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 STATEMENT OF PURPOSE 
In 2012, the Hurricane Sandy storm surge submerged the Long Beach Water Pollution Control Plant’s 
electrical and mechanical equipment under several feet of water, rendering them inoperable or unsafe to 
operate. Critical treatment units were not restored until 2017, approximately 5 years following the storm. 
The City of Long Beach has spent approximately $7.3 million to date on recovery for the facility and its 
three pump stations. Studies by federal and State agencies project that Sandy-like flood events will occur 
with greater frequency; the Long Beach wastewater system will be repeatedly and significantly impacted 
by coastal flooding exacerbated by sea-level rise.  The critical Long Beach wastewater treatment 
functionality must be relocated to the storm hardened Nassau County Bay Park Sewage Treatment Plant 
to mitigate near and long-term risk of lost service and significant public expense.  The City is submitting 
this Public Assistance 406 Hazard Mitigation Proposal to fund this storm damage mitigation project.      

Nassau County (“the County”) and the City of Long Beach (“the City”) have entered into an inter-
municipal agreement (IMA) which will improve flood resilience to the Long Beach wastewater system. The 
City of Long Beach wastewater system provides sewage removal and treatment for close to 40,000 
residents and includes the Long Beach Water Pollution Control Plant (“Long Beach WPCP” or “LB 
WPCP”), three (3) pump stations located on East Park Avenue and Roosevelt Boulevard (“Roosevelt 
Pump Station”), West Park Avenue and New York Avenue (“New York Pump Station”), and West Park 
Avenue and Indiana Avenue (“Indiana Pump Station”), as well as approximately 51 miles of pipeline.  

The City is pursuing funding through the 406 Public Assistance Program to mitigate flood risk to the 
existing Long Beach WPCP and the Indiana, Roosevelt, and New York pump stations, which are currently 
owned and operated by the City. The County will, through a phased approach, acquire the Long Beach 
wastewater system as per the terms of the IMA. 

In October 2012, Hurricane Sandy impacted the State of New York, as well as much of the northeastern 
United States, causing widespread damage (DR-4085-NY). The Long Beach WPCP and its three (3) 
pump stations were among the public infrastructure severely impacted by storm surge flooding. 
Floodwaters infiltrated nearly every facility at the LB WPCP, pouring into buildings and reaching up to 5-
feet above the first-floor elevations and up to 30-feet above basement elevations. The inundation caused 
significant temporary and permanent damage to mechanical and electrical equipment critical to both the 
conveyance and treatment of wastewater. As a result, systems at the LB WPCP shut down, disrupting 
wastewater treatment services for the City of Long Beach. 

The Indiana pump station filled with saltwater and required replacement and rehabilitation of all the 
equipment. The Roosevelt pump station sustained severe flooding and damage; the existing pumping 
units failed in June 2013, requiring replacement of the equipment. The New York pump station flooded to 
ground level, and both the wet and dry wells flooded completely. The City of Long Beach has spent 
$7,340,166 on interim repairs to date that address the immediate need to make the Long Beach 
wastewater system operational. However, the Long Beach wastewater system suffered operational 
impacts for years following Hurricane Sandy due to lingering issues from flood-related damages.  

In order to mitigate repeated flood-related damages to the Long Beach wastewater system, it is 
necessary to relocate the functionality of the Long Beach WPCP to Bay Park Sewage Treatment Plant 
(STP), where flood risk will be significantly mitigated through the plant’s existing integrated flood 
protection system. This relocation also requires the retrofit of necessary support facilities in the form of a 
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pump station that will exclusively serve the relocated functionality at the LB WPCP, a force main, as well 
as hardening of the three (3) existing pump stations.  

The proposed risk mitigation strategy is less costly and significantly more cost-effective than floodproofing 
the LB WPCP in its current location and will allow the customers of the City of Long Beach to continue 
receiving services while reducing risk and cost in the near and long term. As a co-benefit, this strategy 
would also improve the water quality within the Western Bays where the Long Beach WPCP currently 
discharges treated effluent; eliminating the LB WPCP discharge is part of a strategic plan to hasten 
wetland revitalization and the resulting storm buffering benefits of the marshes. The upgrades at Bay Park 
STP include improvements to treatment processes via Level 1 Biological Nutrient Removal (BNR) and 
Side stream Treatment, which result in a lower level of total nitrogen in the discharge.   

The overall regional intent is to divert treated effluent away from the Western Bays, to a final discharge 
point in the ocean via a project known as the Bay Park Conveyance, which is being executed under the 
County’s Western Bays Resiliency Initiative.  Under the same initiative, the Long Beach WPCP 
Consolidation Project will help achieve the goals of the County’s Consolidated Master Plan for 
wastewater management, the South Shore Estuary Reserve Act, the Reserve’s Comprehensive 
Management Plan, and the Long Island Nitrogen Action Plan, as well as avoid over $200 million in 
treatment quality upgrades at the Long Beach WPCP that will be incurred if the facility is mitigated in 
place. 

This 406 Hazard Mitigation Proposal (HMP) validates the request for funding of mitigation actions 
identified for the Long Beach WPCP and the three (3) pump stations. Cost-effectiveness was evaluated 
and confirmed using the FEMA benefit cost analysis (BCA) process and software. Funding is justified 
based on the following: 

• The City must rely on the Long Beach WPCP and the three (3) pump stations to provide service for a 
total population of approximately 38,000 residents.  

• The facilities experienced overwhelming flood damage and loss of functionality from the 2012 
Hurricane Sandy flood event (“Sandy”) that adversely impacted the surrounding community. There 
have been intermediate repairs to ensure the facility could continue functioning in its current state, but 
flood mitigation actions have not yet taken place. 

• All four facilities are located on a high-risk barrier island. It is clear, based on the events from Sandy 
and the best available data regarding flood hazard in the area, that the system will continue to be 
subject to repetitive damage and loss of functionality if left in its current unmitigated state. Such 
damage and service loss pose significant health and safety concerns for the surrounding community 
and ecological concerns for the environment.  

• Based on extensive engineer evaluation, the most cost-effective, technically sound method to 
mitigate flood risk at the Long Beach WPCP is to relocate the functionality of the Long Beach WPCP 
to the hardened Bay Park STP. The proposed project will harden the existing pump stations, as well 
as convert the Long Beach facility into a hardened pump station. All untreated sewage will be 
pumped from the to-be-constructed Long Beach pump station to the Bay Park STP. The Bay Park 
STP is already hardened above the 0.2 percent annual chance flood elevation with sea-level rise. The 
Bay Park STP will significantly reduce flood risk and provide a significantly higher treatment quality. 

o This approach is also the least cost alternative. It is less costly than hardening the Long Beach 
WPCP in place. Additionally, significant additional cost savings to taxpayers will also be realized 



 406 HAZARD MITIGATION PROPOSAL 

 PART I: EXECUTIVE SUMMARY
 

  

  
                           Long Beach WPCP Hazard Mitigation Proposal  | P a g e 1 - 4 

as the proposed project avoids significant upgrades that would be required at the Long Beach 
WPCP to improve effluent quality should the facility remain in place.  

• The proposed mitigation actions will protect the essential functionality of Sandy damaged facilities 
from future flood events like Hurricane Sandy.  

• This proposal and the materials presented within are consistent with Public Assistance regulations and 
policies, including FP 104-002, 44 CFR, and FEMA’s Disaster Assistance Policies, among others.  The 
proposed mitigation activity contained herein has been selected based upon an engineering evaluation, 
as well as a review of applicable guidance documents and regulations. 
 

1.1 Report Contents 
As described in this report, the team developed the proposed flood mitigation measures through the 
following: 
 
• A risk assessment and project selection 

process, which followed from a close 
examination of the vulnerabilities 
exemplified by Sandy, as well as the loss of 
function and damage at varying flood 
intervals 
 

• Use of FEMA 543 Design Guide for Critical 
Facilities and the Performance-Based 
Design as well as internally developed 
guidance provided within Part II: Flood 
Risk, Vulnerability Assessment, and 
Design Criteria of the application 

• Consultation with floodplain specialists and 
engineers, as well as interviews with plant 
personnel who were on-site during Sandy  
 

• Adherence to Public Assistance and 406 
Mitigation Program Policy 

 
• A project alternatives evaluation and 

selection process that considered technical, 
economic and administrative practicability, 
among other factors 
 

• Benefit-Cost Analysis 

Components of this report include: 
 
• Part I: Executive Summary 
• Part II: Flood Risk Vulnerability Assessment and Design Criteria  
• Part III: Mitigation Alternatives Evaluation 
• Part IV: Scope of Work 
• Park V: Benefit-Cost Analysis Methodology and Summary  
• Part VI: Appendices 

A. Facility Characterization 
B. Flood Risk, Vulnerability, and Damage Assessments  
C. Alternatives Evaluation 
D. Scope of Work Support 
E. Benefit-Cost Analysis 
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 PROJECT BACKGROUND 

2.1 Long Beach WPCP System History and Capacity 
The Long Beach wastewater system is located on the northern shore of Long Beach, a barrier island off 
the southern shore of Long Island in Nassau County, New York.  

The system, built in 1951, serves approximately 37,823 residents as of 2019 and consists of the WPCP, 
three (3) pump stations, and approximately 51 miles of pipeline. The City made improvements in 1966 
and again in 1987 to replace the trickling filter distribution and install plastic media at the WPCP. In 1989, 
the City performed a $9 million upgrade to increase the design flow to 7.5 million gallons per day (MGD). 
The City also installed a chlorine tank in 1995 and controls and updated automation in 1997.  

Today, wastewater is treated by preliminary, primary, and secondary treatment, as well as solids 
handling. The treated effluent is discharged through an outfall into Reynolds Channel, which eventually 
flows into Hempstead Bay/Western Bays.  

In 2008, a New York State Department of Environmental Conservation (DEC) update to the Water Quality 
Based standards for ammonia and dissolved oxygen established nitrogen loading requirements in the 
Long Beach WPCP New York State Pollutant Discharge Elimination System (“SPDES’) permit. The 
changes to the discharge permit for the Greater Atlantic Beach Water Reclamation District impact both 
the ammonia and dissolved oxygen effluent limits. In 2011, DEC approved a compliance schedule to 
address the ammonia and dissolved oxygen standards. Before the physical upgrades could be made, 
Sandy heavily impacted the Long Beach WPCP system, and DEC is continuing to revise the 
requirements. For facility effluent quality to be in compliance with expected additional DEC requirements, 
the Long Beach facility would require additional upgrades. These upgrades could cost over $200 million 
(see Appendix C: Alternatives Evaluation). 

2.2 Hurricane Sandy 
Long Beach is surrounded by water on all sides, including Reynolds Channel to the north and the Atlantic 
Ocean to the south.  Due to topography, floodwaters from storm surge came across the island on all 
sides and flooded the plant. Some areas of the Long Beach WPCP saw flood levels as deep as 5-feet 
above first floor elevations and 30-feet above basement elevations, and most plant structures 
experienced flood depths of about 2-feet above their first-floor elevation. Floodwaters also entered the 
sewer line causing flooding in many plant buildings through floor drains.   

Storm surge submerged much of the plant’s electrical and mechanical equipment under several feet of 
water, rendering them inoperable or unsafe to operate. In the days immediately after the storm, City 
personnel performed emergency response activities, setting up emergency bypass pumps, emptying the 
dry pit, and washing down the walls and equipment in order to return the pump stations to normal 
operations. The LB WPCP was not able to restore a critical sand filter until 2017, approximately 5 years 
following the storm, which complicated operations at the facility during this time, compromising permit 
compliance.  

The three (3) satellite pump stations also experienced damage due to Hurricane Sandy. The flows from 
the Indiana Pump Station converge to the New York Pump Station through a combined gravity and 
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pressurized system. Hurricane Sandy resulted in the loss of the pumping units as well as electrical 
equipment, including control panels and pump starters. The Roosevelt and New York pump stations 
flooded to ground level, and both wet and dry wells were completely flooded. The floodwaters entered the 
electrical room through the entrance doors and, air/generator exhaust louvers, flooding at least 2-feet 
above grade level. The saltwater from the flooding corroded the electrical components and damaged the 
electrical equipment beyond repair. The Indiana pump station was destroyed and inoperable due to 
flooding. This caused raw sewage to partially back up in the Indiana Pump Station from the sewer 
system, rendering the unit unsafe to enter.  

Efforts to return the plant and pump stations to service after Hurricane Sandy were complicated by the 
large quantity of damaged mechanical and electrical equipment essential for effective and continuous 
conveyance and treatment of wastewater.  In all, $7,340,166in costs have been incurred to date to 
provide interim repairs from the damage to Long Beach wastewater system. 

2.3 Risk of a Future Flood Event Similar to Hurricane Sandy 
Based on climate change studies by federal and state agencies such as the National Aeronautics and 
Space Administration (NASA) and the New York State Climate Action Council, Sandy-like flood events 
are projected to occur with greater frequency in the New York State, New York City, and Long Island 
regions. As a result, low-lying areas such as the Long Beach WPCP and its pump stations will be 
repeatedly and significantly impacted by the projected sea-level rise and resulting coastal flooding.   

According to the United States Army Corps of Engineers’ (USACE) 2015 North Atlantic Coast 
Comprehensive Study, the sea-level rise estimate in this area over the next fifty years is approximately 
2.50 feet.  In accordance with the FEMA memo issued in 2016, sea level rise should be considered in 
resilience planning and federal expenditures, such as in the critical mitigation of the Long Beach WPCP. 

The damages from Hurricane Sandy as well as the best available flood data for the barrier island show 
the need for flood protection measures at the Long Beach WPCP and the three (3) satellites pump 
stations. The plant and pump stations’ vulnerabilities were made clear by Sandy; and those vulnerabilities 
still exist- therefore, the proposed mitigation measures will mitigate future devastation from extreme 
flooding and storm events like Hurricane Sandy. Part II provides detail on the probability of a future 
Sandy-like flood.  

 MITIGATION PROPOSAL  

3.1 Mitigation Alternatives 
Hazen and Arcadis (“PM-JV”), on behalf of the City, identified three mitigation options for the Long Beach 
WPCP for further evaluation. The County, City, and PM-JV (the Team) considered three alternatives for 
mitigation of the Long Beach plant.  All three alternatives would protect the plant to the 0.2 percent design 
elevation, including the stillwater elevation, wave height, and sea level rise.  All alternatives would provide 
continuous wastewater treatment service to the current population served by the Long Beach WPCP 
system, and all three alternatives include hardening the three satellite pump stations against flood hazard.   

Alternative 1: Relocate or Elevate Long Beach WPCP. Alternative 1 includes demolishing and 
rebuilding the existing Long Beach WPCP at a different location or elevating it to reduce flood risk. This 
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alternative was discarded without the development of detailed cost estimate due to significant concerns 
regarding feasibility and cost, as described in Part III of this report.    

Alternative 2: Relocate Facility Treatment Functionality. Alternative 2 includes relocating Long Beach 
WPCP wastewater treatment functionality to the Bay Park STP. This strategy includes demolishing the 
existing influent building pump station superstructure in its entirety and preserving the existing wet well 
and dry well layout. The existing pumps would be removed and replaced with four new submersible 
pumping units, each rated at approximately 350 HP. A new light frame building would be installed above 
the design elevation 21.4-feet (NAVD88) and supported on a separate foundation to house the electrical 
equipment and generator. Based on a preliminary analysis of the existing structure, it appears unlikely 
that the existing structure would be able to withstand the hydrostatic forces associated with the 0.2 
percent annual chance flood event. Significant structural reinforcement would be required.  Once the new 
diversion pump station is activated, the Long Beach plant will be fully decommissioned and demolished 
under a separate contract by the City of Long Beach.  Pump stations and force main options under this 
alternative were also evaluated. The total estimated capital cost for this project, including hardening of the 
three satellite pump stations, is expected to be $93 million (see Appendix D: Scope of Work Support 
for detailed cost estimate).      

Alternative 3: Mitigate Existing Facility. Alternative 3 keeps the existing Long Beach WPCP and 
mitigates all critical systems and equipment within structures at the LB WPCP. Measures taken to protect 
the plant would include a perimeter floodwall, dry floodproofing, raising equipment, and installing 
submersible equipment. This alternative would protect equipment at the LB WPCP and allow it to remain 
operational up to a 0.2 percent annual chance flood event. The total estimated capital cost for this project 
would be about $109 million, including hardening to the three satellite pump stations. Required code and 
standards upgrades at the facility to improve effluent quality could add an additional $206 million if total 
residual chlorine (TRC) requirements drop to 4 milligrams per liter (see Appendix D: Scope of Work 
Support for the detailed cost estimate).  

The alternatives are further described in Part III of this report. Table 1-1 provides a capital and life-cycle 
cost comparison of the alternatives. 

Table 1-1 Capital Cost Comparison of Long Beach WPCP Alternatives (including costs to harden satellite 
pump stations) 

ALTERNATIVE LONG BEACH WPCP 
COSTS  

PUMP STATIONS 
HARDENING 
COSTS (3 SITES) 

TOTAL 
ASSOCIATED 
CAPITAL COSTS 

1-Relocate or Elevate Not calculated Not calculated Not calculated 

2-Relocate Treatment 
Functionality 

$88 million $5 million $93 million 

3-Mitigate Existing 
Facility 

$104 million in flood 
mitigation 

$206 million in treatment 
standard upgrades 

$5 million $315 million  
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3.2 Proposed Flood Mitigation Project 

3.2.1 Proposed Scope for Long Beach Plant 
Based on detailed technical evaluation and consideration of cost, feasibility, operations and maintenance, 
and other key considerations, The City and the County have selected Alternative 2 as the proposed 
mitigation option for the Long Beach WPCP at a capital cost of $88 million. Operations and maintenance 
costs will be approximately $20,000 per year. In this option, the existing Long Beach WPCP’s treatment 
services will be discontinued. The existing influent building and its footprint will be retrofitted to meet the 
new pumping capacity and redesigned to be flood resilient. The wastewater will be pumped from the 
influent pumping station through the Hassock islands via horizontal directional drilling (HDD) to Bay Park 
STP. Construction will be performed using barges to deliver equipment onto the Hassock Islands for HDD 
and open-cut construction at Bay Park and Long Beach. See Part IV for more details.  

3.2.2 Proposed Scope for Pump Stations 
The recommended alternative for the protection of the equipment against 0.2 percent annual chance 
storm flooding for the Roosevelt and New York pump stations is to build a platform at an elevation 
matching the recommended flood mitigation design elevation. A new electrical light metal frame building 
will be furnished on the new platform, housing the pump station’s critical electrical equipment. The 
Indiana pump station located within the Long Beach Fire Station is scheduled to be hardened in the near 
future by the City of Long Beach. The electrical components and controls, however, are located outside 
the building and will need to be relocated. The total expected capital cost to mitigate flood risk to the three 
satellite pump stations is $5 million, with $60,000 per year total for operations and maintenance. See Part 
IV for more details.  

3.3 Benefit-Cost Analysis 
The PM-JV performed a benefit-cost analysis (BCA) using FEMA BCA Toolkit Version 5.3 and 6.0 
supplied by FEMA for the proposed Long Beach WPCP system flood mitigation project.  The BCA 
considers capital and maintenance costs, as well as project benefits in the form of losses avoided, over 
the expected useful life of the project (50 years).  The total cost of $94,199,060 reflects this analysis.  If 
the benefit cost ratio (BCR) is above 1.0, it means that the benefits are greater than the costs for the 
project, and the project is cost beneficial.  

The project BCR for the proposed measures at the Long Beach WPCP is 1.44. 

See Part V for a full explanation of the Benefit-Cost Analysis Methodology and Summary.  

Table 1-2: Benefit-Cost Analysis Results at Long Beach WPCP 

 TOTAL BENEFITS $135,794,389 

TOTAL COST IN BCA $94,199,060 

BCR 1.44 
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3.4 Recommendation and Conclusion 
The proposed risk mitigation strategy is less costly and more effective than floodproofing the LB WPCP in 
its current location, avoiding over $200 million in required code and standard treatment upgrades while 
allowing the customers of the City of Long Beach to continue receiving services with reduce risks and 
costs in the near and long-term. As a co-benefit, this strategy would also improve the water quality within 
the Western Bays where the Long Beach WPCP currently discharges treated effluent. The City is 
requesting $93 million in funding to implement the proposed Project. The Project is eligible for mitigation 
funding based on a review of policy and completion of a benefit cost analysis.  The BCA is based 
predominantly on service loss risk to the Long Beach population and considering only loss from Hurricane 
Sandy.  
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 OVERVIEW 
In October 2012, Hurricane Sandy (DR-4085-NY) impacted the state of New York, as well as much of the 
northeastern U.S., causing widespread damage. The Long Beach Water Pollution Control Plant (WPCP) 
and three (3) pump stations were among the critical public infrastructure severely impacted by the storm. 
The County and the City have developed a strategy to help abate and improve resilience against flooding 
impacts. With the aid of program management - joint venture (“PM-JV”) consulting engineering firms,  
Hazen and Sawyer and Arcadis, the City and County identified mitigating actions that will safeguard the 
Long Beach wastewater system to a practical level of protection.  

Part II: Flood Risk, Vulnerability Assessment, and Design Criteria is one in a series of documents 
that review the vulnerability of the plant and the pump stations to extreme weather events and propose 
mitigation measures in anticipation of future extreme weather events similar to Hurricane Sandy. The 
sections in the 406 Hazard Mitigation Proposal include:  

• Part I: Executive Summary  

• Part II: Flood Risk, Vulnerability Assessment, and Design Criteria 

• Part III: Mitigation Alternatives Evaluation 

• Part IV: Scope of Work 

• Part V: Benefit-Cost Analysis Methodology and Summary 

• Part VI: Appendices  

Part II, presented herein, provides a comprehensive review of the impacts of Hurricane Sandy on the 
Long Beach WPCP and the Indiana, Roosevelt, and New York pump stations, and the apparent 
vulnerabilities revealed by the flooding event, as well as through subsequent engineering analysis and 
current flood risk data. Facility components are organized in a tiered fashion that reflects their relative 
importance as priority systems within the plant. Facilities and systems that, upon failure, would severely 
impact the plant’s provision of wastewater services, particularly conveyance and primary treatment, are 
identified as critical. 

In order to understand flood risk, engineers performed analyses to determine critical component and 
critical service impacts at various flood depths. In addition, engineers evaluated expected climate change 
over the next 50 years, as well as how sea-level rise may exacerbate flood risk.  

The entire system is highly vulnerable, with assets ranging from 6 to 16 feet below the recommended 
goal design elevation.  
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 FACILITY CHARACTERIZATION 

2.1 Long Beach WPCP 
The Long Beach WPCP is located on Long Beach, New York on the northern shore of the barrier island, 
northeast of National Boulevard at latitude 40°35'34.55"N and longitude 73°39'55.80"W (refer to Figure 2-
1). The island is off the southern shore of Long Island and is part of Nassau County. The plant is currently 
owned and operated by the City of Long Beach.   

The Long Beach WPCP 
services a population of 
approximately 37,823 
people according to the 
2017 population estimate 
from the 2017 American 
Community Survey (see 
Appendix A: Facility 
Characterization). The 
plant was constructed in 
1951 and is served by 51 
miles of collection system 
pipeline and three pump 
stations. The piping ranges 
in size from 6 to 48 inches.  

The Long Beach WPCP has 
an original design flow 
capacity of 6.36 MGD. The 
plant has gone through 
several improvements. The 

first improvement occurred in 1966 with no change in the plant capacity. The next notable improvement 
was in 1989 when the design flow capacity was increased to 7.5 MGD, costing over $9 million. The 
chlorine contact tank was placed in service in 1995, and controls and automation were upgraded in 1997 
(see Appendix A: Facility Characterization).   

The Long Beach WPCP currently has a permitted design flow of 7.5 million gallons per day (MGD), but 
typically operates at approximately 5.0 MGD. The facility is a secondary treatment facility and treats 
wastewater via the process of bar screens, grit removal, primary and secondary sedimentation, fixed 
aerobic biological stabilization utilizing trickling filters, sand filters, anaerobic digestion, and disinfection 
through a chlorine contact tank. The effluent is discharged into Reynolds Channel 1997. Refer to Figure 
2-2 for a site and structures map of the buildings on the Long Beach WPCP site.  

 

 

 

 

Figure 2-1: Long Beach WPCP 
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Figure 2-2: Long Beach WPCP Site and Structures Map 

Preliminary treatment at the plant consists of two comminutors with an overflow bar screen. There are 
four influent sewage pumps that operate alternatingly. There are also two grit chambers for the removal of 
grit. The solids are pumped to a cyclone separator and onto a grit screw conveyor. Grit is manually 
removed for off-site disposal.  

Primary treatment is accomplished by two parallel rectangular primary sedimentation tanks that receive 
the combined pre-treated wastewater and secondary sludge return flow. Settled sludge is manually 
discharged to a well and pumped to the digester tank.  

For secondary treatment, there are two parallel high rate trickling filters. Wastewater is applied to each 
filter via distributor arms. For optimal efficiency, approximately 8.0 MGD of trickling filter effluent is 
recirculated back to the trickling filters by two centrifugal pumps. Additionally, there are two centrifugal 
pumps designed to return secondary sludge to the primary clarifier. Next, wastewater flows to the three 
parallel rectangular final clarifiers followed by two sand filters that have automatic backwash filter 
systems.  

Disinfection is accomplished by three sodium hypochlorite pumps capable of pumping 50 gallons per 
hour. There are two 3,000-gallon holding tanks for the sodium hypochlorite at 15 percent strength. 
Sodium hypochlorite is injected into the wastewater after which it enters the chlorine contact tanks. 
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Solids handling is accomplished by two anaerobic digesters. The system is operated in series with the 
primary digester providing a high-rate anaerobic stabilization of solids and the secondary digester 
providing thickening through solid waste separation. Refer to Figure 2-3 for the Long Beach WPCP 
treatment process flow diagram. 

See Appendix A: Facility Characterization for maps and photos showing site facilities.  

Appendix C: Alternatives Evaluation includes memoranda documenting required and recommended 
improvements at the plant in order to improve water quality, to meet a consent order and other 
requirements expected to be issued by New York State’s Department of Environmental Conservation. 
Necessary improvements could cost over $100 million and possibly over $200 million.  

 

Figure 2-3: Long Beach WPCP Process Flow Diagram 

2.2 Satellite Pump Stations 
The three satellite pump stations are the Roosevelt pump station, servicing the eastern portion of the 
island, the New York pump station, and the Indiana pump station, servicing the west. The pump stations 
are included as part of the scope of work for this proposal. 

2.2.1 Roosevelt Pump Station 
The Roosevelt pump station is located on a center traffic median on the east side of the City of Long 
Beach (refer to Figure 2-4 below). It consists of a pump room situated above the wet well and dry pit. The 
pump room shares a wall with an adjoining electrical room, which contains all the electrical equipment 
and the emergency generator.  

The pump room is a wood frame structure supporting brick masonry walls. The electrical room is a 
concrete masonry unit (CMU) frame. The dry pit access hatch and the wet well access hatch are located 
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outside the structures, next to the east wall of the pump station. Inside the pump room, a grated opening 
with ladder access to the dry pit is located near the south wall, and another hatch to the wet well is 
located near the west wall. The generator fuel tank and the HVAC compression tanks are also located in 
this room. The adjoining electrical room contains the electrical and pump control panels, main disconnect, 
emergency diesel generator, automatic transfer switch and two distribution panels. The variable 
frequency drive (VFD) panel is mounted outside the electrical room.  

Prior to Hurricane Sandy in 2012, the Roosevelt pump station had two dry pit non-submersible pumps, 
with the motor located at grade elevation within the pump room. Following a damage assessment 
performed by an external consultant, the pumps were replaced with two Fairbank Morse 15HP dry pit 
submersible pumps in 2014. The electrical equipment was also replaced at the same time. 

The Roosevelt pump station building appears to be an older construction, with access ladders and 
lighting fixtures that are not compliant with current OSHA standards. The pump station is currently in 
operating condition. 

 
Figure 2-4: Roosevelt Boulevard Pump Station 

2.2.2 New York Pump Station 
The New York pump station is located on a center traffic median on the west side of the City of Long 
Beach (refer to Figure 2-5 below). The building consists of an electrical room situated above the dry 
pit/valve chamber. The dry pit has a sump pump located at elevation -11.42 feet. The electrical room 
contains electrical equipment, sewage pumps, sump pumps, and grinder control panels, main disconnect, 
emergency diesel generator, automatic transfer switch, and distribution panels.  

On the west side of the New York pump station building, the influent channel and wet well are below 
grade. The components of the influent channel include a sluice gate and a non-submersible grinder 
pump. The wet well contains two submersible sewage pumps and an odor control unit. The wet well and 
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influent chamber access hatches are located above grade on a concrete platform outside the west wall of 
the pump station.  

The New York pump station also includes the power feed – the main incoming electrical cabinet and 
transformer Cabinet from the electrical company. An interim pumping station, which acts as a bypass 
provision, is located beyond the fenced area on the west of the pump station. 

 

Figure 2-5: New York Avenue Pump Station 

2.2.3 Indiana Pump Station 
The Indiana Avenue pump station firehouse is adjacent to the Long Beach Fire House on the west side of 
the City of Long Beach, near the banks of the Reynolds Channel (refer to Figure 2-6 below). The flows 
from Indiana Pump Station converges to the New York Pump Station through a combined gravity and 
pressurized system.  

The main components of the Indiana pump station are the wet well, dry pit/valve chamber, an electrical 
room, and the generator room. The wet well and dry pit are located below grade with the bottom floor at 
elevation -6.84 feet. The wet well houses two submersible sewage pumps. The access hatch to the wet 
well and dry pit are located at grade at elevation 5.93 feet. 

The sewage pump control panel and the junction boxes are mounted at elevation 11.50 on the east wall 
of the Long Beach Fire House.  The base of the pump control panel is located 4.4 feet above the finished 
floor. The electrical room is located inside the firehouse. The electrical room includes the emergency 
distribution panel, ATS, pump starters, main distribution panel board, and disconnect switches. The 
generator room is also located inside the firehouse and this generator powers the firehouse and the pump 
station. The generator is placed on a 1.6 feet high concrete platform.  

Prior to Hurricane Sandy, the Indiana pump station had two dry pit firehouse submersible pumps with an 
adjacent wet well. In 2013, improvements to the pump station included converting the dry pit to a valve 
chamber and adding two wet well submersible pumps to the wet well. The pump station is currently in 
operating condition. 
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Figure 2-6: Indiana Ave Pump Station 
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 FLOOD HAZARD DATA AND RECOMMENDED GOAL AND 
MINIMUM FLOOD MITIGATION DESIGN ELEVATIONS 

A first step in evaluating vulnerability at the Long Beach WPCP site includes characterizing the flood 
hazard, which requires analysis of the following: 

• Current flood elevations 
• Applicable policy  
• Climate change considerations 
• Wave action  

This document also provides an analysis and justification for flood mitigation design elevations at the site 
based on this flood risk, local and state building codes, federal guidance, U.S. Army Corps of Engineers 
(USACE) statements regarding sea-level rise and potential risk from wave action. Final design levels of 
protection must be determined on a case-by-case basis as a result of engineering and feasibility analyses 
which consider factors such as environmental impacts, state and federal regulatory restrictions, technical 
feasibility, and cost. An appropriate preliminary flood mitigation design elevation to use for alternatives 
evaluation will consider the following: 

• Stillwater flood elevation 
• Wave height 
• Projected sea-level rise 
• An industry-standard safety factor (freeboard)  

This portion of Part II analyzes flood elevations by recurrence interval or probability of flooding, and it 
identifies the recurrence interval for flooding nearest the site as a result of Hurricane Sandy in 2012, for 
reference purposes.  

3.1 Flood Elevations 
Analysts reviewed the following best available data sources and study reports to identify potential flood 
elevations at the Long Beach WPCP:  

1. Nassau County base flood elevation (BFE) effective in 2009 and Nassau County Flood Insurance 
Study (FIS) report revised in 2009  

2. North Atlantic Coast Comprehensive Study: Resilient Adaptation to Increasing Risk (NACCS) 
flooding study for Stillwater, sea-level rise, and wave height data  

3. Tidal gauge data   

Findings are described herein with additional documentation in Appendix B: Flood Risk, Vulnerability 
and Damage Assessments. 

The current FEMA Flood Zones show the Long Beach WPCP located in the special flood hazard area 
(AE flood zone) with a base flood elevation of 9.0 feet NAVD88, see Figure 2-7.  
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Figure 2-7: FEMA Flood Zones and BFE Near Long Beach WPCP (Source: DFIRM 2009) 

Due to the fact that the 2009 Flood Insurance Study for Nassau County has not been recently updated, 
engineers reviewed 2015 North Atlantic Coast Comprehensive Study (NACCS) by the US Army Corps of 
Engineers (USACE) stillwater elevation data (NACCS data). These data are the statistical stillwater 
elevations for the planning area NY2, which includes Nassau County. These data are available for the 10 
percent, 2 percent, 1 percent, and 0.2 percent annual chance flood elevations in Nassau County, 
including Long Beach, and are considered to be the best available flood hazard data to represent flood 
risk in the area at this time.  

Analysts selected NACCS data according to the nearest body of water location. NACCS data locations 
are shown in Figure 2-8.  Analysts used the measurement data available in Table 2-1 to determine the 
recurrence interval for Hurricane Sandy at the project location. Table 2-1 provides stillwater elevations 
and wave height for the 10-percent, 2-percent, 1-percent, and 0.2 percent annual exceedance 
probabilities. 
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Figure 2-8: 2015 NACCS Data Map 
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Table 2-1: 2015 NACCS Stillwater and wave height Elevations (ft, NAVD88) by percent annual chance 
exceedance probability 

Facility Elevation 10% 2% 1% 0.2% 

Long Beach WPCP 

Stillwater 7.4 9.3 10.5 14.0 

Wave Height 3.6 4.1 4.3 4.9 

Elevation 11 13.4 14.8 18.9 

Indiana Pump Station 

Stillwater 7.4 9.3 10.5 14.0 

Wave Height 1.3 2.1 2.8 3 

Elevation 8.7 11.4 13.3 17 

New York Pump Station 

Stillwater 7.4 9.3 10.5 14.0 

Wave Height 0 1 1.7 3 

Elevation 7.4 10.3 12.2 17 

Roosevelt Pump Station 

Stillwater 7.4 9.3 10.5 14.0 

Wave Height 0.3 1.3 2 3.1 

Elevations 7.7 10.6 12.5 17.1 

 

3.2 Applicable Policy  
The building code identifies flood protection requirements by building category.  According to the New 
York State Building Code, pump stations and wastewater treatment plants are classified as Structural 
Occupancy Category III (Table 2-2).  Table 2-3 and Table 2-4 provide minimum flood-resistant design 
elevations for Structural Occupancy Category III.  The minimum flood elevation is thus the effective BFE 
plus one to three feet of freeboard NAVD88. FEMA 543: Design Guide for Improving Critical Facility 
Safety from Flooding and High Winds recommends protecting critical facilities to the 0.2 percent annual 
chance flood elevation (500-year flood). This is also consistent with the directive of Executive Order 
11988. The team recommends consideration of a 0.2 percent annual chance flood elevation minimum 
design, based on the NACCS stillwater data and a simple wave transformation analysis. 
 

 

This area intentionally left blank. 
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Table 2-2: Classification of Structures for Flood-Resistant Design and Construction 

Risk Category Nature of Occupancy 

I 

Buildings and other structures that represent a low hazard to human life in the event 
of failure, including but not limited to:  

• Agricultural facilities  
• Certain temporary facilities 
• Minor storage facilities 

II Buildings and other structures except those listed in Structural Occupancy 
Categories I, III and IV. 

III 

 

Buildings and other structures that represent a substantial hazard to human life in 
the event of failure, including but not limited to:  

• Buildings and other structures where more than 300 people congregate in 
one area. 

• Buildings and other structures with elementary school, secondary school or 
day-care facilities with an occupant load greater than 250. 

• Buildings and other structures with an occupant load greater than 500 for 
colleges or adult education facilities. 

• Health care facilities with an occupant load of 50 or more resident patients 
but not having surgery or emergency treatment facilities. 

• Jails and detention facilities. 
• Power-generating stations, water treatment for potable water, wastewater 

treatment facilities and other public utility facilities not included in Structural 
Occupancy Category IV (emphasis added). 

• Buildings and other structures not included in Structural Occupancy Category 
IV containing sufficient quantities of toxic or explosive substances to be 
dangerous to the public if released. 

IV 

Buildings and other structures designed as essential facilities including, but not 
limited to:  

• Hospitals and other health care facilities having surgery or emergency 
treatment facilities. 

• Fire, rescue and police stations and emergency vehicle garages. 
• Designated earthquake, hurricane or other emergency shelters. 
• Designated emergency preparedness, communication, and operation 

centers and other facilities required for emergency response. 
• Power-generating stations and other public utility facilities required as 

emergency backup facilities for Structural Occupancy Category IV structures. 
• Structures containing highly toxic materials as defined by Section 307 where 

the quantity of the material exceeds the maximum allowable quantities of 
Table 307.7(2) of the New York City Building Code. 

• Aviation control towers, air traffic control centers, and emergency aircraft 
hangars. 

• Buildings and other structures having critical national defense functionailty. 
• Water treatment facilities required to maintain water pressure for fire 

suppression. 

Source: 2010 Building Code of New York, Chapter 16: Structural Design 
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Table 2-3: Minimum Elevation of the Top of the Lower Floor, Relative to the Flood Mitigation Design 
Elevations (FMDE - A and V Zones) 

Risk 
Category 

A-Zone 
V-Zones 

Orientation Parallel* 
Orientation 

Perpendicular* 

III 
FMDE = 1% Best 

Available Base Flood 
Elevation + 1 ft. 

FMDE = 1% Best 
Available Base Flood 

Elevation + 1 ft. 

FMDE = 1% Best 
Available Base Flood 

Elevation + 2 ft. 

*Orientation of lowest horizontal structural member relative to the general direction of wave approach.  
Parallel shall mean less than or equal to +20 degrees from the direction of approach; Perpendicular shall 
mean greater than +20 degrees from the direction of approach. 

Source: NYC Building Code, Chapter G 

Table 2-4: Minimum Elevation, Relative to Flood Mitigation Design Elevation (FMDE) Below Which Flood-
Damage Resistant Materials Shall Be Used - A and V Zones 

Risk 
Category 

A-Zone 
V-Zones 

Orientation Parallel* 
Orientation 

Perpendicular* 

III 
FMDE = 1% Best 

Available Base Flood 
Elevation + 1 ft. 

FMDE = 1% Best 
Available Base Flood 

Elevation + 2 ft. 

FMDE = 1% Best 
Available Base Flood 

Elevation + 3 ft. 

*Orientation of lowest horizontal structural member relative to the general direction of wave approach.  
Parallel shall mean less than or equal to +20 degrees from the direction of approach; Perpendicular shall 
mean greater than +20 degrees from the direction of approach. 

Source: NYC Building Code, Chapter G 

3.3 Climate Change Considerations 
Consistent with findings described in the Nassau County Department of Public Works Extreme Weather 
Vulnerability Assessment, the Team reviewed sea-level rise expectations identified by USACE and the 
New York City Panel on Climate Change over the expected useful life of any infrastructure improvements 
(50-years according to FEMA guidance). The 2015 New York City Panel on Climate Change assumes 
2.50 feet of sea level rise for the location over the next 50 years. USACE guidance identifies projected 
sea-level rise rates for coastal planning. The USACE Curves computed using criteria in the USACE EC 
1165-2-212 in Sandy Hook, New Jersey yield the following rates of sea-level rise:  

• Continued historic rate (0.95 feet in 50 years) 

• Increased, “intermediate” rate (1.42 feet in 50 years) 

• A higher and increased rate (2.93 feet in 50 years) 

Given the uncertainty in sea-level rise projections, but also the requirement to protect the sites from 
possible future flooding, the Team used the sea level rise rate of 2.50 feet from the 2015 New York City 
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Panel on Climate Change to determine a recommended flood protection level, across the 50-year time 
horizon of interest. This correlates between the intermediate and high rates published by the USACE. 

3.4 Preliminary Flood Mitigation Design Elevation 
Flood mitigation design elevations will ultimately be determined based on a combination of technical and 
cost-effectiveness evaluations, in addition to other factors. It is important, however, to set minimum and 
goal design elevations based on flood hazard data, code requirements, guidance, and currently 
recognized expected rates and elevations of sea-level rise. The flood protection elevation should adhere, 
at minimum, to the New York State Building Code elevation requirements, detailed above, plus 2.50 feet 
of sea-level rise1 rounded to the next half foot. Current FEMA guidelines recommend the 0.2 percent 
annual chance elevation, with sea-level rise. The recommended minimum and goal flood mitigation 
design elevations at Long Beach WPCP are listed in Table 2-5. The recommended minimum and goal 
flood mitigation design elevations at the pump stations are listed in Table 2-6. 

Table 2-5: Minimum and goal recommended Flood Mitigation Elevations Long Beach WPCP (ft, NAVD88) 

Factor 
Base Flood 

Elevation (BFE) (ft. 
NAVD88) 

Freeboard 
(ft) 

Sea-Level 
Rise (ft) 

Building Code + Sea-
Level Rise (minimum 

recommended) 

NYS Building Code 9.0 2.0 2.50 14.0 

Factor 
0.2% 2015 NACCS 

Stillwater (ft. 
NAVD88) 

Wave 
Height (ft) 

Sea-Level 
Rise (ft) 

Goal Design 
Elevation 

(recommended goal) 

Current best practic 14 4.9 2.50 21.4 

 
Table 2-6: Minimum and goal recommended flood mitigation design elevations for the three satellite pump 
stations (ft, NAVD88) 

Factor BFE (ft. NAVD88) 
Freeboard 

(ft) 
Sea-Level 
Rise (ft) 

Building Code + Sea-
Level Rise (minimum 

recommended) 

NYS Building Code 9.0 2.0 2.50 14.0 

Factor 

0.2% 2015 
NACCS Stillwater 

(ft. NAVD88) 
Wave 

Height (ft) 
Sea-Level 
Rise (ft) 

Goal Design Elevation 
(recommended goal) 

Indiana  14 3.0 2.50 19.5 

New York  14 3.0 2.50 19.5 

Roosevelt  14 3.1 2.50 19.6 

 
1 As detailed modeling integrating sea level rise has not been completed for this site, sea level rise is integrated using a bathtub 
approach 
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 ASSET PRIORITIZATION 
Section 1.3.3 of the FEMA 543 Risk Management Series states plainly that “(l)oss of service costs may 
be the most important loss component to consider for critical facilities.” Furthermore, “critical facilities and 
the functions they perform are the most significant components of the (critical infrastructure) system that 
protect the health, safety, and well-being of communities at risk (FEMA, January 2007).”  

Since the value of a wastewater treatment facility lies in the service it provides to the public, the first step 
in prioritizing assets is to identify how they contribute to the provision of service to the public in addition to 
how vulnerable each asset is to specific flood events. The basic process for developing a criticality map is 
presented in Figure 2-9. 

See Part V for an explanation of the economic service provided by wastewater treatment plants.  

Level of Service

Essential Function 1

Essential Function 2

Critical System 1

Critical System 3

 Critical System 2

Critical Asset 1

Critical Asset 2

Critical Asset 3

Critical Asset 4

Consequence 
of Loss

Consequence 
of Loss

Consequence 
of Loss

Consequence 
of Loss

 
Figure 2-9: Process of mapping Asset Criticality 
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4.1 Essential Plant Functionality 
Engineers tiered assets based on functionality essential to providing different levels of service. 
Functionalities are prioritized based on the consequences of failure as summarized in Table 2-7 below. 
Tier 1, 2, and 3 functionality are those required to maintain full-service provision to the service population. 
In accordance with FEMA definitions, full service is defined as treating influent so as to meet permit limits 
(FEMA, August 2011).  

Table 2-7: Asset Characterization / Prioritization Based on Essential Plant Functions 

Tier Essential 
Functionality Assets and Consequence of Failure 

1 Conveyance  Tier 1 assets are those which contribute to the conveyance (raw 
sewage and effluent pumping). The failure of these assets would 
result in complete loss of service and the most impact to the 
service population. Sewage is expected to back up into people’s 
homes, significant public health concerns, extensive 
environmental, financial, and economic damage would result.   

Tier 1 assets also include systems that are dedicated to and 
critical for life safety. Power distribution, which includes 
emergency power, transformers, and substations, is also 
considered Tier 1. 

2 Solids 
Removal/Handling 

Tier 2 assets are those which contribute to solids 
removal/handling. The failure of these assets would result in 
significant damage to the plant equipment, extensive 
environmental damage would still occur, and cascading failures to 
other assets are expected. Loss of these services impact the 
service population through beach closures, swim advisories, and 
subsequent economic impact to the area. 

3A Treatment – Minimal Tier 3A assets are required to provide minimal levels of treatment. 
Failure of these assets would result in a partial loss of service with 
lesser environmental impacts and lesser cascading damages than 
Tier 2 assets.  

3B Treatment – Permit Tier 3B assets are required to meet permit. Failure of these assets 
would result in a partial loss of service with lesser environmental 
impacts and fines to the plant. 

4 Other Plant Services Tier 4 assets are those not related to treatment but needed for 
general plant operations, such as warehouse and storage facilities 
and odor control systems 

  

Assets within each facility were assigned tiers from Table 2-7. If a building contains Tier 1, 2, or 3 assets, 
then it is deemed critical for plant functionality. While facilities may contain assets with varying tiers, the 
highest tiered asset within each facility has been assigned to the facility as a whole. The tier assignment 
for each individual asset is available in Appendix B: Flood Rish Vulnerability Assessment and Design 
Criteria.  
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During a severe flood event, the primary objective is to maintain conveyance and treat the raw 
wastewater to the extent possible. Failure to maintain conveyance could result in the backup of raw 
sewage into people’s homes. Critical electrical equipment such as the emergency generator, normal 
power transformer, and substation, along with the assets in the Main Pump Building, account for all 
equipment needed to keep the raw sewage pumps in operation. Should any of these assets be lost, plant 
operation would immediately stop.  

 VULNERABILITY ASSESSMENT 
Flooding and extreme weather conditions can often result in treatment disruption, service loss, and 
damage to critical equipment. Flooding due to storm surge, (i.e. coastal flooding from tropical 
depressions), is often the single greatest cause of damage to coastal facilities as brackish water is very 
corrosive to mechanical and electrical equipment. Saltwater inundation requires that a large portion of 
impacted equipment be replaced or cleaned extensively due to corrosion. If impacted equipment, critical 
electrical equipment, is not replaced, latent damage can increase the risk of sudden and catastrophic 
service failure. 

The following section provides an assessment of Long Beach WPCP’s vulnerability based on facility 
elevation, historical impacts and impacts/vulnerability as revealed by Hurricane Sandy. Much of the 
facilities lie below even the current 10-percent annual chance flood elevation.  

5.1 Facility Elevations 
Long Beach WPCP has a 6.5-acre property located adjacent to Reynolds Channel. According to the 1951 
original general construction drawings (located in Appendix A: Facility Characterization), the plant's 
grade ranges from 7 to 10 feet NGVD29 (5.9 to 8.9 feet NAVD88) with a few low-lying exceptions closer 
to the water. The pump station grade ranges from 5 to 9 feet NGVD29 (5.5 to 7.5 feet NAVD88). To better 
identify flood vulnerability, engineers reviewed each structure to determine the low water entry point, 
service disruption elevation, and elevation at which critical equipment would be completely lost and 
require replacement. Table 2-8 demonstrates the low water entry point using grade and first-floor 
elevations taken from existing plant drawings.  

At 6 inches above the low water entry point, any basement area is considered completely flooded. This 
elevation often equals the service disruption elevation as saltwater can gain access to motor control 
centers and other minor electrical equipment, such as low-lying junction boxes (particularly in 
basements). Complete loss of functionality requires critical components such as pumps, motors, boilers, 
and gear drives to be submerged in salt or brackish water. That type of exposure would heavily corrode 
the components as well as short out an energized electrical equipment to the point of complete service 
loss.  
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Table 2-8: Critical elevations at Long Beach WPCP and Pump Stations 

Location  
Low Water 
Entry Point   
(ft NAVD88) 

Flood Elevation – 
Service Disruption                        

(ft NAVD88) 

Flood Elevation – 
Complete Loss of 
Functionality (ft 

NAVD88)*  

Screen House  4.65 5.15 6.5 

Main Pump Building  10.6 11.1 11.6 

Administration Building 10.6 10.6 11.1 

Grit Collector Building 11 11.54 12.04 

Digester Building  13.9 14.4 15 

Chlorination Building  9.9 10.0 10.4 

Sand Filter  11.65 11.75 12.15 

Primary Clarifiers 16.9 17.0 17.4 

Final Clarifiers 7.9 8.0 8.4 

Trickling Filters 11.65 11.75 12.15 

Sludge Filter Building  11.15 11.65 12.15 

Recirculation Building 13.9 14.4 15 

Chlorine Contact Tank 13.0 13.1 13.5 

Electrical Distribution 10.5 11 12.5 

Indiana Ave Pump 
Station 5.5 5.78 6.06 

New York Avenue 
Pump Station 7.5 7.35 7.72 

Roosevelt Avenue 
Pump Station 7 7.35 7.72 

*replacement of asset expected to be required 
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5.2 Vulnerability Based on Facility Elevation 
Engineers assessed vulnerability to flooding and extreme weather based upon facility and equipment 
elevations in relation to observed Hurricane Sandy flood elevations and the minimum and goal flood 
mitigation design elevations described in Table 2-6. The vulnerability assessment identifies the facilities 
that require flood prevention measures and their level of vulnerability and serves as the basis for ranking 
and prioritizing projects to address vulnerability and criticality in flood protection planning. Engineers 
evaluated vulnerabilities based on the 2015 NACCS elevations shown in Table 2-1. 

Table 2-10 provides a facility vulnerability matrix summarizing each facility’s vulnerability to the various 
flood elevations shown in Table 2-9 below. In addition Table 2-10 also shows vulnerability to the 0.2 
percent annual chance stillwater flood elevation for Long Beach WPCP and the pump stations. In Table 
2-11 the flood elevation includes wave action in addition to stillwater values, but no sea level rise. In 
Table  2-12 the flood elevation includes the sea-level rise and wave height in addition to stillwater values.  

Color coding and (Y/N) characters are used to highlight whether a facility is vulnerable (Y) to a particular 
flood elevation or not (N). The color coding is based upon the following: 

• Green means that the facility is not vulnerable to a particular flood elevation. 

• Yellow means anticipated service disruption 

• Red means complete loss of service; replacement of critical components is necessary.  

As can be seen from Table 2-10, Table 2-11, and Table  2-12, many critical facilities are vulnerable to 
frequent flood events. The plant’s electrical distribution system is particularly vulnerable, with service 
disruption expected at 10.5 feet and a complete loss of the transformer and emergency generator at 12.5 
feet. With the sea-level rise and wave action, the plant’s most critical electrical equipment would be lost 
during a 10 percent annual chance flood event, rendering the facility inoperable for a minimum of 7 days 
in order to provide temporary power to the plant, check/clean or replace/temp all downstream power 
distribution in each building, and energize the system. The Indiana pump station is the most vulnerable, 
with service disruptions expected at 5.78 feet and a complete loss of functionality at 6.06 feet. With the 
sea-level rise and wave action, all of the pump station’s critical equipment would be submerged. 

An additional concern not illustrated below is the Long Beach WPCP’s hydraulic profile. The Long Beach 
WPCP’s hydraulic profile uses head to move water from tank to tank, ultimately provides the force to eject 
treated effluent into Reynolds Channel. During a severe flood event, the plant would no longer have the 
head needed to overcome the conditions at the outfall. In addition, the head conditions of Reynolds 
Channel would cause the opposite to happen, turning the plants' outfall pipe into a flood pathway. 
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Table 2-9: 2015 NACCS Stillwater and wave height Elevations plus sea-level rise (ft, NAVD88) by percent 
annual chance exceedance probability 

Facility Elevation 10% 2% 1% 0.2% 

Long Beach WPCP 

Stillwater 7.4 9.3 10.5 14.0 

Wave Height 3.6 4.1 4.3 4.9 

Elevations without SLR 11 13.4 14.8 18.9 

Elevations with 2.5 ft SLR 13.5 15.9 17.3 21.4 

Indiana Ave Pump 
Station 

Stillwater 7.4 9.3 10.5 14.0 

Wave Height 1.3 2.1 2.8 3 

Elevations without SLR 8.7 11.4 13.3 17 

Elevations with 2.5 ft SLR 11.2 13.9 15.8 19.5 

New York Ave 
Pump Station 

Stillwater 7.4 9.3 10.5 14.0 

Wave Height 0.0 1.0 1.7 3 

Elevations without SLR 7.4 10.4 12.2 17.0 

Elevations with 2.5 ft SLR 9.9 12.8 14.7 19.5 

Roosevelt Ave 
Pump Station 

Stillwater 7.4 9.3 10.5 14.0 

Wave Height 0.3 1.3 2.0 3.1 

Elevations without SLR 7.7 10.6 12.5 17.1 

Elevations with 2.5 ft SLR 10.2 13.1 15 19.6 
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Table 2-10: Long Beach WPCP Facility and Pump Station Vulnerabilities without wave action or sea-level rise 

Facility 
Asset 

elevation 
Exposure to elevations without wave action or sea-level 
rise (percent annual chance and elevation in NAVD88) 

10% - 7.4 2% - 9.3 1% - 10.5 0.2% - 14.0 
Screen House  4.65 Y Y Y Y 

Main Pump Building  10.6 N N Y Y 

Administration Building 10.6 N N Y Y 

Grit Collector Building 11 N N Y Y 

Digester Building  13.9 N N N Y 

Chlorination Building  9.9 N Y Y Y 

Sand Filter  11.65 N Y Y Y 

Primary Clarifiers 16.9 N N N N 

Final Clarifiers 7.9 Y Y Y Y 

Trickling Filters 11.65 N N N Y 

Sludge Filter Building  11.15 N N N Y 

Recirculation Building 13.9 N N N Y 

Chlorine Contact Tank 13.0 N N N Y 

Electrical Distribution 10.5 N N Y Y 

Indiana Ave Pump 
Station 5.5 Y Y Y Y 

New York Ave Pump 
Station 7.5 N Y Y Y 

Roosevelt Ave Pump 
Station 7 Y Y Y Y 
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Table 2-11: Long Beach WPCP Facility Vulnerabilities with wave action, but no sea-level rise 

Facility 
Asset 

elevation 
Exposure to elevations with wave action, but no sea-level 

rise (percent annual chance and elevation in NAVD88) 

10% - 11 2% - 13.4 1% - 14.8 0.2% - 18.9 
Screen House  4.65 Y Y Y Y 

Main Pump Building  10.6 Y Y Y Y 

Administration Building 10.6 Y Y Y Y 

Grit Collector Building 11 N Y Y Y 

Digester Building  13.9 N N Y Y 

Chlorination Building  9.9 Y Y Y Y 

Sand Filter  11.65 Y Y Y Y 

Primary Clarifiers 16.9 N N N Y 

Final Clarifiers 7.9 Y Y Y Y 

Trickling Filters 11.65 N Y Y Y 

Sludge Filter Building  11.15 N Y Y Y 

Recirculation Building 13.9 N N Y Y 

Chlorine Contact Tank 13.0 N Y Y Y 

Electrical Distribution 10.5 Y Y Y Y 

Indiana Ave Pump 
Station 5.5 Y Y Y Y 

New York Ave Pump 
Station 7.5 Y Y Y Y 

Roosevelt Ave Pump 
Station 7 Y Y Y Y 
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Table 2-12: Long Beach WPCP Facility Vulnerabilities with wave action and sea-level rise 

Facility 
Asset 

elevation 
Exposure to elevations with wave action and sea-level 
rise (percent annual chance and elevation in NAVD88) 

10% - 13.5 2% - 16.9 1% - 17.3 0.2% - 21.4 
Screen House  4.65 Y Y Y Y 

Main Pump Building  10.6 Y Y Y Y 

Administration Building 10.6 Y Y Y Y 

Grit Collector Building 11 Y Y Y Y 

Digester Building  13.9 N Y Y Y 

Chlorination Building  9.9 Y Y Y Y 

Sand Filter  11.65 Y Y Y Y 

Primary Clarifiers 16.9 N N Y Y 

Final Clarifiers 7.9 Y Y Y Y 

Trickling Filters 11.65 Y Y Y Y 

Sludge Filter Building  11.15 Y Y Y Y 

Recirculation Building 13.9 N Y Y Y 

Chlorine Contact Tank 13.0 Y Y Y Y 

Electrical Distribution 10.5 Y Y Y Y 

Indiana Ave Pump 
Station 5.5 Y Y Y Y 

New York Ave Pump 
Station 7.5 Y Y Y Y 

Roosevelt Ave Pump 
Station 7 Y Y Y Y 
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5.3 Impact of Hurricane Sandy  

5.3.1 Long Beach WPCP  
Hurricane Sandy created a tidal surge with high winds and waves that overwhelmed the Long Beach 
WPCP facility. Structures at the plant were infiltrated with brackish water and in some cases, sewage as 
the floodwaters entered through doors, windows, vents, louvers, and floor drains. The City of Long Beach 
has spent $7,340,166 million (details provided in Appendix E: Benefit Cost Analysis) on interim repairs 
to date and suffered operational impacts for years due to lingering issues from the damage.   

Engineers recorded high water marks on buildings and equipment where available and determined other 
flood depths through the recordings of operating staff onsite during the storm. It was difficult to ascertain 
exact elevations in some instances. Equipment and materials were damaged for various reasons 
including being submerged in floodwaters, being subject to high winds, and being clogged or hit with 
debris.  

The main buildings affected at the Long Beach WPCP include: 

• Screen House 
• Main Pump Building  
• Recirculation Building 
• Chlorination Building   
• Digester Building  
• Sand Filter Building  
• Grit Collector Building 
• Secondary Clarifiers  

Mechanical, electrical, plumbing, instrumentation and controls, and HVAC equipment in these buildings 
were damaged and required emergency action.  Removal of debris, pumping water out of the basements, 
cleaning conduits, and replacement of electrical wire was necessary to allow for safe access for plant 
staff and contractors.   

The storm caused the plant to be offline for 12 hours. After floodwaters receded, emergency repairs 
brought the plant online, though damage to some plant processes caused them to remain offline days 
after the storm. Many processes had to be operated manually, such as raking out sediment from the 
influent bar screens, raising and lowering the influent gates, and removing sludge from the secondary 
clarifiers. After the storm, there were very few inhabitants on Long Beach, so most of the wastewater 
initially treated was primarily seawater that had entered the sewer system during the storm.  

Operators installed bypass pumps at the plant for two months because the check valves failed. The 
generator failed due to storm damage; the fuel pumps transferring fuel to the day tank failed so the 
generator was unable to receive fuel. This caused the generator to be offline for approximately one hour 
as a temporary pump was installed to manually pump fuel to the day tank and generator until the fuel 
pump could be repaired. 

The Grit Pumps were the last plant process to come back online. The Sand Filter was operated manually 
after Hurricane Sandy, so no outages were caused directly after the storm. Nevertheless, due to 
damages from Hurricane Sandy, the sand filters ceased to functionality over time and caused at lease 1 
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monthly SPDES permit violation. The Sand Filter and a sludge mixing pump in the Digester Building were 
repaired and put back online on February 2017. The plant continued to run off the backup emergency 
generator until LIPA power service was restored on Wednesday, November 14, 2012.  Refer to Appendix 
B: Flood Risk, Vulnerability and Damage Assessments for supporting evidence on damage incurred 
as a result of Hurricane Sandy. 

Table 2-13: Long Beach WPCP Hurricane Sandy Timeline 

Date Event Description 

October 29, 2012 

6:30 PM: Plant shut down as an emergency protective measure in preparation 
for Hurricane Sandy. 

7:00 PM: LIPA power service to plant lost. Backup emergency generator turned 
on.  

Floodwater entered the plant from the Bay to the north and the Atlantic Ocean 
to the south of the plant entering buildings and basement through floor drains, 
doors, etc. Sand from the beaches and seawater entered the sewer system and 
was transported to the plant.  

October 30, 2012 

Early Morning: After floodwater receded, residual floodwater was pumped out of 
basement facilitates. Conduits were drained, and electrical wires replaced to 
bring the plant online as part of emergency repair work.    

7:00 AM: Plant turned back on, running on the emergency generator, and 
gradually brought back into service beginning with the Main Influent Pumps, 
Influent Bar Screens, and Primary Clarifiers. Many processes run manually.  

November 14, 2012 Power service restored, back up generator no longer needed 

February 2017 Sand filter and sludge mixing pump brough back online 

 

A Damage Assessment and Bill of Materials are available in Appendix B: Flood Risk, Vulnerability, 
and Damage Assessments. The below includes key descriptions. 

Screen House and Main Pump Building 

The basement area in the Screen House and Main Pump Building filled with black water to approximately 
30 feet above the basement floor. Black water on the building’s exterior reached approximately 2 feet 
above grade elevation. Brackish or contaminated water submerged wiring, controls, and motors 
associated with the traveling screens, valve operators, vent duct, a boiler on the lower level, and a hot 
water tank on the lower level, as well as all conduit, conductors, fixtures, and other devices on the lower 
two levels. A partial cave-in ocurred next to the building, potentially due to the storm surge. The main 
influent flow pumps on the lower levels were replaced with submersible units installed in dry pit mode. All 
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submerged equipment was replaced. Some conduits were purged and dried. In addition, architectural 
damage occurred to the walls, doors, floors, machinery, and equipment which required cleaning, 
sanitizing, and/or painting. The sinkhole was filled.  

Chlorination Building 

The Chlorination Building was partially flooded with 1.5 feet of black water above the first floor.  The two 
bulk sodium hypochlorite storage tanks were stressed due to the force of the storm surge. One tank was 
reportedly leaking after the storm, and both were eventually replaced. Electrical panels that were 
submerged were also replaced. Damage to pumps and piping from water entry occurred and these 
damages required further inspection. Branch circuit devices and conduits required cleaning or 
replacement. Additionally, the chlorination building experienced architectural damage due to flooding. The 
walls, floors, doors, equipment, and machinery require cleaning, sanitization, and/or painting. The bulk 
sodium hypochlorite storage tanks require replacement. 

Recirculation Building 

The Recirculation Building is approximately 700 square feet with a basement. Floodwaters reached 9 feet 
above the finished floor in the basement and 1.5 feet above the finished floor on the first floor. The 
transformers, motor control centers, pump motors, wiring, and motor couplings were damaged due to 
flooding on the first floor. The basement level was completely submerged. Electrical devices, conduit, 
wiring, gauges, valve yoke assemblies, and pumps required replacement. The building also received 
architectural damage to walls, floors, doors, equipment, and machinery. These required cleaning, 
sanitizing, and/or painting. 

Other Facilities 

The Sludge Filter Building is primarily used as a storage/warehouse facility.  This building was flooded 
with black water up to 1.5 feet above the finished floor elevation. Damaged equipment that was stored in 
this building includes air filters, lamps, paint, cleaning supplies, paper goods, lawnmowers, chain saws, 
tools, and bicycles. The garage annex and exterior of the Sludge Filter Building also received 
architectural damage to floors, walls, doors, and equipment. These require cleaning, sanitizing, and/or 
painting.  

The Digester Building is at a high elevation. However, floodwaters entered the building through the 
basement, flooding it to approximately 25 feet above the basement floor elevation. This caused damage 
to electrical and mechanical equipment as well as architectural damage. The walls, doors, floors, floor 
drain piping, and machinery and equipment require replacement, cleaning, sanitizing, and/or painting.  

The Grit Collector Building consists of a lower level storage area and an upper operating level. The upper 
level including mechanical and electrical equipment was undamaged, but the lower level contained black 
water residue from 3 to 4 feet of floodwaters. This area received architectural damage to floors, walls, and 
the roll-up door.  

The Sand Filter Building was filled with black water up to approximately 5 feet above the finished floor 
elevation causing architectural damage to floors, walls, and the catwalk.  Mechanical and electrical 
equipment were damaged in this building due to flooding and were rendered inoperable. The sand filter 
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building repair and mitigation was substantially completed in February 2017. The scope of work included 
cleaning and removal of all residuals. Providing new mechanical and electrical equipment, removal of the 
existing and providing new heating and ventilation systems. Structural repairs were performed on the 
building. Currently, the sand filters are operational. The total cost of the project was $2,175,158. A 
detailed scope of work can be referred in Appendix D: Scope of Work Support.  

The Secondary Clarifiers also received damage to mechanical and electrical mechanisms such as 
motors, drives (gearbox/reducer), controls, and conduit.  All mechanisms within the tanks, including 
chains, bearings, and supports, required cleaning, lubrication, and inspection. 

In addition, the lift station was operating erratically, possibly due to overflooding from storm debris, and 
one flight on the trickling filter was damaged due to debris.  

Additionally, electrical service wire and feeders, which run underground, were damaged due to 
floodwaters and sewage.  

Service pad-mounted transformers throughout the plant require conduit cleaning and wiring removal and 
replacement. Refer to Appendix B: Flood Risk, Vulnerability and Damage Assessments for more 
information on damage caused by Hurricane Sandy to the pump stations. 

5.3.2 Pump Stations 
The Roosevelt and New York pump stations flooded to ground level, and both wet and dry wells 
completely flooded. The floodwaters entered the electrical room through the entrance doors and, 
air/generator exhaust louvers, flooding at least 2 feet above grade level. The saltwater corroded the 
electrical components and damaged the electrical equipment beyond repair. The New York pump station 
flooded to an elevation of approximately 11 feet. The first-floor elevation is 9.25 feet MSL resulting in 21 
inches in the first-floor control room. The Roosevelt pump station flooded 2 feet above the ground floor 
elevation of 8.74 feet to close to 11 feet. 

The Indiana pump station was destroyed and inoperable. This caused raw sewage to partially back up 
within the sewer system upstream within Indiana pump station, rendering the unit unsafe to enter. 
Sewage collected in the wet well was subsequently pumped to West Park and New York pump station, 
and eventually pumped to Long Beach WPCP.  

5.4 Effluent Quality 
After being offline for 12 hours, the plant process equipment was operated manually to keep the facility 
running within permit limits because a majority of the wastewater treated was seawater from the storm. 
The sand filter was not brought back online due to costly electrical repairs. Over time, the loss of the sand 
filter affected effluent quality at the plant, leading to increased suspended solids load. In April 2014, the 
plant had a monthly permit violation for suspended solids due to the loss of the sand filter, as seen in 
Table 2-14. Violations are also expected for the subsequent months; however, this data is not yet 
available. See Figure 2-10 for the monthly effluent quality data from August 2011 to April 2014. These 
demonstrate the volatility in the system resulting from Hurricane Sandy ultimately leading to the violation. 
Further effluency quality data can be found in Appendix E: Benefit Cost Analysis. 
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Figure 2-10: Monthly Average Effluent Quality Data 
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Table 2-14: Effluent Quality SPDES Permit Violations 

Long Beach WPCP 

Time 
Frame Date BOD 5 

(mg/L) 

BOD 
Permit 
Limit 

Suspended 
Solids (mg/L) 

Suspended 
Solids 
Permit 
Limit 

Violation 

Monthly November 2012 6 30 10 30 Compliant 

Monthly December 2012 11 30 14 30 Compliant 

Monthly January 2013 14 30 13 30 Compliant 

Monthly February 2013 10 30 10 30 Compliant 

Monthly March 2013 8 30 11 30 Compliant 

Monthly April 2013  11 30 17 30 Compliant 

Monthly May 2013 9 30 13 30 Compliant 

Monthly June 2013 11 30 16 30 Compliant 

Monthly July 2013 12 30 17 30 Compliant 

Monthly August 2013 8 30 13 30 Compliant 

Monthly September 2013 8 30 13 30 Compliant 

Monthly October 201 8 30 13 30 Compliant 

Monthly November 2013 8 30 15 30 Compliant 

Monthly December 2013 10 30 15 30 Compliant 

Monthly January 2014 10 30 18 30 Compliant 

Monthly February 2014 9 30 20 30 Compliant 

Monthly March 2014 7 30 22 30 Compliant 

Monthly April 2014 14 30 39 30 Violation 
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 KEY VULNERABILITIES 
The plant is at a relatively low elevation, and water was able to easily enter through doorways, windows, 
and floor drains. Several key vulnerabilities have been identified at the plant, and these are listed below.  

6.1 Basements 
At Long Beach WPCP, some of the most important equipment at the plant is located within the 
basements of facilities. During Hurricane Sandy, floodwaters inundated the Recirculation Building, 
Digester Building, Main Pump Building, and Screen House, completely filling the lower levels of the 
building and submerging and rendering critical equipment inoperable.  Flooded basements can be a 
particular problem because there is often so much water that the sump pumps within the facility shutoff, 
and there is no longer a means to pump the water out of the building. Unlike flooding at grade elevation, 
the floodwater at basement elevations will not eventually subside, but must be pumped out of the facility 
before repair and recovery can take place. The time to set up equipment and pump out water prolongs 
the period of service loss to the facility. In addition, prolonged submergence under saltwater and black 
water often causes extensive damage to equipment, more so than damages caused by freshwater or 
waters that recede quickly.   

6.2 Low-Lying Building Entrances 
Low-lying building entrances are another key vulnerability to wastewater treatment facilities. Even if the 
main entrance to the facility is above the floodwater level, if there are louvers or windows at low-lying 
elevations, water can still enter the facility and affect equipment. Nearly every facility at the Long Beach 
plant experienced flooding as water entered through low-lying doors, windows, vents, floor drains, and 
louvers. Significant damage occurred within many buildings at Long Beach WPCP due to water seeping 
into the buildings through open entrances.  

6.3 Low-Lying Electrical Equipment 
Electrical equipment is particularly vulnerable to flood damage at any wastewater treatment facility 
because the failure of one component can easily cause the failure of an entire system due to 
interconnections. In addition, electrical equipment is of utmost criticality as all systems within a plant rely 
on electricity to function. If even one system goes out, the plant could lose its capacity to treat and convey 
wastewater depending on the system. For example, even if pumps and motors at the plant are not 
damaged, if they cannot receive power or if their control systems are malfunctioning, they cannot be 
used. Motor control centers and control panels were damaged due to flood waters causing service loss at 
the plant. 

6.4 Hydraulic Profile at Long Beach WPCP 
The Long Beach WPCP’s hydraulic profile, which uses head to move water from tank to tank, presents 
significant vulnerability to service loss at the facility. During a severe flood event now or during high tides 
with sea level rise, the plant would no longer have the head needed to overcome the conditions at the 
outfall, and would flood from within from the backflow. 
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 OVERVIEW 
Part III: Mitigation Alternatives Evaluation is part of a Public Assistance 406 Hazard Mitigation 
Proposal that reviews flood vulnerability of the Long Beach Water Pollution Control Plant (WPCP) and 
three satellite pump stations and proposes mitigation measures in anticipation of future events like 
Hurricane Sandy. The sections in this 406 Hazard Mitigation Proposal include:  

Part I: Executive Summary  

Part II: Flood Risk, Vulnerability Assessment, and Design Criteria 

Part III: Mitigation Alternatives Evaluation 

Part IV: Scope of Work 

Part V: Benefit-Cost Analysis Methodology and Summary 

Part VI: Appendices  

The Team used the following process to evaluate project alternatives: 

• Clarify the mitigation objective and performance-based design criteria (see Part II) 
• Identify possible mitigation measures 
• Evaluate mitigation measures for technical feasibility and combine them into project alternatives 
• Evaluate project alternatives against criteria that consider social, technical, 

operational/administrative, political, legal, economic, and environmental implications  
• Allow the outcomes of the evaluation to determine the proposed project 

Part III, presented herein, outlines potential mitigation measures and project alternatives, as well as this 
alternatives evaluation process in more detail.  

 MITIGATION OBJECTIVE 
As described in Part II, the goal of mitigating critical infrastructure is to maintain an uninterrupted 
designated level of service. As such, the mitigation goal for the Long Beach WPCP and three satellite 
pump stations is to ensure continuous wastewater treatment service to the current population served by 
the Long Beach WPCP system. If this goal is not technically feasible in all flood scenarios, then engineers 
evaluate mitigation measures that would limit service interruption, such as those that would enable a 
rapid restart after floodwaters recede. 

Part II also outlines performance-based design criteria and the minimum and goal levels of protection 
used to guide project evaluation. The goal level of protection is to maintain level of service above the 0.2 
percent annual chance flood elevation plus sea-level rise over the expected useful life of the project.  
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 POSSIBLE MITIGATION MEASURES 
The PM-JV’s engineers identified a suite of possible mitigation measures to protect systems at Long 
Beach WPCP and at the three satellite pump stations to the minimum and goal design elevations 
described in Part II. Figure 3-1 provides the process the Team used to identify possible mitigation 
measures, which we further refined given feasibility and cost-effectiveness assessments, as well as 
consideration of other factors.  

 

Can the asset or its 
functions be 

removed from 
harm’s way?

Select measure for 
review

Can a measure 
prevent floodwaters 
from accessing the 

asset?

Can the asset be 
hardened against 

floodwaters?

If flooded, can rapid 
restart of the asset 

be ensured following 
the incident?

Select measure for 
review

Select measure for 
review

Select measure for 
review

Seal off the path and 
contain breaches to 

limit floodwaters 
within the facility

 
Figure 3-1: Process used to identify possible mitigation measures 
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 INITIAL TECHNICAL EVALUATION CRITERIA 
The Team evaluated potential mitigation measures identified using the process illustrated in Figure 3-1, 
and further developed alternative scopes for one or a combination of several mitigation actions for each 
system based on initial technical evaluation criteria. The initial technical criteria engineers used to narrow 
feasible mitigation measures and combine them into project alternatives included engineering feasibility, 
cost-effectiveness, and expected impact on regular maintenance and operations at the facility.   

4.1 Engineering Feasibility 
Proposed mitigation measures for each system must be technically feasible. Example considerations 
include whether the action can be completed within a reasonable amount of time, is technically sound 
given existing resources and engineering standards, can reliably reduce vulnerability, and can provide an 
appropriate level of protection. The PM-JV also found it important to pursue mitigation actions that would 
not only address long-term goals, but that could also be maintained within current capabilities. Each 
structure, system, and the asset have a unique set of characteristics, which may make one mitigation 
measure more feasible than another for any given portion of a facility.  

4.2 Cost-Effectiveness 
Once engineers identified one or a combination of mitigation measures that fulfill the mitigation objective 
and eligibility criteria, they subjected these measures to preliminary cost-effectiveness review. The review 
compared life cycle costs across options, in order to understand the near- and long-term implications of 
the measures. In addition, analysts compared the benefits of the measures to the life-cycle costs to 
assess whether the project was worth undertaking now, in order to avoid disaster-related damages later.  

4.3 Impact on Normal Operations and Maintenance 
Maintenance and operations are vital to consider when identifying mitigation measures for a complex, 
interdependent, and critical facility such as a wastewater treatment facility and pump stations. Any flood 
mitigation measures should not disrupt or complicate daily service provision. As such, engineers carefully 
weighed the benefits and difficulties of any measures that may complicate operations for existing staff 
and explored alternatives wherever possible. For example, elevating assets can result in access issues, 
but so can dry flood proofing in certain circumstances.  

4.4 Measures Evaluated 
Based on best practices, the Team developed mitigation measures for further evaluation (see Table 3-1). 
Each measure had unique technical, economic, operational, and risk reduction benefits and drawbacks 
that were considered in determining the most appropriate mitigation alternative for each system.  
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Table 3-1: Measures Identified and Evaluation Considerations 

Item Measure Description Benefit Drawback 

1 

 
Dry Flood 
Proofing 

• The structure is made 
watertight below the level of 
protection. Walls are sealed 
with waterproof coatings, 
impermeable membranes, or 
a supplemental layer of 
masonry or concrete 

• Sealing of wall apertures that 
are potential sources of 
water infiltration and the 
installation of flood-resistant 
door or barricades at the 
entrances of buildings 

• Effective at 
mitigating flood 
damage generally 
below three feet of 
depth 

• Doors effective if 
maintained, 
operable, and closed 
before the event. 
 

• May create unbalanced forces that 
can jeopardize walls and 
foundations designed to resist the 
hydrostatic and hydrodynamic loads. 
Therefore, engineers may need to 
further evaluate the technical 
feasibility of the action, depending 
upon the structure. 

• May require emergency protective 
measures and deployable solutions 
at entryways, which provide possible 
points of failure in an event 

• Access limited when door/ 
barricade(s) closed 

• Training and exercising required to 
reduce the possibility of human error 

2 
Permanent flood 

walls around 
individual 
facilities 

• Permanent floodwalls 
surrounding facilities. 

• Flood gates or ramps for 
egress 

• May provide a higher 
level of protection 
than dry 
floodproofing 

• Assets may possibly 
be operated during 
an event 

• Flood gates/doors at entryways 
must be maintained, operable, and 
closed before flooding 

• Could possibly impact normal 
operations by taking up space and 
providing fewer entry/exit points into 
facilities 

• Requires effluent pumping in order 
to maintain conveyance during a 
storm due to system hydraulic profile 

3 
Deployable 
flood walls 

around facilities 

• Deployable flood protection 
solutions around facilities 
(i.e., tiger dams) 

• Little daily impact on 
operations 

• Often a desirable 
solution for small 
scale deployment 

• Significant effort typically required 
for setup before a storm event 

• Maintenance and storage can be 
complex and may diminish over 
time, increasing the risk of error or 
product failure 

• Training and exercising required to 
reduce the possibility of human error 

• Requires effluent pumping in order 
to maintain conveyance during a 
storm due to hydraulic profile 

4 

 

Raising of 
Assets above 

design elevation 

• Elevation of assets above 
the design elevation to 
provide protection from 
floodwaters 

• Relocate electrical rooms 
from the basement and first 
floors to elevations above 
the design elevation 

• Effective at 
mitigating damage to 
the asset 

• Electrical assets can 
continue operating 
during a flood event 
until a threshold level 

• Passive flood 
protection 

• There may be tradeoffs between 
accessibility and risk reduction 

• Effectiveness requires combining 
mitigation with other related assets 
(i.e., controls with pumps) 

• Does not protect feeder, distribution 
wiring from substations, nor external 
wires and conduit 

• Large structural modifications 
required for some facilities 

• Space is limited, so building 
reconstruction may need to occur in 
some cases 
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Item Measure Description Benefit Drawback 

5 Submersible 
Assets 

• Installation of submersible 
assets may include pumps, 
motors, cables, or other 
components which meet 
standards for submergence 

• Updated assets (e.g. pumps) 
will be made to be capable of 
handling a 0.2 percent 
annual exceedance 
probability flood elevation 

• Effective at 
mitigating damage to 
the asset 

• Assets can be 
operational during 
the event 

• There may be a trade-off between 
accessibility and risk reduction 

• Effectiveness requires combining 
mitigation with other related assets 
(i.e., controls with pumps) 

 

6 

 

Wall, Berm, or 
Levee 

surrounding the 
entire plant in 
combination 

with a 
stormwater 

control system 

• Raised wall or berm around 
buildings and plant systems 
to provide flood protection to 
the design elevation 

• Stormwater pumping system 
and/or onsite stormwater 
storage to keep the site from 
internally flooding due to rain 
waters 

• Provides protection 
to all systems within 
the LB WPCP, and 
not just specific ones 

• All facilities can 
continue to function 
during construction 
(no impact on facility 
operation) 

• All facilities can 
continue to function 
during a storm event. 

• May include green 
infrastructure 
concepts 

• Requires detailed subsurface 
geotechnical investigations 

• Requires landscaping and 
maintenance of berms 

• Breeching or overtopping could 
result in catastrophic effects – 
additional internal flood measures 
are still recommended 

• Requires an Environmental Impact 
Assessment 

• Requires effluent pumping in order 
to maintain conveyance during a 
storm due to the LB WPCP 's 
hydraulic profile 

7 Wet Flood 
Proofing 

• Retrofitting buildings with 
openings designed to allow 
floodwaters to flow in and out 
to minimize hydrostatic 
pressure on walls 

• Effective at reducing 
structural damages 
to buildings 

• Balanced 
hydrostatic/ 
hydrodynamic forces 
- no structural 
concerns 

• Clean-up costs associated with 
contaminated water (i.e. blackwater) 
entering buildings 

• Contents still at risk 

8 
Relocate 

facilities outside 
of floodplain 

• Relocate at risk facilities 
outside of the special flood 
hazard area 

• Significant mitigation 
of flood risk for all 
assets 

• Would require complete 
replacement of all assets 

• Land may not be available 
• May not be technically feasible / 

may present challenges in pumping 
wastewater from the service 
population 

9 
Relocate 
treatment 

functionality only 

• Relocate functionality to an 
existing fortified facility with 
significantly lower flood risk 

• Construct supporting 
infrastructure to convey 
wastewater to the alternate 
facility 

• Reduces risk to all 
buildings and assets 

• Will provide a higher 
effluent quality than 
the existing facility 

• Requires demolition of existing 
assets and construction of 
supporting infrastructure 

10 Mitigation 
reconstruction  

• Demolish the existing 
structure  

• Rebuild the structure in the 
same location to flood 
protection standards 

• Mitigates majority of 
flood risk to buildings 
and assets 

• Phasing considerations—the LB 
WPCP must be kept in service at all 
times, so the construction period 
would likely be significant 

• Highest cost option 
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 FLOOD MITIGATION ALTERNATIVES EVALUATION – 
LONG BEACH WPCP  

As a result of the review of mitigation measures identified above, the Team identified three mitigation 
project alternatives for the Long Beach WPCP for further evaluation. Each of these alternatives includes 
multiple flood mitigation measures to provide multiple lines of defense for protection against future 
damaging flood events, consistent with the Nassau County flood mitigation strategy. Of the three 
alternatives, the City and County selected Alternative 2, which includes relocating facility treatment 
functionality and converting the LB WPCP to a pump station. Section 5, herein, describes each alternative 
and the process used to arrive at the selected project alternative. Table 3-2 summarizes the alternatives, 
capital costs, and ultimate determination.  

Table 3-2 Overview of Alternatives and Determination 

Alternative Description Capital Costs Determination 

1 Relocate or 
Elevate Long 
Beach WPCP 

Relocate or elevate Long Beach WPCP 
by demolishing the existing Long Beach 
WPCP and rebuilding the LB WPCP 
above the goal design elevation described 
in Part II. 

Not calculated  Not recommended 
due to feasible 
issues 

2 Relocate 
Facility 

Treatment 
Functions 

Relocate Long Beach WPCP wastewater 
treatment functionality to the Bay Park 
STP, which is fortified with multiple lines 
of defense to above the 0.2 percent 
annual chance flood event elevation with 
sea-level rise. 

$88M in capital 
costs 

Recommended. 
Least cost, highest 
resilience 
alternative 

3 Mitigate 
Existing 
Facility 

Mitigate each facility at the existing plant 
with a combination of mitigation measures 
including a perimeter floodwall, installing 
new effluent pumps, installing 
submersible equipment, and raising 
equipment to above the design elevation 
described in Part II. 

This approach would also require 
extensive upgrades to improve effluent 
quality. Expected final requirements could 
cost $206 million (see Appendix C: 
Alternatives Evaluation).  

$104M in capital 
costs plus $206M 
in treatment 
quality upgrades, 
totaling a possible 
$310M in required 
expenditures 
associated with 
this alternative 

Not recommended 
due to cost and 
long-term resilience 
concerns 
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5.1 Description of Alternatives 

5.1.1 Alternative 1: Relocate or Elevate Long Beach WPCP  
Alternative 1 includes demolishing the existing Long Beach WPCP and rebuilding the LB WPCP at a 
location above the design flood elevation. The new plant can be built in the same location or can be 
relocated outside of the special flood hazard area (FEMA 0.1 percent annual chance, or 100-year, 
floodplain).  Rebuilding an elevated plant in the same location removes flood risk because the plant is 
elevated.  Nevertheless, if a flood occurs that is above the design elevation, damages can still occur at 
the LB WPCP.  Elevating the LB WPCP would be costly, and there would be significant issues with 
phasing during construction to build the new plant while keeping the existing plant operational.   

Relocating the LB WPCP outside the mapped floodplain would significantly reduce flood risk.  
Nevertheless, no such location is available within the Long Beach area.  LB WPCP would have to move a 
significant distance inland to leave the floodplain.  Recreational, residential, or commercial space would 
need to be converted or make room for a new plant further inland.  

Although elevating the LB WPCP reduces flood risk considerably, the Team quickly determined that the 
option to rebuild or relocate the LB WPCP in its entirety is not feasible due to location constraints and 
cost, and the presence of less expensive more technically feasible alternatives. The Team did not 
develop a cost estimate for this alternative due to the many factors leading to its removal from 
consideration.  

5.1.2 Alternative 2: Relocate Facility Treatment Functionality  
Alternative 2 includes relocating Long Beach WPCP wastewater treatment functionality only to the Bay 
Park STP. This would require supporting infrastructure in the form of converting the Long Beach WPCP to 
a pump station and a force main from Long Beach WPCP to Bay Park.  

Force Main Design 
The project would build the force main marine crossing under Reynolds Channel to connect Long Beach 
WPCP to Bay Park STP. Three in-water construction techniques could be utilized: weighted/collared pipe, 
trenching, or horizontal directional drilling (HDD). HDD is the preferred recommendation for the marine 
force main crossing (see Appendix D: Scope of Work Support). Environmental factors would be 
accounted for in the geotechnical investigation program, design, and construction specifications.  

HDD involves drilling a pilot hole through the alignment, reaming the hole to a slightly larger diameter, 
and pulling the pipe through the hole. The pipe depth would minimize disruption to the marine 
environment and marine traffic, as well as reduce tidal scour.  

The County’s PM-JV also performed a planning study that identified other potential routes and associated 
impacts and costs of those routes. The decision to construct the force main through the Hassocks Islands 
was based on the results and discussion of the impact to residents using extensive cut and cover 
methods for alternate force main routes. Constructability is not a concern using the cut and cover method, 
but the potential cost for dewatering would be a major concern given the extensive depth that must be 
trenched to avoid existing utilities and pumping requirements. Construction through the Hassock Islands 
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will eliminate the impact to residents and businesses on the mainland. For details on the various design 
alternatives that the PM-JV investigated for the alignment, refer to Appendix D: Scope of Work 
Support.  

Pump Station Design 
The strategy includes demolishing the existing pump station superstructure in its entirety and preserving 
the existing wet well and dry well layout. The existing pumps would be removed and replaced with four (4) 
new submersible pumping units designed to handle the average daily flow and peak flow while allocating 
sufficient pumping capacity to back up the system in case any of the units fails to operate. Two new light 
frame buildings would be installed above the design elevation and supported on a separate foundation to 
house the electrical equipment and generator.  

The total estimated cost of this flood mitigation Alternative 2 at Long Beach WPCP is approximately $88 
million (see Appendix C: Alternatives Evaluation for a comparison of the cost with Alternative 3, and 
Appendix D: Scope of Work Support for a detailed cost estimate).  

5.1.3 Alternative 3: Mitigate Existing Facility  
Alternative 3 would keep the existing Long Beach WPCP and mitigate all critical systems and equipment 
within the structures at the LB WPCP. See Table 3-3 for the measures selected at each facility.  Some 
measures from Table 3-1 are not feasible for this option. As such, they are not shown in Table 3-3. 
Measures taken to protect the LB WPCP would include a perimeter floodwall, raising equipment, installing 
submersible equipment, and installing watertight doors and windows, where appropriate. This alternative 
would match the Bay Park STP flood mitigation strategy to protect equipment at the LB WPCP and allow 
it to remain operational up to a 0.2 percent annual chance flood event.  

Long Beach WPCP currently operates with a hydraulic profile that moves the increasingly treated water 
through the primary settling tank, trickling filter, final settling, sand filter, and chlorine contact tanks. The 
head condition of the water as it leaves the chlorine contact tank into the outfall channel is what provides 
the force needed to move the water into the Hassocks. Unfortunately, as currently designed, the facility 
would be unable to overcome the head conditions during a severe flood event.  

As outlined in Part II, the 0.2 percent annual exceedance probability stillwater elevation is at 14.0 ft 
NAVD88. Under such conditions, the outfall would not only fail to discharge the LB WPCP effluent but 
would also become a flood pathway where water would back up into the LB WPCP. The only recourse is 
to install effluent water pumps that would mechanically lift the LB WPCP effluent such that it can 
overcome the anticipated head conditions. Without effluent water pumps, under storm conditions 
conveyance would stop or the LB WPCP would begin to flood itself at a rate of 7.5 MGD (roughly to a 
depth of 5 feet across the whole LB WPCP area if the flood event lasted 24 hours). 

The capital cost estimate for Alternative 3 is $104 million. Refer to Appendix C: Alternatives Evaluation 
for detailed cost estimates. 

An additional cost that must be considered in the mitigation of the Long Beach WPCP is the new nitrogen 
requirement set forth in the Long Beach WPCP SPDES permit modified in December 2008, as well as 
expected evolution of those requirements over the next couple years. While FEMA would not cover such 
costs, they must be born by the public if the facility were to remain in place.  
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Based on the City’s 2017 engineering report performed by its consultant, in 2008, it was determined that 
the WPCP was not capable of meeting the new discharge limitations for ammonia and TRC enacted by 
the New York State Department of Environmental Conservation (DEC) early that same year. The new 
water quality-based standards for ammonia and dissolved oxygen for treatment facilities discharging into 
marine waters, including Reynolds Channel had been modified. Subsequentially, DEC proceeded to 
modify the SPDES permits for outfalls discharging into the Western Bays, including the discharge permits 
of the Greater Atlantic Beach Water Reclamation District. The City of Long Beach SPDES permit incurred 
updates to both ammonia and dissolved oxygen effluent limits. As a result, the City developed an 
Engineering Report in January of 2011 that provided a detailed analysis of the existing conditions of the 
WPCP and the alternatives available for achieving compliance for both ammonia reduction and total 
residual chlorine. The City submitted the Engineering Report to the DEC and received approval in 
September of 2011, along with a Compliance Schedule. On October 29, 2012, before its recommended 
plan of action could be implemented, Hurricane Sandy came ashore and damaged the Long Beach 
WPCP. Consequently, the modifications to the WPCP were put on hold.  

DEC has continued assessing how these requirements would evolve. In 2014, the PM-JV team released 
a technical memorandum describing conceptual cost estimates for the Bay Park STP and the Long Beach 
WPCP to meet Total Nitrogen (annual average) effluent limits of 8 mg/l, 4 mg/l, and <2 mg/l.  The memo 
estimated the cost of upgrading the Long Beach WPCP to meet an effluent limit for nitrogen equal to the 
mid-point 4 mg/l at Long Beach WPCP at $195 Million ($206 million escalated to today’s dollar value). 
See Appendix C: Alternatives Evaluation for documentation.    

This would bring the total capital cost (mitigation plus code and standards) for the County and the City to 
over $310 million for Alternative 3. 

Table 3-3: Mitigation Measures at Long Beach WPCP 

 Install Watertight 
Doors and 
Windows 

Raise Assets Install 
Submersible 

Assets 

Plant Boundary Wet Flood 
Proofing 

Screen House X X 
 

X  
Main Pump Building  X X X X  
Administration Building  X   X  
Digester Building  X X X X  
Recirculation Building  X X X X  
Grit Collector Building  X X X X  
Sand Filter  X X X X  
Primary Clarifiers   X 

 
X  

Final Clarifiers  X 
 

X  
Trickling Filters  X  X  
Sludge Filter Building     X  
Chlorination Building  X X X X  
Chlorine Contact Tank  X  X  
Electrical Distribution  X  X  
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5.2 Alternatives Evaluation  
The Long Beach WPCP is highly vulnerable to coastal flooding and faces issues from nitrogen loading in 
the Western Bays. Nearly every structure at the site anticipating to flood and sustain heavy damages due 
to sea-level rise, as described in Part II. After discarding Alternative 1 due to feasibility and cost 
effectiveness concerns, engineers evaluated relocating treatment services to Bay Park STP (Alternative 
2) against a capital improvement project where the City of Long Beach would mitigate the facility to the 
0.2 percent annual chance flood elevation and provide improvements for enhanced nitrogen removal and 
total residual chlorine reduction (Alternative 3). Relocation of treatment functionality to Bay Park STP is 
the least cost alternative and has better near and long-term community, environmental, and operational 
benefits. 

5.2.1 Engineering Feasibility 
Given the vulnerability associated with each wastewater process and the physical constraints of the 
facility, there are significant limitations to mitigation. Alternative 3, a site-wide solution such as a 
reinforced concrete floodwall would be an engineering challenge due to the height and depth of the wall. 
Additionally, the LB WPCP will need an effluent pumping station to handle the flow leaving the facility 
during severe flooding events. A secondary emergency power would be required to start and operate the 
effluent pumps in addition to the existing emergency electrical operating loads of the LB WPCP. Space 
constraints would be exacerbated by the nitrogen removal upgrades infrastructure demanded by both 
existing and expected new limits in the SPDES permit. 

5.2.2 Cost Effectiveness 
The estimated amount of pollutants removed per year by Bay Park through Alternative 2 is 
approximately 292,000 lbs of Total Nitrogen (TN).  This is equivalent to 100 percent TN removal.  In 
addition to the projected capital costs to upgrade the Long Beach WPCP to meet nitrogen removal 
requirements, the projected operating cost to achieve 85 percent TN removal is $3.2 million per year.  
The cost savings from the TN removal is estimated to be $13 per pound of TN removed annually.  
Therefore, if Long Beach WPCP were to remain, significant costs towards upgrading the treatment 
processes at Long Beach would be required to remain compliant with the latest effluent discharge 
permits; even further upgrades are expected for requirements currently in review (see Attachment C).         

Evaluating the financial implications of remaining as a stand-alone entity (Alternative 3) versus 
consolidating (Alternative 2), the overall current and future costs of both scenarios need to be 
considered.  Table 3-4 compares net present value costs over the next 20 years. The present value of 
Alternative 3, mitigating the existing treatment plant, is approximately $426 million over the next 20 
years. In comparison, relocating treatment functionality and hardening pumping assets represents a 
present value of $113 million, a difference of $313 million.  
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5.2.3 Operations and Maintenance 
Alternative 3, mitigating the existing Long Beach WPCP in place, presents significant increased 
operations and maintenance requirements over Alternative 2, which will relocate the treatment 
functionality of Long Beach WPCP and downgrade the facility to a pump station. The reduced footprint 
offered by Alternative 2 also reduces requirements for training and exercising, maintenance of openings, 
gates, and equipment required for effective operation of flood protection measures. In addition, by 
downgrading the facility to a pump station, overall maintenance requirements will reduce. Any expected 
additional maintenance requirements at Bay Park as a result of Alternative 2 are expected to be minimal.  

5.3 Recommended Flood Mitigation Approach – Long Beach WPCP 
Relocation of treatment services to Bay Park STP is a cheaper option based on capital construction costs 
and future operation costs. Relocating services to Bay Park will also bring many benefits to the area such 
as water quality improvement, ecosystem and economic revitalization in the region, and compliance with 
future regulatory limits. Additionally, the Bay Park STP has already undergone mitigation upgrades as a 
result of the damage from Hurricane Sandy. The upgrades include improvements to treatment processes, 
which result in better quality effluent.  

The recommended approach is consistent with other Nassau County flood mitigation actions to date, as 
well as Nassau County’s overall wastewater resilience strategy and program. Nassau County has 
successfully consolidated other municipally owned wastewater treatment infrastructure, including most 
recently the Villages of Lawrence and Cedarhurst. The two facilities were originally constructed in the 
1950s and were upgraded to secondary treatment in the 1960s by installation of trickling filters, like the 
City of Long Beach WPCP. Wastewater from the two villages were transferred via the County’s updated 
Inwood Pump Station along approximately three (3) miles of force main to the Bay Park STP for 
treatment. 

The Long Beach WPCP project will also help achieve the goals of Nassau County’s Consolidated Master 
Plan for wastewater management, the South Shore Estuary Reserve Act, the Reserve’s Comprehensive 
Management Plan, and the Long Island Nitrogen Action Plan. In addition, this project will provide 
opportunities for changes to the Western Bays, allowing more discussions and a new model for 
marshland restoration to be created, modeling after the successful Hempstead Harbor Protection 
Committee.  
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Table 3-4: Present Value Analysis – Existing (Mitigation and Nitrogen Upgrades) versus Consolidation 

 

Long Beach WPCP - Mitigation and Nitrogen Upgrades Long Beach WPCP - Consolidation of Wastewater Services
Long Beach WPCP: Avg. Daily Flow: 7.0 MGD / 4.5 MGD Actual Long Beach WPCP: Avg. Daily Flow: 7.0 MGD / 4.5 MGD Actual

Estimated Annual Operating Costs Estimated Annual Operating Costs 

(Year 0) Sewer Maintenance 
(2017 data) 883,722$         (Year 0)

Sewer 
Maintenance 
(2017 data)

883,722$           

(Year 0) WPCP Maintenance 
(2017 data) 1,676,182$      (Year 0)

WPCP 
Maintenance 
(2017 data)

1,676,182$        

(Year 4) Nitrogen Removal                
(Yr 0 = 4,000,000) 4,502,035$      (Year 4) As Pump Station 

(Yr 0 = 20,000) 22,510$             

(Year 4)
Future w/ N Removal 
(Sewer + WPCP + 
Nitrogen)

7,383,230$      (Year 4)
Future w/ Pump 
Station (Sewer + 
Pump Station)

1,017,147$        

Rate per period (discount) = 1.03 Rate per period (discount) = 1.03
Growth rate (inflation) = 1.03 Growth rate (inflation) = 1.03

Year 0-3: Sewer+WPCP Year 0-3: Sewer+WPCP
Year Annual Cost Present Value Year Annual Cost Present Value

2020 0 2,559,904$             2,559,904$      2020 0 2,559,904$         2,559,904$        
2021 1 2,636,701$             2,559,904$      2021 1 2,636,701$         2,559,904$        
2022 2 2,715,802$             2,559,904$      2022 2 2,715,802$         2,559,904$        
2023 3 2,797,276$             2,559,904$      2023 3 2,797,276$         2,559,904$        

Year 4 and future: Sewer+WPCP+Nitrogen Removal Year 4 and future: Sewer+ new Pump Station
Year Annual Cost Present Value Year Annual Cost Present Value

2024 4 7,383,230$             6,559,904$      2024 4 1,017,147$         903,722$           
2025 5 7,604,727$             6,559,904$      2025 5 1,047,661$         903,722$           
2026 6 7,832,868$             6,559,904$      2026 6 1,079,091$         903,722$           
2027 7 8,067,854$             6,559,904$      2027 7 1,111,464$         903,722$           
2028 8 8,309,890$             6,559,904$      2028 8 1,144,808$         903,722$           
2029 9 8,559,187$             6,559,904$      2029 9 1,179,152$         903,722$           
2030 10 8,815,962$             6,559,904$      2030 10 1,214,527$         903,722$           
2031 11 9,080,441$             6,559,904$      2031 11 1,250,963$         903,722$           
2032 12 9,352,855$             6,559,904$      2032 12 1,288,491$         903,722$           
2033 13 9,633,440$             6,559,904$      2033 13 1,327,146$         903,722$           
2034 14 9,922,443$             6,559,904$      2034 14 1,366,961$         903,722$           
2035 15 10,220,117$           6,559,904$      2035 15 1,407,969$         903,722$           
2036 16 10,526,720$           6,559,904$      2036 16 1,450,209$         903,722$           
2037 17 10,842,522$           6,559,904$      2037 17 1,493,715$         903,722$           
2038 18 11,167,797$           6,559,904$      2038 18 1,538,526$         903,722$           
2039 19 11,502,831$           6,559,904$      2039 19 1,584,682$         903,722$           

Subtotal PV of Annual Costs 115,198,080$  Subtotal PV of Annual Costs 24,699,168$      

Future Capital Projects Future Capital Projects
 $  104,000,000  $     88,000,000 
 $  206,000,000 ######

Subtotal PV of Future Capital Costs 310,000,000$  Subtotal PV of Future Capital Costs 88,000,000$      

Total PV 426,000,000$  Total PV 113,000,000$    

WPCP Mitigation 
Nitrogen (4mg/l)

Conversion to PS & FM 
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 FLOOD MITIGATION ALTERNATIVES EVALUATION – 
SATELLITE PUMP STATIONS  

As a result of the evaluation of mitigation measures identified in Section 3 above, the Team identified 
several mitigation options for the three pump stations. These mitigation measures provide multiple lines of 
defense for protection against future damaging flood events. This approach is consistent with Nassau 
County’s strategy for flood prone infrastructure and has been implemented at Bay Park STP and other 
wastewater facilities County-wide. There are three main flood mitigation alternatives for the three satellite 
pump stations:  

1. Pump station hardening 
2. Elevating critical equipment 
3. Installing a floodwall  

All options consider equipment tiering, as described in Part II.  

6.1 Description of Alternatives 

6.1.1 Pump Station Hardening  
Dry floodproofing, also known as hardening, are the methods used to provide a protective seal around the 
pump station structure to keep the floodwater from entering the facility. This involves engineering 
methods to ensure internal and external structural reinforcement and floodproofing penetrations, like 
doors and vents. This would involve intensive rehabilitation at each of the pump station’s superstructures. 
The superstructure would need to be equipped to withstand the hydrostatic load of the flood mitigation 
design elevation. There are two hardening options described herein: grouted CMU wall and new concrete 
block wall. 

New Grouted CMU Wall. A new steel-reinforced grouted CMU wall would be built around the perimeter 
of the pump station building(s). This wall would be flush to the exterior façade of the existing walls and 
would be designed to prevent floodwater from entering the station. Additionally, the wall would be 
designed to withstand hydrostatic pressure of floodwaters. The roof of the facility would need to be 
modified to accommodate the ability to withstand the hydrostatic pressure as the flood mitigation design 
elevation is at a higher elevation than the rook peak. 

New Concrete Block Wall. A new steel-reinforced concrete block wall would be built around the 
perimeter of the pump station building(s). This wall would be offset roughly one foot from the exterior 
façade of the building. Additionally, the wall would be designed to withstand the hydrostatic pressure of 
the standing water from storm events. The roof of the facility would need to be modified to withstand the 
hydrostatic pressure as the flood mitigation design elevation is at a higher elevation than the rook peak.   

Generally, the advantages of building a wall around the building(s) are that the pump station structure 
largely stays within the same footprint, as a result, the existing equipment does not have to be elevated, 
and/or relocated. The disadvantages of building these walls are that the design of these structures will be 
pending a full evaluation of the existing foundation and the key structural components of the existing 
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building, which may not be able to carry the new imposed loads. This is a risk that may yield extensive 
excavation, possible reconstruction, and/or reconfiguration of the structural members of the facility.  

6.1.2 Elevating Critical Equipment  
This option includes raising the critical equipment above the goal flood mitigation design elevation. A new 
separate concrete platform with a new electrical building housing the pump station’s critical equipment 
that sits on top of the concrete platform would be built. The height of the platform would be designed to 
match the flood mitigation design elevation. This structure would be designed to handle expected loads 
from debris that could be carried during storm events.   

The advantages of this option are that the electrical equipment would be above the flood mitigation 
design elevation and the likelihood of flood damage during a storm event is reduced. The disadvantage of 
this option is that the new structures will require additional space, and the top of the new structure will be 
much higher than the existing grade elevation, adding the need for additional design reviews and 
approvals.   

6.1.3 Floodwall 
This option includes building a steel-reinforced floodwall around the pump stations. The existing facilities 
would remain as in existing conditions, no modifications are expected. The top of the floodwall would 
match the flood mitigation design elevation at elevation 21.4-feet NAVD88 (approximately) wrapping 
around the entire pump station area.   

Similar to the above-mentioned options, the advantages of this option are that this measure would reduce 
risk of floodwaters entering the pump station but would need no modifications to the existing pump 
stations. The disadvantages of this option are that the floodwall would be approximately 10 feet above 
grade, requiring extensive underground utility relocation and coordination. Additionally, in order to provide 
full water protection, the floodwall may need to be built deep down into the ground, this implies extensive 
earthwork, including excavation, sheeting, and dewatering. 

6.2 Alternatives Evaluation Criteria 
The engineering evaluation criteria used for determining the best alternative regarding each of the three 
satellite pumping stations was based on the following elements: 

• Technical feasibility. This refers to an on-site evaluation of the structural soundness of the 
existing buildings housing each pumping station and their ability to resist stresses from the 
additional dead load of external walls. 

• Physical constraints. Any modification and/or additions to the existing pumping stations should 
remain within the existing lot of the facility due to space constraints. 

• Architectural blending. The proposed modification and/or additions to the existing pumping 
stations should be designed as to maintain the collective architectural elements of the adjacent 
buildings and blend with the neighborhood. 
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6.3 Recommended Flood Mitigation Action – Satellite Pump Stations 
Roosevelt Blvd PS and New York Ave PS: The design elevation calculated for these locations are as 
follows: 

• Roosevelt Blvd PS: 19.6 feet (NAVD88) 
• New York Ave PS: 19.5 feet (NAVD88) 

Since at these elevations the entire pumping stations will be under water, the buildings would need to be 
prepared to withstand the overall hydrostatic pressure. This would demand exhaustive modifications to 
the above ground masonry buildings in order to ensure structural soundness based on site visit findings. 
Additionally, major modifications will need to take place to the below ground structures as to effectively 
watertight and protect critical equipment from flooding. Thus, repairing the existing buildings and/or 
hardening them is not recommended. The recommendation of the Team is to build an elevated platform 
matching the design elevation to house the critical electrical equipment adjacent to the existing pump 
stations. The existing superstructures will be demolished while the below grade wet wells will remain as 
per current condition. The lot allocated for both pumping stations has enough open space for the 
platforms. An architectural review will be coordinated with the Authorities to ensure that the buildings 
blend with the neighboring environment. 

Indiana Ave PS: The Indiana Ave Pump Station is located within the Long Beach Fire Station building, 
which was recently scheduled for floodproofing upgrades. Since the generator and the electrical room are 
located inside the building, they will be protected from future flooding events. Nevertheless, the control 
panels are located outside and will need elevation. Coordination with the fire department will need to take 
place to determine the best path to relocate this equipment. 

Total project costs are approximately $5 million; Appendix D: Scope of Work Support provides details.   
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 PROPOSED APPROACH FOR FLOOD MITIGATION OF 
LONG BEACH WPCP AND THREE SATELLITE PUMP 
STATIONS 

The proposed approach for flood mitigation of the Long Beach WPCP and three satellite pump stations 
consists of the following key actions:  

• Converting the existing Long Beach WPCP facility to a pump station and conveying untreated 
wastewater from the Long Beach system to Bay Park through a supporting force main 

• Hardening the three satellite pump stations through a combination of elevation and floodproofing 
actions 

The existing Long Beach WPCP’s treatment services will be discontinued. The existing influent building 
and its footprint will be retrofitted to meet the new pumping capacity and redesigned to be flood resilient. 
The wastewater will be pumped from the influent pumping station through the Hassock islands via 
horizontal directional drilling (HDD) to Bay Park STP. Construction will be performed using barges to 
deliver equipment onto the Hassock Islands for HDD and open-cut construction at Bay Park parkland and 
City of Long Beach. 

The City and County propose building an electrical light metal frame building on a platform to house the 
Roosevelt and New York Pump Station critical electrical equipment, respectively, and propose relocating 
electrical components and controls at the Indiana Pump Station to the design elevation.  

The total estimated capital cost for the relocation of treatment services to Bay Park STP is approximately 
$88 million. This includes rehabilitation and repurposing the influent building and the HDD force main 
construction. Total capital cost including the mitigation of the three satellite pump stations is 
approximately $93 million. The decommissioning of the treatment plant, including but not limited to 
cleaning and demolishing the existing facility, will be the responsibility of the City of Long Beach. 
Decommissioning costs are not included in the cost estimate or funding request as these costs are not 
required to accomplish the goals of the flood mitigation project and are not integral to the solution. Once 
the consolidation project is completed, the County will assume ownership and operation of the new 
diversion pump station, and the City of Long Beach will no longer be responsible for a wastewater 
treatment plant. 

See Part IV for the detailed description and cost estimate of the proposed approach. 

This alternative is cost-effective as indicated by the benefit-cost analysis, see Part V for details.  
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 OVERVIEW    
In October 2012, Hurricane Sandy impacted the State of New York, as well as much of the northeastern 
United States, causing widespread damage. The Long Beach WPCP and three of its pump stations 
(Roosevelt, New York, and Indiana) were among the public infrastructure severely impacted by storm 
surge flooding. The City and County have developed a mitigation strategy to divert wastewater flow from 
the Long Beach WPCP to the Bay Park STP and perform flood mitigation measures on the three pump 
stations. This would include shutting down plant services at the existing Long Beach WPCP and 
converting part of the existing infrastructure into a pump station capable of conveying the service 
population’s daily wastewater flow to the Bay Park STP for treatment. During construction, services will 
continue as normal. The proposed mitigation strategy allows the Long Beach service population to 
continue receiving collection services while greatly reducing costs for both flood mitigation and treatment 
quality improvements. The Project, as part of the County’s Western Bays Resiliency Initiative, will 
safeguard wastewater treatment service and improve water quality within the Western Bays, where the 
Long Beach WPCP currently discharges treated effluent.  

Part IV: Scope of Work is part of a Public Assistance 406 Hazard Mitigation Proposal that reviews flood 
vulnerability of the Long Beach Water Pollution Control Plant (WPCP) and three pump stations, and 
proposes mitigation measures in anticipation of future events like Hurricane Sandy. The sections in this 
406 Hazard Mitigation Proposal include:  

Part I: Executive Summary  

Part II: Flood Risk, Vulnerability Assessment, and Design Criteria 

Part III: Mitigation Alternatives Evaluation 

Part IV: Scope of Work 

Part V: Benefit-Cost Analysis Methodology and Summary 

Part VI: Appendices  

The PM-JV, in consultation with the City of Long Beach and the County, (the Team) followed this process 
in evaluating project alternatives: 

• Clarify the mitigation objective and performance-based design criteria (see Part II) 
• Identify possible mitigation measures 
• Evaluate mitigation measures for technical feasibility and combine them into project alternatives 
• Evaluate project alternatives against criteria that consider social, technical, 

operational/administrative, political, legal, economic, and environmental implications  
• Allow the outcomes of the evaluation to determine the proposed project 

Part IV, presented herein, outlines the final proposed project in detail. See Appendix D: Scope of Work 
Support for the cost estimate, schedule, and figures related to the proposed scope of work.  
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1.1 Mitigation Objective 
The objective of the mitigation strategy is to transfer the wastewater treatment services of the Long Beach 
WPCP to the Bay Park STP by converting Long Beach WPCP into a pumping station and shutting down 
treatment services at the Long Beach WPCP. The Bay Park STP and multiple pumping stations are 
currently undergoing significant flood mitigation improvements as a result of Hurricane Sandy. A 
perimeter berm and flood wall have mitigated flood risk at Bay Park STP to above the 0.2 percent annual 
chance flood elevation (500-year storm) and Bay Park STP has the capacity to handle the additional 
loads that would be transmitted by the Long Beach WPCP.    

1.2 Repairs and Mitigation Completed 
As described in Part II of this report, Hurricane Sandy impacted the Long Beach WPCP and all three 
satellite pump stations. A table summarizing the affected equipment and/or areas is included in Appendix 
E: Benefit Cost Analysis of this report, along with a description of interim work completed to date. The 
interim work was necessary to restore and maintain service to the service population, but largely did not 
include any flood mitigation. Costs incurred to date are $7,340,166 and include repairs to the following 
affected areas: 

• Main Service Building 

• Recirculation Building 

• Chlorination Building   

• Digester Building  

• Sand Filter Building  

• Grit Collector Building 

• Sand Filter Building 

• New York Ave Pump Station 

• Roosevelt Ave Pump Station 

• Indiana Ave Pump Station 
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 PROPOSED MITIGATION   

2.1 Proposed Long Beach WPCP Consolidation Project  
The Long Beach WPCP, a wastewater treatment plant, and three satellite pump stations service close to 
40,000 Long Beach residents. As presented and explained in Part II and Appendix B: Flood Risk and 
Vulnerability and Damage Assessments, the facilities are susceptible to flooding. The collection and 
treatment services that the Long Beach WPCP provides is a critical community service. The primary 
benefit of the proposed mitigations will be to safeguard wastewater collection and treatment services for 
the City’s residents against a future similar event to Hurricane Sandy.  

As mentioned in Part III, the proposed scope of work for the Long Beach WPCP includes several main 
components that would mitigate flood risk by relocating essential wastewater treatment functionality to the 
Bay Park STP, which has a significantly reduced risk of flooding: 

• Conversion of the existing Long Beach WPCP headworks and influent pump station building into 
a flow diversion pump station  

• Installation of a 24-inch force main that runs through the Hassock Islands (northwest of Long 
Beach WPCP)  

• Connection of the new force main to convey wastewater from the pump station at the existing 
Long Beach WPCP site to the head of the Bay Park STP. 

• Decommissioning of the existing Long Beach WPCP wastewater treatment services (not included 
in this project) 

Once the retrofitted Long Beach diversion pump station is functional, the existing Long Beach WPCP, 
including all buildings, equipment, and appurtenances, will be decommissioned (the decommissioning of 
the plant is not included as part of this project) and will be turned over to the County. The force main 
would be installed in pipe lengths (“segments”) via horizontal directional drilling (HDD) method with the 
tie-in to the diversion pump station and final tie-in segment to Bay Park STP, performed using the open-
cut construction method. Figure 4-1 shows a schematic routing of the project denoting project sites (Long 
Beach WPCP and Bay Park STP) as well as the segments of force main.       

The existing Long Beach influent building will be retrofitted as a pumping station and mitigated to maintain 
operations above the 0.2 percent annual chance flood elevation. The new pumps will be submersible and 
will replace the existing influent pumping units located in the lower level of the Influent Building. All 
electrical equipment will be relocated to an elevated platform above the flood mitigation design elevation 
of 21.4-feet NAVD88 (see Part II for more on the flood mitigation design elevation). The pumping units 
will be designed to convey the wastewater flow from the Long Beach diversion pump station to the Bay 
Park STP where it will be treated. The Long Beach diversion pump station will be connected to the force 
main that will be routed and constructed via HDD through the Hassock Islands in segments as described 
below.  The total pipe length is approximately 17,363-feet (including open-cut).    

• Segment 1: 8,785-feet (3,385-feet (HDD) + 5,400-feet (open-cut)). To be installed using the 
open-cut method and HDD Drill#1 from Pearsalls Hassock to Bay Park STP 

• Segment 2: 5,010-feet (HDD). To be installed using HDD Drill # 1 and 2 from the Pearsalls 
Hassock south to the South Black Banks Hassock and north to Bay Park 
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• Segment 3: 3,568-feet (2,889-feet (HDD) + 679-feet (open-cut)). To be installed using open-cut 
and HDD Drill #3 from the new Diversion Pump Station at Long Beach WPCP to the South Black 
Banks Hassock 

Figure 4-2 and Figure 4-3 show the conceptual connection to the Long Beach Pumping Station, 
locations of HDD receiving/jacking pits, and the tie-in to Bay Park STP. 

    
Figure 4-1: Schematic image showing segments of force main via HDD  
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Figure 4-2: Schematic showing connection to the New Long Beach Pumping Station (Open-Cut Method) 

 

Figure 4-3: Schematic showing tie-in connection at Bay Park STP (Open-Cut Method) 
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Construction inspection and site control will be performed throughout the life of the project. The retrofitted 
pump station will be equipped with four pumping units, two (2) rated at 460 horsepower (HP), one (1) on 
duty and one (1) standby to handle peak flow and two (2) rated at 60 HP, one (1) on duty and one (1) 
standby to handle average flow. The Project will use the wet well and dry pit of the existing influent pump 
station building and will have an aboveground elevated structure that would house the electrical 
equipment, including a new generator. The aboveground structures will be installed in the location now 
occupied by the plant personnel office portion of the Plant Service Building of the Long Beach WPCP 
property as shown above in Figure 4-2. 

The Long Beach Diversion Pump Station will be activated following the completion of construction and tie-
in to the Bay Park STP and startup procedures. The Long Beach WPCP operations will be shut down and 
decommissioned once testing and activation is successfully completed. The remaining buildings and 
processes within the WPCP will be demolished and the site will be available for repurposing. Conditions 
for the site will be compatible with sound flood risk management practices.  

2.2 Proposed Mitigation for Satellite Pump Stations  
The flood mitigation design elevation for Roosevelt Boulevard pump station facility is 19.6 feet and the 
elevation at grade is 7.67 feet; therefore, the height of the base of the new platform will be 11.63 feet 
above grade. See Figure 4-4 for an overview of the proposed mitigation plan.  

The flood mitigation design elevation for the New York pump station facility is 19.5 feet and the elevation 
at grade is 8.15 feet; therefore, the height of the base of the new platform will be approximately 11.35 feet 
above grade. See Figure 4-5 for an overview of the proposed mitigation plan. A new electrical light metal 
frame building will be furnished on the new platform, housing the pump station’s electrical critical 
equipment for both pump stations. 

A temporary power system will be installed while construction takes place. Once the temporary system is 
secured and ready to provide power to run the submersible pumps and all associated critical equipment, 
the pump station superstructure will be demolished. Based on an evaluation of the building and age, 
modifications to make the building structurally sound to withstand flooding events is unlikely to be 
feasible. The new platform will be installed in place of the existing building, within the existing footprint. A 
new slab will be furnished and installed with access hatches to allow the removal of the submersible 
pumps. This alternative will need a additional City permitting review due to the visible location and the 
height of the proposed structures. The relocation of the transformers feeding the pumping stations will be 
discussed with PSE&G Long Island. To protect this infrastructure, the engineering team proposes the 
transformers to be raised above the flood mitigation design elevation with the rest of the equipment. 

The Indiana pump station as shown in Figure 4-6 is located on the property of the Long Beach Fire 
Station. The generator and electrical room are located inside the fire station, but the control panels are 
located outside. The fire department building is scheduled for upgrades that include hardening the facility 
which would provide floodproofing the generator and electrical room. The control panels will need to be 
relocated above the flooding elevation to ensure the pump station operation through severe flooding 
events. The key items to coordinate with the fire department are: 

• As most of the electrical equipment and generator are located inside the building of the fire 
department, revisions shall be made to provide flood protection to the entire building (already 
scheduled) 
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• Some of the electrical equipment, located outside, will need to be relocated to the building’s 
interior 

Additionally,the option of building an elevated platform to match the flood mitigation design elevation will 
need to be evaluated. The flood mitigation design elevation for this facility is 19.5 feet and the elevation at 
grade is 5.93 feet, therefore the height of the base of a new platform will be 13.34 feet above grade. The 
platform shall house the generator that supports not only the pump station but also the fire department’s 
critical equipment. The evaluation will include the coordination between the City of Long Beach and the 
fire department authority to secure real estate for the proposed facility.  

The relocation of the transformers, feeding the pumping stations will be discussed PSE&G Long Island. 
To protect this infrastructure, the engineering team proposes the transformers to be raised above the 
design elevation with the rest of the equipment. 

 

 
Figure 4-4: Proposed Mitigation Plan for Roosevelt Pump Station 
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Figure 4-5: Proposed Mitigation Plan for New York Pump Station 

 
Figure 4-6: Proposed Mitigation Plan for Indiana Pump Station 
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2.3 Area of Potential Effect 
The mitigation strategy will protect the Long Beach diversion pump station and the other three pump 
stations from future flood events and continue to provide the customers of Long Beach WPCP 
wastewater collection services. Environmental specialists conducted a review of the conceptual design 
alignment, available mapping, information collected during site reconnaissance of the project areas, and 
applicable Federal, State and local regulations to identify regulatory and permitting requirements of 
Federal, State, and local agencies. Table 4-1 below provides a summary of Federal and New York State 
Legislation, Executive Orders, and Regulatory Programs that may apply to activities in and adjacent to 
the project area. Please refer to the Location Map and Site Plan in Appendix A: Facility 
Characterization for details on the Long Beach WPCP site.  

Table 4-1: Legislation, Executive Orders, and Regulatory Programs that may apply to the Project 

 
Activity 

Federal Regulatory Program / 
Agency 

New York Regulatory Program / 
Agency 

Federally funded 
activity that may affect 
waters of the U.S. 
(authorizations under 
Section 404 of the 
Clean Water Act or 
Section 10 of the Work 
in Navigable Waters 
and Coastal Zone 
(permit from USACE), 
funding, or direct 
actions) 

Sections 401, 404 of Clean Water Act/ 
USACE, New York District 

Protection of Waters, Article 15, Title 5 of 
the Environmental Conservation Law, 
Implementing Regs. 6 NYCRR Part 
608/NYSDEC Region 1 

Section 305(b) (2)-(4), Magnuson- 
Stevens Act---Essential Fish 
Habitat/NOAA, National Marine Fisheries 
Service, Northeast Regional Office 

 

Section 10 of the Rivers and Harbors Act 
of 1899/USACE New York District 

Protection of Waters, Article 15, Title 5 of 
the ECL, Implementing Regs. 6 NYCRR 
Part 608/NYSDEC  

Federal Coastal Zone Management Act 
of 1972 

New York State Coastal Zone 
Management Program/New York State 
Department of State 

Construction in the 1 
percent annual chance 
floodplain 

Floodplain Management Executive Order 
11988 (42 FR 26951) 

 

Federally authorized/ 
funded activities with 
the potential to affect 
drinking water supplies  

Section 1424€ of the Safe Drinking 
Water Act, USEPA, Region 2 

 

Actions with the 
Potential to Affect 
Threatened or 
Endangered Species 

Endangered Species Act of 1973/NMFS 
Northeast Regional Office for marine 
fish, mammals and sea turtles; USFWS 
Long Island Field Office for terrestrial 
wildlife and plants 

Endangered and Threatened Species of 
Fish and Wildlife; Species of Special 
Concern, ECL, Sections 11-0535[1]-[2], 
11-0536 [2], [4], Implementing Regs. 
6NYCRR Part 182/NYSDEC Region 1  

Activities with the 
potential to affect 
marine mammals  

Marine Mammal Protection Act of 
1972/NMFS Northeast Regional Office 
(Incidental Harassment Authorization) 

Endangered and Threatened Species of 
Fish and Wildlife; Species of Special 
Concern, ECL, Sections 11-0535[1]-[2], 
11-0536 [2], [4], Implementing Regs. 
6NYCRR Part 182/NYSDEC Region 1 

Activities with potential 
to affect migratory 
birds 

Migratory Bird Treaty Act [50 CFR 10, 
20, 21, Executive Order 13186], USFWS 
Long Island 
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Activity 

Federal Regulatory Program / 
Agency 

New York Regulatory Program / 
Agency 

Activities that affect 
wetlands and wetland 
adjacent areas 

Section 404 of the Clean Water 
Act/USACE NY District for activities in 
wetlands Executive Order 11990, 
“Protection of Wetlands,” USEPA Reg. 2 

Tidal Wetlands Act, Article 25, ECL, 
Implementing Regs. 6NYCRR Part 
661/NYSDEC Region 1 Freshwater 
Wetlands Act, Article 24, ECL, 
Implementing Regs 6 NYCRR Part 661 

Stormwater discharges 
to surface waters 

 State Pollution Discharge Elimination 

Discharges to surface 
waters (e.g., 
groundwater recovered 
during dewatering 
activities 

 SPDES Article 17 Title 8, ECL, 
Implementing Regs. 6 NYCRR Part 750, 
Coverage under Individual SPDES 
NYSDEC Region 1  

 

Table 4-2 below provides a list of federal and state agencies and local governments that would issue 
potential permits and approvals for the project. 
 

Table 4-2: Expected Permits for the Project 

Agency Agency Type Permit / Approval 

US Department of Housing and Urban 
Development (HUD) 

Federal Finding of No Significant Impact 

Release of Funds 

NOAA National Marine Fisheries Service Federal Essential Fish Habitat Consultation 

US Fish & Wildlife Service Federal ESA Informal Consultation Letter 

US Army Corps of Engineers (USACE) Federal  Individual Permit 

US Coast Guard Federal Notice to Mariners (Contractor) 

NYS Office of Parks Recreation & Historic 
Preservation (NYSOPRHP) 

State Consultation & No Effects Letter 
(Rec’d) 

NYS Department of State (DOS) State Coastal Consistency Concurrence 

NYS Department of Environmental 
Conservation (NYSDEC) 

State Tidal Wetland Permit 

SPDES (Construction Dewatering) 

401 Water Quality Certification 

Nassau County Parks Department Local Permit 

Town of Hempstead Local Easement (Force Main) 

City of Long Beach  Local  Easement (Force Main) 
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 COST ESTIMATES   
Table 4-3 presents the total cost estimate (AACE-Class 5) for the force main and diversion pump station 
project to consolidate flows from Long Beach WPCP. The total cost to retrofit the existing influent building 
to a new Diversion Pump Station, and install force main to convey wastewater from the Long Beach 
WPCP to the Bay Park STP is $88,226,000. The cost estimate includes design services and permitting, 
retrofitting of the influent pump station building at Long Beach WPCP, construction, installation, and tie-in 
of a new force main from Long Beach Diversion Pump Station to Bay Park STP, disconnecting power to 
the Long Beach WPCP and activating the diversion pump station. The mitigation cost is based upon the 
best estimates at the time of the study. This cost is conceptual (especially for the HDD work) and will 
change due to the fluidity of ongoing activities and work (geotechnical investigation, survey, etc.) along 
the project alignment. 

Table 4-3: Cost Estimate for Long Beach WPCP Consolidation Project 

No. Services Cost 

1 Preliminary Engineering Estimate – Long Beach Consolidation Project  

1.1 Construction – Phase 1 – Plant to Diversion Pump Station  $14,522,300 

1.2 Construction – Phase 2 – Diversion Pump Station Connection to HDD Force 
Main $5,063,200 

1.3 Construction – Phase 3 – HDD Drill Segment 1 $7,666,800 

1.4 Construction – Phase 4 – HDD Drill Segment 2  $9,965,000 

1.5 Construction – Phase 5 – HDD Drill Segment 3 $7,588,500 

1.6 Construction – Phase 6 – Force Main Connection to 66-in Interceptor at Bay 
Park STP $15,433,700 

1.7 Construction – Phase 7 – Power Disconnect & PS Activation $2,129,500 

1.8 Allowance 1 – Dock Repair $250,000 

1.9 Allowance 2 – Wetland Restoration – South Back Banks Hassocks $2,537,000 

1.10 Allowance 3 – Wetland Restoration – Pearsall Hassocks $2,535,000 

1.11 Allowance 4 – Cost to PSEG for Long Beach Pumping Station $30,000 

1.12 Allowance 5 – Unforeseen Conditions $250,000 

1.13 Soft Costs – Construction Contingency (Owner Reserve) $3,000,000 

1.14 Soft Costs – Permitting $150,000 

1.15 Soft Costs – Force Account Labor $500,000 

2.1 PM-JV – Design & Permitting Services $5,280,000 

2.2 PM-JV – PM Services $1,275,000 

2.2 PM-JV – DSDC $3,500,000 

3 Construction Management Services $6,550,000 

  TOTAL PROJECT COST (Consolidation)  $ 88,226,000  
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*Note: The total project cost of $88M includes below the line costs, such as design services, etc. (Refer to 
Appendix D: Scope of Work Support) 

Table 4-4 presents the conceptual cost estimate (AACE-Class 5) for upgrading the three pump stations to 
be flood-hardened to a 0.2 percent annual chance flood elevation. The pump stations cost estimate is 
based on conceptual mitigation measures. The final cost is subjected to change after the mitigation 
measures for the respective pump stations are finalized.  

Table 4-4: Cost Estimate for Pump Stations 

No. Services Cost 

1 Roosevelt Boulevard Pump Station  $ 1,409,000 

2 New York Avenue Pump Station  $ 1,452,000 

3 Indiana Avenue Pump Station  $ 2,008,000  
TOTAL COST FOR THE PUMP STATIONS  $ 4,869,000  

 

A breakdown of the mitigation cost can be found in Appendix D: Scope of Work Support. 

 

 

 

 

 

 

This area intentionally left blank. 

 



Nassau County Department of Public Works 
City of Long Beach Department of Public 
Works  
Long Beach Water Pollution Control Plant 

Long Beach WPCP 406 Hazard Mitigation Proposal 

Part V: Benefit-Cost Analysis Methodology and Summary 

JUNE 2020 



 406 HAZARD MITIGATION PROPOSAL 

 PART V: BENEFIT-COST ANALYSIS METHODOLOGY AND SUMMARY
 

                                                        

                         Long Beach WPCP Hazard Mitigation Proposal  | P a g e 5 - 1 

CONTENTS 
 Overview ................................................................................................................................................. 3 

1.1 Data Sources and Software ........................................................................................................... 3 

1.2 Hazard Mitigation Type................................................................................................................... 3 

 Proposed Mitigation Measures ............................................................................................................... 4 

2.1 Asset Prioritization .......................................................................................................................... 4 

2.2 Proposed Project ............................................................................................................................ 4 

2.3 Project Useful Life .......................................................................................................................... 4 

2.4 Project and Maintenance Costs ..................................................................................................... 4 

 Economic Value of Critical Services ....................................................................................................... 5 

3.1 Calculating Degree of Service Loss ............................................................................................... 6 

3.2 Population Served .......................................................................................................................... 7 

3.3 Calculating Critical Service ............................................................................................................. 7 

3.4 Value Limitations .......................................................................................................................... 11 

 Flood Data ............................................................................................................................................ 12 

4.1 Sea Level Rise ............................................................................................................................. 13 

4.2 Flood Mitigation Design Elevations .............................................................................................. 14 

4.3 Sandy High Water Marks ............................................................................................................. 15 

4.4 Damage Frequency Relationships ............................................................................................... 15 

 Mitigated Future Loss From a Future Similar Event to Sandy ............................................................. 18 

5.1 Pre-Mitigation Physical Damages and Loss of Service ................................................................ 18 

5.2 Post-Mitigation Losses ................................................................................................................. 18 

 Conclusions .......................................................................................................................................... 19 

 

TABLES 
Table 5-1: Mitigation project and maintenance costs ................................................................................... 5 

Table 5-2: Functionality Tiering for Long Beach WPCP ............................................................................... 6 

Table 5-3: Percent Loss to the Service Population ....................................................................................... 7 

Table 5-4: Pump Stations Service Population .............................................................................................. 7 

Table 5-5: Loss of Wastewater Service Impact on the Economy ................................................................. 8 

Table 5-6: Economic Impact of Loss of Wastewater Services per capita per day (2018 dollars) .............. 10 



 406 HAZARD MITIGATION PROPOSAL 

 PART V: BENEFIT-COST ANALYSIS METHODOLOGY AND SUMMARY
 

                                                        

                         Long Beach WPCP Hazard Mitigation Proposal  | P a g e 5 - 2 

Table 5-7 Long Beach WPCP System Daily Service Value ....................................................................... 10 

Table 5-8 Pump Stations Daily Service Value  .......................................................................................... 10 

Table 5-9: 2015 NACCS Stillwater Elevations (Ft, NAVD88) ..................................................................... 12 

Table 5-10: Flood-Recurrence Intervals with NACCS Stillwater Elevations and 2.50 Ft. of SLR, Long 
Beach WPCP .............................................................................................................................................. 13 

Table 5-11: Flood-Recurrence Intervals with NACCS Stillwater Elevations and 2.50 Ft. of SLR, Indiana 
Pump Station ............................................................................................................................................... 14 

Table 5-12: Flood-Recurrence Intervals with NACCS Stillwater Elevations and 2.50 Ft. of SLR, New York 
Pump Station ............................................................................................................................................... 14 

Table 5-13: Flood-Recurrence Intervals with NACCS Stillwater Elevations and 2.50 Ft. of SLR, Roosevelt 
Pump Station ............................................................................................................................................... 14 

Table 5-14: Hurricane Sandy High Water Marks Based On USGS Data ................................................... 15 

Table 5-15: Hurricane Sandy Recurrence Interval Based On 2015 NACCS Data ..................................... 17 

Table 5-16: Summary Losses due to Hurricane Sandy at the Long Beach WPCP Included in the BCA ... 18 

Table 5-17: Benefit-Cost Analysis Results at Long Beach WPCP ............................................................. 19 

Table 5-18: Percent share loss of functionality by tier ................................................................................ 19 

Table 5-19: Service population and value per person per day ................................................................... 19 

Table 5-20: Flood elevations (2015 NACCS Stillwater elevations plus 2015 NPCC 50-year sea level rise)
 .................................................................................................................................................................... 20 

Table 5-21: Sandy impacts to WPCP ......................................................................................................... 20 

Table 5-22: Sandy loss of functionality calculations at Long Beach WPCP ............................................... 20 

 

FIGURES 
Figure 5-1: 2015 NACCS Data map ........................................................................................................... 13 

Figure 5-2: Long Beach Pump Station USGS High Water Marks ............................................................... 15 

Figure 5-3 Stillwater recurrence Intervals for the Long Beach WPCP System  ......................................... 16 

Figure 5-4 Indiana Pump Station Recurrence Interval ................................................................................ 16 

Figure 5-5: New York Pump Station Recurrence Interval ........................................................................... 17 

Figure 5-6: Roosevelt Pump Station Recurrence Interval .......................................................................... 17 



 406 HAZARD MITIGATION PROPOSAL 

 PART V: BENEFIT-COST ANALYSIS METHODOLOGY AND SUMMARY
 

                                                        

                         Long Beach WPCP Hazard Mitigation Proposal  | P a g e 5 - 3 

 OVERVIEW 
Part V provides the methodology used to complete a benefit-cost analysis (BCA) for the proposed 
mitigation measures at the Long Beach WPCP and the WPCP collection system’s three pump stations, as 
follow:  

1. Roosevelt Pump Station, located on East Park Avenue and Roosevelt Boulevard 
2. Indiana Pump Station, located on West Park Avenue and Indiana Avenue  
3. New York Pump Station, located on West Park Avenue and New York Avenue 

A Data Documentation Template summarizing the locations of all information required to complete a BCA 
is available in Appendix E: Benefit-Cost Analysis for reference. 

1.1 Data Sources and Software 
The Team extracted flood depths and recurrence intervals from an analysis conducted by engineers to 
determine the flood mitigation design elevation for the site (See Part II). Flood recurrence intervals and 
Stillwater elevations (SWELs) are based on data from the 2015 North Atlantic Coast Comprehensive Study 
(NACCS) by the US Army Corps of Engineers (USACE) at the location of the facility.1  Flood Insurance 
Rate Maps (FIRMs) were also studied and considered for the purposes of this BCA. See Appendix B: 
Flood Risk, Vulnerability and Damage Assessments for the NACCS study and FIRM.  The United 
States Geological Survey (USGS) Flood Event Viewer provided high watermark elevations.  

Analysts used FEMA’s BCA Toolkit Version 5.3.0 Damage Frequency Assessment (DFA) module and 
FEMA’s BCA Toolkit Version 6.0 to obtain the Benefit-Cost Ratio (BCR) for the proposed mitigation 
measures for the Long Beach WPCP and 3 associated pump stations.2 The analysis uses a combination 
of engineering assessments of associated damages during Hurricane Sandy and statistical determinations 
using sea-level rise to determine the risk associated with a similar future event. The text herein describes 
the methodology behind the obtained benefits.   

1.2 Hazard Mitigation Type  
FEMA’s BCA Toolkit provides several options for project hazard mitigation type (for example, flood, wind, 
tornado, earthquake). The project will mitigate flood hazards, specifically future damages and service loss 
similar to the flooding experienced following Hurricane Sandy.  

 

 
1  US Army Corps of Engineers (USACE). 2015. North Atlantic Coast Comprehensive Study (NACCS): Resilient Adaption to Increasing 

Risk Main Report. Washington, D.C.: USACE. 
 

2  Please note that FEMA released an updated version of the software in 2019 to supplant version 5.3.0. Nevertheless, the analysis 
team identified bugs in the software and therefore performed the evaluation using both 5.3 and 6.0 toolkits 
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 PROPOSED MITIGATION MEASURES 

2.1 Asset Prioritization 
In order to prioritize assets for mitigation, the PM-JV engineers developed a tiering system for wastewater 
treatment facilities as described in Part II. Assets fall into tiers based on their criticality toward facility 
functionality. Systems assigned to Tier 1 are the most critical, while systems assigned to Tier 3 are less 
critical to maintaining functionality during a flood. Refer to the Vulnerability Table within Appendix B: 
Flood Risk, Vulnerability and Damage Assessments to see assets within the mitigated facilities and 
their associated tier for the Long Beach WPCP.  

2.2 Proposed Project  
The proposed project will mitigate flood risk by relocating the functionality of the Long Beach WPCP to the 
Bay Park STP, an existing alternate wastewater treatment facility that has been fortified to withstand 
coastal flooding above the 0.2 percent annual chance flood elevation with sea-level rise. The project 
consists of two principle activities, as follow:  
 

1. The existing Long Beach plant’s treatment services will be shut down and the influent pump station 
building will be retrofitted as supporting infrastructure. The wastewater will be pumped from the 
influent pump station building at the current Long Beach WPCP through the Hassock islands via 
horizontal directional drilling to Bay Park STP.  
 

2. The three satellite wastewater pump stations that serve the current Long Beach WPCP are at 
Indiana Avenue, New York Avenue, and Roosevelt Boulevard. These pump stations will receive 
flood mitigation to the 0.2 annual chance flood elevation with sea-level rise. Critical electrical 
equipment at the Roosevelt and New York pump stations will be placed within an electrical light 
metal frame building on an elevated platform. As the Indiana pump station is located on the 
property of the Long Beach Fire Station and it is expecting to be subjected to hardening in the near 
future, it is assumed that the only remaining items that need relocation are controls and 
miscellaneous electrical equipment located outside of the building. These assets will be elevated. 

See Part IV and Appendix D: Scope of Work Support for a complete and detailed description of the 
proposed project. 

2.3 Project Useful Life 
In accordance with FEMA-standard values for concrete infrastructure, the project useful life (PUL) 
considered for this  mitigation project is 50 years.  Please refer to the PUL Table extracted from FEMA’s 
BCA Reference Guide (2009) in Appendix E: Benefit-Cost Analysis.  

2.4 Project and Maintenance Costs 
Table 5-1 below provides the total project and annual maintenance costs (See Appendix D: Scope of 
Work Support). Overall operating costs will be lower following the relocation of Long Beach WPCP’s 
functionality. Nevertheless, annual maintenance costs below include those required to maintain flood 
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protection for the supporting infrastructure (diversion pump station) by inspecting the floodwall and 
equipment at the Long Beach WPCP. Engineers have assumed the same level of effort for the three pump 
stations.  

Table 5-1: Mitigation project and maintenance costs 

Mitigation Activity Project Cost Annual Maintenance 
Cost 

Long Beach WPCP Relocation (Alternative 2)  $88,226,000.00 $20,000 

Indiana Pump Station $2,008,000.00 $20,000 

New York Pump Station $1,452,000.00 $20,000 

Roosevelt Pump Station $1,409,000.00 $20,000 

Total Cost $93,095,000 $80,000 

 ECONOMIC VALUE OF CRITICAL SERVICES 
In FEMA’s Revision 2.0 of the 2001 document, “What is a Benefit,” the following is stated concerning 
utilities,3 

In the context of emergency planning, disaster response, and disaster recovery, utilities are often 
characterized as lifelines. This characterization reflects the great importance that such systems have 
on the functioning of modern society. For example… loss of function of water or wastewater systems 
generally has direct economic impacts on a community that are far larger than the cost of repairs of 
the physical damages alone. 

Electric power, potable water, and wastewater systems are subject to physical damages from natural 
disasters such as earthquakes, hurricanes, and floods. More importantly, however, such systems 
are subject to loss of function; that is, loss of utility service. Such loss-of-function disruptions often 
have major negative impacts on affected communities. 

Hazard mitigation projects for utility systems may eliminate or reduce physical damages in future 
disasters. However, in many cases, an important motivation or even the primary motivation in 
undertaking hazard mitigation projects for utility systems is not to reduce the physical damages 
alone, but rather to reduce the tremendous impacts that the loss of function of such systems may 
have on the affected communities. 

Section 1.3.3 of the FEMA 543 Risk Management Series states plainly that “(l)loss of service costs may be 
the most important loss component to consider for critical facilities.”  Furthermore, “(c)ritical facilities, and 
the functions they perform, are the most significant components of the (critical infrastructure) system that 
protect the health, safety, and well-being of communities at risk” (FEMA, January 2007). 

 
3 “What is a Benefit” has been superseded, but still contains useful information. On 17 November 2008, FEMA published a document 

developed by URS entitled FEMA Benefit-Cost Analysis Re-engineering (BCAR) Risk Analysis Methodologies. This 2008 
document was again superseded in August 2011. This document describes newer methodologies for calculating values for loss of 
function of certain essential facilities. 
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The July 2010 Risk Analysis and Management for Critical Asset Protection (RAMCAP) Standard for Risk 
and Resilience Management of Water and Wastewater Systems J100-10 concurs with the extent of 
consequences of loss of service described in FEMA’s “What is a Benefit?” and defines critical facility value 
as economic impacts by stating, 
 

“In considering critical infrastructure from the public perspective, the primary concern is the length 
of time and quantity of service denied and the economic consequences of service denial to the 
critical facility's direct suppliers and customers. In addition to these "direct" losses, the community 
suffers "indirect" losses through reduced economic activity in general, i.e., to the suppliers' suppliers 
and customers' customers, and so on. Because infrastructures serve other infrastructures, failure of 
one can cause a "cascade" of others' failing. Further, because people may reside in one service 
area, work in another, and receive medical treatment or shop in a third, the entire metropolitan region 
is usually affected by major outages serving only a portion of the region.” 

3.1 Calculating Degree of Service Loss 
Wastewater treatment is a complex, multi-layered process, requiring numerous interdependent 
functionality. During a flood event, some or all these functionality may be disrupted, yielding various 
degrees of service loss. As such, these functionality may be tiered and assigned shares of the overall 
service value in order to facilitate the calculation of both historical and expected losses, as seen in Table 
5-2. This method is consistent with previous benefit-cost analyses completed for Nassau County 
wastewater treatment assets. See Part II for detailed Tier descriptions. 

Table 5-2: Functionality Tiering for Long Beach WPCP 

Tier  
Percent 

Service Value 
Share 

Description 

1, 2, 3A 100% 

Conveyance, main power supply, primary treatment. Without these 
functionalities, untreated sewage will either back up into the 
community or be released into the environment with significant 
health and economic impacts. Failure would result in complete loss 
of service and the most impact to the service population. 

3B 75% 

Secondary treatment. Without these functionalities, partially treated 
sewage will be released into the environment. Failure of these 
assets would result in a loss of the majority of plant functionality 
and significant damage to the LB WPCP equipment.  
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3.2 Population Served 
The population served by Long Beach WPCP is approximately 37,823. The service population is the 
population of the City of Long Beach, Lido Beach, and Point Lookout based on the 2017 US American 
Community Survey Census Data (see Appendix A: Facility Characterization). Share of population can 
be used as a simple proxy to calculate service value share. Table 5-3 illustrates proxy share of service 
population by asset tier. 

Table 5-3: Percent Loss to the Service Population 

Plant 
Percent of Service 

Loss of the 
Population 

Population Tier 

Long Beach WPCP 100% 37,823 1 

Long Beach WPCP 75% 28,367 2,3a, 3b 
 

The population served for each pump station can be calculated using estimates of the approximate 
percentage of flow that reaches the Long Beach WPCP. Table 5-4 provides an estimate of the population 
served by each pump station. It’s important to note that the service populations listed below are included 
within the Long Beach WPCP total service population. Pump stations consist entirely of Tier 1 functionality; 
if the pump stations are down, no treatment can occur. 

Table 5-4: Pump Stations Service Population 

Pump Station Flow Population 

Indiana 
Serves approximately 5% of the flow that 

reaches the treatment plant 
1,891 

New York 
Serves approximately 15% of the flow that 

reaches the treatment plant 
5,673 

Roosevelt 
Serves approximately 30% of the flow that 

reaches the treatment plant 
11,347 

 

3.3 Calculating Critical Service 
In order to properly quantify the value the Long Beach WPCP system (including its pump stations) 
provides to the population, the Team reviewed FEMA standard values for wastewater service.  The value 
provided in the FEMA BCA Software and more thoroughly defined in FEMA Benefit-Cost Analysis Re-
engineering (BCAR) Development of Standard Economic Values Version 6.0, dated December 2011, 
derives a $45 value for the economic impact per capita per day for loss of wastewater services in 2010 
dollars, which versions 5.3 and 6.0 of the software escalate to $49 per person per day.4    

 
4 Federal Emergency Management Agency (FEMA). December 2011). FEMA Benefit-Cost Analysis Re-engineering (BCAR):   

Development of Standard Economic Values, Version 6.0. Washington, D.C.: FEMA. 
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To gain a better understanding of the specific impact on the local regional economy due to the loss of 
wastewater service at the Long Beach WPCP, the Team used Nassau County economic data in place of 
national GDP data, as Long Beach is part of Nassau County. The direct economic impact is estimated 
from the most recent Bureau of Economic Analysis’ Gross Domestic Product dollar values for 2018.5 The 
GDP data is broken down by the economic sector as defined by the North American Industry Classification 
Systems Economic Census.6 The Team took GDP values for each economic sector and combined them 
with the importance factors for each sector from the FEMA-sponsored publication of the Applied 
Technology Council, Seismic Vulnerability and Impact of Disruption of Lifelines in the Conterminous United 
States, 1991 (ATC-25), in accordance with the methodology defined in FEMA’s Benefit-Cost Analysis Re-
engineering Version 6.0.7 The Bureau of Economic Analysis did not provide data for manufactured durable 
goods for the county to avoid disclosing confidential information.8  

Analysts divided the GDP data by the Nassau County population, according to the ACS 2018 Census data 
and 365 days in order to determine the GDP per capita per day. Refer to Appendix E: Benefit-Cost 
Analysis for further details. As seen in Table 5-5, the analysts then multiplied the GDP per capita per day 
per sector by the wastewater service importance factor in order to determine the economic impact per 
capita per day of lost service in 2018 dollars.  

Table 5-5: Loss of Wastewater Service Impact on the Economy 

Economic Sector 

Wastewater 
Service 

Importance 
Factor (ATC-25) 9 

GDP 2018 for 
Nassau County10 

GDP per Capita per 
Day11 

Economic Impact 
per Capita per 

Day of Lost 
Service in 2018 

Dollars 

Agriculture, 
Livestock 

n/a 
- - 

- 

Mining n/a - - - 

Construction 0.2 $4,011,864,000 $8.09 $1.62 

Manufacturing - 
Nondurable Goods 

0.65 $1,729,575,000 $3.49 $2.27 

Manufacturing - 
Durable Goods 

0.75 D $0.00 $0.00 

 
5 https://apps.bea.gov/itable/iTable.cfm?ReqID=70&step=1 
6 https://www.census.gov/eos/www/naics/reference_files_tools/1997/1997.html 
7 Federal Emergency Management Agency (FEMA). (May 2001). What is a Benefit? Guidance on Benefit-Cost Analysis of Hazard   

Mitigation Projects Draft Revision 2.0. Washington, D.C.: FEMA. 
8 This typically happens when there are a low number of providers in a region 
9 Source: Applied Technology Council (ATC). (1991). ATC-25, Seismic Vulnerability and Impact of Disruption of Lifelines in the 

Conterminous United States. San Francisco, CA: EQE, Inc. 
10 Source: Bureau of Economic Analysis, Regional Data, GDP and Personal Income, New York-Newark-Jersey City, NY-NJ-PA 

(Metropolitan Statistical Area, 2017) (see Appendix E) 
11 Population data from U.S. Census Bureau (2018) 

https://apps.bea.gov/itable/iTable.cfm?ReqID=70&step=1
https://www.census.gov/eos/www/naics/reference_files_tools/1997/1997.html
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Economic Sector 

Wastewater 
Service 

Importance 
Factor (ATC-25) 9 

GDP 2018 for 
Nassau County10 

GDP per Capita per 
Day11 

Economic Impact 
per Capita per 

Day of Lost 
Service in 2018 

Dollars 

Transportation and 
Warehousing 

0.1 $2,020,711,000 $4.08 $0.41 

Utilities and 
transportation 

0.2 $564,000 $0.00 $0.00 

Wholesale Trade 0.2 $6,759,486,000 $13.63 $2.73 

Retail Trade  0.2 $6,783,730,000 $13.68 $2.74 

Real Estate, 
Rental, Leasing 

0.2 $11,769,262,000 $23.74 $4.75 

Finance and 
Insurance 

0.2 $11,250,409,000 $22.69 $4.54 

Information 0.2 $2,736,817,000 $5.52 $1.10 

Professional, 
Scientific, & 
Technical Services 

0.2 $7,500,717,000 $15.13 $3.03 

Education, 
Healthcare, Social 
Assistance 

0.8 $15,481,782,000 $31.23 $24.98 

Arts, 
Entertainment, 
Recreation 

0.8 $1,246,773,000 $2.51 $2.01 

Accommodation & 
Food Service 

0.8 $2,559,951,000 $5.16 $4.13 

Other Services, 
Except 
Government 

0.2 $2,367,733,000 $4.78 $0.96 

Government 0.2 $10,794,974,000 $21.77 $4.35 

Total Impact on Economic Activity $59.61 
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Table 5-6: Economic Impact of Loss of Wastewater Services per capita per day (2018 dollars) 

Category Economic Impact 

Impact of Economic Activity $59.61 

Impact on Residential Customers Not calculated 

Total Economic Impact per capita $59.61 

 

The value of Long Beach WPCP’s critical service is provided as a per capita per day figure as noted in 
Table 5-6. The per-day service value at the LB WPCP plant can be calculated as follows: 

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑥𝑥 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 𝑃𝑃𝑃𝑃𝑃𝑃 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑃𝑃𝑃𝑃𝑃𝑃 𝐷𝐷𝐷𝐷𝐷𝐷 = 𝑃𝑃𝑃𝑃𝑃𝑃 𝐷𝐷𝐷𝐷𝐷𝐷 𝑆𝑆𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 

 

The calculations in Table 5-7 below indicate the per day value of treatment service provided by the LB 
WPCP  as of BCA Toolkit 6.0. Note that the value was rounded up to $60 as BCA Toolkit 6.0 only allows 
for whole numbers to be included in the value of unit of service. The BCA Toolkit 5.3 report included in 
Appendx E: Benefit-Cost Analysis has slightly different values for daily service value due to the 
difference in rounding. 

Table 5-7 Long Beach WPCP System Daily Service Value 

Service percentage Calculation Daily service value ($) 

100% service loss (Tier 1) 37,823 x $60 $2,269,380.00 

75% service loss 28,367 x $60 $1,702,020.00 

 

In order to determine the estimated loss of functionality per pump station, the total population served, days 
of service loss, and total economic impact can be multiplied together. Table 5-8 provides the results of 
these calculations. 

Table 5-8 Pump Stations Daily Service Value12 

Station %LOF Population Daily service value 
($) 

Roosevelt 100% 11,347 $680,820.00 

Indiana 100% 1,891 $113,460.00 

New York 100% 5,673 $340,380.00 

 
12 The Long Beach WPCP system daily service value is inclusive of the daily service value of the pump stations as the pump stations 

serve subsets of the Long beach total service population.  



 406 HAZARD MITIGATION PROPOSAL 

 PART V: BENEFIT-COST ANALYSIS METHODOLOGY AND SUMMARY
 

                                                        

                         Long Beach WPCP Hazard Mitigation Proposal  | P a g e 5 - 11 

3.4 Value Limitations 
There are significant limitations on the daily economic value described above, and these are described in 
greater detail below: 

LIMITATION 1: DIRECT IMPACTS TO RESIDENTS ARE NOT CONSIDERED. 

This factor is commonly incorporated into loss of service values and is not included in the LB WPCP 
plant’s per capita per day value of wastewater service.  Examples of direct impacts might include the 
following, depending on facility type, “bottled water for drinking, cleaning and sanitation purposes, 
increased meal costs for restaurant meals, temporary lodging for some people, increased transportation 
costs to obtain water, meals, and sanitation facilities and so on” (FEMA, 2001). 

LIMITATION 2: THE ECONOMIC VALUE OF DISRUPTION OF NORMAL ECONOMIC ACTIVITIES IS 
NOT CONSIDERED. 

This factor is commonly incorporated into loss of service values and is not included in the LB WPCP’s per 
capita per day value of wastewater service.  Such factors attempt to take into account the value of lost time 
to individuals in the population that results from the inconveniences of lost service, particularly those that 
may be caused by sewage back up. 

LIMITATION 3: THE ECONOMIC VALUE IDENTIFIED FOR WASTEWATER SERVICE PER DAY ONLY 
INCORPORATES ECONOMIC IMPACTS TO THE REGIONAL ECONOMY. 

This value does not include the value of wastewater to residential customers - merely to the regional 
economy.  During the re-engineering of FEMA’s Benefit-Cost Analysis Toolkit, it notes, “no research value 
could be found which placed an economic value on wastewater service to customers.  Therefore, even 
though no value was assigned for the loss of wastewater to residential customers, it is unlikely that real 
economic value of $0 would be placed on wastewater service” (FEMA, August 2011). 

LIMITATION 4: THE ECONOMIC VALUE IDENTIFIED FOR WASTEWATER SERVICE PER DAY ONLY 
CONSIDERS THE TREATMENT OF WASTEWATER. 

This value only considers the treatment of wastewater without affecting the disposal of sewage or other 
wastewater.  According to the re-engineering methodology record, “FEMA assumes that a temporary loss 
of wastewater service generally entails a total or partial loss of capacity to treat wastewater without 
affecting the residential disposal of sewage or other wastewater” (FEMA, August 2011).  This means that 
any impacts on conveyance and the resulting consequences – such as direct impacts on the service 
population and environment – are not captured by this figure.  In the case of the Long Beach WPCP, a 
cessation of conveyance would result in sewage backflow through manholes and potentially into people’s 
homes, as was experienced in Long Beach, New York following Hurricane Sandy. 

As a result of these four significant limitations, the daily economic value of service per capita per day 
provided is conservative.   
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 FLOOD DATA  
It is necessary to identify the appropriate recurrence intervals associated with levels of inundation resulting 
in impact at various facilities. The recurrence interval identifies the probability of the flood depth being met 
or exceeded in any given year and helps to quantify and prioritize risk and vulnerability.  

Recurrence interval values are determined using known flood frequencies with associated flood depths, 
Sandy high watermarks, and an industry-standard interpolation method referred to as the least-squares 
regression with a log function. 

The 2009 Flood Insurance Study for Nassau County has not been recently updated; as such, engineers 
reviewed the 2015 North Atlantic Coast Comprehensive Study (NACCS) by the US Army Corps of 
Engineers (USACE) to understand the Long Beach WPCP system flood hazard context. These data are 
the statistical stillwater elevations for the planning area NY2, which includes Nassau County. The stillwater 
elevations at the LB WPCP and pump stations can be seen in Table 5-9. These data are used as the basis 
for the advisory base flood elevation (ABFE) and the preliminary flood insurance rate map (PFIRM). FEMA 
developed ABFEs after Hurricane Sandy to advise reconstruction efforts using data from a flood study that 
had begun prior to Sandy. PFIRMs include new or revised flood insurance data released for areas in the 
flood study that have yet to be finalized. These data are also referenced in the December 2016 FEMA 
Technical Mapping Advisory Council Annual Report. These data represent the best available flood hazard 
data for the area; data locations are shown in Figure 5-1. 

Table 5-9: 2015 NACCS Stillwater Elevations (Ft, NAVD88) 

Facility 
 

Elevation 
10% (10 

Year) 
2% (50 
Year) 

1% (100 
Year) 

0.2% (500 
Year) 

Long Beach WPCP 
Stillwater level 
(NAVD88) 

7.4 9.3 10.5 14.0 

Indiana Pump 
Station 

Stillwater level 
(NAVD88) 

7.4 9.3 10.5 14.0 

New York Pump 
Station 

Stillwater level 
(NAVD88) 

7.4 9.3 10.5 14.0 

Roosevelt Pump 
Station  

Stillwater level 
(NAVD88) 

7.4 9.3 10.5 14.0 
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Figure 5-1: 2015 NACCS Data map 

4.1 Sea Level Rise 
According to the FEMA Memorandum Sea Level Rise and Hazard Mitigation Assistance Programs dated 
December 23, 2013, for projects which include sea-level rise (SLR) in the design elevation, the amount of 
SLR at the end of the project’s useful life should be added to the expected flood elevations associated with 
each recurrence interval (See Appendix E: Benefit-Cost Analysis). Table 5-10 shows the flood-
recurrence intervals for the Long Beach WPCP, including the NACCS stillwater elevations with 2.5 ft of 
projected SLR. Table 5-11, Table 5-12, and Table 5-13 show the flood-recurrence intervals for each pump 
station. See Part II for further explanation of these data.  

Table 5-10: Flood-Recurrence Intervals with NACCS Stillwater Elevations and 2.50 Ft. of SLR, Long Beach 
WPCP 

 Predicted X-Percent Annual Chance Elevation (Recurrence Intervals) w/ 2.50 
ft, of SLR and Wave Height NAVD 88 

Elevations 10% (10 Year) 2% (50 Year) 1% (100 Year) 0.2% (500 Year) 

Stillwater 7.4 9.3 10.5 14.0 

SLR 2.5 2.5 2.5. 2.5 

Elevations 9.9 11.8 13.0 16.5 
 



 406 HAZARD MITIGATION PROPOSAL 

 PART V: BENEFIT-COST ANALYSIS METHODOLOGY AND SUMMARY
 

                                                        

                         Long Beach WPCP Hazard Mitigation Proposal  | P a g e 5 - 14 

Table 5-11: Flood-Recurrence Intervals with NACCS Stillwater Elevations and 2.50 Ft. of SLR, Indiana Pump 
Station 

 

Table 5-12: Flood-Recurrence Intervals with NACCS Stillwater Elevations and 2.50 Ft. of SLR, New York Pump 
Station 

 Predicted X-Percent Annual Chance Elevation (Recurrence Intervals) w/ 
2.50 ft, of SLR and Wave Height NAVD 88 

Elevations 10% (10 Year) 2% (50 Year) 1% (100 Year) 0.2% (500 Year) 

Stillwater 7.4 9.3 10.5 14.0 

SLR 2.5 2.5 2.5 2.5 

Elevations 9.9 11.8 13 16.5 

 
Table 5-13: Flood-Recurrence Intervals with NACCS Stillwater Elevations and 2.50 Ft. of SLR, Roosevelt Pump 
Station 

 Predicted X-Percent Annual Chance Elevation (Recurrence Intervals) w/ 2.50 
ft, of SLR and Wave Height NAVD 88 

Elevations 10% (10 Year) 2% (50 Year) 1% (100 Year) 0.2% (500 Year) 

Stillwater 7.4 9.3 10.5 14.0 

SLR 2.5 2.5 2.5 2.5 

Elevations 9.9 11.8 13 16.5 

 

4.2 Flood Mitigation Design Elevations 
The flood mitigation design elevations for Long Beach WPCP and the 3 pump stations will all exceed the 
elevation that includes 0.2 percent annual exceedance probability stillwater elevation plus wave action (not 
included in the tables above) plus 2.5 feet of sea-level rise. Nevertheless, the limit of protection against 
treatment service loss matches that at Bay Park, where wastewater will be treated moving forward. 

 Predicted X-Percent Annual Chance Elevation (Recurrence Intervals) w/ 2.50 
ft, of SLR and Wave Height NAVD 88 

Elevations 10% (10 Year) 2% (50 Year) 1% (100 Year) 0.2% (500 Year) 

Stillwater 7.4 9.3 10.5 14.0 

SLR 2.5 2.5 2.5 2.5 

Elevations 9.9 11.8 13 16.5 
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4.3 Sandy High Water Marks 
Table 5-14 provides high-water marks (HWM) nearest each site gathered from the USGS Hurricane Sandy 
Storm Tide Mapper, as shown in Figure 5-2.13 

 
Figure 5-2: Long Beach Pump Station USGS High Water Marks 

Table 5-14: Hurricane Sandy High Water Marks Based On USGS Data 

Facility Hurricane Sandy HWM (ft, NAVD88) 

Long Beach WPCP 8.7 

Indiana Pump Station 9.5 

New York Pump Station 9.5 

Roosevelt 9.3 

4.4 Damage Frequency Relationships 
Hurricane Sandy recurrence interval was determined for the site from a least squares regression, with a 
log function of the local 2015 NACCS data of the form,14 as seen in Figure 5-3, Figure 5-4, Figure 5-5, 
and Figure 5-6. 

  y = A*ln(x) + B 

  Where y = Flood Elevation, x = % Annual Chance, A = Constant, B = Constant 

 

 
13 HWM-NY-NAS-709, http://ga.water.usgs.gov/flood/hurricane/sandy/sites/hwm/HWM-NY-NAS-709.html 
14 FEMA 2013, Frequency Analysis of Storm Surge for Hurricane Sandy, FEMA-4086-DR-NJ 
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Using this site-specific relationship between flood elevation and percent annual chance, analysts 
determined the recurrence interval for Hurricane Sandy at the project site. The recurrence interval is listed 
in Table 5-15. Further details for the methodology can be found in the FEMA guideline report (FEMA 
2013).15 The calculation was completed with only stillwater and stillwater plus sea-level rise. 

 

 
Figure 5-3 Stillwater recurrence Intervals for the Long Beach WPCP System 16

 

 
Figure 5-4 Indiana Pump Station Recurrence Interval 

 
15 FEMA 2013, Frequency Analysis of Storm Surge for Hurricane Sandy, FEMA-4086-DR-NJ 
16 Stillwater elevations are the same across the three pump stations and WPCP 
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Figure 5-5: New York Pump Station Recurrence Interval 

 
Figure 5-6: Roosevelt Pump Station Recurrence Interval 

 

Table 5-15: Hurricane Sandy Recurrence Interval Based On 2015 NACCS Data 

Facility Hurricane Sandy 
HWM (ft, NAVD88) 

Hurricane Sandy 
recurrence interval 

(Stillwater only) 

Hurricane Sandy 
recurrence interval 
(Stillwater + SLR) 

Long Beach WPCP 8.7 27.4 6.2 

Indiana Pump Station 9.5 44.1 10 

New York Pump Station 9.5 44.1 10 

Roosevelt 9.3 39.1 8.9 
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 MITIGATED FUTURE LOSS FROM A FUTURE SIMILAR 
EVENT TO SANDY 

5.1 Pre-Mitigation Physical Damages and Loss of Service 
The Sandy high water mark (HWM) associated with the Long Beach plant is 8.7 feet NAVD88 as 
documented by the USGS Hurricane Sandy Storm Tide Mapper (HWM-NY-NAS-709).  This correlates to a 
6.2 year recurrence interval using the Stillwater elevations plus sea level rise over the life of the project. . 
Analysts input days of service loss into the FEMA BCA Toolkits by tier according to percent of service 
(100% or 75%) as described in Section 3.3 above. 

Analysts included costs incurred to date for interim repairs as physical damages from Hurricane Sandy at 
the Long Beach WPCP and three pump stations in the BCA (see Part II and Appendix B: Flood Risk, 
Vulnerability and Damage Assessments). Table 5-16 provides this total (approximately $7.3 million), 
along with the service loss. Service loss is based on the 12 hours that Long Beach WPCP was completely 
inoperable, as well as the month of lost treatment due to sand filter impacts. Analysts chose this simplified 
approach rather than calculating the total service impacts from years of operational disruption following 
Sandy. Analysts also did not include loss of service at the pump stations as this would be a duplication of 
benefits; the pump station service populations are part of the Long Beach WPCP overall service 
population.  

Table 5-16: Summary Losses due to Hurricane Sandy at the Long Beach WPCP Included in the BCA 

Recurrence 
Interval (Evaluated 

with SLR) 

Flood 
Elevation (ft-

NAVD88) 

Work Completed 
Costs 

Service Loss 
Tier 

Days of 
Service Loss 

6.2 (Hurricane 
Sandy) 

 
8.7 $7,340,166 

Tier 1 - 100% 0.5 

Tier 2 - 75% 30 

The record and explanation of direct physical damage costs, emergency protective measures, and service 
loss are provided in Appendix E: Benefit-Cost Analysis and Part II. 

5.2 Post-Mitigation Losses 
The Nassau County Department of Public Works has chosen a mitigation strategy to divert wastewater 
flow from the Long Beach WPCP to the Bay Park STP and perform mitigation measures on the 3 pump 
stations. This would include shutting down plant services of the existing Long Beach WPCP and converting 
part of the existing infrastructure into an influent pump station building, capable of conveying the daily 
wastewater flow to the Bay Park STP. As such, the limit of mitigation to flood-related loss of service 
coincides with the level of protection at the Bay Park facility. This correlates to the 1141-year recurrence 
interval, or 0.088% annual exceedance probability at Bay Park STP. For details on the calculation of this 
recurrence interval, refer to Appendix E: Benefit-Cost Analysis. The benefit-cost analysis conservatively 
assumes similar service loss and direct physical damage to Hurricane Sandy above this elevation.  
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 CONCLUSIONS 
The collective projects will mitigate the Long Beach WPCP system, which includes the LB WPCP and 
three pump stations. Conducting benefit-cost analyses for the pump stations individually would result in 
duplication of benefits because the pump stations each serve a subset of the WPCP population. As such, 
analysts have conducted a benefit-cost analysis inclusive of the four project cost and interim direct 
physical damage costs incurred to date, but the analysis uses the Sandy recurrence interval and service 
loss experienced by the Long Beach WPCP only, yielding conservative results. As stated above, the limit 
of flood protection coincides with the level of protection at the Bay Park facility, which is 17.2 NAVD88. 
This correlates to the 1141-year recurrence interval, or 0.088% annual exceedance probability. 

Based on the results of the BCA prepared for the Long Beach WPCP, the service relocation and facility 
hardening project will mitigate physical damages and loss of service to the service population during future 
flood events up to the design level.  The BCR for the project is as follows:  

Table 5-17: Benefit-Cost Analysis Results at Long Beach WPCP 

TOTAL BENEFITS $135,794,38917 

TOTAL COST IN BCA $94,199,060 

BCR 1.44 

 

Given the following key inputs described above: 

Table 5-18: Percent share loss of functionality by tier 

Tier Essential Functionality % Share LOF 

1 Conveyance 

100% 2 Solids 
Removal/Handling 

3A Treatment – Minimal 

3B Treatment – Permit 75% 
 

Table 5-19: Service population and value per person per day 

Long beach service population 37,823 

Long beach service value per person per day $59.61 
 
  

 
17 Benefits calculated in the FEMA BCA Toolkit 6.0 are slightly higher then the results in Toolkit 5.3 do to a rounding difference in the 
calculation of loss of service. The BCR from Toolkit 6.0 is included in this report.  
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Table 5-20: Flood elevations (2015 NACCS Stillwater elevations plus 2015 NPCC 50-year sea level rise) 

Annual exceedance probability 10-percent 2-percent 1-percent .02 percent 

Elevation NAVD88 13.5’ 15.9’ 17.3’ 21.4’ 
Table 5-21: Sandy impacts to WPCP 

Event Elevation 
(NAVD88) Work Completed Days 100% 

service loss 
Days 75% 

service loss 

Sandy 8.7’ $7,340,166 0.5 30 

 

Table 5-22: Sandy loss of functionality calculations at Long Beach WPCP 

%LOF Population Days Estimated LOF ($) 

100% 37,823 0.5   $1,127,314.52 

75% 28,367 30 $ 50,729,153.18 
  Total $ 51,856,467.69 
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 APPENDIX A: FACILITY CHARACTERIZATION 
Appendix A contains documents that provide additional information concerning the Long Beach WPCP 
facility. Often, documents contain visuals such as maps. Location, area topography, and demographics 
are all noted here.  

 APPENDIX B: FLOOD RISK, VULNERABILITY, AND 
DAMAGE ASSESSMENTS  

Appendix B demonstrates Long Beach WPCP flood risk. The appendix mainly consists of flood maps and 
flood elevation documents showing the plant’s vulnerability. It includes a document outlining the 
elevations of all facilities and their included assets at the plant. In addition to building elevations, the 
elevations of critical equipment for each facility are noted here. Additionally, information on the 
recommended design flood elevation can be found here.  The appendix also contains news articles 
documenting the impact of Sandy on the facility and nearby community and documents on past losses 
from flooding at the plant. During Hurricane Sandy, the plant was completely inundated with floodwaters 
causing extensive damage to the facility. Damage assessments and associated repair and recovery cost 
estimates for Hurricane Sandy are contained here, as well. Lastly, the appendix contains a report with 
details of equipment assessment and required repairs of the equipment in the sand filter building. 

 APPENDIX C: ALTERNATIVES EVALUATION 
Appendix C contains information about the alternatives evaluated, including the cost estimates. 
Information on the codes and standards upgrade documentation, including documentation of the 
requirement and the cost estimate, is also included. 

 APPENDIX D: SCOPE OF WORK SUPPORT 
Appendix D contains additional information regarding the proposed mitigation measures for facilities at 
Long Beach WPCP including their cost estimates, maintenance costs, and construction schedules. 
Additional.  It also contains a memo detailing the force main alternatives and the details explaining the 
County’s choice for the chosen alternative.  

 APPENDIX E: BENEFIT-COST ANALYSIS 
Appendix E contains the report produced by the BCA software containing the results of the Benefit-Cost 
Analysis for the proposed and alternative mitigation projects. The report contains:  
• A Benefit-Cost Ratio for the entire set of mitigation projects;  
• A list of Benefit-Cost Ratio’s for each of the mitigation projects, and;  
• An outline of the set of values used within the software for each mitigation project.  
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In addition, Appendix E contains a Data Documentation Template which briefly explains values used 
within the BCA software and documents their source and/or the location of their description within the 
entire Hazard Mitigation Proposal.  

A mix of tables, articles, and documents that contain the sources for several values used within the BCA 
software are also present. Values documented include:  

• Project Useful Life of mitigation measures  
• Value of Wastewater Services Per Customer Per Day  

Often sources are published by FEMA or other government agencies. Additional values support is located 
in other appendices where applicable. Appendix E also contains a worksheet of the amount spent on the 
interim repairs to keep the long beach facility operational.
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