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7 Alternative Analysis 
A multi-disciplinary assessment was performed to evaluate the feasibility to design and construct the proposed 

three “Resist” alternatives and “DSD” alternative. This assessment involved development of coastal design 

flood elevations (DFE) for each of the  “Resist”  alternatives; conceptual structural and foundation design of 

the  “Resist”  superstructure and substructure; conceptual drainage design; conceptual design to prevent 

coastal storm surge intrusion through existing utilities; conceptual urban design and landscape treatment 

options for the  “Resist”  and “DSD” alternatives; schematic design for stormwater management for the “DSD” 

alternative; preliminary cost estimates; benefit-cost analysis; and environmental impact assessment.  

7.1 Methodology to Evaluate “Resist” Alternatives 
One of the primary objectives of this project is to ensure the reduction in flood insurance premiums for the 

majority of the affected population living within the study area. This goal would be achieved by designing the 

flood risk reduction system to meet FEMA’s levee certification standards.  This would enable FEMA to accredit 

the system, leading to a reduction in the 1-percent-annual-chance event (100-year) floodplain area and 

resulting reduction in the effective flood insurance rate maps for the study area. The FEMA levee certification 

standards require the adoption of the criteria put forth in the FEMA 44 CFR 65.101 which details the following 

three major components –  

• Engineering Design - This requires development of appropriate design flood elevation for coastal levee

structures; structural design of closure structures (deployables); embankment protection; foundation

and stability analysis of the structures; and settlement analysis of the proposed structures.

• Interior Drainage Analysis – This interior drainage analysis can be based on joint probability of interior

and exterior flooding and must consider capacity of drainage lines and pumps to evacuate interior

floodwaters. The U.S. Army Corps of Engineers EM 1110-2-1413 Engineering and Design- Hydrologic

Analysis of Interior Drainage Areas provides guidance and criteria for performing an interior drainage

analysis for a levee system.

• Operation and Maintenance procedures – This requires information on the operation, maintenance,

and performance of the levee system typically provided by the official from the public agency

responsible for continued operation and maintenance of the levee system.

It should be noted that based on discussions with FEMA Region 2, it may not be possible to perform a joint 

probability analysis of the study area’s storm-sewer system as part of the interior drainage analysis. Instead of 

a joint probability analysis, it was recommended to perform the interior drainage analysis in two conditions – 

with outfalls open and outfall closed. The 44 CFR 65.10 requirements were used to develop and analyze various 

components of the “Resist” alternatives. However, the operation and maintenance (O&M) procedures for the 

“Resist” alternatives were not developed as part of the feasibility study; these O&M procedures will be 

developed during the design and construction phase of the project.  
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Since the height and urban characteristics surrounding the “Resist” alignment varies throughout the study 

area, a toolkit for various urban design and landscape treatment opportunities was developed to enhance the 

aesthetics of the proposed coastal flood barrier features which would provide benefits to the community’s 

quality of life. At some critical locations within the study area, several urban design and landscape treatment 

options were developed and evaluated with feedback from the community. A feasibility screening matrix was 

developed to evaluate and compare the effectiveness of the alternatives.  

Throughout the alternative analysis phase, consistent communication with stakeholders was conducted to 

ensure that all affected stakeholders were informed and provide feedback. Appendix P contains memos that 

were provided to NJ Transit, Hartz Mountain, and the City of Hoboken on potential challenges and impacts 

associated with these alternative on their property or on-going projects.  

7.1.1 Design Flood Elevation 

The 44 CFR 65.10 requires the use of the maximum design of flood elevation (DFE) as obtained from the four 

scenario cases as shown in Table 7-1. The 2015 preliminary FEMA Flood Insurance Study for Hudson County2 

provided the 1-percent-annual-chance and 0.2-percent-annual-chance still water elevations, 1-percent-

annual-chance wave heights and other parameters required to determine the DFE (FEMA, NFIP, “Flood 

Insurance Study for Hudson County”, 2015). Note the still water elevations from the 2015 preliminary FEMA 

Flood Insurance Study include the effects of wave setup. 

Table 7-1. Coastal Design Flood Elevation Scenario Cases 

DFE Scenario Case Requirements per 44 CFR 65.10 

Case 1  1-percent-annual-chance still water elevation + 2 feet freeboard (minimum 

requirement) 

Case 2 1-percent-annual-chance base flood elevation (BFE) + 1 foot freeboard 

Case 3 1-percent-annual-chance still water elevation + 1 foot freeboard + maximum wave 

runup 

Case 4 1-percent-annual-chance still water elevation + wave crest height as freeboard to 

minimize wave overtopping from 1-percent-annual-chance wave  

For scenario case 4, design flood elevations that prevented any wave overtopping or allowed a maximum wave 

overtopping rate of 0.1 cfs/ft to 0.3 cfs/feet were computed. This range of allowable overtopping was used by 

the USACE for design of flood protection measures in Louisiana. However, in most cases, the crest freeboard 

that prevented any wave overtopping was used for the Case 4 DFE scenario. The EurOtop Manual3 method was 

used to perform wave overtopping analysis (EurOtop Manual, 2007), as well as for maximum wave runup for 

sloped structures and berms. The maximum wave runup for vertical structures was calculated using Figure 7-

1 as obtained from the USACE Shore Protection Manual (USACE, Shore Protection Manual, 1984). The wave 

conditions used in the calculations was taken at the toe of the structures from the Wave Height Analysis for 

Flood Insurance Studies (WHAFIS) transect model, which considers overland wave propagation, including the 
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effects of wave breaking and wave dissipation due to obstructions. Since the WHAFIS model outputs the 

controlling wave height, they were converted to a significant wave height by dividing by 1.6 for use in the wave 

runup and overtopping calculations. The maximum DFE produced from these four scenario cases was used as 

the DFE to meet the 44 CFR 65.10 requirements.  

One of the project’s objectives was to incorporate future sea-level rise (SLR) in addition to the FEMA 

certification DFEs for the “Resist” alternatives. Adding sea level rise to the DFE makes the design compliant 

with the FFRMS. The sea level rise scenario year of 2075 was chosen to match the typical 50-year design life of 

the infrastructure. The USACE SLR Calculator5 (USACE, “Sea-Level Change Curve Calculator”, 2014), 

developed in partnership with FEMA and NOAA, was used for the year 2075 and four SLR scenarios were 

obtained as shown in Table 7-2 below using the NOAA SLR values. The intermediate high estimate value of 

2.34 feet of SLR was chosen to be included in the calculation of the DFEs. The SLR value of 2.34 feet was chosen 

because it is comparable to the 2.5 feet SLR value used in New York City’s on-going flood resiliency projects. 

It should be noted that any direct effects of SLR on the 1%- and 0.2% annual chance event Stillwater elevations, 

as developed by FEMA, were not considered. Instead, the SLR value of 2.34 feet was directly added to the 

maximum DFE obtained from the evaluation of, and in accordance with, the 44 CFR 65.10 regulations.  

 

Figure 7-1. Wave Runup Heights on Vertical Walls 
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Table 7-2. NOAA’s Sea-Level Rise for Year 2075 

Low Estimate Intermediate Low Estimate Intermediate High Estimate High Estimate 

0.54 feet 1.10 feet 2.34 feet 3.76 feet 

The “Resist” alignment in each alternative was broken down into smaller segment reaches with unique 

identifiers assigned to each reach. The reaches were split either at road crossing/intersections and/or where 

the BFE changed in the 2015 Preliminary FEMA floodplain maps, and/or at locations where the proposed 

intervention type changed. For each reach, a DFE was calculated by using the maximum of the four DFE 

scenario cases. Additionally, the 0.2-percent-annual-chance still water elevation and wave heights were 

calculated to design the foundation of the “Resist” structures.  The selected DFEs for each reach and the 

transitions between them will need to be re-evaluated during the design phase of this project. Appendix H 

provides detailed calculations on the DFE for all the three alternatives. 

7.1.2 Structural and Geotechnical Basis of Design  

A conceptual level structural and geotechnical analysis was performed to obtain the appropriate size of the 

proposed “Resist” barrier’s superstructure and substructure for the appropriate design flood elevation. 

Additionally, seepage and slope stability analysis were performed at a conceptual level with certain 

assumptions to ensure that the existing NJ Transit embankments, located within the NJ Transit Rail yard 

between Marin Boulevard and Jersey Avenue, have the potential to withstand coastal storm surge conditions. 

The sizes developed for these proposed super- and substructures were then used to develop rough order of 

magnitude cost estimates. The proposed subsurface foundation footprint was used to evaluate any potential 

conflicts with utilities and surrounding structures. 

7.1.2.1 Structural Basis of Design  

The design basis applies to coastal flood barrier structures that are intended to handle forces including 

hydrostatic, hydrodynamic, wave runup and breaking, and debris impact loads in addition to typical loads 

applied such as dead, live, wind, etc. Design was performed in accordance with the latest edition of all 

applicable building codes, most notably the following: 

• ASCE 7-10 – Minimum Design Loads for Buildings and Other Structures 

• ASCE 24-14 – Flood Resistant Design and Construction 

• ACI-318-14 – Building Code Requirements for Structural Concrete 

• EM 1110-2-1913 – Design and Construction of Levees 

• EM 1110-2-2502 – Retaining and Flood Walls  

• EM 1110-2-1901 – Seepage Analysis and Control for Dams 
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• EM 1110-2-1902 – Slope Stability 

• EM 1110-2-2906 – Design of Pile Foundations 

Design loads were determined in general accordance with ASCE 7-10 and ASCE 24-14, with the primary load 

being flood load, Fa. For the conceptual structural design of superstructure elements, vertical loads such as 

dead, live, and snow loads were conservatively neglected as they were found to either have a negligible impact 

on the design or to counteract the effect of lateral flood loads. Wind load was also found to be negligible when 

compared to flood load and was neglected during conceptual design. The full effect of all vertical and lateral 

loads should be considered during final design in order to arrive at the most economical solution. 

Flood and debris loads were determined in accordance with Chapters 5 and C5, respectively, of ASCE 7-10. The 

structures were designed assuming water forces on one side only, as applicable to ASCE 7-10 Equations 5.4-5 

and 5.4-6. The breaking wave load equations provided in ASCE 7-10 are based on conservative assumptions of 

coastal engineering parameters such as wave height, stillwater depth, etc. The 2015 Preliminary FEMA 

floodplain maps and the limit of moderate wave action (LiMWA) line were used as a guide to identify structures 

subject to breaking waves. Appendix I provides the basis of design (BOD) that shows the load calculations from 

various types of forces. 

The design impact load from flood-borne debris was calculated as shown in Appendix I and is equal to 25 kips 

applied at the top of the structure, or highest design flood elevation, for structures designed to withstand the 

effects of either breaking or non-breaking waves. The impact load was applied as a singular concentrated load 

on the water side of the structure. The effect of impact loads was assumed to act simultaneously with 

nonbreaking or breaking wave loads, with no reduction in either load.  For the purposes of determining load 

factors, debris impact and wave loads were considered as flood loads, with a load factor of 2.0 for strength 

design and 1.5 for allowable stress design.  

Structure heights and other above ground projecting elements were designed and proportioned to adequately 

“Resist” the loads and flood levels associated with the 100 year (1-percent-annual-chance ) event (the Base 

Flood). The structure heights were determined by the existing land topography, DFE Scenario Cases (in 

accordance with the FEMA 44 CFR 65.10 standards/requirements), the chosen SLR value of 2.34 feet, as well 

as accounting for any expected ground settlement. Design wall heights for superstructure components ranged 

from six to fourteen (14) feet above grade, and wall heights below six feet were considered equivalent to the six 

foot high design case. The foundations/substructure elements, including piles and footings, were designed and 

proportioned to adequately “Resist” the loads and flood levels associated with the 500 year (0.2-percent-

annual-chance) storm to permit future upgrades in the capacity of the above grade elements without significant 

modifications to the below grade elements. Foundation design was based on the flood heights that were 

determined using the 0.2-percent-annual-chance stillwater elevation and wave height, expected settlement, 

and the intermediate high sea level rise value of 2.34 feet.  An upper bound design theory was used, and a 

minimum factor of safety of 1.0 was applied for the 0.2-percent-annual-chance extreme storm event.  Design 

wall heights for foundation components ranged from six to sixteen (16) feet above grade, and wall heights below 
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six feet were considered equivalent to the six foot high design case. Foundation designs were also checked 

against the loads for a 1-percent-annual-chance event as described above (for above grade structures).  The 

factors of safety and load factors used for the 1-percent-annual-chance storm event were selected based on 

conventional Allowable Stress Design (ASD) or Load and Resistance Factor Design (LRFD) methodologies and 

applicable codes (AISC, ACI, ASCE 7-10, etc.).  

 
A majority of the “Resist” structure was designed as a pile-supported reinforced concrete stem wall constructed 

on deep foundations and groundwater seepage cutoff barrier. Seepage analyses were performed for 

conservatively selected and representative barrier structure sections.  Exceptions include areas in the southern 

portion of the project where existing fortified embankments with modifications will be relied upon to provide 

flood protection; deployable gates at locations where pedestrian or vehicular access is required; and a short 

earth berm segment at the northern terminus of Alternatives 2 and 3.  The concrete structures were designed 

in accordance with ACI 318-14 to “Resist” the design flood and impact loads described in greater detail in 

Appendix I. Localized effects of the impact load were considered as if the load were applied over a 6” x 6” area, 

and the punching shear capacity of the stem was compared with this force. For flexural and shear capacity 

calculations, the impact load was assumed to distribute at a 45 degree angle over the height of the wall, meaning 

that the base shear and moment from the impact load were assumed to act over a distance along the wall equal 

to twice the wall height. This load was then superimposed with the flood loads. The wall was designed on a per-

foot basis per ACI requirements. The design resulted in all walls having a minimum thickness of 12 inches at 

the top, a thickness at the base of between 15 and 24 inches (for walls not subjected to wave action), and a 

thickness at the base of 37 inches for the segment of superstructure that is subjected to wave action.  

To account for the constantly varying wall height that occurs along the length of the alignments due to changing 

DFE and ground surface elevations, the design scenarios were grouped into segments as shown in Figure 7-2 

(North portion) and Figure 7-3 (South portion) below. The first line of labels next to each segment indicate the 

100-yr/500-yr (superstructure/foundation) design barrier heights. The second line of labels indicate the 100-

yr/500-yr (superstructure/foundation) design cases that correspond with the structural and geotechnical 

design summaries included in the appendices. Black numbers indicate areas that are not subjected to breaking 

wave loads, and red numbers indicate areas that are subjected to breaking wave loads. The actual wall heights 

are not constant within each design segment; rather the design heights represent the largest wall height within 

each segment. Segments were assigned such that the design height is generally representative of the actual 

conditions, while remaining slightly conservative. Stem and foundation designs were then performed at one-

foot increments from zero to 15 feet above grade, and the results were correlated with the design scenarios and 

translated to the conceptual drawings. The design results can be found in Appendix I. 

Three types of deployable gates are utilized for this project: rolling steel gates, swing steel gates, and flood logs. 

Design and detailing of the rolling and swing gates are almost identical aside from the alignment of the wheels 

and the travel path the gates follow during deployment. These structures are comprised of built up plate and/or 

rolled section steel members which are designed to move on wheels along rails set flush into the travel way.  In 
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the closed position, the movable section was designed to span horizontally across the opening and transmit the 

flood forces to reinforced concrete buttresses on either side of the opening. As a result, the buttress portions of 

the flood walls at each gate opening will be considerably larger than the adjacent standard flood wall section, 

especially for larger gate openings. Preliminary gate thicknesses for various height and length combinations 

were selected considering a hydrostatic force on the water side of the gate which is resisted by the flexural 

capacity of a composite steel section comprised of steel plates on the front and back side of the gate separated 

by wide flanges or I shape plate girders. The proportions of the movable gates were limited to a 3 to 1 ratio of 

height to width to ensure stability when the gate is being moved, and when subjected to wind forces.  In final 

design, refinements in the design will need to be made to account for permissible deflection at mid span and 

to detail the wheel to track connection for the transmission of transverse forces.  Preliminary design has 

neglected this load path and conservatively assumed the entire transverse flood load needs will be resisted by 

the steel as it spans in flexure between buttresses. Preliminary thicknesses were also selected based on site 

visits and case studies of similar types of structures used in existing flood protection systems, and the 

proportions chosen correspond well with example structures. 

Rolling/swing gates for this project varied in height from two to 16 feet above grade and varied in length from 

15 to 95 feet. Gate widths ranged between 16 inches for less than four feet high and less than 30 feet long to 64 

inches for gates of any length that are higher than 14 feet. A breakdown of gate widths corresponding to various 

height and length combinations can be found in the Conceptual Design Drawings (Appendix Q) on the Gate 

Details sheet. The required height and length on most of the gates makes it infeasible for workers to deploy the 

gates without a form of mechanical assistance. Each gate is proposed to be equipped with an 

electrical/mechanical winch system that can be run from the city’s power grid or from a mobile generator as 

the primary means of deployment. Redundant methods of deployment should also be included in the 

Operation & Maintenance (O&M) plan in order to ensure the integrity of the entire system during a storm 

event. These redundant methods may include a manual winch or come-along that can be employed in case of 

failure of the electric/mechanical winch, as well as anchor points along the gates that will allow manual 

deployment using machinery such as a front end loader or bulldozer, if all other means fail. The flood logs are 

a proprietary system, and final design will be done in coordination with the selected manufacturer, ensuring 

the selected system is capable of resisting the design forces. The flood logs will be between six and nine feet 

high and range in length between ten and 325 feet. Generally, the systems will require a deployable 

intermediate post for spans longer than 10 feet. The flood logs will be deployed by first erecting intermediate 

posts in pre-installed foundations as required for each segment, then stacking individual logs into receiving 

channels within the posts, as well as pre-installed channels anchored into the concrete flood barrier at each 

end of the flood log segments (the point where the deployable flood log meets the permanent structure). The 

weight of the individual components of the flood log barrier varies depending on the selected manufacturer, 

but the system can generally be deployed by manual labor and possibly some assistance from light construction 

equipment like a small backhoe. Additionally, the deployable structures may have potential for minor leakage 

when deployed. A physical testing of the proposed deployable system is recommended during the design and 

construction phase to verify the potential leakage rates.
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Figure 7-2. Map showing Flood Barrier Heights along various Alternatives used for Structural and Geotechnical Design Calculations for North Portion
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Figure 7-3. Map showing Flood Barrier Heights along various Alternatives used for Structural and Geotechnical Design Calculations for South Portion
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7.1.2.2 Geotechnical Basis of Design for Foundation of the “Resist” Barriers 

The “Resist” structure was designed as a pile-supported reinforced concrete stem wall and is categorized into 

northern and southern sections for foundation design purposes. Locations of northern and southern “Resist” 

barriers with their subsections are shown in Figures 7-2 and 7-3 above. Foundations, including piles and 

footings, were designed and proportioned to adequately “Resist” the loads and flood levels associated with the 

0.2-percent-annual-chance coastal storm event with a minimum factor of safety of 1.0 against compression 

and applied uplift.  Foundation designs were also checked against the loads for a 1-percent-annual-chance 

coastal storm event. The factors of safety and load combinations factors used were selected based on 

conventional ASD methodologies.  

Pile foundation analyses was performed using the following two software programs: 

 

GROUP 2014 – This software program analyzes the behavior of piles in a group subjected to both axial and 

lateral loadings. The program is developed to compute the distribution of loads (vertical, lateral, and 

overturning moment in up to three orthogonal axes).  The piles may be installed vertically or on a batter and 

their heads may be fixed, pinned, or elastically restrained by the pile cap. The program generates maximum 

loads, moments, stresses and deflections induced in the individual piles. 

 APILE Plus 5 - This software program is used to compute the axial capacity, as a function of depth, of a pile 

driven into clay, sand, or mixed-soil profiles. The main computational methods used by APILE are those 

established by the American Petroleum Institute (API) in their manual on recommended practice, API-RP2A. 

APILE also offers alternative methods for computing the axial-capacity of driven piles, including the U.S. Army 

Corps of Engineers (USACE) method, and the U.S. Federal Highway Administration (FHWA) method. 

The southern portion of the alignment follows NJ-Transit embankment and Observer Highway east from 

Marin Boulevard to Washington Street, near Hoboken Terminal and continues along First Street and Sinatra 

drive as shown in Figure 7-3 above. The typical soil profile along this portion of the alignment consists of loose 

to very dense Fill material in the inland (sand, gravel, construction debris), with cobble to boulder size 

obstructions along Hudson River shoreline, all of which is underlain by a soft to stiff cohesive layer of silt and 

silty clay with varying amounts of sand. The cohesive layer is underlain by glacial till and rock. This portion of 

the alignment consists of sixteen (16) superstructure design cases (S1 to S-16)for structural design and nine (9) 

substructure design cases based on the structural loading, soil properties and stratifications.  

Pile foundation analysis provided two different pile types - HP14x89 and W21x182 - between 40 to 66 foot 

lengths for the southern portion of the various “Resist” structures. The piles are arranged in two rows plumb 

and/or battered with 4 feet spacing along the proposed “Resist” barrier alignment. The footing width ranges 

from 7 to 13 feet wide. Larger piles, battered piles, and wider footings are designed for the portion of the wall 

closer to the waterfront. The piles are mostly driven into Glacial Till with some exceptions where the pile tips 
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are on top of the bedrock. Selection of H and wide flange piles are preferred to close-ended pipe piles due to 

possible obstructions and drivability. 

The northern portion of the alignment follows Sinatra Drive North in Alternative 1 and extends to Weehawken 

Cove via 3 different “Resist” alignments as shown in Figure 7-2, above. New and historic borings revealed a 

loose to very dense Fill layer (sand, gravel, construction debris) with cobble to boulder size obstructions along 

the Hudson River shoreline, underlain predominantly by a soft to very stiff silty clay and silt. The fill layer has 

not been encountered in the borings drilled from the water side. Similar to the southern alignment of the 

“Resist” barrier, the cohesive layer is underlain by glacial till and rock. This portion of the alignment consists 

of eighteen (18) superstructure design cases (N-1 to N-18) for  structural design and nine (9) substructure 

design cases based on the structural loading, soil properties and stratifications.  

Pile foundation analysis provided two different pile types - HP14x89 and W21x182- ranging between 32 to 66 

feet in length with 4 to 5 feet of spacing for this northern portion of the various “Resist” structures. An 

additional third row of piles has been considered in this portion of the project due to shallow depth to bedrock 

and/or extensive lateral load on the wall in some sections of the alignment. The footing width ranges from 8 to 

14 feet wide. Larger piles, battered piles, and wider footings are designed for the portion of the wall closer to 

the waterfront. Some of the piles are seated on bedrock while most of them are only advanced to glacial till 

where the bedrock is found at deeper depths.  

Appendix J shows the summary and output of all the pile foundation analysis broken down by southern and 

northern portions of the study area.  

7.1.2.3 Seepage Analysis of the “Resist” Barriers 

Seepage analyses were performed for conservatively selected representative sections of the proposed “Resist” 

structure. Sections for analyses were selected to represent maximum flood heights and representative 

subsurface soil profiles; one section within the southern portion of the study area and one within the northern 

portion of the study area. The analyses were performed to estimate the seepage volume passing beneath the 

structure and the hydraulic exit gradients on the downstream side of the structure using the computer program 

SEEP/W, which is part of GeoStudio 2012 Suite, published by Geo-Slope International.  A 2D finite element 

model was created for the proposed “Resist” structure using the representative sections and estimated soil 

parameters for the various stratigraphic layers to perform steady-state seepage analyses.   

 

An important parameter required to perform applicable seepage analyses is the hydraulic conductivity 

(permeability) of subsurface soils.  The saturated hydraulic conductivity of porous material varies typically by 

one or two orders of magnitude (e.g. silty sand, 10-2 to 10-4 ft/sec).  The surface fill stratum generally consists 

of coarse to fine sand with varying amounts of silt and gravel.  Utilizing this typical range, the hydraulic 

conductivity for the fill stratum was assumed to be 1.0 × 10-5 ft/sec.  The assumed hydraulic conductivity of 

silty clay and/or silt layer stratum is assumed to be 2 × 10-8 ft/sec. indicating a relatively impervious stratum.  
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Glacial till also consists of coarse to fine sand with varying amounts of silt and gravel; however, considering 

relatively dense characteristics and higher fine contents of the layer, a hydraulic conductivity (k) of 1.0 × 10-6 

ft/sec was assumed.  All soil types were assigned an anisotropy ratio, Kx/Ky = 1, thereby modeling the soil as 

homogeneous in the vertical and horizontal directions.  The steady state seepage analyses were performed for 

the southern and northern portions of the study area using a design flood wall height of 14 feet and 16 feet, 

respectively. It should be noted that the seepage analysis conducted as part of the feasibility study is on a 

conceptual level and was conducted to determine the approximate length of seepage barrier required for the 

“Resist” structures in the southern and northern portions of the study area. A detailed seepage analysis will 

have to be performed during the design phase at various locations along the “Resist” structure under various 

flood levels and durations to determine the optimal length of the seepage cutoff barrier.  

 

The fully developed phreatic surface obtained from a steady-state seepage analysis were used.  This condition 

occurs when the water remains at or near flood stage for a sufficient period of time to result in a condition of 

steady state seepage.  Steady state seepage analyses were conservatively performed in this study for preliminary 

conceptual design purposes; however, it should be noted that considering the relatively short duration (about 

6 hours to 24 hours) of anticipated storm events, this condition will not likely occur.  

 

The seepage barrier tip elevation was determined by limiting the factor of safety for piping to a minimum of 1.5 

as per U.S. Army Corps of Engineers, Engineers Manual for Seepage Analysis and Control for Dams.  As a result 

of the analyses, the seepage barrier should be extended to the depth of 23 feet below ground surface (bgs) for 

“Resist” structures located in the southern study area and to a depth of 23 feet bgs in the northern study area 

to satisfy piping factor of safety (FS) requirements. The steady-state seepage analyses results are presented in 

Table 7-3 for barrier structures located in the southern and northern study areas.   

 

Table 7-3. Summary of Barrier Structure Seepage Analyses 

Location 
Design Flood 
Wall Height (feet) 

Seepage 
Barrier  

FS for Piping 
Seepage 
Quantity (ft3/s) 

Southern Study 
Area 

14 No  - 1.41 x 10-3 
14 23 ft BGS 2.07 3.95 x 10-7 

Northern Study 
Area 

16 No  - 3.16 x 10-4 
16 27 ft BGS 2.43 7.26 x 10-7 

 

Figures 7-4 and 7-5 show the seepage analysis results from the steady-state simulations with and without 

seepage cutoff barrier under the proposed “Resist” structures for the southern portion of the study area. 

Similarly, Figures 7-6 and 7-7 show the seepage analysis results from the steady-state simulations with and 

without seepage cutoff barrier under the proposed “Resist” structures for the northern portion of the study 

area. As seen, from these figures and Table 7-3, the seepage cutoff barrier under the “Resist” structure reduces 

seepage significantly during a coastal storm surge event. 
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Figure 7-4. “Resist” Barrier Structure without Seepage Cutoff Condition in Southern Study Area  

 

 
Figure 7-5. “Resist” Barrier Structure with Seepage Cutoff Condition in Southern Study Area  
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Figure 7-6. “Resist” Barrier Structure without Seepage Cutoff Condition in Northern Study Area 

 

 
Figure 7-7. Resist Barrier Structure with Seepage Cutoff Condition in Northern Study Area 
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7.1.2.4 Seepage and Slope Stability Analysis of NJ Transit’s Embankments 

A conceptual level seepage and slope stability analyses was performed for the existing NJ Transit railway 

embankment in order to evaluate the seepage quantity through and/or beneath these existing structures. As 

shown in Figure 7-8, these railroad embankments located in the southern portion of the study area are part of 

the “Resist” structure alignment. Analyses were performed for the assumed current condition of these railway 

embankments with the 1-percent-annual-chance and 0.2-percent-annual-chance coastal storm event 

conditions. 

Steady state seepage analyses were conservatively performed for conceptual design purposes assuming that 

the existing railroad embankment material consists of a sand and gravel mixture, with an assumed hydraulic 

conductivity (k) of 3 × 10-5 ft/sec.  The hydraulic conductivity values of subsurface soil strata used in the 

analyses are included in Table 7-4.  The soil parameters assumed for stability analyses include angle of internal 

friction of granular soil, the shear strength of cohesive soil, and soil type unit weights are also included in Table 

7-4.  The parameters are evaluated based on the SPT N-values obtained from nearby borings and widely used 

empirical correlations. 

Table 7-4. Summary of Material Properties for Seepage & Stability Analyses of NJ Transit Embankments 

Materials 
Hydraulic Conductivity 

(ft/s) 
Unit Weight 

(pcf) 
Friction Angle 

(degrees) 
Cohesion 

(psf) 
Embankment Soil 3.0 x 10-5 120 30 - 
Fill 3.0 x 10-5 120 30 - 
Silty Clay 2.0 x 10-8 115 - 400 
Glacial Till 1.0 x 10-6 125 36 - 
 

Seepage analyses with a seepage cutoff barrier at the upstream toe of the embankment and a geosynthetic 

seepage barrier on the upstream slope of the embankment were included to reduce the seepage rate and 

increase the embankment stability.  The results of the analyses for the embankment are included in Table 7-5.  

Seepage analyses results indicate that the cutoff barrier and geosynthetic reinforcement on the embankment 

can reduce seepage rate through and under the embankment by two orders of magnitude. 

Using the seepage analyses results, slope stability analyses were performed for the NJ Transit railroad 

embankment along the line of protection.  Slope stability analyses were performed for the following loading 

conditions; steady-state seepage under 1% and 0.2% annual chance coastal storm surge conditions and rapid 

drawdown after flood condition with and without seepage barriers.  A commercially available computer 

program, SLOPE/W, was used to perform the slope stability analyses for the embankment.  SLOPE/W is a 

general purpose slope stability analysis program that uses limit equilibrium methods to compute the factor of 

safety for a given slope geometry and loading conditions.  For the stability analysis of the downstream sides of 

the embankment, the Morgenstern-Price method of slices for circular failure was used since this method 

satisfies both force and moment equilibrium and incorporates inter-slice shear and normal forces.  It was 

assumed that pore pressures within the embankment remain the same before and after the drawdown because 

of relatively instantaneous drawdown. 
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Figure 7-8.  Map showing locations of Existing NJ Transit’s Rail Embankment as part of “Resist” alternatives 
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Table 7-5.  Summary of NJ Transit Embankment Seepage & Stability Analyses Results 

Flood 

Condition 

Design Flood 

Elevation (ft-NAVD) 

Seepage 

Barrier 

Seepage 

Quantity (ft3/s) 

Factor of Safety for 

Slope Stability 

No Flood - - - 1.296  

1-percent-annual-

chance coastal 

storm  

15 No  5.7 x 10-5 1.198 (Downstream) 

15 (Rapid Drawdown) No - 1.217 (Upstream) 

15 Yes 1.9 x 10-7 1.240 (Downstream) 

0.2-percent-

annual-chance 

coastal storm  

18 No  8.0 x 10-5 1.174 (Downstream) 

18 (Rapid Drawdown) No - 1.181 (Upstream) 

18 Yes 2.5 x 10-7 1.241 (Downstream) 

 

Seepage analyses results presented in Figure 7-9 through Figure 7-12 show seepage through the existing NJ 

Transit embankment with and without underground cutoff seepage barrier in the 1-percent-annual-chance  

and 0.2-percent-annual-chance coastal storm surge events. The figures and values provided in Table 7-5 show 

that the underground cutoff barrier reduces seepage quantity through the fill layer under the embankment 

approximately by two orders of magnitude.   

 
Figure 7-9. Seepage Analysis without Underground Seepage Barrier through NJ Transit’s embankment during a 1-

percent-annual-chance Coastal Storm Condition 
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Figure 7-10. Seepage Analysis with Underground Seepage Barrier through NJ Transit’s embankment during a 1-

percent-annual-chance Coastal Storm Condition 

 
Figure 7-11. Seepage Analysis without Underground Seepage Barrier through NJ Transit’s embankment during a 

0.2-percent-annual-chance Coastal Storm Condition 
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Figure 7-12. Seepage Analysis with Underground Seepage Barrier through NJ Transit’s embankment during a 0.2-

percent-annual-chance Coastal Storm Condition 
 

The embankment stability analyses results, which take seepage forces into consideration, show that the stability 

of the existing NJ Transit embankment under no storm conditions (Figure 7.12) will decrease slightly under 

both the 1-percent-annual-chance and 0.2-percent-annual-chance coastal storm surge event conditions, as 

shown in Figures 7-13 and 7-14, respectively.  The embankment stability also decreases slightly for both the 1-

percent-annual-chance and 0.2-percent-annual-chance coastal storm surge events under the post-storm rapid 

drawdown conditions, as shown in Figures 7-15 and 7-16, respectively.  Use of underground seepage cutoff 

barrier at the toe of the upstream slope and a geosynthetic seepage barrier on the upstream embankment slope 

will assist in maintaining the stability of the embankment as shown in Figure 7-18 and Figure 7-19. 
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Figure 7-13. NJ Transit Railroad Embankment Stability Analysis Result under No Storm Condition 
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Figure 7-14. NJ Transit Railroad Embankment Stability Analysis Result under the 1-percent-annual-chance Coastal 

Storm Condition 
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Figure 7-15. NJ Transit Railroad Embankment Stability Analysis Result under the 0.2-percent-annual-chance 

Coastal Storm Condition 
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Figure 7-16. NJ Transit Railroad Embankment Stability Analysis Result with 1-percent-annual-chance Coastal 

Storm Surge under Rapid Drawdown Condition 
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Figure 7-17. NJ Transit Railroad Embankment Stability Analysis Result with 0.2-percent-annual-chance Coastal 

Storm Surge under Rapid Drawdown Condition 
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Figure 7-18. NJ Transit Railroad Embankment Stability Analysis Result with the 1-percent-annual-chance Coastal 

Storm Surge and Underground Seepage Barrier Condition 
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Figure 7-19. NJ Transit Railroad Embankment Stability Analysis Result with 0.2-percent-annual-chance Coastal 

Storm Surge and Underground Seepage Barrier Condition 
 

7.1.2.5 Other Geotechnical Design Considerations 

The phenomenon of soil liquefaction, or significant reduction in soil strength and stiffness as a result of shear-

induced increased pore-water pressure, is a major cause of seismic damage to embankments and slopes.  Since 

the sandy soils below the groundwater level within the study area are generally dense to very dense in 

compactness, it appears that seismic induced liquefaction may not likely occur and therefore should not be a 

concern.  Therefore, at a feasibility level, dynamic analyses of stability and deformations under seismic loadings 

are not warranted.  It should be noted however that a few isolated pockets of loose sandy soils were encountered 

at a few locations and additional investigations will be required to verify the extent of the loose sandy soil 

deposits during the design phase. 

No significant settlement of the “Resist” barrier structure is expected because the structure is secured on deep 

foundations. However, at the southwest corner of Weehawken Cove, where the existing ground surface is 

proposed to be raised as part of the proposed park, there is possibility that settlement may occur in the soil 

surrounding the “Resist” structure.  The boring data at this location indicates that the maximum thickness of 

the soft, silty clay layer varies from 5 feet to 10 feet.  It is assumed that the limited stratum thickness will result 
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in less than a few inches of long term settlement in addition to a few inches of short term settlement which 

would occur during the construction period.   

The proposed “Resist” barrier alignment within the NJ Transit Hoboken rail yard would include construction 

above the existing Port Authority of New York and New Jersey (PANYNJ) PATH tunnel tubes.  PANYNJ 

representatives indicated that construction of a seepage barrier above the existing tunnel would not be 

permitted, thus resulting in seepage under the proposed  “Resist”  barrier over the PATH tubes assuming 100 

feet by 20 feet of opening area and hydraulic conductivity of 3 × 10-5 ft/sec.  Preliminary analyses indicate that 

the seepage volume would be approximately 1,600 gallons per hour through the soil cover located over the 

PATH tubes. This seepage rate is minimal and if it occurs during a coastal storm surge event, it would not lead 

to any major flooding on the protected side of “Resist” structure since the approximated seepage flow volume 

can be handled by NHSA’s existing storm sewer system. 

The PATH tunnel may also be subjected to the effects of hydrostatic differential between the protected and 

unprotected side of the tunnel.  This differential will be gradual as a result of the absence of seepage protection 

and will not impact tunnel stability.  Additional tunnel stability analyses would be required during the design 

phase of the project. 

7.1.3 Urban Design and Landscape Treatments 

The “Resist” barrier structures provide an opportunity to add community benefits in addition to the primary 

goal of providing flood risk reduction benefits from coastal storm surge events for the study area. Creating a 

comprehensive performative “Resist” barrier must account for both a structure’s technical and urban 

performance. The integrity of the “Resist” barrier structure is governed by the use of appropriate materials and 

construction methods that would reduce flood risk for the community up to a specific coastal storm surge 

recurrence interval event. Being placed into an urban environment, however, requires the barrier to recognize 

certain factors such as context, appearance and amenities. 

The following four main qualities, as shown in Figure 7-20, were used as guiding principles to develop a toolkit 

that would allow the  “Resist”  barrier to function technically in an urban environment –  

• Morph with context (size and shape) 

• Visual and  tactile appearance in the form of texture 

• Visual and tactile appearance in the form of color  

• Activation to allow for public interaction  

A toolkit to reflect the above four qualities was created to designate a  “Resist”  structure’s characteristics and 

create sensitive, specific structures that combine technically sound engineering with an acknowledgement of 

the people that will interact with these  “Resist”  structures in their neighborhoods. Additional toolkit items 

included planting schemes and identity themes that would allow to improve the quality of life within the study 

area. 
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Figure 7-20. Guiding Principles for Development of “Resist” Toolkit 

Morph with Context – The height of the “Resist” barrier 

is determined by subtracting the ground elevation above 

sea level from the DFE of the structure. In general, the 

height of the structure varies from 0 feet to 13 feet based 

on the area’s existing topography. Similarly, the width of 

the barrier’s footprint varies depending on location, 

where a barrier running through an open space is able to 

gradually slope up but a barrier running along a narrower 

space such as sidewalk must be thinner and more 

vertical. Both these factors can be categorized in relation 

to a person’s ability to interact with the structure; a low, 

narrow barrier could become a bench or a counter while 

a high, wide barrier could begin to allow people to walk 

on and over it as an inhabitable space. Figure 7-21 

demonstrates the “Morph with Context” urban design 

principle.  
Figure 7-21. Illustration of Morph with 

Context Principle 
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Texture – For the  “Resist”  barriers where there isn’t 

sufficient space to inhabit a wide footprint, one method 

to create visual interest would be to introduce variety, 

scale, and differing textures to the concrete structure 

which can be generated through various construction 

methods. The toolkit presents an offering of various 

textural methods by height that take into account visual 

and tactile human interaction. With higher structures, 

there is more opportunity to mix different textures to 

generate patterns or images, enabling tactile diversity 

up close and visual identity from afar. For lower 

structures at sitting or standing height, a smoother, 

more refined, surface encourages interaction, while the 

lowest structures that are able to be walked on or over 

could be more robust and textured.  Figure 7-22 

demonstrates the “Texture” urban design principle. 

Color – Besides texture, when applied deliberately, 

color can be a simple way to treat the concrete “Resist” 

barriers and achieve visual impact and representation. 

Color can orient people as to which side of the barrier 

they are located on. Periodically placed markers or a 

continuous band could also be applied to amenities 

placed on the structure (such as information, 

wayfinding, or seating) to establish a unifying visual 

identity for all elements associated with the project. 

Color can be applied minimally to highlight key 

features, but it can also be used maximally for 

placemaking. With murals, color can be used to 

transform a concrete structure into a civic icon 

welcoming people to the city, and can even facilitate 

rotating mural programs to encourage the artist 

community within the city. Figure 7-23 demonstrates 

the “Color” urban design principle. 

 

 

Figure 7-22. Illustration showing Texture 
Principle 

Figure 7-23. Illustration showing Color 
Principle 
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Activation – In areas that are less active and with less available space for major community benefits, 

programming a “Resist” barrier with a variety of small scale active and passive functions would allow the 

barrier to integrate into the fabric of the community through daily use rather than destination use. Figure 7-

24 presents a set of functions that could be applied to the “Resist” barrier, each with various configurations 

based on the height of the structure. While there are functions that encourage physical engagement, such as 

bike storage, seating, and tables, passive functions are considered including wayfinding and lighting, with the 

idea that there are opportunities to program the barrier whether it is located in areas of high activity or little 

pedestrian interaction.  

 

Figure 7-24. Illustration showing Activation Principle 
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Planting – Incorporating planting is vital in order to integrate the structures into the existing community, but 

the type of planter and extent of landscaping is dependent on the amount of space available beyond the main 

footprint of the structure. Important considerations for landscaping include directionality and exposure to 

sunlight as well as the specific types of plants, which should be low maintenance and a plant species native to 

the geographic area in order to thrive in this environment. Figure 7-25 provides a toolkit for various planting 

schemes that can be utilized for the “Resist” barrier structures.  

 

Figure 7-25. Illustration of Planting Schemes for “Resist” Barrier Structures 
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Identity – The communities of Hoboken, Jersey City and Weehawken, which are within the study area, already 

have such a distinct identity as vibrant, urban cities with a strong residential community. Rather than trying 

to radically overwhelm these characteristics, the RBD project can enhance the urban character rather than 

redefining it. The study area remains a unique, vibrant, walkable urban community, just with the added benefit 

of also being adequately prepared to withstand and respond in times of flood. The current identity of the 

community can be enhanced by designing the “Resist” barrier structures to fit into the fabric of the community: 

people can live with the barriers rather than being closed off or divided by them. Figure 7-26 provides an 

illustration of “Identity” urban design principle.  

 

Figure 7-26. Illustration of Identity Principle 

Appendix K shows the “Resist” urban design and landscape treatment toolkit that is based on the above listed 

principles and can be used as a guide to enhance community benefits of the “Resist” structure during the design 

phase of the project. 

As part of the suitability of the “Resist” toolkit, the “Resist” alternative alignments were broken down into seven 

urban design zones as shown in Figure 7-27. For all three alternatives, the urban design Zone 2 featuring the 

“Resist” structure as part of a park was a common feature with opportunities to provide major community 

benefits from an urban design perspective.   
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Figure 7-27. Urban Design Zones within the Study Area for all “Resist” Alternatives  

In the urban design Zone 2, three (3) urban design options, as shown in Figure 7-28, were developed to 

integrate the “Resist” structure into the proposed Harborside Park. Feedback from the community regarding 

the type of amenities and features were used to inform these options. The carved design option, which consists 

of the “Resist” barrier structure cutting through the center of the park, was the chosen conceptual 

recommendation along with the proposed park amenities as part of this feasibility study. During the design 

phase, additional efforts would be needed to design the park along with the amenities and the “Resist” barrier 

structure. For urban design Zones 5 and 6, a “Resist” toolkit (as shown in Appendix K) was developed with 

potential options to incorporate various types of community benefits into the “Resist” barrier structure.  
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Figure 7-28. Schematics showing Three Options for Harborside Park in Urban Design Zone 2  

7.1.4 Feasibility Assessment Criteria 

Multi-disciplinary feasibility assessment criteria and metrics were developed to evaluate the effectiveness and 

feasibility to construct each “Resist” alternative within the existing site constraints. The feasibility assessment 

for each “Resist” alignment included identification of available space, and placement of the proposed “Resist” 

barrier structures with various options for community benefits. The determination of a suitable location for 

the proposed  “Resist”  barrier structure included (but is not limited to) the following: an assessment of the 

sub-surface footprint of adjacent structures; site constraints such as sidewalk width, roadway/lane width, 

vehicular and pedestrian circulation; building openings; location of utility infrastructure; and others. Several 

iterations of the site suitability assessment were conducted to determine the optimal location for the “Resist” 

structure.  The goal of the assessment was to enhance the integrity of the proposed flood risk reduction system 

by requiring fewer deployables and reduce the potential impacts to private properties.  

A coastal hydrodynamic model was developed using Danish Hydraulic Institute’s (DHI) MIKE 21 model. This 

model was used to evaluate the effectiveness of the proposed “Resist” alternatives and to assess the resulting 
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flood risk reduction benefits for the community and identify any potential residual flood impacts within the 

study area. The proposed “Resist” barriers would also change the existing drainage patterns within the vicinity. 

The drainage patterns surrounding these barriers were evaluated qualitatively and a conceptual level drainage 

system was proposed to ensure that the proposed “Resist” barriers would properly drain during a rainfall event. 

Additionally, a qualitative assessment of the existing drainage system was conducted on the unprotected side 

of the “Resist” barrier, especially for Alternative 2 and 3, to understand the potential for coastal storm surge 

intrusion through the existing drainage system. Based on this assessment, and close coordination with North 

Hudson Sewerage Authority (NHSA), conceptual level solutions were developed to reduce the intrusion of 

coastal storm surge through the drainage system into the protected side of the “Resist” alignment.  

Table 7-6 provides the various feasibility assessment criteria’s and corresponding metrics that were used to 

evaluate the three “Resist” alternatives. The assessment criteria’s are divided into five main categories: flood 

risk reduction benefits; socioeconomics and built environment; benefit-cost ratio; construction along with 

maintenance and operation; and environmental impacts. It should be noted that the Environmental Impact 

Statement (EIS) has detailed descriptions of the definition and assessment of environmental impacts 

associated with each “Resist” alternative combined with the “DSD” alternative.  

Table 7-6. Feasibility Assessment Criteria and Metrics 

Feasibility 

Assessment Category 

Evaluation Parameter Metrics 

Flood Risk Reduction 

Coastal storm surge risk 

reduction for residents and 

within study area 

Percentage of population and study area currently 

in the FEMA 1% annual chance floodplain 

receiving flood risk reduction benefits 

Socioeconomics and 

Built Environment 

Environmental justice 

population receiving flood 

risk reduction benefits 

Number of residents from environmental justice 

community within the study area receiving flood 

risk reduction benefits 

Impacts or benefits to 

views 

Locations within the study area that may have 

impacts or benefits from the  “Resist”  barrier 

Impacts or benefits to 

waterfront access 

Length of waterfront that may have impacts or 

benefits from the  “Resist”  barrier 

Impacts or benefits to open 

space and parks 

Area of open space/parks either 

created/enhanced or impacted by the  “Resist”  

barrier 

Connectivity and 

Circulation 

Number of parking spots affected and number of 

gates closures required  

Benefit – Cost Analysis Benefit – Cost Ratio Value of the total benefit to total project cost ratio  

Construction and 
Constructability Number of private parcels requiring easements 

and potential utility conflicts 
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Feasibility 

Assessment Category 

Evaluation Parameter Metrics 

Maintenance and 

Operation 

Construction impacts Acreage of temporary construction impacts  

Estimated annual O&M 

costs 

Rough order of magnitude costs for annual 

operation and maintenance of the  “Resist”  

barrier 

Environmental Impacts 

Recognized Environmental 

Conditions 

Number/estimate of RECs impacted 

Freshwater Wetlands Area of freshwater wetlands impacted 

Threatened and 

Endangered (T&E) 

Species/Essential Fish 

Habitat 

Impacts to T&E and essential fish habitat 

Permitting Number of permits required to meet state and 

federal agencies regulations 

Historic Properties Number of historic properties or districts affected 

with adverse impact 

Archaeological Resources Acres of potential archaeological resources 

affected 

Noise  Number of noise receptors during construction 

7.1.5 Cost Estimates 

The cost estimates for the three “Resist” alternatives were developed using preliminary data assimilated during 

this Feasibility Analysis without conducting the full engineering and architectural/urban design of the “Resist” 

barrier structure.  The cost estimates developed for the feasibility study provide rough estimates of the “Resist” 

alternative and were used to evaluate the feasibility to construct the “Resist” alternative within the available 

funds provided by HUD.  

The cost estimates for each “Resist” alternative were broken down into the following components: 

a. Superstructure Costs  

Flood Barriers –It is assumed that 3000 psi concrete is used for the footings, 4000 psi concrete for the 

stems and above grade structure, deformed black steel reinforcement for all concrete, membrane 

waterproofing to protect the stem to footing joint, and damp-proofing for the stem and footing below grade. 

A typical flood barrier section as shown in Figure 7-29 was used to develop costs for varying heights of the 

stem wall. Average stem wall heights for various segments along each alternative were used to develop the 

cost estimates for the flood barriers. It should be noted that the cost for piles and seepage cutoff barrier are 

not included in the flood barriers cost estimate but are calculated in the substructure cost estimates. Table 

7-7 provides the assumed unit costs for various materials used in the construction of the stem walls. These 
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assumed unit costs were used by reviewing average costs from various different agency cost databases such 

as the New Jersey Department of Transportation (NJDOT), New Jersey Turnpike Authority (NJTA), New 

York City Department of Design and Construction (NYCDDC) and others. 

Table 7-7. Assumed Unit Prices for Flood Barrier’s Superstructure Cost Estimate 

Item Description Unit Price Unit 

3,000 psi concrete $650.00 Cubic Yard 

4,000 psi concrete $800.00 Cubic Yard 

Deformed Steel Reinforcement – Black $4.00 Pound 

Membrane Waterproofing $20.00 Square Yard 

Damproofing $20.00 Square Yard 

Excavation $30.00 Cubic Yard 

Clean Fill $40.00 Cubic Yard 
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Figure 7-29. Typical Stem Wall Section used for Cost Estimates 

 

The cost is a function of the various construction items, the length, and height of wall, with prices varying 

between $1,700/ linear foot (LF) to $4,000/ LF for wall heights ranging from 4 feet to 14 feet.  Costs for 

excavation and clean fill are also included in the per linear foot cost.   

 

Deployable (Gates) – Similar assumptions were made when calculating the costs for the movable gates, 

with the additional factor being the mechanical component. A typical gate section as shown in Figure 7-30 

was used to develop costs for varying heights of the rolling gates.  The unit cost is a function of the length, 

width, and height of the gate, with prices varying between $16,500/ LF to $36,000/ LF. This includes costs 

for the steel movable gate component, the rails/tracks it moves across, a stainless steel to rubber interface 

that makes up the waterproof seal when the gate is in the closed and in the locked position, as well as the 

foundation which supports vertical loads and the pylon structures which support lateral flood forces.  See 

Table 7-8 (below) for assumed unit prices for rolling steel gates. A detailed summary of the gate costs is 

provided in Appendix L.  

 

 

Figure 7-30. Typical Rolling Gate Section used for Cost Estimates 
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Table 7-8. Assumed Unit Prices for Rolling Gate Cost Estimate 

Item Description Unit Price Unit 

3,000 psi concrete $650.00 Cubic Yard 

4,000 psi concrete $800.00 Cubic Yard 

Deformed Steel Reinforcement – Black $4.00 Pound 

Membrane Waterproofing $20.00 Square Yard 

Damp-proofing $20.00 Square Yard 

Excavation $30.00 Cubic Yard 

Clean Fill $40.00 Cubic Yard 

Structural Steel $7.60 Pound 

Track / Rail $6.00 Pound 

Stainless Steel Roadway Plate $30.00 Pound 

Mechanical Equipment $1000.00 Linear Foot of Gate 

Rubber Gasket $300.00 Linear Foot of Gate 

 

b. Substructure Costs 

Piles – The excavation and footing costs are included in the superstructure elements.  Pile costs are a 

function of the required pile’s spacing, rows, depth, and size.  Based on NJDOT average bid prices, H Piles 

designed for this project cost approximately $30 / LF and wide flange pile cost approximately $45 / LF.  

These costs do not include inspection of buildings, vibration monitoring in vicinity of proposed structures, 

or shoring associated with construction of proposed structures. 

 

Sheet Pile Seepage Cutoff Wall – Although there are variations throughout the project, the sheet pile cutoff 

wall depth was assumed to be thirty (30) feet, conservatively.  Costs for the sheet pile wall are approximately 

$70 per square foot.  Costs for reinforcing the existing embankments between certain sections are also 

included under this subcategory, which accounts for soil erosion, riprap and associated grading. 

 

Treatment/Disposal – Encountering contaminated soil during the course of excavation is expected on this 

project based upon the preliminary environmental hazardous waste screening.  It is assumed that 10% of 

the excavated material is hazardous soil and the remaining excess material will be considered 
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contaminated, non-hazardous. Material that is known or found to be contaminated or hazardous and 

cannot be reused within the project limits will  be transported and disposed of off-site in accordance with 

state and federal regulations.  The identified costs are approximately $200 per ton for disposal of hazardous 

soil and $60 per ton for disposal of non-hazardous contaminated soil. 

Dewatering – It is assumed that approximately half of the construction operations will involve open 

excavation that will require dewatering due to the high water table.  As a result, the dewatering operations 

will cost approximately $6,000 per day for 300 days. This includes two (2) trucks at $1,000 a day plus 

$1,000 total for daily pumping, assuming two (2) work sites.  Dewatering costs do not include treatment or 

disposal of contaminated water. 

c. Site/Civil Costs 

Roadway – These costs include reconstruction of sidewalk, curbs, driveways, roadway repair strips, 

signal relocations, access stairs, and rehabilitation for pedestrian pathways.  Costs for these items were 

obtained from averaging NJDOT bid prices for the corresponding items. 

Drainage – These costs include inlets, manholes, sealing of existing manholes, high level pipe collection 

system, ductile iron pipe for inlet connections, repair strips for pipes, lining of sanitary sewer system, 

headwalls, and specialized water treatment devices.  The drainage costs were obtained from averaging 

NJDOT bid prices for corresponding or similar items.   

d. Maintenance and Protection of Traffic (MPT) / Utilities 

Utility and MPT costs were based upon the AASHTOWARE Project Cost Estimation (CES) Manual for 

‘Class 2 – Reconstruction, Widening, & Dualization” Projects.  Due to this project being classified as an 

urban environment, 12% of the construction cost subtotal was utilized to approximate utility relocation 

costs due to substructure conflicts with the proposed improvements and 7% of the construction cost 

subtotal was utilized to approximate MPT.  In addition, utility manholes will require waterproofing at 

$5,000 per manhole.  MPT includes necessary traffic protection devices, police traffic directors, and 

detours required for the construction of the proposed improvements.  MPT costs do not include 

construction staging locations or mobilization. 

e. Amenities Cost 

Architecture and Urban Design / Landscaping Costs – Architecture costs were identified as 20% of the 

superstructure costs (flood barriers and gates), excluding parks.  The percentage accounts for architectural 

treatments such as murals, textured walls, plantings, viewing decks, playgrounds, promenades, and other 

miscellaneous aesthetic treatments designed to complement the superstructures.   

Landscaping – The landscaping or park development cost was $3.4 million per acre based upon the average 

cost of comparable parks in the United States with potentially similar landscape treatments including 

gardens, playgrounds, and temporary spaces. Appendix L provides a list of precedent parks and their 

associated costs. High and low outliers were eliminated while approximating this unit cost.  
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f. Right-of-Way (ROW) Cost 

The ROW costs includes the cost to acquire property easements on private property to construct and 

maintain the “Resist” barrier structures. No valuation or appraisal was completed. Order of magnitude 

estimates were utilized. 

g. Miscellaneous Cost  

Bridge crossing over PATH Tubes – Both Options 1 and 2 alignment alternatives will pass over the PATH 

tubes perpendicularly at two (2) separate locations. A typical PATH tube transfer structure section as 

shown in Figure 7-31 was used to develop the approximate cost at this point of crossing.  There will be costs 

associated with optimizing the engineering design to minimize impacts.  The preliminary cost estimate for 

each transfer structure was approximately $1.5 million. These preliminary cost estimates can vary 

significantly depending on the actual location, size and condition of the PATH tube and will require further 

investigation in final design 

 
Figure 7-31. Typical PATH Tube Transfer Structure used for Cost Estimate 

 

Shoring Existing Pump Station – Option 1 will require additional support/shoring at the existing pump 

station in the vicinity of the PATH Bridge Crossing along Observer Highway.  This is assumed to be $1 

million. 

NHSA Pump Station Mitigation – Option 2 will require site specific flood protection for the NHSA Pump 

Station along Observer Highway.  This is assumed to be $1 million.    
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h. Construction Contingency Cost 

Due to this project being in the early stages of planning and design, there are many unknown variables.  

Changes to design may arise from obtaining more accurate existing information or other unforeseen 

deviations from the feasibility study brought about by outside sources.  As a result, the contingency is 

approximately 25% of the total construction and engineering cost.   

 

i. Soft Costs 

These costs includes the feasibility/EIS, engineering design, environmental assessment and permitting 

during design, and construction management costs. The feasibility/EIS costs were $10 million; Program 

Management is estimated at $16 million; and engineering design, environmental assessment and 

construction management costs were allocated 10%, 2% and 8% of the total construction costs, 

respectively. 

 

j. Inflation 

A 3% inflation rate was utilized in order to escalate project costs.  Construction costs were based of 3% per 

annum for 4.2 years excluding design.  Design costs were escalated at a rate of 3% per annum for 2 years. 

The above cost items were used to develop the cost estimates for each “Resist” alternative with Option 1 and 

Option 2 alignments in three scenarios: low estimate with full amenities costs, high estimate with full 

amenities costs and high estimate without amenities costs. The low and high estimate costs were developed 

to provide an estimate range of total project costs. See Section 7.5.1 for methodology for the evaluation of 

DSD alternatives. 

7.1.6 Benefit-Cost Ratio  

Benefit-Cost Analysis (BCA) is used to demonstrate that the benefits of a project outweigh its costs, or the 

Benefit-Cost Ratio (BCR) is greater than 1.0. BCA is used to compare the benefits of a project to its cost. FEMA’s 

Hazard Mitigation Grant Program (HMGP) guidance and HUD’s Community Development Block Program 

(CDBG) guidance requires that the mitigation project’s BCR must be greater than 1.0 to be eligible for funding. 

The benefit cost ratio is calculated as follows:  𝐵𝐵𝐵𝐵𝐵𝐵 = 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵
𝐶𝐶𝐶𝐶𝐵𝐵𝐵𝐵𝐵𝐵

  

 Where, 

 Benefits are the avoided damages and losses associated with the project and are calculated as follows:  

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐴𝐴𝐷𝐷 =  ∑(𝑃𝑃𝑃𝑃𝐴𝐴 𝑝𝑝𝑃𝑃𝐴𝐴𝑝𝑝𝐴𝐴𝑝𝑝𝑝𝑝 𝐸𝐸𝐴𝐴𝐴𝐴𝐸𝐸𝑝𝑝 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐴𝐴𝐷𝐷) −∑(𝑃𝑃𝐴𝐴𝐷𝐷𝑝𝑝 𝑝𝑝𝑃𝑃𝐴𝐴𝑝𝑝𝐴𝐴𝑝𝑝𝑝𝑝 𝐸𝐸𝐴𝐴𝐴𝐴𝐸𝐸𝑝𝑝 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐴𝐴𝐷𝐷)  

Costs are sum of the upfront construction costs and the present value of the annual operations and 

maintenance costs over the useful life of the project. 

 

Project benefits occur over a period of time into the future; while most of the project costs are incurred up front 

and in the present.  FEMA conducts its BCAs on a net present value basis, meaning the present value of the 

benefits gained from the project over the life of the project are compared to the total project cost to establish 
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the BCR.  Because project benefits accumulate over time, they are calculated on an average annual basis 

(“annualized”) from events of varying frequency and intensity, and then multiplied by a Present Value 

Coefficient (PVC) to determine the present value of the annualized benefits. 

The present value coefficient is calculate as follows: 𝑃𝑃𝑃𝑃𝐵𝐵 =  �1−(1−𝑟𝑟)−𝑇𝑇

𝑟𝑟
� 

 

Where: r is the discount rate and T is the useful life of the project.  Typically for public infrastructure 

projects, the useful life of the project is 50 years and the discount rate for Federally funded mitigation 

projects, per Office of Management and Budget (OMB) guidelines, is 7.00 percent. 

 

The three “Resist” alternatives will generate a number of benefits for the residents of Hoboken and parts of 

Jersey City and Weehawken.   The main benefit is manifested through a reduction (or elimination) of the 

amount of flooding that a given parcel would receive.  For each alternative, a monetary value was estimated for 

the amount of flood damage that would occur if nothing was to be to done (the “no-action alternative” (NAA) 

or “baseline”) and the amount of flood damage that would occur subsequent to  the construction of the project.   

The difference between the two are the avoided damages and for the purposes of this analysis are the benefits 

that are generated by each “Resist” alternative. Benefits for each of the three proposed “Resist” alternatives 

were estimated under three different annual chance coastal storm events: 10-percent-annual-chance, 2-

percent-annual-chance, and 1-percent-annual-chance including sea level rise (SLR) impacts.   The following 

five step process was used to develop the BCR for each “Resist” alternative -  

Step 1: Estimate Flood Depths 

The MIKE 21 coastal model provided the maximum flood depths for the NAA and “Resist” alternative scenarios 

for the three coastal storm surge events. GIS techniques were used to spatially join the flood depths from depth 

grids produced by the MIKE 21 coastal model to parcel shapefiles of Jersey City, Hoboken, and Weehawken.  

Parcels that did not experience flooding under the NAA alternatives were excluded from the analysis.   

Step 2: Gather and Analyze Parcel Level Data 

The next step was to determine the type and size of the structures on each parcel.  Individual parcel level data 

from the State of New Jersey’s MOD IV database was used as part of the BCA.  The MOD IV database is 

maintained by the New Jersey Department of the Treasury and is used by county tax assessors to compile 

parcel-level data on individual properties for property tax purposes. 

The MOD IV data includes a number of variables that were used to determine the type and size of the 

structure(s) on each parcel.  The variables include: 

• Property class: identifies the use of each parcel;  

• Building description: describes the physical characteristics of the property; and 



 
 

  NJDEP | Rebuild by Design – Hudson River Feasibility Study | Alternative Analysis | 186  

• Property use: provides detailed usage data on class 4 (commercial properties).  Note that some property 

use code data within the database was missing or incomplete.   

The “building description” is a string variable that contains information on the number of stories, the type of 

construction (e.g. brick vs. frame vs steel, etc.), and the type of building (e.g. commercial, industrial, 

apartments, row home, duplex, etc.). For multi-family buildings and mixed-use buildings, the “building 

description” variable also had information on the number of residential units and the number of commercial 

units.  In order to determine the number of stories, the type of construction, and type of building, we had to 

parse the “building description” variable.  Each building was then classified into one of 44 groups based on the 

number of stories and the building type/usage data from the “property class”, “building description” and 

“property use” variables.  Please see Appendix M for a list of the building types included in this analysis.  Parcels 

without any structure information were excluded from the damage calculations.   

The MOD IV data does not contain any information on the square footage of the structure.  Building footprint 

data combined with the number of stories from the MOD IV data were used to estimate the square footage of 

each structure.  The building footprint data was spatially joined to each parcel using GIS techniques and the 

building footprint was multiplied by the number of stories to arrive at an estimate of the size of each structure.  

This approach worked for all of the commercial/industrial buildings and most of the residential structures, 

except for residential condominiums.    

The MOD IV data treats each residential condominium unit as a separate parcel and as such the MOD IV data 

does not include data on the overall structure.  Hence, for residential condominiums, the structure square 

footage of the individual buildings was estimated by summing the total square footage of the residential units 

within the building, and then adding 20 percent to account for common areas, such as building lobbies, 

hallways, stairways, and mechanical space.  

Step 3: Estimate Depth-Damage Functions (DDFs) 

This step was to estimate the physical damages that would occur under each storm frequency both under the 

No Action Alternative (NAA) and after the construction of the alternatives.  For each property, three types of 

damages were estimated: 

• Structure damage: includes damage to the structure of the building.  It is measured as a percent of the 

building’s replacement value. 

• Contents damage: includes damage to everything within the house/structure that is not permanently 

installed, such as rugs, furniture, appliances.   It is measured as a percent of the building’s replacement 

value. 

• Displacement/loss of function: this is the cost associated with not being able to use the structure.  

For residential structures, it is based on the number of days that the structure cannot be occupied, and for 

non-residential structures, it is based on the number of days that the structure cannot provide service.  
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The damages were estimated using accepted depth-damage functions (DDFs) which are mathematical 

relationships between the depth of flooding on a property and the amount of damage that can be attributed to 

the flooding.  The selected residential DDFs are based on the U.S. Army Corps of Engineers (USACE) generic 

DDFs for the residential building types located within the study area.  The study area has a number of mid- 

and high-rise residential structures, so the project team made adjustments to UASCE generic DDFs (which 

were originally developed for low-rise residential buildings with and without basements) to apply them to mid- 

and high-rise buildings.   

The selected non-residential DDFs are based on USACE DDFs developed by various USACE Districts for the 

non-residential building types included in the study area.  Some of the non-residential DDFs developed for 

low-rise buildings were customized to for this specific study area and to account for select mid- and high-rise 

buildings with or without basements located within the study area.   

The non-residential loss of service consists of two components, a one-time disruption cost and a recurring 

monthly cost for the duration of the displacement.  Both costs are measured in dollars per square foot.  Data 

on the recovery time, onetime, and monthly loss of service costs were obtained from the FEMA Benefit Cost 

Analysis Re-Engineering (BCAR) guide to estimate the non-residential loss of service.  Please see Appendix M 

for additional details on the structure, contents, and displacement/loss of function DDFs used in the analysis. 

Step 4: Estimate Project Benefits 

The first step in estimating the project benefits was to determine the building replacement value (BRV) for 

each building located within the study area.  This was done by multiplying the size of the building structure by 

the construction costs ($/square foot) based on data adapted from RS Means®.  The construction costs 

differed based on the type of building and were adjusted to reflect the local market conditions within the study 

area.  Please see Appendix M for additional details on the BRVs used in the analysis. 

The structure and contents damages were estimated by applying the DDF to the BRVs for each parcel.  The 

DDFs for structure and contents estimate the damage as a percentage of the BRV.  The percentage increase as 

the flooding depth increases. The residential displacement damages are based on the number of days that the 

residents will be out of the property due to flood related damage, the number of people that live in the unit, 

and the General Services Administration (GSA) per-diem rates for the study area, which amounts to 

$234/person/day.  The number of days of displacement was determined by the DDFs.  To estimate the number 

of residents in each type of unit, the data from the U.S. Census Bureau’s American Community Survey Public 

Use Micro Data (PUMS) dataset specific for the study area was used.  The PUMs data allows for custom 

tabulations of ACS data, which allows for the calculation of the average number of people that live in different 

types of housing units within the study area.  This allowed for the control of differences across housing types.  

Please see Appendix M for additional details on number of residents by housing types.   

For each storm frequency, the damages that would occur under the NAA (before) and after the project is 

completed were estimated.  The difference between the pre-project and post-project event damages is the 
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amount of damages that would be avoided if the project was constructed.  The avoided damages across all 

parcels in the study area were summed up to arrive at the aggregate project benefits. 

Step 5 – Calculate Benefit Cost Ratios (BCRs) 

The damage-frequency assessment (DFA) module in the latest version of FEMA’s BCA analysis software 

(Version 5.2.1) was used to process the benefit and cost data to arrive at a benefit-cost ratio (BCR) for each 

alternative.   The BCA software requires the following inputs: total loss estimates under the NAA and after the 

mitigation is complete, the costs of the project, and any social benefits. The total loss estimates were estimated 

using the methodology described in the previous sections.  Please see Appendix M for loss estimates for each 

storm. 

FEMA has recently begun to allow the use of social benefits to increase the total benefits of projects where the 

base BCR equals 0.75 or greater.  The social benefits quantify the mental stress and anxiety suffered by 

residents and the loss of productivity to wage earners caused by flood events.  The social benefits were 

developed by economists and subject matter experts.  FEMA currently allows the following unit values for use 

in social benefit calculations: 

• $2,443 per resident for avoided mental stress and anxiety 

• $8,736 per resident for avoided loss of productivity 

The 2010 US Census and other local resources were used to estimate the residential and wage earning 

populations within the study area that would be protected by each alternative.  The above values were then 

applied to the affected population to estimate the total social benefits for each alternative as shown in Table 7-

9. The annualized social benefits were calculated assuming a 1-year return interval and 1-year useful life, that 

results in a PVC of 0.93. 

Table 7-9. Total Social Benefits in Millions $ 

Alternative  Mental Stress 
& Anxiety 

Lost 
Productivity 

Total Social 
Benefits 

Annualized 
Benefits 

Resist Alternative 1 $65.4 $41.1 $106.5 $99.5 

Resist Alternative 2 $62.7 $39.5 $102.2 $95.5 

Resist Alternative 3 $62.7 $39.5 $102.2 $95.5 

Total project cost estimates for each of the “Resist” alternatives were developed and utilized in the BCR 

calculations.  The cost estimates included both the “hard” construction costs and the “soft” costs including 

project design, environmental assessment/permitting, construction management, and project management.  

For the BCA, the cost must also include the annual operation and maintenance (O&M) costs necessary to 

maintain the effectiveness of the project throughout its useful life.  The annual O&M costs were assumed to 

equal 1.0% of the total construction costs and the useful life of the projects was assumed to be 50 years. 
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All the necessary data was input into the FEMA BCA software to obtain the estimated project BCR. The results 

from the FEMA BCA software are provided in Appendix M. The results were then compiled to develop the final 

BCR for each “Resist” alternative.  

7.2 Alternative 1 
Alternative 1 (also referred to as “waterfront” alternative) provides the greatest level of flood risk reduction by 

locating the “Resist” barrier structures primarily along the waterfront. This alternative was developed from the 

earlier Concept B and components of the southern alignment of Concept E. Several design iterations that 

considered available property, topography, circulation, utilities and other constraints were performed to 

approximately locate the footprint of the proposed “Resist” barrier along this alignment. The following sections 

describes the various features and the feasibility assessment performed for this alternative.  

7.2.1 Design Flood Elevation  

Using the methodology provided in Section 7.1.1, the design flood elevation (DFE) for the “Resist” barrier was 

calculated along different reaches of the alignment. Figure 7-32 shows the spatial location of various reaches 

along this alternative’s alignment. For each reach, the 44 CFR 65.10 requirements were applied to obtain the 

base DFE. The SLR value of 2.34 feet was added to this base DFE to obtain the final DFE. Potential settlement 

from the “Resist” structure was not considered in the final DFE calculations. Table 7-10 shows the final DFE 

for various reaches along this alignment. The DFE for the  “Resist”  barrier structure varies from 15.0 feet to 

21.6 feet-NAVD88; with the higher DFEs located along sections of waterfront that reduce the potential for wave 

overtopping action. Additionally, Table 7-10 shows the DFE used for the design of foundation structure.
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Figure 7-32. Breakdown of the Alternative 1’s “Resist” Alignment by Reaches for DFE Calculation



 
 

  NJDEP | Rebuild by Design – Hudson River Feasibility Study | Alternative Analysis | 191  

Table 7-10. Design Flood Elevation for various reaches along Alternative 1 

Location in 

Study Area 

Reach/Component  100-year (1%) DFE for 

“Resist” 

Superstructure 

Design (feet-NAVD) 

500-year (0.2%) DFE for 

“Resist” Foundation 

Design (feet-NAVD) 

North  A1N1 18.4 19.9 

North  A1N2 17.5 20.0 

North  A1N3 21.6 21.6 

North  A1N4 17.2 19.6 

North  A1N5 17.6 19.6 

North  A1N6 18.1 19.9 

North  A1N7 14.9 18.4 

North  A1N8 14.8 17.7 

South A1S1 15.0 17.7 

South A1S2 15.0 16.3 

South A1S3 15.0 16.5 

South A1S4 17.9 18.9 

South A1S5 16.1 18.8 

South A1S6 15.9 18.8 

South A1S7 15.1 17.9 

South A1S8 15.2 18.8 

South A1S9 15.2 18.8 

South A1S10 15.5 17.3 

South A1S11 15.2 17.3 

South A1S12 15.0 16.5 

South A1S13 15.0 16.5 

Appendix H shows the detailed calculations for the DFE’s as shown in the above table. 

7.2.2 Coastal Flood Risk Reduction Benefits 

The effectiveness of Alternative 1’s “Resist” alignment to provide flood risk reduction benefits for the study 

area was evaluated using DHI’s MIKE 21 coastal model. The Task 4- Hydrology and Flood Risk Assessment 

Report6 (Dewberry, 2016) provides a detailed description on the coastal hydrodynamic model simulations for 

the NAA and Alternative 1. Model results shows that the proposed “Resist” alignment for Alternative 1 would 

prevent the overland flow of coastal storm surge into the study area; thus providing flood risk reduction 

benefits for 98% of the population currently within the 2015 Preliminary FEMA 1-percent-annual-chance event 

floodplain. The prevention by the “Resist” alignment of overland flow of coastal storm surge also eliminates 

the propagation of wave inland of the protection structures. Figures 7-33 and 7-34 shows the overall flood risk 
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reduction benefits with differences in maximum water depth of Alternative 1 over NAA for the 1-percent-

annual-chance coastal storm surge event. Table 7-11 shows the flood risk reduction benefits of Alternative 1 for 

various coastal storm surge events.  
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Figure 7-33. Spatial Plot Showing Maximum Flood Depths and Inundation Extents for the 1-percent-annual-
chance Coastal Storm Surge Event with Alternative 1 (Waterfront)
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Figure 7-34. Difference in Maximum Water Depths between NAA and Alternative 1 for 1-percent-annual-chance  
Storm Surge Event in Northern and Southern Portions of Study Area

NORTH SOUTH 
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Table 7-11. Flood Risk Reduction Benefits from Alternative 1 (Waterfront) 

Storm 
Events Scenario 

Inundation Area Affected Buildings Affected Population 

Total Land Area = 
1,018 Acre 

Total No. of Buildings    
= 4,243 

Total Population  = 
51,802 

Acres % 
Difference  

No. of 
Buildings 

% 
Difference Population % 

Difference 

10% 
(10yr) 

 

NAA 83 
35% 

124 
90% 

9,886 
62% 

Alternative 1 54 13 3,770 

2%  
(50-yr) 

NAA 489 
83% 

2,238 
99% 

38,821 
90% 

Alternative 1 82 25 3,848 

1%  
(100-yr) 

NAA 545 
80% 

2,603 
98% 

41,838 
89% Alternative 1 109 44 4,485 

 

7.2.3 Structural and Geotechnical Assessment 

Alternative 1 has significant structural challenges due to the proposed construction of a flood barrier directly 

through the existing waterfront structures. The existing waterfront along Hoboken and Weehawken is 

comprised of various structure types including sheet pile bulkheads, pile supported decks, rip-rap, and 

masonry retaining walls. As shown in the Waterfront Inspection Report (see Appendix D), most of these 

structures are in various states of disrepair and do not possess the reserve capacity to withstand the large 

magnitude of the additional loads that would be imposed upon them by the new flood protection system. In 

cases where the new structure was located on top of a pile supported deck, it would be necessary to install the 

foundation piles through the existing deck. To address these concerns, it was assumed that a large portion of 

the existing waterfront structures would have to be either repaired or completely replaced, which significantly 

increased the cost and construction duration of this alternative. Also, because the barrier is located adjacent to 

the waterfront, portions of the superstructure must be designed to “Resist” breaking wave forces that are 

significantly higher than hydrostatic and hydrodynamic design forces applied elsewhere. Along the 

Weehawken waterfront, breaking wave forces require the base of the stem wall to be 37 inches thick, while the 

maximum design thickness required in non-breaking wave areas is 24 inches. 

Since Alternative 1 is located along the waterfront, it requires a significant number of gates to provide a 

sufficient amount of waterfront access. Deployable components of the flood protection system have significant 

design challenges to withstand direct impacts from waves.  Additionally, these deployable structure have higher 

cost to maintain than permanent barriers and are generally considered a weak point in the system due to 

possibilities of human intervention errors. Several complications were encountered when designing the 

deployable components of Alternative 1. Near the southwest end of Alternative 1 in Jersey City, a rolling gate 

crossing is proposed at Jersey Avenue. The layout of the alignment requires the gate to be stored on the west 
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side of the road where a NJ Transit electrical substation is currently located, and it will be difficult to secure 

enough space on this tightly packed site to store the gate. It is assumed that the substation cannot be shut down 

during construction, so care must be taken during construction while working around live electrical lines. The 

alignment passes in front of many businesses along 1st Street in the south of Hoboken, requiring about 500 feet 

of deployable flood logs which will take a lot of time to deploy prior to a flood event. The layout of the alignment 

also requires a swinging gate at the corner of 15th Street and Shipyard Lane which requires a large foundation 

under the gate swing area and is more complicated to construct and deploy than rolling gates used elsewhere.  

7.2.4 Urban Design 

The existing waterfront along Hoboken and Weehawken provides an opportunity to enhance the existing usage 

by integrating the “Resist” barrier structure into useful public space. Several urban design iterations were 

performed to develop community benefit options by taking into account several constraints such as available 

property, existing usage of the waterfront, pedestrian, vehicular circulation and others. The urban design for 

Alternative 1 focuses on creating spaces that enhance un-programmed portions of the waterfront while 

implementing gradual landscaped slopes to reach the desired DFEs. While this alternative provides the most 

opportunity for community benefits and amenities due to the length of the “Resist” alignment and its adjacency 

to the water, the height of these barrier structures and the available narrow footprint for construction in most 

areas create significant impacts on the existing view to the Hudson River. The suggested urban design 

amenities work to accommodate existing transportation options and public spaces while adding more active 

areas along the waterfront for interaction and recreation.  Seven locations along the waterfront were chosen to 

develop urban design options to demonstrate the integration of the “Resist” structure into the urban design 

feature that would enhance quality of life within the community. Access to these locations will require special 

treatment (handicap access) and areas “between” the enhanced areas will have significant access challenges as 

well as view shed impacts. Additionally, a large number of gates will be required to provide the reduced access 

compared to what currently exists. It should be noted that most of these urban design options are located on 

private property; hence applicability of these options would require approval from the private property owners. 

Figure 7-35 shows the schematics and collages on how a ticketing booth and waiting room for the Lincoln 

Harbor ferry stop can be incorporated as part of the “Resist” alignment. The roof of the pavilion would provide 

a viewing platform along the waterfront while the interior could be used for all weather events. 
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Figure 7-35. Urban Design showing Schematics Plan and Collage for Proposed Lincoln Harbor Ferry as part of 
Alternative 1 “Resist” alignment 
 

Figure 7-36 shows an option on how the existing Weehawken park space can blend into the “Resist” 

alignment to provide shading elements and water features for play. 

 

Figure 7-36. Urban Design showing Schematics Plan and Collage for Proposed Weehawken Park Space as part of 
Alternative 1 “Resist” alignment 
 

Figure 7-37 shows the integration of the “Resist” structure on the existing Hudson Tea building walkway. The 

proposed promenade is made up of a sloping landscape that reaches a cantilever walkway from where views of 

the city are available. Stairs and ramps are cut into the landscape to provide access and gathering points.  
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Figure 7-37. Urban Design showing Schematics Plan and Collage for Proposed Promenade at Tea House Building 
as part of Alternative 1 “Resist” alignment 
 

The Independence Court waterfront is one of the few areas along North Sinatra Drive that has the space to 

accommodate a substantial urban design element. Figure 7-38 shows the proposed extension of greenery from 

Independence Court to the waterfront while sloping up to the required DFE. Large flat platforms are embedded 

in the landscape for passive gathering while maintaining access to Pier 13 with a proposed sliding/rolling gate. 

 
Figure 7-38. Urban Design showing Schematics Plan and Collage for Proposed Greenway at Independence Court 
Waterfront as part of Alternative 1 “Resist” alignment 
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Figure 7-39 shows the proposed changes to the existing Maxwell Place Park with the incorporation of a 

central barrier with sloped and terraced elements extending out towards the Hudson River. This layout 

allows visitors to walk along the sidewalk, upon the elevated barrier, or once again along the waterfront. 

 

Figure 7-39. Urban Design showing Schematics Plan and Collage for proposed Maxwell Place Park as part of 
Alternative 1 “Resist” alignment 
 

The existing southern waterfront promenade in Hoboken is mostly a passageway for pedestrians and bikers to 

move across Hoboken while taking in the view of the Manhattan skyline with few opportunities for gathering 

and activity. Figure 7-40 shows an option to integrate a relatively lower height “Resist” barrier structure by 

reconfiguration of the waterfront to create more spaces for interaction and engagement. Areas are carved out 

of the barrier providing athletic facilities similar to the popular offerings along the opposite bank of the Hudson 

River. 

 
Figure 7-40. Urban Design showing Schematics Plan and Collage for proposed promenade for South Waterfront 
as part of Alternative 1 “Resist” alignment 
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7.2.5 Cost Estimates 

The methodology specified in section 7.1.5 was used to estimate the total project costs for Alternative 1 

including hard construction and soft costs. Exceptions to the aforementioned assumptions are noted below –  

General 

It is assumed that completion of final design will be in 2019 and three (3) years for construction duration.  Two 

(2) work zones were assumed to be simultaneous throughout construction.  Costs for overhead and profit were 

included in all unit prices. 

Superstructure 

• Flood Barriers – The footing dimensions range from 7’-15’ (width) and 3’-7’ (depth) depending upon the 

flood barrier height.  The wall thickness generally ranges from 1.25’-2’ at the base.  The cost is a function 

of these items and the length and height of wall, with prices varying between $1,700 / LF to $4,000 / LF.  

Costs for excavation and clean fill are also included in the linear foot cost.  Typical excavation extends 2’ 

beyond the footing with a 1.5:1 side slope.  Shoring may be utilized where available space is limited.  Piles 

and sheeting are included in the substructure elements.   

• Deployable (Gates) – Similar assumptions were made when calculating the costs for the movable gates, 

with the additional factor being the mechanical component.  The unit cost is a function of the length, 

width, and height of gate, with prices varying between $16,500 / LF to $36,000 / LF.  This includes costs 

for the steel movable gate component, the rails/tracks it moves across, a stainless steel to rubber interface 

that makes up the waterproof seal when the gate is in the closed and in the locked position, as well as the 

foundation which supports vertical loads and the pylon structures which support lateral flood forces. 

Site/Civil 

• Roadway – Alternative No. 1 will require mitigation with respect to berms, sidewalk, curbs, driveways, 

roadway repair strips, signal relocations, access stairs, and rehabilitation for pedestrian pathways.  Costs 

for these items were obtained from averaging NJDOT bid prices for the corresponding items. 

• Drainage – Alternative No. 3 when compared to Alternative Nos. 2 and 1 will require the most drainage 

improvements based primarily on the fact that there is less “Resist” structure.  For this reason, quantity 

takeoffs were only performed for Alternative 3.  Itemized costs include inlets, manholes, North Hudson 

Sewerage Authority (NHSA) sealing of existing manholes, high level pipe collection system, ductile iron 

pipe for inlet connections, repair strips for pipes, lining of sanitary sewer system, headwalls, and 

specialized water treatment devices.  The drainage costs were obtained from averaging NJDOT bid prices 

for corresponding or similar items.  It was assumed that the Alternative No. 1 drainage cost will be 

approximately $375 / LF based on overall size and scale relative to Alternative No. 3. 

Substructure 
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• Piles – The foundation or below grade footing costs are included in the superstructure elements.  Pile 

costs are a function of the pile’s spacing, rows, depth, and size.  Based on NJDOT average bid prices, H 

Piles designed for this project cost approximately $30 / LF and W beams roughly $45 / LF installed, with 

pile lengths ranging from 38’-66’.   Costs do not include inspection of buildings and vibration monitoring 

in vicinity of proposed structures, and shoring associated with construction of proposed structures. 

• Sheet Pile Wall – Although there are variations throughout, the sheeting depth was assumed to be thirty 

(30) feet, conservatively.  Costs for the sheet pile wall are approximately $70 per square foot installed, 

which is a function of the length of “Resist” structure and depth of sheeting required to support.  Costs for 

reinforcing the existing embankments between certain sections are also included under this subcategory, 

which accounts for soil erosion, riprap and associated grading. 

• Treatment/Disposal – Soil contaminants from excavation are expected on this project based upon the 

preliminary desktop investigation.  It is assumed that 10% of the excavated material is hazardous soil and 

cannot be reused within the project limits whereas the remaining excess material will be considered non-

hazardous soil and removed off site.  Although it is thought that some soil can be reused on site, at this 

juncture the assumption is it will all be removed.  The identified costs are $200 per ton for disposal of 

hazardous soil and $60 per ton for disposal of non-hazardous soil. The volume of material was based on 

the area of disturbance as previously mentioned under Superstructure. 

• Dewatering – It is assumed that approximately half of the construction operations will involve open 

excavation that will require dewatering due to the high water table.  As a result, the dewatering operations 

will cost approximately $6,000 per day for 300 days, which includes two (2) trucks at $1,000 each a day 

plus $1,000 total for daily pumping, and assuming two (2) work sites.  Dewatering costs do not include 

treatment of contaminated water. 

Maintenance and Protection of Traffic (MPT) / Utilities 

Utility and MPT costs were based upon the AASHTOWARE Project Cost Estimation (CES) Manual for ‘Class 2 

– Reconstruction, Widening, & Dualization” Projects during Conceptual Design.  Due to this project being 

classified as an urban environment, 12% of the construction cost subtotal was utilized to approximate utility 

relocation costs due to substructure conflicts with the proposed improvements and 7% of the construction cost 

subtotal was utilized to approximate MPT costs.  In addition, utility manholes will require waterproofing at 

$5,000 per manhole.  MPT includes necessary traffic protection devices, police traffic directors, and detours 

required for the construction of the proposed improvements.  MPT costs do not include construction layout 

staging locations and mobilization. 

Architectural Design Features – Architecture costs were identified as 20% of the superstructure costs (flood 

barriers and gates), excluding parks.  The percentage accounts for architectural treatments such as murals, 

textured walls, plantings, viewing decks, promenades, and other miscellaneous features designed to enhance 

the urban function of the superstructures.  There is a recognition that in certain locations architectural features 

will be a higher percentage of superstructure costs and in some locations less, and as such, the average was 
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applied.  In areas where the architectural improvements were more clearly defined and essential, the 

architectural cost was calculated independently.  

Landscape Architecture – Alternative No. 1 includes seven (7) unique landscape treatments totaling 

approximately 6.91 acres as shown in Table 7-12.  Landscaping and park development cost was estimated at 

$3.4 million per acre based upon a precedent study of comparable parks in the United States with potentially 

similar landscape treatments including gardens, playgrounds with passive and active spaces.  High and low 

outliers were eliminated while approximating this unit cost.   

Table 7-12. Potential Areas for Parks and/or Amenities in Alternative 1  

Location for Park/Amenity Areas (acres) 

Weehawken Cove Park 2.36 

Sinatra Drive South (near Pier A) 1.49 

Maxwell Place  1.50 

Pier 13 * 0.46 

Hudson Tea Building * 0.56 

Harbor Boulevard in Weehawken 0.39 

Lincoln Harbor Ferry Terminal * 0.12 

Total Park/Amenity Area in Acres 6.91 

* - Costs included as part of Architectural Costs 

Miscellaneous 

• Pier Rehabilitation – Based on a review of existing condition of the project area waterfront, Alternative No. 

1 waterfront construction will require significant rehabilitation of existing structures to support loading of 

the “Resist” features.  Based on other projects completed in the area, this is assumed to be $20,000 / LF to 

replace the elevated wharf structures identified in poor condition, and $500 / LF to repair areas with a 

sheet pile wall bulkhead. 

• PATH Tubes at Bridge Crossings – There was limited detailed information available regarding the exact 

location of the PATH tubes in the project area.   For both Options 1 and 2 alignment alternatives the 

assumption is that the “Resist” alignment will pass over the PATH tubes perpendicularly at two (2) separate 

locations.  There will be costs associated with optimizing the engineering design here to minimize impacts.  

As such, estimates were developed based on general assumption that the “Resist” feature will require a 58 

foot bridge to safely cross over the tubes at each location.  Costs of $1.5 million per crossing were developed 

based on this assumption. 

• Shoring Existing Pump Station – Option 2 will require additional support at the existing pump station in 

the vicinity of the PATH Bridge Crossing along Observer Highway.  This is estimated to be $1 million. 
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• NHSA Pump Station Mitigation – Option 2 will require site specific flood protection for the NHSA Pump 

Station along Observer Highway.  This is estimated to be $1 million.    

ROW 

Right of Way costs are based upon order of magnitude.  Alternative No. 1 includes approximately fourteen (14) 

permanent easements and one (1) temporary easement (See Appendix L-Cost Estimates).  Since the area of 

disturbance affects more private property and is overall much larger than the other alternatives, a much higher 

cost was assumed.  Right of Ways costs for Alternative No. 1 are $20 million. 

Contingencies 

Due to this project being in the early stages of planning and design, there are many unknown variables.  

Changes to design may arise from obtaining more accurate existing information or other unforeseen deviations 

from the feasibility study brought about by outside sources.  As a result, the contingency is approximately 25% 

of the total construction and engineering cost.   

Inflation 

A 3% inflation rate was utilized in order to escalate project costs.  Construction costs were based off 3% per 

annum for 4.2 years excluding design.  Design costs were escalated at a rate of 3% per annum for 2 years. 

Soft Costs 

The soft cost breakdown incorporates engineering and architectural design services (including mapping and 

borings), environmental assessment and permitting, project management, and construction management. 

Operation and Maintenance 

For the FEMA Benefit-Cost Analysis it was assumed that the operation and maintenance cost of the system is 

1% of the total construction costs. 

Table 7-13 provides a summary of the cost estimates for the two options in Alternative 1. Appendix L shows a 

detailed breakdown of the costs by various components. 

Table 7-13. Summary of Cost Estimates for Alternative 1 

Alternative No. 1 (Option 1) Low Range 
Estimate 

High Range 
Estimate 

Construction Costs $339,100,000  $381,000,000  
Design, Engineering & Program Management Costs $94,000,000  $94,000,000  
PROJECT COSTS (Inflation Included) Without Contingencies $433,100,000  $475,000,000  
Contingency $98,400,000  $109,000,000  
Total Estimated Project Costs $531,500,000  $584,000,000   
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Alternative No. 1 (Option 2) Low Range 
Estimate 

High Range 
Estimate 

Construction Costs $348,400,000  $389,900,000  
Design, Engineering & Program Management Costs $95,600,000  $95,600,000  
PROJECT COSTS (Inflation Included) Without Contingencies $444,000,000  $485,500,000  
Contingency $101,200,000  $111,600,000  
Total Estimated Project Costs $545,200,000  $597,200,000  

7.2.6 Benefit – Cost Analysis 

The methodology specified in section 7.1.6 was used to develop Benefit-Cost Ratio (BCR) for Alternative 1. The 

“Resist” Alternative 1 project has a total cost of $642 million and will generate $1,349 million in base benefits, 

resulting in a base BCR of 2.10.  The base BCR is above the 0.75 threshold, which allows for the inclusion of 

social benefits which increase the total benefits to $1,448 million and the BCR to 2.26 as shown in Table 7-14. 

Appendix M shows the detailed benefit calculations and the FEMA BCA software output obtained for “Resist” 

Alternative 1. 

Table 7-14. Benefit-Cost Ratio for Alternative 1  

Flood Event Recurrence 
Interval  

(Annual Probability) 

Flood Event 
Damages 
Before 
Mitigation 
(in Millions) 

Flood Event 
Damages 
After 
Mitigation 
(in Millions) 

Avoided 
Damages 
(in 
Millions) 

Annualized 
Avoided 
Flood 
Damages (in 
Millions) 

10-year with SLR (0.10) $263.2  $164.7  $98.5  $43.6  
50-year with SLR (0.02) $2,421.4  $390.8  $2,030.6  $24.5  
100-year with SLR (0.01) $3,617.9  $655.0  $2,962.9  $29.6  
Total Annualized Avoided Damage (Annual Project Benefit) in Millions $ $97.74  
Total Base Benefits in Millions $ $1,348.8  
Base Project Costs  (excluding O&M) in Millions $ $564.3  
Total Project Costs (including O&M) in Millions $ $642.2  
Base Benefit-Cost Ratio (BCR) 2.10 
Total Base Benefits + Social Benefits in Millions $ $1,448.4  
Final Benefit-Cost Ratio 2.26 

7.2.7 Feasibility Assessment 

The basemap for the study area that consists of limited topographic survey, parcels, utilities, roadway and other 

components was used to locate the footprint of the proposed “Resist” barrier’s substructure and superstructure. 

Appendix Q shows the conceptual design which includes the proposed site plan with footprint, structure 

heights, urban design options, drainage plan, typical sections and others for Alternative 1’s “Resist” system.  

The feasibility assessment to construct the  “Resist”  barrier structure along with the proposed urban design 

options as shown in Section 7.2.4 were evaluated for various criteria as shown in Table 7-15. Overall, based on 

the existing site constraints, this “Resist” alternative has significant constructability and private property 

ownership challenges. Table 7-15 shows the evaluation with applicable metrics for this alternative.  
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Alternative 1 is an approximately three (3) mile long alignment with between 29-31 gates located along various 

portions of the alignment. Although, this alternative provides the maximum flood risk reduction benefits to 

the community, there are significant impacts to the built environment especially with access to the waterfront 

and pedestrian circulation. The cost estimates for this alternative are between $530 – $600 million and would 

require significant rehabilitation/reconstruction of the existing waterfront.  
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Table 7-15. Evaluation of Feasibility Assessment Criteria’s for Alternative 1 

Category Criteria Alternative 1 
(Option 1) 

Alternative 1  
(Option 2) 

Flood Risk 
Reduction 

Coastal Storm Surge 
Risk Reduction for 

Residents 

Percentage of Population In Floodplain 
Receiving Risk Reduction (2010 Census) 98 

Percentage of Study Area In Floodplain 
Receiving Flood Risk Reduction 83 82 

Critical Facilities NOT Receiving Coastal Flood Risk Reduction None 
Potential to Adapt to Higher Coastal Flood Events Yes 

Potential runoff to be managed by Delay, Store, Discharge components 
(gallons and persons receiving benefits) Up to 7 million gallons/14,160 persons 

Built 
Environment 

Location of Viewshed 
Impacts 

Residential 
1st/2nd floor of properties on N. side of 15th St from 

Garden St to Sinatra Dr. N, and first floor of 
properties along Sinatra Dr. N. 

Recreational Users 
1600 Park ballfields, Shipyard Park, and Hudson 

River walkway from Weehawken Cove to Sinatra Dr. 
N to 11th St 

Retail/Dining Patrons 
1st floor businesses: Shops at Lincoln Harbor. 1st 

floor businesses along Sinatra Dr. N. and Sinatra Dr. 
(south) 

Approximate Length of Waterfront Access Impacted (feet) 7,950 
Approximate New or Improved Park Space (acres) 11.3 

Connectivity and 
Circulation 

Number of Parking Spaces Removed 2 0 
Number of Gate Closed during Storm Conditions 29 31 

Benefit Cost 
Analysis 

Benefits for “Resist” (in millions) $1,448 
Estimated “Resist” Cost (in millions) $433.1-$475 $444-$485.5 

Estimated “Resist” Cost Contingency (in millions) $98.4-$109 $101.2-$111.6 
Total “Resist” Cost (in millions) $531.5-$584 $545.2-$597.1 

Resist Benefit/Cost Ratio 2.26 
Total Project Benefit/Cost Ratio (includes “Resist” and Delay, Store, 

Discharge) 
2.22 

Construction/ 
Maintenance 

and Operations 

Constructability 
Number of private parcels requiring easements 15 15 

Potential Utility Relocation (for Resist, linear feet) 4,860 4,600 
Potential Utility Crossings (Resist) 87 86 

Temporary Construction Impacts (acres) 29.4 29.3 
Estimated Annual Maintenance Cost (for Resist, millions) $3.6-$5.4 $3.7-$5.5 
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7.3 Alternative 2 
Alternative 2 (also referred to as the “15th Street” alternative) provides a moderate level of flood risk reduction 

by locating the “Resist” barrier structures primarily inland and along 15th Street between Washington 

Boulevard and Garden Street in north Hoboken. This alternative was developed from the earlier Concept E 

with two modifications. First, the northern Hoboken portion of the alignment along the Tea Building 

waterfront walkway was moved to 15th Street (south of the Tea Building) to maintain a distinction from 

Alternative 1. Second, because of the length and height of structure required along Hudson Street or Shipyard 

Lane, as well as the significant number of gates required for each, the alignment was moved to Washington 

Street. Washington Street was chosen due to the width of the street to accommodate the necessary structure 

and potential to blend structural amenities into the commercial nature of the area. The following sections 

describes the various features and the feasibility assessment performed for this alternative.  

7.3.1 Design Flood Elevation 

Using the methodology provided in Section 7.1.1, the design flood elevation (DFE) for the “Resist” barrier was 

calculated along different reaches of the alignment. Figure 7-41 shows the spatial location of various reaches 

along this alternative’s alignment. For each reach, the 44 CFR 65.10 requirements were applied to obtain the 

base DFE. The SLR value of 2.34 feet was added to the base DFE to obtain the final DFE. Potential settlement 

from the “Resist” structure was not considered in the final DFE calculations. Table 7-16 shows the final DFE 

for various reaches along this alignment. The DFE for the “Resist” barrier structure varies from 15.0 feet to 

18.9 feet-NAVD88; with the higher DFEs located along sections of waterfront that prevents any wave 

overtopping action. Additionally, Table 7-16 shows the DFE used for the design of foundation structure. 

Appendix H shows the detailed calculations for the DFE’s as shown in the Table 7-16.
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Figure 7-41. Breakdown of the Alternative 2’s “Resist” Alignment by Reaches for DFE Calculation
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Table 7-16. Design Flood Elevation for various reaches along Alternative 2 

Location in 

Study Area 

Reach/Component  DFE for “Resist” 

Structure (feet-NAVD) 

DFE for Foundation 

(feet-NAVD) 

North  A2N1 14.9 17.4 

North  A2N2 14.9 17.5 

North  A2N3 15.0 17.8 

North  A2N4A 18.9 19.7 

North  A2N4B 17.2 19.6 

North  A2N5A 17.6 19.7 

North  A2N5B 17.6 19.7 

North A2N6 15.1 18.8 

North A2N7 14.9 17.9 

South A2S1 15.0 17.7 

South A2S1B 15.0 17.7 

South A2S2 15.0 16.3 

South A2S3 15.0 16.5 

South A2S4 17.9 18.9 

South A2S5 16.1 18.8 

South A2S6 15.9 18.8 

South A2S7 15.1 17.9 

South A2S8 15.2 18.8 

South A2S9 15.2 18.8 

South A2S10 15.0 16.5 

South A2S11 15.0 16.5 

7.3.2 Coastal Flood Risk Reduction Benefits 

The effectiveness of Alternative 2’s “Resist” alignment to provide flood risk reduction benefits for the study 

area was evaluated using DHI’s MIKE 21 coastal model. The Task 4- Hydrology and Flood Risk Assessment 

Report6 (Dewberry, 2016) provides a detailed description on the coastal hydrodynamic model simulations for 

the NAA and Alternative 2. Model results shows that the proposed “Resist” alignment for Alternative 2 would 

prevent the overland flow of coastal storm surge into the study area; thus providing flood risk reduction 

benefits for 86% of the population currently within the 2015 Preliminary FEMA 1-percent-annual-chance event 

floodplain. The prevention by the “Resist” alignment of overland flow of coastal storm surge also eliminates 

the propagation of wave inland of the protection structures. Figures 7-42 and 7-43 show the overall flood risk 

reduction benefits with differences in maximum water depth of Alternative 2 over NAA for the 1-percent-

annual-chance coastal storm surge event. Table 7-17 shows the flood risk reduction benefits of Alternative 2 

for various coastal storm surge events.  
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Figure 7-42. Spatial Plot Showing Maximum Flood Depths and Inundation Extents for the 1-percent-annual-
chance Coastal Storm Surge Event with Alternative 2 (15th Street)
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Figure 7-43. Difference in Maximum Water Depths between NAA and Alternative 2 for 1-percent-annual-chance Storm Surge Event in Northern 
and Southern Portions of Study Area

NORTH SOUTH 
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Table 7-17. Flood Risk Reduction Benefits from Alternative 2 (15th Street) 

Storm 
Events Scenario 

Inundation Area Affected Buildings Affected Population 

Total Land Area = 
1,018 Acre 

Total No. of Buildings    
= 4,243 

Total Population  = 
51,802 

Acres % 
Difference  

No. of 
Buildings 

% 
Difference Population % 

Difference 

10% 
(10yr) 

 

NAA 83 
22% 

124 
83% 

9,886 
62% 

Alternative 2 65 21 3,770 

2%  
(50-yr) 

NAA 489 
75% 

2,238 
98% 

38,821 
87% 

Alternative 2 122 54 5,085 

1%  
(100-yr) 

NAA 545 
71% 

2,603 
97% 

41,838 
82% Alternative 2 157 83 7,694 

 

7.3.3 Structural and Geotechnical Assessment 

Most of the structural and geotechnical design challenges associated with Alternative 2 are related to the 

deployable components. Out of the 21-25 deployable structures required for this alternative, the following three 

long rolling gates are extremely long and may have potential challenges to operate - 85 feet long crossing Jersey 

Avenue near the southwest end of the alignment, 90 feet long along Washington Street at the 14th Street 

crossing, and 90 feet long crossing 19th Street near the HBLR track crossing. The length and the height of these 

gates will require them to be very large and heavy, which makes them more costly to erect and more difficult 

to deploy. The rolling gate crossing at the HBLR tracks near 19th Street must be designed and detailed to ensure 

that the tracks are not damaged while the gate is being deployed or is in use. Construction of the gate 

foundation will also require some degree of track outages. 

The selected location of permanent portions of the flood protection system also present design challenges 

unique to Alternative 2. East of the Jersey Avenue gate crossing, Alternative 2 continues for about 500 feet on 

private property adjacent to an elevated section of HBLR tracks before terminating in an earth embankment. 

In addition to private property easement considerations, the future use of this property is not currently known 

and it is possible that the location of the barrier may end up conflicting with future development plans. Along 

15th Street, the alignment passes in front of the Harborside Lofts Building at 1500 Garden Street. The existing 

sidewalk in front of the building is only about 10 feet wide and would have to be widened into the existing 

striped shoulder in order to provide the required clear space on both sides of the barrier. Additionally, at this 

location due to narrow space available for the alignment, there may be potential conflicts with the foundation 

of the proposed “Resist” barrier with the foundation of the Harborside Lofts building and adjacent utilities.  
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7.3.4 Urban Design 

Alternative 2 consolidates the majority of the urban design amenities to the inland streetscape around the 

northern portion of Washington Street and 15th Street. Figure 7-44 shows an aerial view of 15th Street with the 

existing buildings. Multiple urban design iterations were conducted with input from the community and 

analysis of the existing site constraints to develop the “Resist” structure along 15th Street that is a combination 

of a terraced planter with a slim profile and a landscaped conditions in front of the Hudson Tea building. The 

design makes use of the existing lawn while creating a barrier that is soft in nature. Figure 7-45 shows the 

urban planning and collage of the proposed “Resist” feature along 15th Street. The block along Washington 

Street between 14th and 15th Street is restricted to accommodate areas for play and a platform from which 

individuals have a view down Hoboken’s main urban corridor, Washington Street. It may be possible to carve 

out limited space underneath the platform to allow for parking to offset the potential loss of existing parking 

spaces. Figure 7-46 shows the urban planning and collage of the proposed “Resist” feature along Washington 

Street between 14th and 15th Street.  

 

Figure 7-44. Aerial View of the 15th Street Alignment in North Hoboken 
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Figure 7-45. Urban Design Planning and Collage of the 15th Street “Resist” Structure for Alternative 2 

 

Figure 7-46. Urban Design Planning and Collage of the Washington Street “Resist” Structure for Alternative 2 
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7.3.5 Cost Estimates 

The methodology specified in section 7.1.5 was used to estimate the total project costs for Alternative 2 

including hard construction and soft costs. Exceptions and additions to the aforementioned assumptions are 

noted below. 

Site/Civil 

• Drainage – Alternative No. 3 when compared to Alternative Nos. 2 and 1 will require the most drainage 

improvements based primarily on the fact that there is less “Resist” structure.  For this reason, quantity 

takeoffs were only performed for Alternative 3.  Itemized costs include inlets, manholes, North Hudson 

Sewerage Authority (NHSA) sealing of existing manholes, high level pipe collection system, ductile iron 

pipe for inlet connections, repair strips for pipes, lining of sanitary sewer system, headwalls, and 

specialized water treatment devices.  The drainage costs were obtained from averaging NJDOT bid prices 

for corresponding or similar items.  It was assumed that the Alternative No. 2 drainage cost will be 

approximately $250 / LF based on overall size and scale relative to Alternative No. 3. 

Landscape Architecture – Alternative No. 2 includes three (3) unique landscape treatments totaling 

approximately 3.53 acres as shown in Table 7-18. 

Table 7-18. Potential Areas for Parks and/or Amenities in Alternative 2 

Location for Park/Amenity Areas (acres) 

Weehawken Cove Park 2.36 

Washington Street (Between 14th and 15th Street) 0.21 

15th Street between Garden Street and Washington 

Street* 

0.95 

Total Park/Amenity Area in Acres 3.53 

* Costs included as part of Architectural Costs 

Miscellaneous 

• Pier Improvements – No waterfront construction in Alternative No. 2 will require mitigation costs.   

ROW 

• Right of Way costs are based upon order of magnitude.  Alternative No. 2 includes approximately seven 

(7) permanent easements and one (1) temporary easement (See Appendix L– Cost Estimate).  Since the 

area of disturbance for Alternative No. 2 affects less private property and is overall much less than the 

Alternative No. 1, a much lower cost was assumed.  Right of Ways costs for Alternative No. 2 are $3 

million and includes private property at Hudson Tea Park. 

Table 7-19 provides a summary of the cost estimates for the two options in Alternative 1. Appendix L shows a 

detailed breakdown of the costs by various components.  
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Table 7-19. Summary of Cost Estimates for Alternative 2 

Alternative No. 2 (Option 1) Low Range 
Estimate 

High Range 
Estimate 

Construction Costs $138,800,000  $162,300,000  
Design, Engineering & Program Management Costs $55,000,000  $55,000,000  
PROJECT COSTS (Inflation Included) Without Contingencies $193,800,000  $217,300,000  
Contingency $44,400,000  $50,300,000  
Total Estimated Project Costs $238,200,000  $267,600,000   

Alternative No. 2 (Option 2) Low Range 
Estimate 

High Range 
Estimate 

Construction Costs $149,100,000  $168,600,000  
Design, Engineering & Program Management Costs $56,100,000  $56,100,000  
PROJECT COSTS (Inflation Included) Without Contingencies $205,200,000  $224,700,000  
Contingency $47,300,000  $52,200,000  
Total Estimated Project Costs $252,500,000  $276,900,000  

 

7.3.6 Benefit – Cost Analysis 

The methodology specified in section 7.1.6 was used to develop Benefit-Cost Ratio (BCR) for Alternative 2. The 

“Resist” Alternative 2 project has a total average cost of $293 million (including O&M costs) and will generate 

$1,321 million in base benefits, resulting in a base BCR of 4.51.  The base BCR is above the 0.75 threshold, 

which allows for the inclusion of social benefits which increases the total benefits to $1,417 million and the BCR 

to 4.83 as shown in Table 7-20. Appendix M shows the detailed benefit calculations and the FEMA BCA 

software output obtained for “Resist” Alternative 2. 
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Table 7-20. Benefit-Cost Ratio for Alternative 2 

Flood Event Recurrence Interval  
(Annual Probability) 

Flood Event 
Damages 

Before 
Mitigation (in 

Millions) 

Flood Event 
Damages 

After 
Mitigation (in 

Millions) 

Avoided 
Damages (in 

Millions) 

Annualized 
Avoided 

Flood 
Damages (in 

Millions) 
10-year with SLR (0.10) $263.2  $165.3  $97.9  $42.8  
50-year with SLR (0.02) $2,421.4  $421.4  $2,000.0  $24.1  
100-year with SLR (0.01) $3,617.9  $727.1  $2,890.9  $28.9  
Total Annualized Avoided Damage (Annual Project Benefit) in Millions $95.73  
Total Base Benefits in Millions $1,321.2  
Base Project Costs  (excluding O&M) in Millions $257.6  
Total Project Costs (including O&M) in Millions $293.1  
Base Benefit-Cost Ratio (BCR) 4.51 
Total Base Benefits + Social Benefits in Millions $1,416.70  
Final Benefit-Cost Ratio 4.83 

7.3.7 Feasibility Assessment 

The basemap for the study area that consists of limited topographic survey, parcels, utilities, roadway and other 

components was used to appropriately place the footprint of the proposed “Resist” barrier’s substructure and 

superstructure. Appendix Q shows the conceptual design which includes the proposed site plan with footprint, 

structure heights, urban design options, drainage plan, typical sections and others for Alternative 2’s “Resist” 

system.  The feasibility assessment to construct the “Resist” barrier structure along with the proposed urban 

design options were evaluated for various criteria. Overall, based on the evaluation of existing site constraints 

and the location of the proposed  “Resist”  structure, this alternative is feasible to construct but with significant 

impacts to the built environment. Table 7-21 shows the evaluation with applicable metrics for this alternative.  

Alternative 2’s “Resist” alignment is approximately 1.8 miles long with about 21-25 gates located along various 

portions of the alignment. There are major circulation and viewshed impacts due to the proposed 7- 8 foot tall 

“Resist” structure along 15th Street and the need to utilize significant portions of the private property that is 

owned by the Hudson Tea Condominium Association. Although the BCR for this alternative is at 4.83, the total 

project cost estimate is between $238 – $277 million which exceeds the available project budget of $230 

million. 
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Table 7-21. Evaluation of Feasibility Assessment Criteria’s for Alternative 2 

Category Criteria 
Alternative 2 

(Option 1) 
Alternative 2 

(Option 2) 

Flood Risk 
Reduction 

Coastal Storm 
Surge Risk 

Reduction for 
Residents 

Percentage of Population In Floodplain Receiving Risk 
Reduction (2010 Census) 

86 

Percentage of Study Area In Floodplain Receiving Flood 
Risk Reduction 

74 73 

Critical Facilities NOT Receiving Coastal Flood Risk Reduction One (Fire Station, 1313 Washington Street) 
Potential to Adapt to Higher Coastal Flood Events Yes 

Potential runoff to be managed by Delay, Store, Discharge components (gallons 
and persons receiving benefits) 

Up to 7 million gallons/14,160 persons 

Built 
Environment 

Location of 
Viewshed 
Impacts 

Residential 
1st floor residential properties fronting 15th St 

from Garden to Washington and along 
Washington St. from 15th to 13th St. 

Recreational Users 1600 Park ballfields 

Retail/Dining Patrons 
Businesses along Washington St. from 15th to 

13th St. 
Length of Waterfront Access Impacted (feet) 150 

New or Improved Park Space (acres) 7.9 
Connectivity and 

Circulation 
Number of Parking Spaces Removed 15 to 31 13 to 29 

Number of Gate Closed during Storm Conditions 21 25 

Benefit Cost 
Analysis 

Benefits for “Resist” (in millions) $1,417 
Estimated “Resist” Cost (in millions) $193.8-$217.3 $205.2-$224.7 

Estimated “Resist” Cost Contingency (in millions) $44.4-$50.3 $47.3-$52.2 
Total “Resist” Cost (in millions) $238.2-$267.6 $252.5-$276.9 

Resist Benefit/Cost Ratio 4.83 
Total Project Benefit/Cost Ratio (includes “Resist” and Delay, Store, Discharge) 3.88 

Construction/ 
Maintenance 

and Operations 

Constructability 
Number of private parcels requiring easements 6 6 

Potential Utility Relocation (for Resist, linear feet) 2,300 2,060 
Potential Utility Crossings (Resist) 69 69 

Temporary Construction Impacts (acres) 30.1 30.2 
Estimated Annual Maintenance Cost (for Resist, millions) $1.5-$2.4 $1.6-$2.6 
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7.4 Alternative 3 
Alternative 3 (also referred to as the “Alleyway” alternative) provides moderate level of flood risk reduction 

benefits to the community by placing the “Resist” barrier structures primarily inland and along a privately 

owned alleyway between Garden Street and Washington Street in north Hoboken. This alternative was 

developed from the earlier Concept A with the modification to move the alignment along the private alleyway 

for which the City of Hoboken currently owns easements for. Washington Street was chosen due to the width 

of the street to accommodate the necessary structure and potential to blend structural amenities into the 

commercial nature of the area. The following sections describes the various features and the feasibility 

assessment performed for this alternative.  

7.4.1 Design Flood Elevation 

Using the methodology provided in Section 7.1.1, the DFE for the “Resist” barrier was calculated along different 

reaches of the alignment. Figure 7-47 shows the spatial location of various reaches along this alternative’s 

alignment. For each reach, the 44 CFR 65.10 requirements were applied to obtain the base DFE. The SLR value 

of 2.34 feet was added to the base DFE to obtain the final DFE. Potential settlement from the “Resist” structure 

was not considered in the final DFE calculations. Table 7-22 shows the final DFE for various reaches along this 

alignment. The DFE for the “Resist” barrier structure varies from 15.0 feet to 17.9 feet-NAVD88; with the 

higher DFEs located closer to the waterfront to prevent any wave overtopping action. Additionally, Table 7-22 

shows the DFE used for the design of foundation structure. Appendix H shows the detailed calculations for the 

DFE’s as shown in the Table 7-22.
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Figure 7-47. Breakdown of the Alternative 3’s “Resist” Alignment by Reaches for DFE Calculation
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Table 7-22. Design Flood Elevation for various reaches along Alternative 3 

Location in 

Study Area 

Reach/Component  DFE for “Resist” 

Structure (feet-NAVD) 

DFE for Foundation 

(feet-NAVD) 

North  A3N1 14.9 17.4 

North  A3N2 14.9 17.5 

North  A3N3 17.3 19.6 

North  A3N4 17.2 19.6 

North  A3N5A 17.6 19.7 

North  A3N5B 17.6 19.7 

North  A3N6 15.1 17.9 

North A3N7 15.1 17.9 

North A3N8 15.0 17.9 

North A3N9 15.0 17.9 

South A3S1 15.0 17.7 

South A3S2 15.0 16.3 

South A3S3 15.0 16.5 

South A3S4 17.9 18.9 

South A3S5 16.1 18.8 

South A3S6 15.9 18.8 

South A3S7 15.1 17.9 

South A3S8 15.2 18.8 

South A3S9 15.2 18.8 

South A3S10 15.0 16.5 

South A3S11 15.0 16.5 

7.4.2 Coastal Flood Risk Reduction Benefits 

The effectiveness of Alternative 3’s “Resist” alignment to provide flood risk reduction benefits for the study 

area was evaluated using DHI’s MIKE 21 coastal model. The Task 4- Hydrology and Flood Risk Assessment 

Report (Dewberry, 2016) provides a detailed description on the coastal hydrodynamic model simulations for 

the NAA and Alternative 3. Model results shows that the proposed “Resist” alignment for Alternative 3 would 

prevent the overland flow of coastal storm surge into the study area; thus providing flood risk reduction 

benefits for 85% of the population currently within the 2015 Preliminary FEMA 1-percent-annual-chance event 

floodplain. The prevention by the “Resist” alignment of overland flow of coastal storm surge also eliminates 

the propagation of wave inland of the protection structures. Figures 7-48 and 7-49 show the overall flood risk 

reduction benefits with differences in maximum water depth of Alternative 2 over NAA for the 1-percent-

annual-chance coastal storm surge event. Table 7-23 shows the flood risk reduction benefits of Alternative 3 

for various coastal storm surge events.  



 
 

  NJDEP | Rebuild by Design – Hudson River Feasibility Study | Alternative Analysis | 222  

 

Figure 7-48. Spatial Plot Showing Maximum Flood Depths and Inundation Extents for the 1-percent-annual-
chance Coastal Storm Surge Event with Alternative 3 (Alleyway)
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Figure 7-49. Difference in Maximum Water Depths between NAA and Alternative 3 for 1-percent-annual-chance  
Storm Surge Event in Northern and Southern Portions of Study Area

NORTH SOUTH 
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Table 7-23. Flood Risk Reduction Benefits from Alternative 3 (Alleyway) 

Storm 
Events Scenario 

Inundation Area Affected Buildings Affected Population 

Total Land Area = 
1,018 Acre 

Total No. of Buildings    
= 4,243 

Total Population  = 
51,802 

Acres % 
Difference  

No. of 
Buildings 

% 
Difference Population % 

Difference 

10% 
(10yr) 

NAA 83 
22% 

124 
83% 

9,886 
62% 

Alternative 3 65 21 3,770 

2%  
(50-yr) 

NAA 489 
74% 

2,238 
97% 

38,821 
87% 

Alternative 3 126 57 5,085 

1%  
(100-yr) 

NAA 545 
70% 

2,603 
97% 

41,838 
82% Alternative 3 163 89 7,694 

7.4.3 Structural and Geotechnical Assessment 

Alternative 3 has structural and geotechnical challenges similar to Alternative 2 except for the 15th Street 

portion. There are two major structural and geotechnical design challenges with Alternative 3 alignment – one 

along Garden Street near the existing parking garage structure and second along the alleyway between 

Washington Street and Garden Street. Based on limited review of the existing parking garage building 

structure’s foundation plans, the proposed barrier structure foundation may require offset from the existing 

building’s foundation to avoid any potential interference with the structural stability of the existing parking 

deck. Similarly, the proposed “Resist” barrier in the alleyway located between Bloomfield Street and Garden 

Street may have potential challenges due to the presence of foundation structures from adjacent buildings 

extending into the alleyway.  The narrow alleyways may also make construction of the barrier difficult as large 

construction equipment such as a standard pile driver may likely not be able to fit and would require specialized 

equipment to construct the foundation. 

7.4.4 Urban Design 

Alternative 3 seeks to revitalize the currently underutilized alleyway between Garden and Washington streets 

and adapt the existing planter along the Hudson Tea Parking structure to accommodate the required DFE. 

Figure 7-50 shows an aerial view of the alleyway and the surrounding buildings. Various design iterations were 

performed to develop urban design and landscape options along Garden Street between 15th Street and the 

alleyway. Figure 7-51 shows the urban planning and collage of the proposed “Resist” barrier that is parallel to 

the existing parking garage structure. The existing planter is raised to the necessary DFE and then manipulated 

to create seating for parents waiting outside the nearby Montessori school or visitors to the weekend farmer’s 

market. Figure 7-52 shows two options of the “Resist” structure in the west alleyway that runs mostly through 

the center of the alleyway to avoid any potential conflicts with adjoining building’s foundation structures. If 

needed, steps leading up to an existing egress platform can be introduced in the west alleyway. Figure 7-53 
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shows two options for the east alleyway and portion of Washington Street between the east alleyway and 14th 

Street. One option is to replace the existing property boundary wall in the east alleyway with a stronger flood 

resistant barrier and using the available existing sidewalk space along Washington Street to build a landscape 

“Resist” barrier. The second option is to have a sloped landscape that gradually builds up to the DFE. This 

landscape could include seating and gathering elements carved into the “Resist” barrier in the east alleyway as 

well as an expanded sidewalk area with the “Resist” barrier along Washington Street. 

 

Figure 7-50. Aerial view of the Alleyway Alignment in North Hoboken 



 
 

  NJDEP | Rebuild by Design – Hudson River Feasibility Study | Alternative Analysis | 226  

 

Figure 7-51. Urban Design Planning and Collage of the Garden Street “Resist” Structure for Alternative 3 

 

Figure 7-52. Urban Design Planning and Collage of West Alleyway “Resist” Structure for Alternative 3 

 

Figure 7-53. Urban Design Planning and Collage of East Alleyway “Resist” Structure for Alternative 3 
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7.4.5 Cost Estimates 

The methodology specified in section 7.1.5 was used to estimate the total project costs for Alternative 3 

including hard construction and soft costs. Exceptions and additions to the aforementioned assumptions are 

noted below.  

Site/Civil 

• Drainage – Alternative No. 3 when compared to Alternative Nos. 2 and 1 will require the most drainage 

improvements based primarily on the fact that there is less “Resist” structure.  For this reason, quantity 

takeoffs were only performed for Alternative 3.  Itemized costs include inlets, manholes, North Hudson 

Sewerage Authority (NHSA) sealing of existing manholes, high level pipe collection system, ductile iron 

pipe for inlet connections, repair strips for pipes, lining of sanitary sewer system, headwalls, and 

specialized water treatment devices.  The drainage costs were obtained from averaging NJDOT bid prices 

for corresponding or similar items.   

Landscape Architecture – Alternative No. 3 includes four (4) unique landscape treatments totaling 

approximately 2.55 acres as shown in Table 7-24.   

Table 7-24. Potential Areas for Parks and/or Amenities in Alternative 3  

Location for Park/Amenity Areas (acres) 

Weehawken Cove Park 2.36 

Garden Street * 0.04 

Alleyway between Garden Street and Bloomfield Street* 0.05 

Alleyway between Bloomfield Street and Washington Street* 0.09 

Total Park/Amenity Area in Acres 2.55 

* Costs included as part of Architectural Costs 

Miscellaneous 

• Pier Improvements – No waterfront construction in Alternative No. 3 will require mitigation costs.   

ROW 

• Right of Way costs are based upon order of magnitude.  Alternative No. 3 includes approximately seven 

(7) permanent easements and one (1) temporary easement (See Appendix L – Cost Estimate).  Since the 

area of disturbance for Alternative No. 3 affects less private property and is overall much less than the 

Alternative No. 1, a much lower cost was assumed.  Right of Ways costs for Alternative No. 3 are $2 

million. 

Table 7-25 provides a summary of the cost estimates for the two options in Alternative 1. Appendix L shows a 

detailed breakdown of the costs by various components.  
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Table 7-25. Summary of Cost Estimates for Alternative 3 

Alternative No. 3 (Option 1) Low Range 
Estimate 

High Range 
Estimate 

Construction Costs $132,100,000  $152,500,000  
Design, Engineering & Program Management Costs $53,200,000  $53,200,000  
PROJECT COSTS (Inflation Included) Without Contingencies $185,400,000  $205,700,000  
Contingency $39,100,000  $44,200,000  
Total Estimated Project Costs $224,500,000  $249,900,000   

Alternative No. 3 (Option 2) Low Range 
Estimate 

High Range 
Estimate 

Construction Costs $140,800,000  $165,100,000  
Design, Engineering & Program Management Costs $55,500,000  $55,500,000  
PROJECT COSTS (Inflation Included) Without Contingencies $196,300,000  $220,600,000  
Contingency $41,800,000  $47,900,000  
Total Estimated Project Costs $238,100,000  $268,500,000  

7.4.6 Benefit – Cost Analysis 

The methodology specified in section 7.1.6 was used to develop Benefit-Cost Ratio (BCR) for Alternative 3. The 

“Resist” Alternative 3 project has a total average cost of $281 million (including O&M costs) and will generate 

$1,321 million in base benefits, resulting in a base BCR of 4.71.  The base BCR is above the 0.75 threshold, 

which allows for the inclusion of social benefits which increases the total benefits to $1,416 million and the 

BCR to 5.05, as shown in Table 7-26. Appendix M shows the detailed benefit calculations and the FEMA BCA 

software output obtained for “Resist” Alternative 3. 
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Table 7-26. Benefit-Cost Analysis for Alternative 3 

Flood Event Recurrence Interval  
(Annual Probability) 

Flood Event 
Damages 

Before 
Mitigation (in 

Millions) 

Flood Event 
Damages 

After 
Mitigation (in 

Millions) 

Avoided 
Damages 

(in 
Millions) 

Annualized 
Avoided 

Flood 
Damages (in 

Millions) 
10-year with SLR (0.10) $263.2  $165.3  $97.9  $42.8  
50-year with SLR (0.02) $2,421.4  $421.1  $2,000.3  $24.1  
100-year with SLR (0.01) $3,617.9  $730.8  $2,887.1  $28.9  
Total Annualized Avoided Damage (Annual Project Benefit) in Millions $95.68  
Total Base Benefits in Millions $1,320.5  
Base Project Costs  (excluding O&M) in Millions $246.5  
Total Project Costs (including O&M) in Millions $280.5  
Base Benefit-Cost Ratio (BCR) 4.71 
Total Base Benefits + Social Benefits in Millions $1,416.0  
Final Benefit-Cost Ratio 5.05 

7.4.7 Feasibility Assessment 

The basemap for the study area that consists of limited topographic survey, parcels, utilities, roadway and other 

components was used to appropriately place the footprint of the proposed “Resist” barrier’s substructure and 

superstructure. Appendix Q shows the conceptual design which includes the proposed site plan with footprint, 

structure heights, urban design options, drainage plan, typical sections and others for Alternative 3’s “Resist” 

system.  The feasibility assessment to construct the  “Resist”  barrier structure along with the proposed urban 

design options were evaluated for various criteria as shown in Table 7-27. Overall, based on the evaluation of 

existing site constraints and the location of the proposed “Resist” structure, this alternative is feasible to 

construct with limited impacts to the built environment. Table 7-27 shows the evaluation with applicable 

metrics for this alternative.  

Alternative 3’s “Resist” alignment is approximately 1.7 miles long with about 19-23 gates located along various 

portions of the alignment. There are potential minor circulation impacts due to the placement of the “Resist” 

structure through an alleyway between two buildings. The BCR for this alternative is 5.05 with the total 

preliminary project cost estimates between $224.5 and $268.5 million. The lower end of this cost estimate 

would allow to construct the entire alignment of the proposed “Resist” barrier structure within the available 

project budget of $230 million. 
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Table 7-27. Evaluation of Feasibility Assessment Criteria’s for Alternative 3 

Category Criteria 
Alternative 3 

(Option 1) 
Alternative 3 (Option 2) 

Flood Risk 
Reduction 

Coastal Storm 
Surge Risk 

Reduction for 
Residents 

Percentage of Population In Floodplain Receiving 
Risk Reduction (2010 Census) 

85 

Percentage of Study Area In Floodplain Receiving 
Flood Risk Reduction 

73 72 

Critical Facilities NOT Receiving Coastal Flood Risk Reduction One (Fire Station, 1313 Washington Street) 
Potential to Adapt to Higher Coastal Flood Events Yes 

Potential runoff to be managed by Delay, Store, Discharge components 
(gallons and persons receiving benefits) 

Up to 7 million gallons/14,160 persons 

Built 
Environment 

Location of 
Viewshed Impacts 

Residential 
Residential properties along Washington St. from 

15th to 13th St. 
Recreational Users 1600 Park ballfields 

Retail/Dining Patrons 
Businesses along Washington St. from 15th to 

13th St. 
Length of Waterfront Access Impacted (feet) 150 

New or Improved Park Space (acres) 6.9 
Connectivity and 

Circulation 
Number of Parking Spaces Removed 9 to 18 7 to 16 

Number of Gate Closed during Storm Conditions 19 23 

Benefit Cost 
Analysis 

Benefits for “Resist” (in millions) $1,416 
Estimated “Resist” Cost (in millions) $185.4-$205.7 $196.3-$220.6 

Estimated “Resist” Cost Contingency (in millions) $39.1-$44.2 $41.8-$47.9 
Total “Resist” Cost (in millions) $224.5-$249.9 $238.1-$268.5 

Resist Benefit/Cost Ratio 5.05 
Total Project Benefit/Cost Ratio (includes “Resist” and Delay, Store, 

Discharge) 
3.99 

Construction/ 
Maintenance 

and 
Operations 

Constructability 
Number of private parcels requiring easements 6 6 

Potential Utility Relocation (for Resist, linear feet) 1,280 1,030 
Potential Utility Crossings (Resist) 64 64 

Temporary Construction Impacts (acres) 29.8 29.9 
Estimated Annual Maintenance Cost (for Resist, millions) $1.4-$2.3 $1.5-$2.4 
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7.5 Delay, Store, Discharge (DSD) Alternative 
The primary objective of the DSD alternative is to reduce flood risks within the City of Hoboken during high 

intensity rainfall events. After a thorough evaluation and screening of the various DSD concepts, a 

comprehensive DSD alternative was developed that utilized parcel based sites and Right-of-way (ROW) owned 

by the City of Hoboken to either delay, store and/or discharge rainfall runoff.  The DSD alternatives, as shown 

in Figure 7-54, consists of three large parcel based stormwater detention facilities and sixty one (61) small 

subsurface detention tanks located within the ROW. These proposed features would complement other on-

going stormwater management efforts undertaken by the City of Hoboken and North Hudson Sewerage 

Authority (NHSA). The following sections describe the general methodology used in the evaluation, description 

of each DSD component, preliminary cost estimates, benefit-cost analysis, and the feasibility assessment and 

evaluation of the overall DSD alternative.  

 

Figure 7-54. Proposed DSD Alternative Components  
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7.5.1 Methodology for Evaluation of DSD Alternative 

The methodology to evaluate the various components of the DSD alternative involved the following four parts-  

a. Conceptual stormwater management design of each DSD component  

Methodologies suggested in NJDEP’s Stormwater BMP Manual (NJDEP, 2016) were utilized to develop 

conceptual design for each DSD component. The existing site constraints were analyzed to develop conceptual 

design for each DSD component which included the potential rainfall storage volume that can be captured, 

stored and discharged. The underground detention system at the three large parcel-based sites were designed 

to provide storage volume in an effort to control and attenuate peak flows up to the 25-year 24-hour rainfall 

event. The Urban Hydrology Modeling Software from Bentley was utilized to develop the runoff volume that 

could be stored in the underground detention system within each parcel’s site constraints. The StormCAD 

software from Bentley was used in the conceptual design of the collection system that would convey rainfall 

runoff up to a 25-year 24-hour rainfall event from the drainage area into each parcel’s proposed underground 

detention system. The discharge system consisting of a network of pumps and/or pipes were designed to 

discharge optimal and allowable flow rates from the subsurface detention system.  The proposed conceptual 

design of the stormwater management system including collection and discharge, was used to develop 

preliminary cost estimates for each component of the DSD alternative. 

An estimate of the storm water peak flows/volumes reduction levels will be identify during the design phase of 

the project, most of the proposed DSD elements are not intended to be an infiltration practice due to the high 

ground water table, low soils permeability rate and overflow invert elevations. 

 

b. Landscape design of each DSD component 

For each DSD component, a detailed review and analysis was conducted to understand the history of the site, 

existing site constraints, access opportunities, land use patterns, and community preferences to develop 

potential landscape features on top of the proposed subsurface detention systems that could provide amenities 

and improve quality of life within the community. Multiple conceptual landscape design options which 

included program opportunities were developed for each DSD component site with various themes that can be 

adopted during the detailed design phase for these DSD sites.   

 

c. Overall flood risk reduction assessment of the DSD alternative  

An integrated stormwater and coastal conditions model was developed using DHI’s MIKE URBAN and MIKE 

FLOOD models to evaluate the overall effectiveness of the comprehensive DSD alternative to reduce flooding 

from various rainfall recurrence interval events over the baseline conditions (No-Action Alternative). The Task 

4 – Hydrology and Flood Risk Assessment Report provides details on the methodology used to evaluate the 

effectiveness to reduce rainfall-induced flooding within the study area with all the proposed DSD components 

(Dewberry, 2016). The DSD alternative was evaluated with two tidal conditions in the Hudson River: the mean 

low tide condition which allows all the excessive rainfall runoff volume to be discharged into the Hudson River 
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through the existing outfalls, and the mean high tide condition which allows the excessive rainfall runoff 

volume to be discharged only via existing wet-weather pumps owned and operated by NHSA.  

 

d. Cost Estimates 

The cost estimates developed for the feasibility study provide approximate costs for the DSD components and 

were used to evaluate the feasibility to construct the DSD alternative within the available funds provided by 

HUD.   

The cost estimates for each DSD component were broken down into the following components –  

• Site/Civil Costs 

Roadway – These costs include reconstruction of sidewalk, curbs, driveways, roadway repair strips, signal 

relocations, access stairs, and rehabilitation for pedestrian pathways.  Costs for these items were obtained from 

averaging NJDOT bid prices for the corresponding items. 

Drainage – These costs include inlets, manholes, sealing of existing manholes, high level pipe collection system, 

ductile iron pipe for inlet connections, repair strips for pipes, lining of sanitary sewer system, headwalls, and 

specialized water treatment devices.  The drainage costs were obtained from averaging NJDOT bid prices for 

corresponding or similar items. 

Underground Storage Tanks in ROW – Underground storage tanks will be installed under the existing sidewalk 

or bump out area adjacent to the existing curb.  The underground tanks vary in length from 10 feet to 20 feet 

with a typical 5 foot width.  The depth of the tanks varies from 4 feet to 9.5 feet.  Based on a review of costs 

provided by manufacturers of similar tanks, an average cost for a Green/Gray ROW tank was determined to be 

$66,000 and the curb bumpout tank to be $78,000.  Improvements, including additional curbing, pavement 

restoration, sheeting and miscellaneous concrete were included in the cost of the tank.   The approximate cost 

for the curb bumpout tanks include additional curbing, pavement restoration, sheeting and miscellaneous 

concrete.  Costs were obtained from averaging NJDOT bid prices for corresponding or similar items. 

Pump Stations – Pump station costs were obtained from average NJDOT bid prices for corresponding or 

similar items and RS Means®.  Costs for the utility building necessary to operate the pump station is included 

in the estimate. 

Underground Detention Facilities – Costs for the underground detention facilities were obtained from 

manufacturers.  Estimates from the manufacturers did not include costs for foundation, installation, cast-in-

place work, finishes, staining, coatings, sealants, grout, crane rental, waterproofing membranes, or labor.  

Percentages of the lump sum estimate were assumed for these costs.  All underground detention facilities 

include associated costs for high level sewer collection system.   

Reconstruction of Existing NJ Transit Canal - Sheeting was assumed to be necessary because there appears to 

be limited access for construction crews to perform work due to steepness at the Palisades.  Costs for site 

clearing (with regards to clearing the wooded area) were based upon the AASHTOWARE Project Cost 

Estimation (CES) Manual for ‘Class 2 – Reconstruction, Widening, & Dualization’ Projects during Conceptual 

Design.  
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Stormwater Pretreatment Unit – Average costs for the stormwater pretreatment units were obtained from 

various manufacturers.  Unit prices vary from $34,000 to $145,000 depending upon size of treatment device.  

Costs for the foundation and installation were assumed to be 50% of the total cost of the stormwater 

pretreatment unit. 

• Maintenance and Protection of Traffic (MPT) / Utilities 

Utility and MPT costs were based upon the AASHTOWARE Project Cost Estimation (CES) Manual for ‘Class 2 

– Reconstruction, Widening, & Dualization” Projects during Conceptual Design.  Due to this project being 

classified as an urban environment, 12% of the construction cost subtotal was utilized to approximate utility 

relocation costs due to anticipated substructure conflicts with the proposed improvements and 7% of the 

construction cost subtotal was utilized to approximate MPT costs.  In addition, utility manholes will require 

waterproofing at approximately $5,000 per manhole.  Due to the fact that a larger portion of the proposed 

‘DSD’ components are concentrated outside the limits of public right-of-way relative to the ‘Resist’ 

components; utility relocation costs were assumed to be cheaper due to a lower probability of utility conflicts.  

MPT includes necessary traffic protection devices, police traffic directors, and detours required for the 

construction of the proposed improvements.  Due to the remoteness of the ‘DSD’ sites’ relative to the ‘Resist’ 

sites, maintaining traffic was assumed to be less encompassing and therefore less expensive.  MPT costs do not 

include construction staging locations or mobilization. 

• Landscape Cost 

The landscaping cost was approximately $3.4 million per acre based upon the average cost of comparable parks 

in the United States with potentially similar landscape treatments including gardens, playgrounds, and 

temporary spaces.  High and low outliers were eliminated while approximating this unit cost.  The list of 

comparable parks can be found in Table 7-28 below and Appendix O provides a breakdown of landscape 

treatments for each Alternative. 

 

Table 7-28. Summary of Precedent Park Costs 

Project Name Location Price / Acre 

Maggie Daley Chicago, IL $2.4 M 

Tanner Springs Park Portland, OR $3.5 M 

City Garden St. Louis, MO $10.3 M 

Block 12 Hoboken, NJ $2.7 M 

Blake Hobs Park New York City, NY $1.0 M 

The Lawn on D Boston, MA $0.55 M 

Overall Average $3.4 M 

 

• Right-of-Way (ROW) Cost 

No Right of Way acquisitions were assumed for any DSD components.  
• Miscellaneous Cost 
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Treatment/Disposal – Encountering contaminated soil material during excavation is anticipated based on the 

preliminary environmental hazardous waste screening. It is assumed that 10% of the excavated material is 

hazardous soil and the remaining excess material will be considered as contaminated, non-hazardous.   

Material that is known or found to be contaminated or hazardous cannot be reused within the project limits 

and must be transported and disposed off-site according to state and federal regulations.  The identified costs 

are approximately $200 per ton for disposal of hazardous soil and $60 per ton for disposal of non-hazardous 

contaminated soil. 

Dewatering – It is assumed that approximately half of the construction operations will involve open excavation 

which will require dewatering due to the high water table.  As a result, the dewatering operations will cost 

approximately $6,000 per day for 65 days, which includes two (2) trucks at approximately $1,000 per day plus 

$1,000 total for daily pumping, assuming two (2) work sites.  Dewatering costs do not include treatment or 

disposal of contaminated water. 

• Construction Contingency Cost 

Due to this project being in the early stages of planning and design, there are many unknown variables.  

Changes to design may arise from obtaining more accurate existing information or other unforeseen deviations 

from the feasibility study brought about by outside sources.  As a result, the contingency is approximately 25% 

of the total construction and engineering cost.   

• Soft Costs 

These costs includes the engineering design, environmental assessment and permitting during design, and 

construction management costs. The engineering design, environmental assessment and construction 

management costs were allocated 10%, 2% and 8% of the total construction costs, respectively.   

• Inflation 

A 3% inflation rate was utilized in order to escalate project costs.  Construction costs were based on 3% per 

annum for 4.2 years excluding design.  Design costs were escalated at a rate of 3% per annum for 2 years. 

• Project Support Costs 

It was assumed that project support costs by NJDEP could not be used for the DSD alternative.  

The above cost items were used to develop the cost estimates for each DSD component in two scenarios: low 

estimate and high estimate.  The low and high estimate costs were developed in coordination with NJDEP’s 

CMF contractor to provide an estimate range of total project costs.  

7.5.2 Stormwater Flood Risk Reduction Benefits 

The flood risk reduction benefits from the proposed DSD alternative over the baseline conditions (NAA) were 

evaluated as part of the Task 4 – Hydrology and Flood Risk Assessment Report (Dewberry, 2016).  Table 7- 29 

shows the acreages of the flooded areas in the NAA and “DSD” alternative along with the potential reduction 

in flooded areas with all the components of the DSD alternatives in place.   

Table 7-29. Comparison of Flooded Areas in NAA and DSD Alternative  
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Rainfall Return 

Period 

Mean Tidal 

Condition 

Flooded Areas (acres) Percent 

Reduction in 

Flooded Areas 
NAA DSD Alternative 

20-percent-annual-

chance, 24-hour 

Low 25.5 4.8 81% 

High 48.4 13.0 73% 

10-percent-annual-

chance, 24-hour 

Low 35.5 10.2 71% 

High 59.7 26.0 56% 

4-percent-annual-

chance, 24-hour 

Low 64.5 26.8 58% 

High 95.9 49.1 49% 

2-percent-annual-

chance, 24-hour 

Low 95.1 42.0 56% 

High 122.1 69.9 43% 

1-percent-annual-

chance, 24-hour 

Low 147.5 91.7 38% 

High 148.6 93.4 37% 

 

All the proposed components of the “DSD” alternative provide significant flood risk reduction benefits during 

the 5-, 10-, 25-, 50- and 100-year 24-hour rainfall recurrence interval events with mean low and mean high 

tides in the Hudson River. In general, the percent reduction in flooded areas is higher in the mean low tide 

event for the same rainfall recurrence interval event when compared with the mean high tide event. During a 

high tide event, all the outfalls are closed which prevents gravity flow of rainfall runoff from NHSA’s surcharged 

storm sewer system into the Hudson River. The wet weather pumps are operational during the high tide event 

and thus the amount of flood water that can be discharged into the Hudson River is restricted by the capacity 

of the pumps. In a low tide event, all the outfalls are open which would allow to discharge rainfall runoff directly 

to the Hudson River once NHSA’s collection system reaches its capacity. Additionally, the pumps can be 

operational during the low tide event thus allowing to discharge additional volume of rainfall runoff into the 

Hudson River. In all cases, appropriate treatment will be provided prior to discharge to comply with NJDEP 

discharge standards. 

7.5.3 Conceptual Stormwater Management and Landscape Design 

An iterative design process was conducted to develop conceptual designs for stormwater management features 

along with the landscape and programming features for each DSD component. Community input and feedback 

was incorporated throughout the iterative design process. Several meetings were conducted with NHSA 

representatives to go over the conceptual designs for each DSD component. Any new stormwater management 

features incorporating discharge into the Hudson River will be required to meet appropriate NJDEP discharge 

standards. A description of the stormwater management and landscape design features for each DSD 

component are as follows:  
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a. BASF site 

The BASF parcel size is approximately 4.3 acres located in the northwest section of Hoboken as shown in Figure 

7-55. NHSA’s future plans include the utilization of the BASF site parcels to manage stormwater runoff coming 

from the northern and western portions of Hoboken. NHSA plans to re-divide the existing H-7 sewershed 

drainage boundary into a separate drainage area which would reroute the rainfall runoff into the BASF site’s 

proposed underground detention system. As shown in Figure 7-55, approximately 62 acres of drainage area 

from 11th Street to 16th Street could potentially be rerouted into the BASF site. This new drainage area assumes 

that the proposed western redevelopment plans implemented by the City of Hoboken would require 

redeveloped parcels to have two separate systems – a sewer system that would collect sewer from the 

redeveloped parcels and route it to NHSA’s existing sewer system; and a separate storm sewer system that 

would collect rainfall runoff from the redeveloped parcels and route it to BASF site. 

 

The proposed BASF site stormwater management system would include construction of a new stormwater 

collection system with 11,341 linear feet of high level storm pipes ranging from 15 inches to 36 inches in 

diameter to collect stormwater runoff from the drainage area. Stormwater modeling shows potential to store 

up to 5.8 million gallons of rainfall runoff under the existing BASF site. A system of subsurface detention tanks 

can be constructed to collect this rainfall runoff volume. The treated stormwater can then be discharged to the 

Hudson River via a force main and a pump station located on the BASF site. Stormwater modeling results show 

that potentially three pumps, each pump with a capacity of 20 cubic feet per second (cfs) or 5,662 gallons per 

minute (gpm) can be utilized to discharge the treated stormwater to the Hudson River. Appendix N shows the 

stormwater management calculations performed to develop the conceptual plan for the BASF site. 

 

There are several configurations for the proposed subsurface detention tanks and pump system that can be 

implemented to store and discharge the rainfall runoff volume. During the design phase, appropriate 

configuration should be developed based on NHSA’s stormwater treatment requirements. Appendix O shows 

the conceptual site plan and typical sections of the proposed BASF Site stormwater management plans. 
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Figure 7-55. Site Plan of Proposed Stormwater Management Facility at BASF Site 
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Three landscape concept options were developed for the BASF site. These concepts are centered around three 

main site strategies: (1) a destination, (2) a recreation amenity (including a soccer field), and (3) an 

ecological/educational park. The options emerged from site analysis of existing site constraints and 

opportunities as well as from input from stakeholder engagement conversations with the City of Hoboken, 

CAG Working Group, and the community.  Descriptions of each option are as follows: 

o Option 1 – Destination Park 

The first option positions the BASF site as a destination park for the City of Hoboken. The concept builds off 

of the city wide open space analysis conducted for the project and suggests programs for the park that will draw 

a city wide audience. The BASF site is a unique open space opportunity, where there are few (if any) open 

spaces of this size available in Hoboken. Located in an upcoming residential development area in the city, with 

many new and soon to be developed residential apartment buildings, the destination park suggests a unique 

track which forms a figure-eight on the site, providing fall/spring/summer running and walking opportunities. 

The track also can be repurposed as a skate rink in the winter months providing an exciting winter recreation 

amenity for the neighboring community, the city at large and surrounding townships. Tucked into the 

curvilinear forms of the track are a series of other recreational facilities like a splash pad, playground, flexible 

lawn, gathering spaces, basketball/tennis courts, and climbing facilities. Figure 7-56 shows a conceptual 

schematic of the proposed destination park at the BASF site.  

o Option 2 – Recreation Park 

The City of Hoboken expressed their desire to evaluate the option of using the BASF site as a professional 

soccer field or as a recreation park. The recreation park design option was created to provide recreational 

amenities to the community. A feasibility assessment was conducted to evaluate the potential to include a 

professional-size soccer field. The professional soccer fields must be sited in the north-south direction to 

optimize the field’s relationship to the sun. However due to the size (length and width) of the BASF site 

parcel, it is not feasible to site a professional size soccer field. If a soccer field is desired, the conceptual 

design as shown in Figure 7-57 would allow for a high school regulation size soccer field to provide a buffer 

between the neighboring streets and goal posts. Bleacher style seating between the field and child’s play zone 

allows the eastern section of the park to be designed to accommodate other types of programming—including 

several recreational amenities for children in Hoboken like a playground space, splash pad/skating rink, and 

lush planting. 
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Figure 7-56. Conceptual Schematic Design of the BASF site as Destination Park
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Figure 7-57. Conceptual Schematic Design of the BASF Site as Recreational Park 
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Figure 7-58. Conceptual Schematic Design of the BASF site as an Eco/Education Park
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o Option 3 – Eco/Educational Park 

The intention of Option 3-Eco/Education Park is to capitalize on the strength of Option 1 (Destination Park), 

but include several educational opportunities for the community around stormwater management that overlay 

the park design through a dynamic wayfinding system accompanying a demonstration wetland located within 

the center of the figure-eight track (see Figure 7-58). The on-site demonstration wetland would be a separate 

system from the underground system and can be used to treat water that lands on site through artfully designed 

topography and strategic plantings. The park wayfinding system can be coupled with viewing decks/lookout 

points around the inner edge of the track providing information about the working landscape, the plants and 

animal species using the wetland as habitat. This option allows many opportunities for science education as 

well as less organized learning opportunities. Based on this plan concept, the wetland would not be accessible 

to human touch because it is located within the track. This option also places the playground within the track—

providing a safe secure play space for children with the track’s edge serving as a fence. Other amenities for this 

option are described in Option 1. 

For the above three conceptual schematic landscape design options, the subsurface detention system can be 

constructed in conjunction with the proposed amenities. Figure 7-59 shows a typical section of the park with 

the landscape features on the surface level and a series of underground storage tanks. Appendix O shows 

additional details on the proposed landscape option plans for the BASF site.  

 

 

Figure 7-59. Typical Section of the Proposed Stormwater Management Facility at the BASF site 
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b. NJ Transit site 

The NJ Transit site is located behind the Hoboken Housing Authority (HHA) in the south-western area of the 

City of Hoboken as shown in Figure 7-60. The HHA is a 17 acre property that is located in the lowest 

topographic area within the City of Hoboken. During high intensity and heavy rainfall events, portions of HHA 

is subject to flooding. The currently vacant property owned by NJ Transit provides an opportunity to re-route 

the rainfall runoff from HHA’s property (excluding buildings) towards an existing canal owned and maintained 

by NJ Transit. This re-routing of rainfall runoff into the Hudson River via the NJ Transit canal would reduce 

the influx of stormwater into NHSA’s system. 

 
The existing roadway stormwater drainage network within HHA would first need to be disconnected from 

NHSA’s combined sewer system and then connected to the proposed high level storm sewer (HLS) collection 

system which would convey rainfall runoff separately into the proposed subsurface detention tank system 

located under the currently vacant NJ Transit property. A pump station would be incorporated to discharge 

water from the subsurface detention tank into the NJ Transit canal system through a force main. Another pump 

station is proposed at the end of Clinton Street located on the northern end of Hoboken that would collect the 

flow from the canal and discharge it directly to the Hudson River via a force main.  

 

The proposed NJ Transit site stormwater management system would include construction of a new stormwater 

collection system network with 3,476 linear feet of high level storm pipes ranging from 15 inches to 24 inches 

in diameter to collect stormwater runoff from the drainage area. Stormwater modeling shows the potential to 

store up to 1.4 million gallons of rainfall runoff under the available NJ Transit site. Stormwater modeling 

results also show that potentially two pumps, each pump with a capacity of 4 cfs or 1,978 gpm can be utilized 

to discharge the treated stormwater to NJ Transit’s canal. At the Clinton Street pump station, stormwater 

modeling results show that two pumps, each with a capacity of 10 cfs, would be able to discharge flow into the 

Hudson River through a 16 inch force main that is approximately 660 feet long. The Clinton Street pump 

station would allow to discharge flow during mean high tide conditions, thus allowing to discharge stormwater 

from HHA property through the rainfall event with mean high tide conditions in the Hudson River. Appendix 

N shows the stormwater management calculations performed to develop the conceptual plan for the NJ Transit 

site.  

 

There are several configurations for the proposed subsurface detention tanks and pump systems that can be 

implemented to store and discharge the rainfall runoff volume. During the design phase, appropriate 

configuration should be developed based on NHSA’s stormwater treatment requirements. Appendix O shows 

the conceptual site plan and typical sections of the proposed NJ Transit Site stormwater management plans.  
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Figure 7-60. Site Plan of Proposed Stormwater Management facility at NJ Transit’s site
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Two landscape concept options were developed for the NJ Transit site. The options emerged from site analysis 

of existing site constraints and opportunities as well as from input from stakeholder engagement conversations 

with NJ Transit, City of Hoboken, CAG Working Group, and the community. Based on conversations with NJ 

Transit, a portion of the available vacant land was reserved for NJ Transit’s future rail expansion.  

o Option 1 – Active Recreation 

As shown in Figure 7-61, Option 1 includes a larger playground area for the residents in the Hoboken Housing 

Authority site. This expanded play area would provide a much needed play zone for children in the 

neighborhood. Today, there are only two small play spaces located on the grounds of the Housing Authority, 

making a new play space in much demand. Option 1 also includes a paved surface area—more in keeping with 

a civic plaza feel, which would require a larger investment in the site design and maintenance. 

o  Option 2 – Passive Recreation 

As shown in Figure 7-62, Option 2 includes a vegetated green buffer on the western side of the site between 

the park zone and the light rail tracks, picnic areas, children’s play areas, and general passive recreational 

spaces for gatherings. This option is a low budget design intervention.  

Appendix O shows additional details on the proposed landscape option plans in detail for the NJ Transit site.  
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Figure 7-61. Conceptual Schematic Design of NJ Transit Site with Active Recreation Option
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Figure 7-62. Conceptual Schematic Design of NJ Transit Site with Passive Recreation Option
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c. Block 10 site 

The proposed Block 10 site is located in the southwestern corner of Hoboken adjacent to the Academy Bus 

facility and south of Paterson Avenue (see Figure 7-63). The City of Hoboken intends to purchase the Block 10 

parcel to create a resiliency park in the future similar to the existing Block 12 site. The area adjacent to the 

Block 10 site is naturally low-lying and is subject to constant flooding from high intensity heavy rainfall events.  

The proposed stormwater management plan would capture rainfall runoff from approximately eight (8) acres 

of drainage area through a new HLSS collection system. The existing catch basins within this drainage area 

would have to be disconnected from NHSA’s existing pipe network and then connected to the proposed HLSS 

pipes. The proposed plan would include construction of a new stormwater collection system with 2,195 linear 

feet of high level storm pipes ranging from 15 inches to 18 inches in diameter to collect stormwater runoff from 

the drainage area. Stormwater modeling shows potential to store up to 0.6 million gallons of rainfall runoff 

under the available Block 10 site with a subsurface detention tank system. Stormwater modeling results show 

that an 18 inch stormwater outfall with an outlet control structure from the subsurface detention tank can be 

connected to NHSA’s existing combined sewer system, based on the existing sewer invert elevations available 

from NHSA, It is feasible to propose a gravity outfall from the Block 10 detention facility. A location to 

discharge from a pump station will need to be investigated during the design phase, if gravity outfall becomes 

a challenge to discharge flow from the proposed subsurface detention tank. 

Appendix N shows the stormwater management calculations performed to develop the conceptual plan for the 

Block 10 site.
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Figure 7-63. Site Plan for Proposed Stormwater Management Facility at Block 10 site
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Two landscape concept options were developed for the Block 10 site. These concepts are centered on two 

main strategies for the site: (1) active recreation and (2) passive recreation. The options emerged from 

analysis of existing site constraints and opportunities as well as from input from stakeholder engagement 

conversations with NJ Transit, City of Hoboken, CAG Working Group, and the community. The Block 10 

concepts, unlike the BASF site, are designed more as suggested programmatic zones rather than conceptual 

forms. Each option is intended to connect and build off of the planned new park, on the adjacent Block 12, to 

the east. The options also have a vegetated green buffer on the west side of the site intended to shelter the 

park from its surrounding industrial neighborhood and connect the site to a network of neighboring green 

spaces. 

o Option 1 –Active Recreation 

Figure 7-64 shows a schematic design that allows for active recreational amenities such as basketball courts 

and playgrounds. Three zones are proposed at the Block 10 site: one recreational zone and two green buffers 

that provide pedestrian connections to the surrounding area.  

 

o Option 2 – Passive Recreation 

Figure 7-65 shows a schematic design that allows for passive recreational amenities such as passive gathering 

spaces and playground. Three zones are proposed at the Block 10 site: one passive recreation zone and two 

green buffers that provide pedestrian connections to the surrounding area. 
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Figure 7-64. Conceptual Schematic Design of Block Site with Active Recreation Option 
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Figure 7-65. Conceptual Schematic Design of Block Site with Passive Recreation Option
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For the above two conceptual schematic landscape design options, the subsurface detention system can be 

constructed in conjunction with the proposed amenities. Figure 7-66 shows a typical section of the park with 

the landscape features on the surface level and a series of underground storage tanks. Appendix O shows 

additional details on the proposed landscape option plans for the Block 10 site.  

 

 
Figure 7-66. Typical Section of the Proposed Stormwater Management Facility at the Block 10 site 

 

d. Right-of-Way Green and Gray Infrastructure 

Figure 7-67 shows the spatial locations of 61 green/gray infrastructure sites that can be located within the City 

of Hoboken’s Right-of-Way (ROW).  These ROW sites allow for the capture of local street drainage during a 

rainfall event through existing roadway curb gutter, store the rainfall runoff volume in a subsurface detention 

tank during the peak of the storm and then discharge through a pipe with a backflow preventer into NHSA’s 

existing storm-sewer system. Invert elevations of the existing sewers were taken in consideration for the 

overflow connections, backflow preventers will not add significant losses into the storage systems and 

buoyance effects will not be a concern for the heavy concrete tanks proposed within the groundwater table.  

These 61 sites have the potential to capture and store up to approximately 220,000 gallons of rainfall runoff 

with tank sizes varying from approximately 1,500 gallons to 7,000 gallons. These ROW sites can be installed 

within the available sidewalk or as a bumpout utilizing a portion of protected roadway space. The depth of the 

proposed subsurface detention tanks varies from 4 feet to 9 feet while the length varies from 10 to 20 feet. The 

width of the tanks are dependent on the available ROW sidewalk width and varies between 4 to 5 feet. There 
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are three different types of ROW Infrastructure sites: Green, Gray, and Bump-out. The green and bump-out 

sites allow the incorporation of shrubbery and vegetation over the proposed subsurface detention tanks, while 

the gray sites do not allow for any vegetation. Figure 7-68 illustrates an example of a ROW Green/Gray 

Infrastructure during normal and rainfall conditions. 
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Figure 7-67. Spatial Locations of 61 ROW Green/Gray Infrastructure Sites
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Figure 7-68. Right of Way Green/Gray Infrastructure during Normal and Rainfall Conditions 
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While stormwater capture was the primary purpose of these sites, capitalizing on opportunities to create 

co-benefits wherever possible was a part of each design strategy. The various site conditions and constraints 

were studied, and strategies were developed to realize co-benefits to public health, urban design and 

biodiversity. Techniques included incorporating plantings and other sidewalk amenities for the particular 

conditions presented by Hoboken’s streets and sidewalks. There are 49 sites that have wide sidewalk 

conditions (greater than 10 feet of sidewalk width) and 12 sites that have narrow sidewalk conditions (less 

than 10 feet of sidewalk width). Figures 7-69 and 7-70 provide a toolkit of programming and urban design 

benefit options that can be utilized in the wide and narrow sidewalk, respectively. The wide sidewalk 

typology (mostly because of ADA requirements) allows a wide variety of potential interventions and the 

implementation of various amenities. On the other hand, and for the same reasons, the narrow sidewalk 

typology allows very little intervention, and therefore the proposed interventions are mostly surface 

treatments.  For each typology, a range of potential above ground treatments/amenities are proposed:  

o Wide sidewalk (more than 10’ wide) proposed amenities 

Benches 

Planters and seating 

Bike racks   

Bus stop  

Planters  

Lighting features 

Surface treatment  

o Narrow sidewalk (less than 10’ wide) proposed amenities 

Play Surfaces 

Kiosks and way finding features  

Surface treatment 

Light poles 

Fairy lights 

On grade lighting 

Appendix O shows additional details on the proposed landscape option plans for the Green/Gray infrastructure 

sites.  
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Figure 7-69. Potential Options for Amenities in ROW Green/Gray Infrastructure Sites with Wide Sidewalk
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Figure 7-70. Potential Options for Amenities in ROW Green/Gray Infrastructure Sites with Narrow Sidewalk
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7.5.4 Cost Estimates 

The methodology specified in section 7.5.1 was used to estimate the total project costs for all the components 

in the DSD alternative including hard construction and soft costs. Table 7-30 provides a summary of the low 

and high cost estimates for the DSD alternative. Tables 7-31 – 34 provide a summary of the low and high cost 

estimates for each DSD component. Appendix L shows a detailed breakdown of the costs by various 

components.  

Table 7-30. Summary of Total Project Costs for the DSD Alternative 

Delay, Store, And Discharge Alternative Low Range 
Estimate 

High Range 
Estimate 

Construction Costs $85,900,000 $100,200,000 

Design, Engineering & Program Management Costs $17,900,000 $21,200,000 
      
Project Costs (Inflation Included) Without Contingencies $103,800,000 $121,400,000 

Project Contingency $22,600,000 $26,600,000 
      

Total Estimated Project Costs $126,400,000 $148,000,000 

   
Table 7-31. Summary of Total Project Costs for the BASF site  

BASF Site Low Range 
Estimate 

High Range 
Estimate 

Construction Costs $42,601,444  $53,045,479  

Design, Engineering & Program Management Costs $10,650,361  $13,261,370  

Project Costs  Without Contingencies $53,251,805  $66,306,849  
Inflation (13.5%) $8,613,117  $10,724,682  
Construction Cost Contingency (25%) $10,650,361  $13,261,370  

Total Estimated Project Costs $72,515,283  $90,292,900  

Table 7-32. Summary of Total Project Costs for the Block 10 Site  

Block 10 Site Low Range 
Estimate 

High Range 
Estimate 

Construction Costs $6,140,351  $7,808,387  

Design, Engineering & Program Management Costs $1,535,088  $1,952,097  
Project Costs  Without Contingencies $7,675,439  $9,760,484  
Inflation (13.5%) $1,241,450  $1,578,692  

Construction Cost Contingency (25%) $1,535,088  $1,952,097  
Total Estimated Project Costs $10,451,977  $13,291,272  
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Table 7-33. Summary of Total Project Costs for the NJ Transit site  

NJ Transit Site Low Range 
Estimate 

High Range 
Estimate 

Construction Costs $21,460,986  $22,078,312  

Design, Engineering & Program Management Costs $5,365,247  $5,519,578  
Project Costs  Without Contingencies $26,826,233  $27,597,890  
Inflation (13.5%) $4,338,961  $4,463,771  

Construction Cost Contingency (25%) $5,365,247  $5,519,578  
Total Estimated Project Costs $36,530,440  $37,581,239  

Table 7-34. Summary of Total Project Costs for the ROW Green/Gray Infrastructure Sites 

ROW Green/Gray Infrastructure Low Range 
Estimate 

High Range 
Estimate 

Construction Costs $4,050,000  $4,050,000  

Design, Engineering & Program Management Costs $1,012,500  $1,012,500  
Project Costs  Without Contingencies $5,062,500  $5,062,500  
Inflation (13.5%) $818,825  $818,825  

Construction Cost Contingency (25%) $1,012,500  $1,012,500  
Total Estimated Project Costs $6,893,825  $6,893,825  

 

7.5.5 Benefit – Cost Analysis (BCA) 

The methodology to perform BCA on the “DSD” alternative is similar to the “Resist” Alternative that was 

described in detail in the previous sections. The BCR for the DSD alternative was calculated under both low 

and mean high tide scenarios. At mean high tide, the “DSD” alternative generate $366 million in benefits and 

cost $156 million, thereby generating a BCR of 2.35 (see Table 7-35).  At low tide, the “DSD” alternative 

generates $326 million in benefits and cost $156 million, resulting in a BCR of 2.09 (See Table 7-36).  The 

social benefits in calculating the DSD BCRs were not included since they were included as part of the “Resist” 

BCRs. Appendix M shows the detailed benefit calculations and the FEMA BCA software output obtained for 

“DSD” Alternative. 
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Table 7-35. BCR Calculations in Mean High Tide Conditions for DSD Alternative (Millions $) 

Flood Event Recurrence 
Interval  
(Annual Probability) 

Flood 
Event 

Damages 
Before 

Mitigation 

Flood 
Event 

Damages 
After 

Mitigation 
Avoided 

Damages 

Annualized 
Avoided 

Flood 
Damages 

5-year 24-hour (0.20) $198.2  $79.7  $118.6  $12.0  
10-year 24-hour (0.10) $262.7  $146.2  $116.5  $8.2  
25-year 24-hour (0.04) $404.8  $244.3  $160.4  $3.2  
50-year 24-hour (0.02) $498.8  $339.4  $159.4  $1.6  
100-year 24-hour (0.001) $562.2  $411.7  $150.5  $1.5  
Total Annualized Avoided Damage (Annual Project Benefit) $26.54  
Total Base Benefits  $366.3  
Base Project Costs  (excluding O&M) $137.1  
Total Project Costs (including O&M) $156.0  
Base Benefit-Cost Ratio (BCR) 2.35 

 

Table 7-36. BCR Calculations in Mean Low Tide Conditions for DSD Alternative (Millions $) 

Flood Event Recurrence 
Interval  
(Annual Probability) 

Flood 
Event 

Damages 
Before 

Mitigation 

Flood 
Event 

Damages 
After 

Mitigation 
Avoided 

Damages 

Annualized 
Avoided 

Flood 
Damages 

5-year 24-hour (0.20) $144.9  $37.6  $107.3  $10.6  
10-year 24-hour (0.10) $174.7  $75.9  $98.7  $6.4  
25-year 24-hour (0.04) $271.5  $164.1  $107.3  $2.7  
50-year 24-hour (0.02) $403.6  $233.4  $170.2  $1.9  
100-year 24-hour (0.001) $549.3  $411.7  $137.6  $2.1  
Total Annualized Avoided Damage (Annual Project Benefit) $23.64  
Total Base Benefits  $326.3  
Base Project Costs  (excluding O&M) $137.1  
Total Project Costs (including O&M) $156.0  
Base Benefit-Cost Ratio (BCR) 2.09 

 


	Table of Contents
	1 Executive Summary
	2 Introduction
	3 Background
	3.1 Purpose
	3.2 Need
	3.3 Goals and Objectives
	3.4 Purpose of the Feasibility Study

	4 Data Collection and Review
	4.1 Project Datum
	4.2 Existing Data Inventory
	4.3 History of Study Area
	4.4 Flooding Conditions in the Study Area
	4.5 Topography and Bathymetry Data
	4.6 Geotechnical Data
	4.7 Utilities Data
	4.8 Environmental Data
	4.9 Key Past Studies/Reports
	4.9.1 Rebuild by Design “Resist, Delay, Store, Discharge” Proposal
	4.9.2 Hoboken Green Infrastructure Strategic Plan
	4.9.3 Hoboken Master Plan (2004) and Reexamination Report (2010)
	4.9.4 Hoboken Strategic Recovery Planning Report (2014)
	4.9.5 Waterfront Structures Inspection Report (2011)
	4.9.6 Hoboken Yard Redevelopment Plan Report (2014)

	4.10 Base Map

	5 Existing Conditions
	5.1 Topography and Bathymetry
	5.2 Waterfront Condition Assessment
	5.3 Geotechnical Conditions Assessment
	5.3.1 Subsurface Conditions
	5.3.1.1 Project Site Geology
	5.3.1.2 Subsurface Investigation
	5.3.1.3 Subsurface Conditions
	5.3.1.4 Groundwater Conditions


	5.4 Utilities
	5.5 Critical Facilities
	5.6 On-going Projects and Proposed Redevelopment Plans
	5.6.1 Ongoing Projects
	5.6.2 Proposed Redevelopment Plans

	5.7 Urban Characteristics
	5.7.1 Transportation Network and Facilities
	5.7.2 Socio Economics
	5.7.3 Building Characteristics
	5.7.4 Streetscape Characteristics
	5.7.5 Open Space

	5.8 Environmental Conditions
	5.9 No-Action Alternative Development
	5.10 Flood Risk Vulnerability Assessment in NAA

	6 Concept Development and Screening
	6.1 Concept Development
	6.1.1 Site Suitability Assessment for “Resist” Concepts
	6.1.2 Site Suitability Assessment for “Delay, Store, Discharge” Concepts
	6.1.2.1 ROW Green/Gray Infrastructure Site Assessment
	6.1.2.2 Potential DSD Sites

	6.1.3 Five Concepts

	6.2 Concept Screening
	6.2.1 Concept Evaluation Criteria and Metrics
	6.2.2 Concept Screening Results
	6.2.3 Concept Evaluation Summary
	6.2.4 Additional Concepts Evaluation
	6.2.5 Concepts Eliminated from Further Consideration

	6.3 Selected Alternatives
	6.3.1  “Resist” Alternatives
	6.3.2 “Delay, Store, Discharge” Alternative


	7 Alternative Analysis
	7.1 Methodology to Evaluate “Resist” Alternatives
	7.1.1 Design Flood Elevation
	7.1.2 Structural and Geotechnical Basis of Design
	7.1.2.1 Structural Basis of Design
	7.1.2.2 Geotechnical Basis of Design for Foundation of the “Resist” Barriers
	7.1.2.3 Seepage Analysis of the “Resist” Barriers
	7.1.2.4 Seepage and Slope Stability Analysis of NJ Transit’s Embankments
	7.1.2.5 Other Geotechnical Design Considerations

	7.1.3 Urban Design and Landscape Treatments
	7.1.4 Feasibility Assessment Criteria
	7.1.5 Cost Estimates
	7.1.6 Benefit-Cost Ratio

	7.2 Alternative 1
	7.2.1 Design Flood Elevation
	7.2.2 Coastal Flood Risk Reduction Benefits
	7.2.3 Structural and Geotechnical Assessment
	7.2.4 Urban Design
	7.2.5 Cost Estimates
	7.2.6 Benefit – Cost Analysis
	7.2.7 Feasibility Assessment

	7.3 Alternative 2
	7.3.1 Design Flood Elevation
	7.3.2 Coastal Flood Risk Reduction Benefits
	7.3.3 Structural and Geotechnical Assessment
	7.3.4 Urban Design
	7.3.5 Cost Estimates
	7.3.6 Benefit – Cost Analysis
	7.3.7 Feasibility Assessment

	7.4 Alternative 3
	7.4.1 Design Flood Elevation
	7.4.2 Coastal Flood Risk Reduction Benefits
	7.4.3 Structural and Geotechnical Assessment
	7.4.4 Urban Design
	7.4.5 Cost Estimates
	7.4.6 Benefit – Cost Analysis
	7.4.7 Feasibility Assessment

	7.5 Delay, Store, Discharge (DSD) Alternative
	7.5.1 Methodology for Evaluation of DSD Alternative
	7.5.2 Stormwater Flood Risk Reduction Benefits
	7.5.3 Conceptual Stormwater Management and Landscape Design
	7.5.4 Cost Estimates
	7.5.5 Benefit – Cost Analysis (BCA)


	8 Recommendation for the Preferred Alternative
	8.1 Development and Comparison of Comprehensive Master Plan Alternatives
	8.2 Recommended Preferred Alternative for Design and Construction
	8.3 Design Considerations for the Recommended Preferred “Resist” Alternative

	9 Conclusions and Recommendations
	10 References



