevations and dry-floodproofing. Figure 5.1.1 below shows a graphic representation of an 
elevation alternative. Refer to the Economic Technical Appendix for information on the analysis. Future 
alternative analyses will consider other non-structural measures such as flood proofing, deployable flood 
walls, ring levees/floodwalls, etc. All Non-Structural Analyses can be found in Appendix A of this report. 
  

                   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

 

 

Figure 5.1.1 – Home Elevation Concept Diagram (Courtesy of Google Images) 

 
Non-structural CSRM measures are divided into two primary categories, physical and non-physical.  
Physical non-structural measures include: buyout/acquisition, dry flood proofing, wet flood proofing, 
elevation and relocation. Non-physical non-structural measures include: evacuation plans, flood 
emergency preparedness plans, floodplain mapping, land use regulation, risk communication, zoning, 
flood Insurance and flood warning systems. 
 
Despite the use of parametric design costs for this portion of the study, Civil Design was tasked with 
developing conceptual design sand figures for both Elevation and Dry-Floodproofing solutions that could 
be carried forward post-TSP and used for developing designs and cost estimates intrinsic to this study. 
The work completed by the team for both items has been included herein. 
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5.2  Elevations 

The National Non-Structural Committee (NNC) has provided guidelines for Non-Structural mitigation 

measures. Per the NNC Non-Structural Measures Matrix that the team referenced during plan formulation 

there are six (6) different design options available for elevation of private residencies. These include: 

Extended Foundation, Piers, Posts, Columns, Piles and Fill. Per a site visit conducted by the team, it was 

noticed that the most common form of elevation of existing properties was an extended foundation. A 

comprehensive inventory of structures designated for elevation will be gathered post-TSP and statistics 

will be compiled on the existing structure foundation and the appropriate elevation methodology. A series 

of conceptual figures developed by the team and sample photographs taken by the team have been 

attached in Exhibit F “Elevation Concept Drawings” for reference. The extended foundation sketch has 

been included in Figure 5.2.1 below. Figure 5.2.2 contains an example of existing residences elevated using 

the extended foundation elevation method in Long Beach, Nassau County. 

Figure 5.2.1 – Extended Foundation Concept Drawing (Courtesy of USACE-NAP) 
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Figure 5.2.2 – Existing Extended Foundations in Long Beach, NY (Courtesy of Google Images) 

Directly adjacent to this location provided an excellent sample area for renderings of other potential Non-

Structural elevation solutions implemented over a single block. A before and after of three (3) different 

Non-Structural Measures is shown in Figure 5.2.3. These measures include the following (as shown from 

left to right in the figure): 

• Basement Fill (Compacted Fill & Sealing) with Utility Relocation. A third floor has been added to 

recover lost space from basement closure. 

• Extended Foundation Elevation. Shown here for conceptual purposes, other options are possible.  

• Wet Floodproofing with the installation of flood vents at first floor level. Utility elevation with 

raising the HVAC unit on a wooden pedestal. 

It is important to note that all structural elevations cannot be elevated over 12 feet above ground level. If 

12 feet or more elevation was required or if the property was in poor structural condition for elevation, a 

buyout would be recommended. All structural elevations are based off floodplain elevations developed 

through hydraulic modelling and must comply with all local, state and federal elevation requirements. 

Appendix A further describes these requirements. The alternative to these Non-Structural Measures at 

this location is the implementation of a floodwall from the perimeter plan alignments. Figure 5.2.4 shows 

the what the street would look like with a concrete floodwall at the 1% AEP Plan. 

All elevation techniques will need to be further evaluated post-TSP if Non-Structural Measures were 

selected. The additional evaluation may be in the form of performing inspections of specific sample 

properties and creating associated designs that can be utilized to develop intrinsic quantities and refine 

cost estimates for the various alternatives. These costs can then be extrapolated over the entire inventory 

of NCBB structures selected for elevation. 
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Figure 5.2.3 – Non-Structural Measure Rendering (Courtesy of USACE-NAP) 

 

Figure 5.2.4 – Structural Alternative at Rendering Location (Courtesy of USACE-NAP) 
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5.3  Dry-Floodproofing 

Compared to Elevation methods which look to extend the bottom elevation of the first floor above the 
flood elevation, the Dry-Floodproofing methodology maintains a structure at its current elevation but 
ensures that the building is impermeable to floodwaters. As previously stated, most residential structures 
will receive some form of elevation. In contrast, large public, industrial or commercial facilities are too 
complex to elevate and will require Dry-Floodproofing. This technique is proposed to protect Critical 
Infrastructure that has been identified for Non-Structural solutions.  
 
Various critical facilities exist within Nassau County as discussed in Section 3.0 of this appendix. With 
several hundred facilities in need of risk management at various sizes, functionalities and first floor 
elevations, the team identified a series of sample facilities that represented the array of structures within 
the study area. The intention of the sample facility selection is to develop a conceptual Dry-Floodproofing 
risk management plan for each sample that could be quantified and costed. From which these costs could 
be extrapolated over the structure inventory for the facilities with a similar classification creating a more 
refined estimate, as compared to using parametric costs from other USACE projects.  
 
Table 5.3.1 shows the range of facilities identified for this phase of the study that captures the critical 
facilities located within Nassau County. This list will change during the optimization phase, likely 
expanding to include a wider variety of structures. Conceptual Dry-Floodproofing plans for each of these 
locations are shown in Exhibit G “CENAP-EC-EC Non-Structural Map Deck”.  
 

Table 5.3.1 – Sample Facilities selected for Dry-Floodproofing 

Facility Type Sample Facility Location 

Small-Medium Public Island Park Fire Department Island Park 

Large Public  Long Beach City Hall Long Beach 

Small-Medium Medical  South Nassau Emergency Facility (Urgent Care) Long Beach 

Large Medical Mt. Sinai South Nassau Hospital Oceanside 

Small-Medium School Francis X Hagerty Elementary School Island Park 

Large School Long Beach High School Long Beach 

Industrial Farber Plastics Freeport 

Note: A conceptual plan for Mt. Sinai South Nassau Hospital is not included in Exhibit G. 
 
The Island Park Fire Department was previously discussed as a location not suitable for intrinsic structural 
risk management but will be protected through Non-Structural Measures. For this phase of the study the 
facility was selected as a candidate for Dry-Floodproofing. Dry-Floodproofing will include the following 
actions:  
 

• Application of a permeable membrane (up to 3 feet above first floor elevation per NNC guidance) 

in the form of an epoxy paint/sealer.  

• Installation of flood shields and stop logs installed in front of all openings that require ingress and 

egress. This includes access panels, doorways, garage openings, etc. 

• Sealing of all pipe penetrations from the building exterior to ensure impermeability.  

• Elevation of all external utilities susceptible to flood damage above design flood elevation. 

See the Appendix A Non-Structural for the full evaluation of this and other sample facilities. 
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Figure 5.3.1 shows the proposed conceptual risk management plan of the Island Park Fire Department 
with Dry-Floodproofing Methods. Figure 5.3.2 contains a rendering of what the Dry-Floodproofing risk 
management would look like at this location. 
 

 
Figure 5.3.1 – Island Park FD Dry-Floodproofing Concept Plan (Courtesy of USACE-NAP) 

 

 
Figure 5.3.2 – Island Park FD Dry-Floodproofing Rendering (Courtesy of USACE-NAP) 
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6 ALTERNATIVE DESIGN MEASURES 

6.1 Natural and Nature Based Features (NNBF) 

Post-TSP an additional screening effort will be completed to identify portions of the study area for possible 
NNBF sites and measures. For the NJBB study, an initial level of screening for NNBF was completed an 
array of measures was screened down to focus primarily on living shorelines and EWN (Engineering with 
Nature) modifications. Refer to the Environmental Technical Appendix G for information on the analysis 
completed by USACE-NAP. Living shorelines may be created in areas where risk management incorporates 
levee frontage. EWN features, such as textured concrete, habitat benches, ecologically enhanced 
revetments, horizontal levees and other options can be incorporated into the design of floodwall and 
levee structures. Preliminary costs of potential NNBF solutions have been captured within the contingency 
values applied to the cost estimate of the flood control features. Figure 6.1.1 contains a rendering from 
NACCS that shows the before and after construction. 
 

 
Figure 6.1.1 – Living Shorelines Example (Courtesy of NACCS) 
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6.2 Adaptability Measures 

Post-TSP an additional screening effort will be completed to identify if any adaptability measures can be 

added to the selected plan that will extend the intended design use. Per USACE guidance EC 1165-2-11 

the planning phase must give a consideration for adaptive management of risks related to RSLC. Current 

design elevations discussed in this study account for the 2080 intermediate RSLC projection. However, it 

is understood that the possibility exists that the design RSLC may differ from actual RSLC rate. Therefore, 

the team must investigate potential adaptable measures in the feasibility design to be able to increase 

the level of risk management of any coastal storm risk management feature to meet the desired design 

lifespan. Herein are potential adaptable measures for both Structural and Non-Structural solutions.    

Structural Measures 

Floodwalls and Levees are permanent hard structures that once designed can prove difficult to adapt. 

Levee adaptation can be costly, but from a design perspective can be simple. A Levee sub-structure could 

be designed in such a way to ensure additional future fill to raise the design crest elevation would not 

destabilize the structure. For Floodwalls, adaptability measures can be more difficult to design and 

implement. An example of a potential adaptability measure for a Floodwall is a Wave Bumper Fenceblade. 

This product is currently being utilized by USACE-NAP on the Manasquan to Barnegat Coastal Storm 

Damage Reduction Project. At Grant Avenue in Seaside Heights, NJ a steel bulkhead with concrete cap has 

been constructed along the beachfront. The concrete cap located at the location where vehicle access is 

planned to be maintained will be built to match the elevation of the existing adjacent boardwalk El. +15.5 

NAVD88 with a deployable feature that can extend the risk reduction to El. +18.0 NAVD88 to be 

contiguous with the surrounding level of risk management. Figure 6.2.1 shows the detail for the floodwall 

design and Figure 6.2.2 shows the completed product. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.2.1 – Grant Avenue Adaptability Design (Courtesy of USACE-NAP) 
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Figure 6.2.2 – Grant Avenue Fenceblade Barrier System (Courtesy of USACE-NAP) 

 

The Fenceblade is a rapidly deployable flood barrier that also provides additional wave deflection benefits 

due to its concave design. Incorporating a feature like the Fenceblade to a structural solution can greatly 

increase the floodwall’s adaptability. For example, a structure that is designed for a 20% AEP event at El. 

+13.0 NAVD88, could have a Fenceblade component that allows the structure to be elevated to a 1% AEP 

event level of risk management when such a storm is predicted. The ability to rapidly implement a feature 

like this over a large amount of floodwall length such as those proposed in the Perimeter Plan Alignments 

may not be feasible due to the lead time needed and the manpower required but could be better suited 

for the smaller scale Critical Infrastructure Plans. This type of feature, among others, would be further 

vetted post-TSP if structural solutions are selected for Feasibility Phase analyses. Figure 6.2.3 shows a 

rendering of the Fenceblade product. 

 

Figure 6.2.3 – Wave Bumper FenceBlade Rendering (Courtesy of USACE-NAP) 
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Non-Structural Measures  

For Non-Structural solutions such as elevation of structures, it may be difficult to adapt a design elevation 

once a structure has been elevated. However, for Critical Infrastructure there may be several 

opportunities for adaptable features. For Dry-Floodproofing for example, if projected flood elevations 

increase due to a more rapid increase in RSLC, flood shields and panels can be adapted to increase in 

height with space for additional panels above the intended design flood event elevation. Impermeable 

membrane can also be applied further up the exterior of a structure to increase surface area risk 

management. Another adaptable measure is the use of a rapid deployable barrier that can be put in place 

prior to a major storm event and sized according to the design event over the lifespan of the project. One 

structure that could be used in the AquaFence. AquaFence is an approved product by the NNC and is a 

rapidly deployable flood barrier that can close openings in a facility or completely encompass a facility 

perimeter for risk management during a major flood event. A product like AquaFence could be supplied 

to the local communities to store in a nearby location and quickly deploy prior to an event. These would 

most likely be utilized at Critical Infrastructure locations where elevation solutions are not possible. Figure 

6.2.4 shows an example of an AquaFence in use. Adaptability measures like this product and many others 

will be further explored in the Feasibility Design of Non-Structural solutions. 

 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 6.2.4 – AquaFence Non-Structural Measure in Use (Courtesy of Google Images) 
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7 REAL ESTATE 

The Real Estate impact costs for the perimeter plans were estimated as a percentage of construction costs 
(refer to the Cost Estimating Technical Appendix D). The percentages used for the NCBB study were like 
the assumptions made for the NJBB study. Perimeter Plan analyses includes quantification of permanent 
easement acreages based upon the proposed structure footprint and interior drainage modifications 
including required maintenance access. It was also assumed that a temporary easement area would be 
required for access during construction. Real Estate limits were laid out in relation to the feature 
alignment location in AutoCAD Civil 3D. From this lay out, preliminary Real Estate acreage requirements, 
permanent and temporary easement limits, were computed for all the structures and at all AEP Plans and 
provided to Baltimore District Real Estate. Figure 7.1.1 shows an excerpt from AutoCAD of the Real Estate 
footprint layout in Freeport, NY. All calculations from this exercise have been attached in Exhibit H “Real 
Estate Footprint Quantities”.   
 

 
 

Figure 7.1.1 – Real Estate Impact Layout in AutoCAD Civil 3D (Courtesy of USACE-NAP) 
 
For the perimeter plan alignments, ETL 1110-2-571 Guidelines for Landscape Planting and Vegetation 
Management at Levees, Floodwalls, Embankment Dams, and Appurtenant Structures provides the 
minimum acceptable buffer between vegetation and flood damage reduction structures. The vegetation-
free zone is a three-dimensional corridor surrounding any levee and floodwall and applies to all 
vegetation, except grass, which is permitted for erosion control purposes. The primary purpose of the 
vegetation-free zone is to provide access free of obstructions by personnel and equipment for 
surveillance, inspection, maintenance, monitoring, and flood-fighting. These limits provide the basis for 
the determination of permanent easement. The addition of temporary easement is essentially a place 
holder value and will be better developed in the post TSP design. Temporary easement area will vary 
greatly at different locations and dependent upon property ownership nuances such as right-of-way’s, 
deeds, riparian grants, etc. that can make property access difficult to obtain. Figure 7.1.2 shows the 
minimum allowable dimensions of vegetation-free zone for a levee and floodwall. Exhibit I “Real Estate 
Footprint Drawings” included in this appendix shows the preliminary limits of the permanent and 
temporary easements for each of the proposed perimeter flood risk management measures. Also included 
in the drawing set are preliminary real estate impact limits for the Miter Gate, Road/Rail Closure Gate and 
Sluice Gate structures that have been included within the study. The Norfolk CSRM Study was referenced 
when determining Real Estate impact limits for these structures.  
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Figure 7.1.2 – Vegetation Free Zone at Levee & Floodwall (ETL 1110-2-571) 

 
Tables 7.1.1 and 7.1.2 contain the amount of easement area, both temporary and permanent required 
for all SBMs included within the structural alignments of this study. 
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Table 7.1.1 – Easement Footprints for Floodwalls & Levees 
 

 
 

Table 7.1.2 – Easement Footprints for Other SBMs 
 

 
 

 

Wall Type Description Land Side Flood Side Land Side Flood Side

A Levee 5 5 15 100

B Floodwall 5 5 20 23

C Floodwall 5 5 25 15

D Floodwall 5 5 25 15

Temporary Easement Permanent EasementFloodwall/Levees

*All Distances reported in Feet (FT)

Land Side Flood Side Land Side Flood Side

0 0 15 15

0 0 35 25

5 5 15 15

*All Distances reported in Feet (FT)

Description

Sluice Gate

Miter Gate

Road/Rail Closure Gate

Other SBMs Temporary Easement Permanent Easement
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8  TENTATIVELY SELECTED PLAN (TSP) 

 

The work completed by the NAP Civil Design Section during the screening analyses of the Structural and 
Non-Structural Alternatives aided Cost Engineering in the development of Alternative Plan Costs. See 
Appendix D for Cost Engineering results. Those costs were then utilized in a subsequent economic analysis 
conducted by the NAP Economics Section. The economic analysis completed evaluated the perimeter plan 
alternatives developed for the HVAs within Nassau County against the Non-Structural alternative in those 
same areas as Non-Structural was essentially selected for the remainder of the study area. The Non-
Structural solution was also coupled with the intrinsic Critical Infrastructure Plans to create a third 
alternative for analysis. Therefore, the following action alternatives were evaluated for TSP by the PDT. 
 

• Structural Plan in HVAs, Non-Structural throughout rest of Nassau County 

• Non-Structural Plan throughout Nassau County 

• Non-Structural Plan throughout Nassau County with localized Critical Infrastructure Plans 

An overview of the Economic Results for the three plan approaches can be found in Figure 8.1.1 below. 
All benefits, costs and risks were evaluated considering an Intermediate RSLC. See Appendix F for further 
explanation on the analyses conducted for alternative screening. 
 

 
Figure 8.1.1 – Economic Results for All Potential TSP Plans 

 
From this evaluation two (2) plans showed the most promise. These plans included: 

 

• Structural Plan in Long Beach Only, Non-Structural throughout rest of Nassau County 

• Non-Structural throughout rest of Nassau County 

Both potential plans were articulated to the Non-Federal Sponsor over the course of several public 
meetings and presentations prior to final analyses and selection. Table 8.1.1 contains the identified 
National Economic Development (NED) Plan of the Non-Structural Alternative highlighted in green. 

PROJECT 
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Nassau County Back BayCSRM Feasibility Study 
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Estimated Price Level 1-0ct-20 
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WBSNUMBER I Civil Works 
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(SK) (SK) (%) (SK) 

lOOYR 

lOOYR 

lOOYR 

lOOYR 

CllOOYR 

CllOOYR 

Cl l OOYR 

CllOOYR 

CllOOYR 

VILLAGE OF FREEPORT lOOYR 

CITY OF LONG BEACH ISLAND lOOYR 

ISLAND PARK lOOYR 

EAST ROCKAWAY lOOYR 

VILLAGE OF FREEPORT Cl 100YR/20YR 

CITY OF LONG BEACH ISLAND Cl 100YR/20YR 
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Nonst ructural 2080 Intermediate - Residential structures wlth FFE below 5% AEP elevated above 1% AEP floodp lain 

Nonst ructural 2080 Intermediate - Non-residential structures with FFE below 5% AEP floodproofed 

Nonst ructural 2080 Intermediate - Critical Infrastructure with FFE below 1% AEP floodoroofed 

$2,020,842 

$1,553,8S2 

$1,900,025 

$2,7S2,367 

$425,7S2 

$304,786 

$253,911 
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1 $145,596 

2 $104,605 

$82,226 
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Group I EAD I 
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$65,631 
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Structural HEC-FDA in Thousands 

lnit.Const. I IDC I Annu,I I 
OMRR&R 

AAC I BCR I I Residual 
AANB Risk 

$2,020,842 $128,681 $10,104 $85,892 1.7 $5'3,704 7.6% 

$1,553,852 $'38,'344 $7,769 $66,044 1.6 $38,561 14.1% 

$1,900,025 $120,'387 $9,500 $80,757 1.0 $1,46'3 '·°" $2,752,367 $175,262 $13,762 $116,984 1.5 $58,442 10.5% 

$425,752 $27,110 $2,129 $18,096 2.1 $1'3,411 7.2% 

$304,786 $1'3,408 $1,524 $12,954 0.1 -$11,4'30 7.8% 

$253,'311 $16,168 $1,270 $10,792 0.5 -$4,874 12.4% 

Nonstructural HEC-FDA in Thowsands 
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OMRR&R Risk 
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$605,962 $1,873 so $21,431 3.1 $44,200 46.1% 
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$967,350 $28,785 $2,12'3 $37,251 3.5 $94,941 16.1% 

$909,292 s21,2n $1,524 $34,334 1.9 $31,'344 45.6% 

$640,586 $17,364 $1,270 $24,468 2.9 $45,624 21.6% 

$709,754 $2,194 so $25,102 4.9 $96,741 37.9% 

$1,562,392 $4,830 so $55,257 4.2 Sln,231 48.0% 
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Table 8.1.1 – Economic Selection of TSP  
 

 
 

Results 
 
The selection of the Non-Structural Plan throughout the entirety of the Nassau County Back Bay Study 
Area effectively screens out a Structural Plan in the form of a contiguous floodwall or levee for protection 
from inundation. This also screens out localized Critical Infrastructure Plans. Critical Infrastructure Plans 
were most likely screened out due to the abstract nature of trying to capture benefits associated with 
ability to maintain the integrity of a critical facility for the design inundation event. NAP Civil Design will 
move forward with the observations and recommendations made in the Non-Structural analysis of this 
report to further expound on the design and quantities for Structure Elevations, Dry-Floodproofing and 
Adaptable Flood Risk Measures that can provide risk management to the vulnerable communities on the 
back bays of Nassau County. The PDT has not completely ruled out the use of Critical Infrastructure Plans 
post-TSP as their economic benefits were difficult to discern during the TSP selection process.  
 
Therefore, the team will most likely explore Critical Infrastructure Plans further in the Feasibility Design 
once more robust economic information is available. Refined Critical Infrastructure Plans could increase 
Net Benefits to include them into the Non-Structural Plan as additional scope or as a replacement to areas 
otherwise designated for a Non-Structural solution. NNBF solutions will also be continually evaluated 
post-TSP to further enhance the project risk management and potentially satisfy any mitigation 
requirements deemed necessary during environmental review. An example of a plan that includes Non-
Structural, Critical Infrastructure and NNBF risk management is shown in Figure 8.2.1 at the Cedar Creek 
Sewer Treatment Facility in Wantagh, NY.  

Jan 5th 

Memo
Plan

EAD 

Reduced
Init. Const. IDC

Annual 

OMRR&R
AAC BCR AANB

Residual 

Risk

1 No Action $0 $0 $0 $0 $0 1.0 $0 100.0%

2 Long Beach Struc Plan $649,545 $4,785,719 $108,935 $7,769 $180,345 3.6 $469,200 35.8%

3 Total Benefits $622,893 $4,789,373 $74,449 $4,922 $176,411 3.5 $446,481 38.4%

4 Nonstructural (NED) $610,571 $3,837,829 $11,864 $0 $135,733 4.5 $474,839 39.7%

5 LPP - - - - - - - -

Jan 5th Memo Results - HEC-FDA in Thousands - Intermediate SLC
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Figure 8.1.2 – Wantagh Treatment Plant Conceptual Critical Infrastructure Plan  
(Courtesy of Civil Air Patrol/USACE-NAP) 
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10 DESIGN GUIDANCE 

 

Below is a list of United States Army Corps of Engineering Design Guidance referenced in the 
development of the Nassau County Back Bay Structural & Non-Structural Plan Formulation: 

1. United States Army Corps of Engineers (USACE). HSDRRSDG Hurricane and Storm Damage Risk 
Reduction Design Guidelines with June 2012 updates. 

2. USACE. Engineer Manual (EM) 1110-2-1614 Design of Coastal Revetments, Seawalls and Bulkheads. 

3. USACE. Engineer Manual (EM) 1110-2-2100 Stability Analysis of Concrete Structures 

4. USACE. Engineer Manual (EM) 1110-2-2104 Strength Design for Reinforced Concrete Hydraulic 
Structures. 

5. USACE. Engineer Manual (EM) 1110-2-2504 Design of Sheet Pile Walls. 

6. USACE. Engineer Manual (EM) 1110-2-2602 Planning and Design of Navigation Locks 

7. USACE. Engineer Manual (EM) 1110-2-2906 Design of Pile Foundations. 

8. USACE. Engineer Regulation (ER) 1100-2-8162 Incorporating Sea Level Change in Civil     Works 
Programs. 

9. USACE. Engineer Engineering Technical Letter (ETL) 1110-2-58 Guidelines for Landscape Planting and 
Vegetation Management at Levees, Floodwalls, Embankment Dams, And Appurtenant Structures. 

10. USACE. Engineer Engineering Technical Letter (ETL) 1110-2-2105 Design of Hydraulic Steel 
Structures. 

11. USACE. Executive Order (EO) 11988 Flood Risk Management.  
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11 EXHIBITS 

A. CENAP-EC-EC Structural Map Deck – 29 Pages 

B. Floodwall/Levee Quantities – 10 Pages 

C. NCBB CSRM CAD Drawing Set – 48 Pages 

D. AISAP Data & Results – 10 Pages 

E. Civil Site Visit Summary Report – 17 Pages 

F. Elevation Concept Drawings – 6 Pages 

G. CENAP-EC-EC Non-Structural Map Deck – 17 Pages 

H. Real Estate Quantities – 7 Pages 

I. Real Estate Footprint Drawings – 7 Pages 
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