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6 Concept Development and Screening 

The coastal hydrodynamic model developed as part of Task 4- Hydrology and Flood Risk Assessment Report 

was used to simulate the flow paths of the 1-percent-annual-chance coastal storm surge event in the No-Action 

Alternative conditions (Dewberry, 2016). Figure 6-1 shows the pathways for the coastal storm surge to enter 

into the study area. These pathways were then used as a guide to locate the appropriate locations for potential 

“Resist” barrier structures in addition to those proposed in the RBD competition proposal.  

Figure 6-1. Pathways for intrusion of the 1% Annual-Chance-Coastal Storm Surge into Study Area 
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The existing conditions basemap (see Appendix B) provided site constraints such as property ownership; 

topography; roadway and sidewalk width; location of building openings; vehicular and pedestrian circulation; 

and others that were used as a reference to develop initial “Resist” and “DSD” concepts in addition to those 

proposed in the RBD proposal. Existing sources of data pertaining to the location of wetlands, hazardous waste 

sites, floodplains, cultural resources, groundwater and other environmental parameters were analyzed to 

identify additional potential constraints as well as the magnitude of potential environmental impacts.  The 

location of existing infrastructure such as parks, roads, stormwater systems, subsurface utilities, and 

foundation structures establish the available footprint to identify potential types of interventions. The size and 

availability of the footprint area dictates the type of potential intervention that could be constructed, such as 

earthen berms, floodwalls, or deployable flood systems. 

6.1 Concept Development 
The interventions proposed in the RBD competition proposal along with other intervention types that could 

adapt to the existing site constraints were used to develop a toolkit of potential  “Resist”  and “DSD” 

interventions that would provide flood risk reduction during coastal storm surge and rainfall events.  The 

toolkit’s coastal storm surge risk reduction components ( “Resist” ) included interventions such as floodwalls, 

in-water gates, revetments, raised bulkheads, terraced berms, deployable gates, and earthen levees.  The 

toolkit’s stormwater management (“DSD”) interventions included green infrastructure such as bioswales and 

permeable pavement; and gray infrastructure such as subsurface tanks and pumps that could either delay, 

store or discharge rainfall runoff volume. These interventions included a full range of approaches intended to 

maximize temporary storage of rainfall and/or delay the rainfall volume from entering the combined sewer 

system. 

Figure 6-2 and 6-3 shows various combinations and schematics to arrange the “Resist” alignments and “DSD” 

components geographically along with the potential intervention options. For “Resist”, potential alignments 

were arranged geographically in areas such as Weehawken Cove, the northern waterfront, the southern 

waterfront, rail yard/terminal, and rail underpass to prevent intrusion of coastal storm surge into the study 

area.  Without taking any site constraints into consideration, the various  “Resist”  interventions from the 

toolkit could be configured along the alignments in a variety of ways, leading to over 100 possible 

combinations. 

Figure 6-4 shows the potential DSD interventions that can be applied at various scales and locations. For 

example, small DSD interventions can be utilized in the public Right-of-Way (ROW) while large DSD 

interventions can be utilized in large parcel based sites. Additionally interventions such as large tanks can be 

strategically located under existing piers or interventions can applied on a city-wide scale that would require 

replacement of the entire storm-sewer system.  
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Figure 6-2. Schematic showing Various Combinations of “Resist” Alignment Segments and “DSD” Locations and Potential Intervention Types
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Figure 6-3. Schematic showing Various Combinations of “Resist” Alignment Segment and Interventions
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Figure 6-4. Schematic showing Various Combinations of “DSD” Interventions and Scale
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In order to organize the toolkit interventions, ten themes were developed.  Each intervention of the toolkit was 

placed in one or more of the following themes: Minimum Flood Risk Reduction, Maximum Flood Risk 

Reduction, Maximum Green Infrastructure, Maximum Grey Infrastructure, Maximum Deployable with Resist, 

Maximum Permanent “Resist” Portion, Activated Waterfront, Minimum Impact to Study Area Infrastructure, 

Minimum Impact on Natural Environment and Maintain Views and Access to Waterfront. Appendix F shows 

the general plan schematics for these themes. 

These themes provided a range of “Resist” and “DSD” options that allowed to qualitatively review the level of 

flood risk reduction, impacts to the community and considerations on reliability.  Owing to the feasibility 

assessment nature of this study, and uncertainty in certain assumptions, the results and conclusions should be 

used as a qualitative estimate of the anticipated benefits due to the considered alternatives. Accurate 

quantitative conclusions will be possible after detailed considerations of all constraints during the design phase 

of the project. These themes were used as a starting point to understand potential constraints and 

opportunities and to aid in the development of various flood risk reduction strategies while considering impacts 

to the built and natural environment.  

A set of critical attributes was developed to help transform themes either in its entirety or mix and match 

themes into five distinct concepts for “Resist” and one distinct concept for “DSD”.  These critical attributes 

were used to evaluate whether a proposed intervention type or location of intervention was feasible, practical 

or prudent.  The interventions contained in the toolkit and their applicability in various locations were then 

evaluated based on the critical attributes provided below:  

• The use of deployable storm surge reduction structures subject to wave action is minimized. 

• The intervention type and locations considers federal/state/city infrastructure plans underway or 

proposed. 

• The “Resist” structure design footprint fits within available space. 

• In-water filling of land for “Resist” barriers is not proposed. 

• The delay/store sites are limited to publicly-owned lands. 

• The destruction of private urban infrastructure (i.e., buildings) is avoided. 

• The selected intervention type represents a lesser impact on the natural and built environments compared 

to other intervention types with equal flood risk reduction benefits. 

• The inland rainfall flood risk reduction strategies are independent of, and do not address, a full redesign or 

reconstruction of the existing combined sewer system. 
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A site suitability analysis was then performed using these critical attributes as a guide to narrow down the 

potential locations for “Resist” and “DSD” along with their intervention types.  

6.1.1 Site Suitability Assessment for “Resist” Concepts 

The above stated attributes were used as a guide to evaluate the appropriate alignment segments and suitable 

intervention type along the alignment. The approximate minimum and maximum DFE for the proposed  

“Resist”  structures corresponding to minimum FEMA certification level (1-percent-annual-chance stillwater 

elevation plus 2 feet freeboard) and to maximum of 0.2-percent-annual-chance stillwater elevation level, plus 

the 0.2-percent-annual-chance wave height above the 0.2-percent-annual-chance stillwater, plus NOAA’s 

intermediate high sea level rise of 2.34 feet for the year 2075. The DFEs were also evaluated to see how much 

wave runup and overtopping would occur. 

Discussions were held with City of Hoboken, NJ Transit, NHSA and others to understand constraints and 

opportunities at different alignments. For example, a site visit was conducted with NJ Transit representatives 

within the NJ Transit’s Hoboken train terminal to understand the constraints and potential opportunities to 

place a “Resist” barrier feature through the terminal. Similarly, site visits were conducted with City of Hoboken 

representatives to understand the site constraints such as circulation, public safety and other constraints with 

potential structure height requirements along various alignments in the north portion of Hoboken. 

Guided by the critical attributes as stated previously, certain interventions and alignments were determined 

not to be feasible and were discarded from further consideration.  For example, a fully deployable system along 

the waterfront was rejected because of reliability concerns leading to a high probability of failure from wave 

action during storms.  Another example, an alignment section located along north of Jersey Avenue and NJ 

Transit’s rail embankment at the border of Jersey City and Hoboken, was rejected because of site constraints. 

A technical memo to document the reasons for the rejection of this alignment location is provided in Appendix 

G. 

The site constraints and height of potential structure based on the minimum and maximum DFE were used to 

create conceptual schematic sketches. As an example, Figure 6-5 and 6-6 shows two illustrations of the 

alignments and type of applicable interventions in north and south portions of the study area. Appendix F 

shows few additional example illustrations of alignments and interventions in north and south portions of the 

study area that were used as part of the site suitability assessment.  

A qualitative multi-disciplinary assessment of the alignments and interventions was carried out to determine 

the alignments and interventions that would provide a range of flood risk reduction benefits from coastal storm 

surge. The site assessment consisted an evaluation of the site constraints with the data collected and analyzed 

(as described in Sections 4 and 5 of this report) as well as identification of potential opportunities to provide 

urban design amenities similar to those shown during the RBD competition proposal.   
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Table 6-1 shows the multi-disciplinary team and their role in qualitative assessment to determine the potential 

alignments and intervention types.  

 

Table 6-1. Multi-disciplinary Team Assessment to Develop Concept Alignments and Intervention Types 

Discipline Concept Development Assessment Role 

Coastal Engineering Provide approximate minimum and maximum DFE 

Civil Engineering Provide approximate minimum and maximum height of structures along 

various alignments including site constraints 

Transportation Engineering Perform qualitative assessment on vehicular and pedestrian circulation 

Water Resources Engineering Perform qualitative assessment of drainage associated with alignments 

Structural and Geotechnical 

Engineering  

Perform qualitative assessment on structure, foundation and 

constructability associated with proposed alignments and intervention 

types 

Environmental Perform qualitative assessment on environmental impacts and benefits 

associated with proposed alignments and interventions 

Architecture and Urban Design Perform qualitative assessment of potential urban design and 

architectural opportunities along alignment with various interventions 

Landscape Architecture Perform qualitative assessment of potential landscape treatments 

associated with various interventions 
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Figure 6-5. Illustration Concept Sketch of Alignment and Intervention Combination in North Portion of the Study Area
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Figure 6-6. Illustration Concept Sketch of Alignment and Intervention Combination in South Portion of the Study Area
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Based on conversations with NJDEP and feedback from community and CAG on their priorities, the multi-

disciplinary team assessment lead to development of five initial concepts for “Resist” alignments. Figure 6-7 

shows a map of the five initial “Resist” alignment concepts. A detailed description of each of these five concepts 

in provided in Section 6.1.3. 

Each of these concepts provided varying levels of flood risk reduction benefits with varying levels of impacts 

and urban design benefits associated with it. There were several alignment options associated with these five 

concepts in the southern and northern portions of the study area. In southern portion of the study area, there 

were three alignment options in the NJ Transit yard – one option was to follow the proposed Hoboken Yards 

redevelopment boundary, second option was to protect NJ Transit’s administrative building and follow the 

perimeter of existing NJ Transit’s property boundary and third option was to completely follow existing NJ 

Transit’s property boundary. Similarly, as shown in the Concept E, there were two alignment options in the 

northern portion of Hoboken – one alignment along Shipyard Lane and another alignment along Hudson 

Street. These two optional alignments were added to Concept E based on feedback from the community and 

City of Hoboken to ensure that community’s critical assets such as Hoboken Historical Museum and pharmacy 

stores would receive flood risk reduction benefits during a coastal storm surge event.  

For each concept, schematic sketches and collages were created show potential intervention type that could be 

applied along various sections of each alignment (see Figures in Section 6.1.3). The intervention types that 

were chosen were to minimize need for deployable gates with maximum use of permanent structures but with 

potential to incorporate urban design and amenities into these permanent structures. 
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Figure 6-7. Initial Five Concepts for “Resist” Alignment 
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6.1.2 Site Suitability Assessment for “Delay, Store, Discharge” Concepts 

The first step in the site suitability assessment for the various “DSD” concepts was to review the list of potential 

interventions and sites shown in the original RBD competition proposal (OMA, 2014). Based on a joint 

discussion with NJDEP and City of Hoboken, a qualitative review of the sites proposed for delay, store and 

discharge from the RBD competition was conducted. Based on this review, a majority of the potential sites 

shown in the original RBD proposal were either located on private property and/or were not feasible given the 

set of concept development critical attributes identified by the team (listed previously in Section 6.1). For 

example, the suggestion for a “Greenbelt CSO Wetland pilot” in the original RBD proposal was not feasible 

based on the restricted land availability and permitting challenges. The base tenets of “Delay, Store, Discharge” 

remained a viable approach to mitigate rainfall induced flooding, however much of the specific 

methods/locations identified in the original RBD proposal were not feasible. The DSD concepts were developed 

to address rainfall runoff flow volume and not the storage and treatment of combined sewer overflow. Hence, 

other concepts such as storage of combined sewer overflow in large tanks under the existing piers were rejected. 

In addition, concepts such as full separation of existing combined sewer system into separate storm and sewer 

collection system was also rejected because it was not feasible and practical to implement this concept and 

exceeded the scope of this project. 

The following potential sites were considered for future consideration and assessment –  

• BASF parcel located in northwest portion of Hoboken 

• Existing interior park space such as Columbus Park 

• Existing recreational fields such as Mama Johnson Field, John F Kennedy Stadium 

• Available public Right-of-Way (ROW)  

• Existing NJ Transit’s Hudson Bergen Light Rail (HBLR) canal located along the western portion of 

Hoboken 

• Block 10 site located near Observer Highway and Harrison Street Intersection (west of on-going Block 

12 -southwest resiliency park ) 

Several meetings were held with NHSA to discuss the above potential sites and applicable potential 

intervention types with the above sites. Applicable interventions from the “DSD” toolkit of interventions were 

utilized at these potential sites to develop a qualitative concept design for each site. A description of each of 

these potential DSD sites is provided in Section 6.1.2.2. 

6.1.2.1 ROW Green/Gray Infrastructure Site Assessment 

The use of public ROW to locate potential green/gray infrastructure sites with subsurface detention tanks was 

one of the type of strategy that was evaluated as part of the concept development. The feasibility to identify 

appropriate locations for the ROW green/gray infrastructure sites requires walkthrough of the public ROW 

with certain safety and circulation requirements to meet the siting criteria. The New York City of Department 

of Environmental Protection (NYCDEP)’s green infrastructure program siting criteria were used as a reference 
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to develop additional siting criteria’s that were unique to City of Hoboken. These siting criteria’s were discussed 

and finalized with NJDEP and City of Hoboken representatives. Appendix F shows the siting criteria that were 

used during the site walkthroughs and a map of site walkthroughs conducted within the study area. The siting 

criteria takes into account the typical site conditions such as -  

• Width of sidewalks 

• Clearance distance from existing roadway infrastructure such as traffic signals, fire hydrants, existing 

bus stops and others 

• Visible surface utilities  

• Location of building openings and driveways  

 

Site walkthroughs were conducted throughout various locations within the City of Hoboken for over 10 days. 

Approximately 400 potential ROW green/gray infrastructure sites were identified in the field that would 

require further review and analysis (see Figure 6-8). Appendix F shows the location sketches for these potential 

green/gray infrastructure sites. Additional review and analysis were performed on these potential sites to 

identify and reject the sites due to following constraints/conflicts –  

• Conflicts with on-going city projects such as City of Hoboken’s proposed rain gardens on 1st Street, 

NHSA’s proposed BASF site stormwater management plans 

• Underground utility conflicts with water, sewer, telephone, cable, electric and gas conduits 

• Inefficient hydraulics due to either too many ROW green/gray infrastructure on a block, invert of sewer 

pipes/manholes for connection and others  

After screening the 400+ potential sites for the above constraints/conflicts and discussions with utility 

companies, 61 green/grey infrastructure sites as shown in Figure 6-9 were identified as potential sites that 

could provide flood risk reduction benefits during rainfall events. Table 6-2 shows a summary of these 61 sites 

along with the proposed subsurface detention tank capacities. Appendix F shows the calculations performed 

for these 61 sites to develop the storage volume capacity along with the photographs for these sites.  
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Figure 6-8. Location of Potential Green/Gray Infrastructure Sites Identified During Site Walkthrough
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Figure 6-9. Location of Final Potential Green/Gray Infrastructure Sites after Screening and Analysis
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Table 6-2. Location of the Final Potential Green/Gray Infrastructure Sites with Storage Volume 

No. Id Location Tank Dimensions Storage 

Volume 

(Gallons) 

Length 

(feet) 

Width 

(feet) 

Depth 

(feet) 

1 T3-OBS Observer Hwy / Jefferson St 20.0 5.0 4.5 3,369 

2 T5-OBS Observer Hwy / Madison St 20.0 5.0 5.5 4,117 

3 T7-OBS Observer Hwy / Jackson St 20.0 5.0 4.5 3,369 

4 T1-NEW Newark St / Willow Ave 20.0 5.0 6.0 4,492 

5 T6-NEW Newark St / Monroe St 20.0 5.0 4.5 3,369 

6 T2-2ST 2nd St / Jackson St 16.0 5.0 8.0 4,791 

7 T3-3ST 3rd St / Jefferson St & Adams St 16.0 5.0 6.5 3,893 

8 T2-4ST 4th St / Grand St & Clinton St 14.0 5.0 4.0 2,096 

9 T3-4ST 4th St / Adams Street 15.0 5.0 4.5 2,527 

10 T4-4ST 4th St / Monroe St & Madison St 18.0 5.0 8.5 5,727 

11 T6-4ST 5th St / Madison St 17.0 5.0 4.5 2,863 

12 T2-5ST 5th St / Adams St 17.0 5.0 4.5 2,863 

13 T4-5ST 5th St / Madison Street 20.0 5.0 5.5 4,117 

14 T5-5ST 5th St / Jackson Street 20.0 4.0 7.5 4,492 

15 T6-5ST 5th St / Monroe Street 20.0 5.0 9.5 7,112 

16 T7-5ST 5th St / Jackson Street 12.0 5.0 7.5 3,369 

17 T1-6ST 6th St / Adams St & Grand St 16.0 5.0 6.5 3,893 

18 T2-6ST 6th St / Madison St & Jefferson St 20.0 5.0 4.5 3,369 

19 T3-6ST 6th St / Madison St 15.0 5.0 5.5 3,088 

20 T4-6ST 6th St / Monroe St 20.0 4.0 9.0 5,390 

21 T1-7ST 7th St / Monroe St 20.0 5.0 5.5 4,117 

22 T2-7ST 7th St / Harrison St & Jackson St 20.0 5.0 7.0 5,240 
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No. Id Location Tank Dimensions Storage 

Volume 

(Gallons) 

Length 

(feet) 

Width 

(feet) 

Depth 

(feet) 

23 T5-9ST 9th St / Grand St 16.0 5.0 6.0 3,593 

24 T1-HAR Harrison St / 6th St 11.0 5.0 4.0 1,647 

25 T2-JAC Jackson St / 7th St 10.0 5.0 4.0 1,497 

26 T3-JAC Jackson St / 6th St 20.0 5.0 6.0 4,492 

27 T5-JAC Jackson St / 4th St 20.0 5.0 7.5 5,615 

28 T2-MON Monroe St /11th St 11.0 5.0 4.5 1,853 

29 T6-MON Monroe St / 7th St 20.0 5.0 6.5 4,866 

30 T7-MON Monroe St /7th St 20.0 5.0 7.0 5,240 

31 T8-MAD Madison St /11th  St 11.0 5.0 4.5 1,853 

32 T9-MAD Madison St /11th  St 16.0 5.0 5.0 2,994 

33 T10-MAD Madison St /10th  St 10.0 5.0 4.5 1,684 

34 T11-MAD Madison St / 9th St 10.0 5.0 6.5 2,433 

35 T15-MAD Madison St  / 5th & 6th St 20.0 5.0 7.0 5,240 

36 T16-MAD Madison St / 5th & 6th St 13.0 5.0 6.0 2,920 

37 T5-JEF Jefferson St / 11th St 15.0 5.0 6.5 3,650 

38 T6-JEF Jefferson St / 9th St 20.0 5.0 5.5 4,117 

39 T7-JEF Jefferson St / 3rd St 20.0 5.0 6.0 4,492 

40 T8-JEF Jefferson St / 1st & 2nd St 20.0 5.0 4.5 3,369 

41 T3-ADM Adams St / 11th St 20.0 5.0 5.0 3,743 

42 T6-ADM Adams St / 11th St 12.0 5.0 4.0 1,797 

43 T8-ADM Adams St / 5th St 17.0 5.0 5.0 3,182 

44 T9-ADM Adams St / 3rd St 20.0 5.0 7.0 5,240 

45 T3-GND Grand St / 8th & 9th St 10.0 5.0 6.0 2,246 
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No. Id Location Tank Dimensions Storage 

Volume 

(Gallons) 

Length 

(feet) 

Width 

(feet) 

Depth 

(feet) 

46 T4-GND Grand St / 8th St 20.0 5.0 4.0 2,994 

47 T5-GND Grand St / 7th St 20.0 5.0 6.5 4,866 

48 T6-GND Grand St / 6th St 15.0 5.0 5.0 2,807 

49 T2-BLM Bloomfield St / 4th St 15.0 5.0 6.5 3,650 

50 T1-GAR Garden St / 4th St 20.0 5.0 7.0 5,240 

51 TD1-4ST 4th St / Grand St & Clinton St 12 5.0 4 1,797 

52 TD1-WIL Willow St / 4th St 20 5 4.5 3,369 

53 TD12-13ST 13th St / Jackson Street 18 5 7 4,716 

54 TD14-CLA Clinton St / 4th St 20 5 5 3,743 

55 TD23-CLA Clinton St / 6th St 18 5 4.5 3,032 

56 TD25-WIL Willow St / 16th St 16 5 4 2,396 

57 TD30-CLA Clinton St / 8th St 18 5 4 2,695 

58 TD31-CLA Clinton St / 12th St 12 5 5.5 2,470 

59 TD4-OBS Obs Hwy / Willow St 20 5 7 5,240 

60 TD6-WIL Willow St / 5th St 20 5 4.5 3,369 

61 TD8-GAR Garden St / Obs Hwy 11 5 5 2,059 
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6.1.2.2 Potential DSD Sites 

In addition to the above identified ROW green/gray infrastructure sites, concept level schematic designs were 

developed for the five (5) parcel based sites as shown in Figure 6-11a and Figure 6-11b. A brief description of 

the potential parcel based sites is as follows – 

BASF Site  

This site has a potential to store and discharge stormwater runoff from over 50 acres of drainage area that is 

part of the western redevelopment zone. Based on discussions with NHSA, it was assumed that the new 

development with this drainage area would have a separate stormwater system that would be routed into the 

BASF site. A pump station would be constructed on the BASF site with a force main to pump the stored and 

treated stormwater into Hudson River with a new outfall. 

 

Stormwater retrofit in existing parks and recreation fields 

Site visits were conducted to evaluate potential stormwater retrofit options that would allow to capture and 

store rainfall runoff within the existing parks such as Columbus Park and active recreational fields such as 

Mama Johnson field and JFK stadium. Figure 6-10 shows a conceptual typical proposed stormwater 

management system retrofit which consists of subsurface detention tanks located within the existing site 

footprint and a collection system that would route the stormwater runoff outside the existing site footprint into 

these subsurface detention tanks.  

 

Figure 6-10. Typical Section of Stormwater Management Retrofit in Existing Parks and Recreational Areas 

 

NJ Transit Site  

This site has a potential to store and discharge stormwater runoff from approximately 15 acres of drainage area 

that is located within Hoboken Housing Authority (HHA). Site visits were conducted to qualitatively evaluate 

the feasibility to disconnect the existing drainage system with HHA property and the potential to construct a 

new high level storm system to route the stormwater runoff into a subsurface detention tank located on NJ 

Transit’s property. A pump station would then pump stormwater from the detention tank into NJ Transit’s 

existing canal (also referred to as ditch). Additionally, it was determined that another pump station would be 

required at the downstream most end of the existing canal to pump the stormwater runoff into Hudson River 

during high tides either through an existing outfall or a new outfall. 
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Block 10 Site  

This site has a potential to store and discharge stormwater runoff from approximately 8 acres of drainage area 

that is located west of the on-going southwest resiliency park project. Site visits were conducted to qualitatively 

evaluate the feasibility to disconnect the existing drainage system with the proposed drainage area and the 

potential to construct a new high level storm system to route the stormwater runoff into the Block 10 site. A 

subsurface detention system is proposed to store stormwater runoff under the Block 10 site with an outfall 

control structure to route the stormwater from this subsurface tank into NHSA’s existing storm-sewer 

collection system.   The intended conceptual design is to collect and route runoff from the Block 10 site, store 

it in a high level storm system located under the site, and discharge it into the existing collection system 

through an outfall control structure, in effect delaying introduction of runoff into the system. 

 

Figure 6-11
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Figure 6-11 a. Overall Conceptual DSD Strategy for the Study Area 
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Figure 6-11 b. DSD Concept Level Schematic Designs 
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6.1.3 Five Concepts  

The five distinct “Resist” alignment concepts were combined with one “DSD” concept to create five 

comprehensive master plan concepts that would reduce flood risk from coastal storm surge and rainfall events 

within the study area. These master plan concepts were presented to the community at a public meeting on 

December 10, 2015. The two figures on the previous pages show the DSD concept that is common to all the five 

“Resist” concepts. In evaluating the five concepts, a specific level of service (LOS) goal was not defined. The 

intent was to maximize the benefits of the project considering all identified constraints. A benefit-cost analysis 

was performed to determine which potential alignment provided the greatest benefit, with LOS as one of the 

criteria. A description of the “Resist” alignment for each of the five concepts is provided below.  

Concept A 

Figure 6-12 shows the proposed “Resist” alignment and applicable intervention along with approximate 

minimum and maximum DFE for Concept A. The alignment for this concept begins as a “Resist” structure near 

the Lincoln Harbor Light Rail Station in Weehawken. The structure travels south along the Hudson Bergen 

Light Rail (HBLR) to Park Avenue, where it parallels the waterfront down to Cove Park to work in conjunction 

with the proposed boathouse. The “Resist” alignment ties into Cove Park and then continues south to Garden 

Street, before tapering off at approximately 13th Street. In the south, Concept A includes two options for “Resist” 

alignments: Option 1 along Observer Highway and Option 2 which more closely hugs the Hoboken rail lines 

inside the terminal. An additional “Resist” component with a berm is proposed for the southwestern corner of 

Hoboken where the Morristown Line, Gladstone Line, Montclair-Boonton Line and the North Jersey Coast 

Line cross over the HBLR. Swinging and/or sliding gates are included as part of this concept where practical.  

This concept involves between 8,100 to 8,400 linear feet of structure and 21 movable gates. This concept 

provides flood risk reduction benefits to approximately 86 percent of people residing in FEMA’s preliminary 

1% annual chance floodplain within the study area.  

Concept B 

Figure 6-13 shows the proposed “Resist” alignment and applicable intervention along with approximate 

minimum and maximum DFE for Concept B. This concept consists of a “Resist” structure in the form of a berm 

beginning in Weehawken and traveling down the waterfront along Weehawken Cove to tie in at the Cove Park. 

The “Resist” alignment then continues along the waterfront, at varying elevations, in front of the Tea Building 

and along the east side of Frank Sinatra Drive tying into the Castle Point area near the Hoboken Cove 

Boathouse. A deployable wall is proposed along 1st Street between Sinatra Drive and River Street. In the south, 

Concept B also includes two options for “Resist” alignments: Option 1 along Observer Highway and Option 2 

which more closely hugs the Hoboken Terminal. One additional “Resist” component with a berm is proposed 

for the southwestern corner of Hoboken where the Morristown Line, Gladstone Line, Montclair-Boonton Line 

and the North Jersey Coast Line cross over the HBLR. This concept involves 13,430 linear feet of “Resist” 

structure and 21 gates. This concept is estimated to provide flood risk reduction benefits to approximately 98 

percent of people residing in FEMA’s preliminary 1% annual chance floodplain within the study area. 
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Figure 6-12. Schematics showing “Resist” Alignment for Concept A 
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Figure 6-13. Schematics showing “Resist” Alignment for Concept B
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Concept C 

Figure 6-14 shows the proposed “Resist” alignment and applicable intervention along with approximate 

minimum and maximum DFE for Concept C. This concept begins in Weehawken near the Lincoln Tunnel with 

a berm. The “Resist” alignment then travels south along the waterfront and crosses through Weehawken Cove 

as an in-water revetment with gates for small boat access to the cove. The revetment would tie into a berm at 

the Monarch property before continuing down the waterfront along Sinatra Drive concluding at Castle Point 

near the Hoboken Cove Boathouse. The “Resist” structure begins again as a berm at Stevens Park and travels 

south along Sinatra Drive behind Pier A Park as a raised path. A seawall is proposed to be built around the 

Hoboken Terminal, with a gate opening for ferries to access the terminal. The seawall continues down to the 

Long Slip Canal where it becomes a terrestrial “Resist” structure following the length of the canal on its south 

side. Additional gates and walls were proposed at other locations along the rail lines and Marin Blvd, in 

addition to the berm proposed for the southwestern corner of Hoboken where the Morristown Line, Gladstone 

Line, Montclair-Boonton Line and the North Jersey Coast Line cross over the HBLR. This concept involves 

14,730 linear feet of on-land structures with 16 gates and 2,700 linear feet of in-water “Resist” barriers with 

five gates.  This concept is estimated to provide flood risk reduction benefits to approximately 99 percent of 

people residing in FEMA’s preliminary 1% annual chance floodplain within the study area.  

Concept D 

Figure 6-15 shows the proposed “Resist” alignment and applicable intervention along with approximate 

minimum and maximum DFE for Concept D. This concept begins as a berm at the Lincoln Tunnel and travels 

south as a “Resist” structure along the waterfront tying in at Cove Park. The “Resist” structure travels along the 

waterfront, and down Sinatra Drive ending at Castle Point/Hoboken Cove Boathouse. The “Resist” structure 

then resumes its course as a raised path down Sinatra Drive at Stevens Park and hugs the waterfront behind 

Pier A Park and travels south through the Hoboken Terminal building, continuing as a seawall south of the 

terminal to meet Long Slip Canal and travels westward as a “Resist” structure along the southern length of the 

canal.  Additional gates and walls were proposed at other locations along the rail lines and Marin Blvd, in 

addition to the berm proposed for the southwestern corner of Hoboken where the Morristown Line, Gladstone 

Line, Montclair-Boonton Line and the North Jersey Coast Line cross over the HBLR. This concept includes 

16,230 linear feet of “Resist” structure and 20 gates, and is estimated to provide flood risk reduction benefits 

to approximately 99 percent of people residing in FEMA’s preliminary 1% annual chance floodplain within the 

study area.  
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Figure 6-14. Schematics showing “Resist” Alignment for Concept C 
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Figure 6-15. Schematics showing “Resist” Alignment for Concept D



 
 

  NJDEP | Rebuild by Design – Hudson River Feasibility Study | Concept Development | 118  

Concept E 

Figure 6-16 shows the proposed “Resist” alignment and applicable intervention along with approximate 

minimum and maximum DFE for Concept E. This concept begins as a “Resist” structure near the Lincoln 

Harbor Light Rail Station in Weehawken. The structure travels south along the HBLR to Park Avenue, where 

it continues down to Cove Park. Concept E then travels east along the waterfront and turns to proceed south 

along two different options: Option 1 along Hudson Boulevard and Option 2 along Shipyard Lane. Both the of 

the options’ “Resist” structures would end at 12th Street. The “Resist” structure would begin again as a berm 

near Stevens Park and continue south to Pier A Park as a raised path. A deployable wall is then proposed for a 

portion of 1st Street between Sinatra Drive and Hudson Street. An extension of the “Resist” structure would 

begin at the southern end of Washington Street where Observer Highway meets, and would continue to run 

along the rail line westward commencing at Marin Boulevard. An additional “Resist” structure with a gate is 

proposed for the southwest corner of Hoboken where the Morristown Line, Gladstone Line, Montclair-

Boonton Line and the North Jersey Coast Line cross over the HBLR. This concept requires 12,010 linear feet 

of “Resist” structure and 16 gates and is estimated to provide flood risk reduction benefits to approximately 90 

percent of people residing in FEMA’s preliminary 1% annual chance floodplain within the study area.   

6.2 Concept Screening 
An evaluation of the five concepts was conducted through the use of a screening matrix.  The concept screening 

matrix was developed to evaluate the benefits and potential impacts of each concept. The ratings of the various 

concepts were based upon "desktop" evaluations with limited field data or analytical calculations.  The 

individual ratings assigned for each criterion are based on consideration of both the definitions included in the 

criterion as well as the relative merit of a concept in meeting that criterion as compared to the other concepts 

evaluated.  This ranking is not a simple numeric exercise because all of the criterion are not of equal 

importance.  When considering which concepts would be recommended for inclusion as alternatives to be 

evaluated from an engineering and EIS view point, the first consideration was how well the concept meets the 

purpose and need of the project.  The second consideration was the feasibility and practicality to undertake the 

project, in terms of constructability. The third consideration was the nature of built and environmental impacts 

resulting from project implementation.  Note that some of the environmental impacts can be either totally or 

partially mitigated (e.g., such as by establishment of replacement wetlands). The selection of alternatives for 

further analysis and consideration was also informed by comments from the public, elected public officials, 

and input from agencies with jurisdiction by law or special expertise.   

It should be noted that the feasibility study does not cover the full range of environmental impacts. The 

concurrent DEIS will consider the full range of environmental impacts and details on the methodology used to 

screen the concepts including input from the public. 
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Figure 6-16. Schematics showing “Resist” Alignment for Concept E
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6.2.1 Concept Evaluation Criteria and Metrics 

A total of twenty one (21) screening criteria were used to evaluate the effectiveness of each concept.   These 

screening criteria were grouped into the following five main categories: 

• Flood Risk Reduction 

• Built Environment/Socioeconomics 

• Construction, Maintenance and Operations 

• Environmental Impacts 

• Benefit-Cost Analysis 

Twelve screening criteria were qualitative, rating each concept as "good", "fair" or "poor".  Seven criteria were 

binary and based on presence or absence with a "yes" or "no" rating, and the remaining two criteria were 

quantitative. Criteria related to environmental impacts and socioeconomics will be described in greater detail 

in the DEIS portion of the RBDH project. Following is a description of each screening criterion and associated 

measuring methods (metrics) used to evaluate the concepts for screening purposes as part of this feasibility 

study. 

Flood Risk Reduction 

Coastal Storm Surge 

This criterion quantifies the percent of the population within the study area’s preliminary 1% annual chance 

event FEMA floodplain which would receive a reduction in the likelihood or potential adverse consequences of 

a future flood event.  These benefits would accrue to any people residing on the landward side of the coastal 

flood “Resist” barrier.   

Potential to Adapt to Higher Coastal Flood Events (0.2-percent-annual-chance-annual chance storm) 

This criterion considers whether the north and south ends of the “Resist” alignment structure are tied at each 

end to landforms which could be used to support construction of a “Resist” barrier capable of addressing a 

storm with a 0.2 -percent-annual-chance frequency. It also considers whether the “Resist” structure foundation 

is capable of supporting an upgrade of the “Resist” barrier to handle a 0.2-percent-annual-chance storm. 

Rainfall Flooding Events   

The goal of the DSD concept is to reduce flooding risks from rainfall runoff by reducing the volume of rainfall 

runoff entering into North Hudson Sewerage Authority’s combined storm sewer system.  If rainfall runoff is 

delayed and/or prevented from entering the combined sewer system, it will inherently help in reducing flood 

volumes during a rainfall event.  The Emnet flooding analysis report recommended a range of storage volumes 

between 0.1 million gallons to 4.2 million gallons to address flooding issues for various rainfall events that fell 

over the study area between May and June of 2013 (Emnet, 2013). Details of observed events and correlation 

to known recurrence interval storms (medium and intense) can be found in the Emnet report. 
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Built Environment/Socioeconomics 

View Corridors 

This metric evaluates the extent to which views from the study area to the water and New York City are 

obstructed by the “Resist” elements of the project.  The magnitude of obstruction is related to three variables.  

First, the length of the “Resist” structure is related to the total areas within the city where view shed is 

obstructed.  Second, the location of the “Resist” structure is related to the magnitude of view shed obstruction, 

where the installation of the “Resist” structure further inland as integrated into the built environment will 

reduce the level of view shed obstruction.  Third, this criterion is related to the position of the viewer.  

Pedestrians along the waterfront are the only population for whom views could be enhanced under any concept.    

In addition, as the height of storm surge barrier is increased to provide greater storm surge risk reduction, the 

view shed will have the potential to be positively impacted for pedestrians along any elevated  walkway (through 

incorporation of new vantage points) and negatively impacted across the balance of the city.  This metric 

considers view shed obstruction on a relative basis. 

Waterfront Access  

This criterion considers the potential impact of the “Resist” structure on pedestrian access to the waterfront.  

Pedestrian access to the waterfront would be related to the height of the “Resist” structure, the number of 

access points, and the relationship of access points to parking or public transportation. The metric would 

examine whether the concept changes the distance a pedestrian must go to reach access points for the 

waterfront.  

Connectivity/Circulation 

This metric evaluates how the Project will impact the street system and parking infrastructure within the study 

area.  The most significant variables in this metric are impacts on the number of parking spaces affected and 

the extent to which project components may involve disruptions to the street system or changes in roadway 

configuration.  Each of the concepts will be evaluated in a relative fashion against these variables. 

Potential Community Benefits 

This criterion is intended to capture potential opportunities for private sector development associated with 

“Resist” structures, where new “Resist” structures may provide locations for new business opportunities. This 

criterion also includes potential to incorporate many new and/or improved amenities to support recreational, 

commercial and cultural activities.  

Construction, Maintenance and Operations 

Constructability 

This criterion considers different factors related to simplicity of construction.  These factors include: (1) the 

amount of infrastructure (roads, sidewalks, utilities- both underground and overhead, etc.) which must be 
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relocated to enable construction of the Project; (2) the extent to which businesses or public access, both 

pedestrian and vehicular, would be disrupted during construction activities; (3) availability of staging areas; 

(4) the extent to which any structures or infrastructure are located on privately-owned property; and (5) the 

potential construction impacts (noise and air) on nearby residences, businesses and institutions.   

Construction Duration 

The October 16, 2014 Federal Register notice awarding the project funds states that funding must be obligated 

by September 30, 2017 and expended within two years of obligation (79 FR 62182).  Funds not expended by 

that date are at risk of re-programming and could therefore be re-directed to other projects.  This criterion will 

evaluate the estimated length of time to complete construction.  Completion of construction is anticipated to 

be most heavily impacted by complex permitting processes and/or by complex construction procedures which 

require highly specialized equipment or personnel, or which may have seasonal timing restrictions.  

Construction duration may be correlated to constructability. 

Maintenance and Operation 

Evaluation factors for this criterion include anticipated ease of routine maintenance or the need for expensive 

or labor intensive maintenance.  While ease of maintenance can be more accurately characterized after the 

Project has been further designed, some maintenance issues are valid for consideration at this stage.  This 

evaluation will consider the number of deployable “Resist” structures and/or fixed gates which need to be 

deployed in order to ensure effective storm surge risk reduction.  This criterion will also consider the extent to 

which “Resist” structures are located in the water, which will require specialized equipment for access and 

skilled personnel for maintenance.  “Resist” barriers located along the waterfront (bulkhead) will also result in 

maintenance challenges not faced for “Resist” barriers which are inland, as waterfront “Resist” barriers will 

require a combination of land-based and in-water maintenance activities.  This factor also considers 

maintenance life cycle costs.    

Benefit-Cost Analysis: 

Benefit 

This criterion considers potential monetary benefits of a particular concept, such as a reduction in damages 

from a reduction in flooding.   

Cost 

This criterion considers the potential cost of the concept based on the proposed scope of infrastructure to be 

constructed.   

Benefit-Cost Ratio (BCR) 

This criterion considers the potential for the benefit-cost ratio to exceed 1.0.  In order to calculate the BCR for 

concept screening, the concept’s estimated benefits were divided by the anticipated costs. Since detailed 
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engineering, flood modeling and cost estimation had not been conducted at the concept screening stage of the 

project, the rating for this criterion considered relative costs and benefits among concepts.   

6.2.2 Concept Screening Results 

This section presents an evaluation of the five design concepts that were presented to the community at a public 

meeting on December 10, 2015. The design concepts were developed in an effort to holistically address the 

purpose and need of the project and served as an important tool for gaining public input and feedback on 

potential solutions. They also informed the alternatives development process.  The five design concepts (A 

through E) each have different “Resist” components but share the same DSD components.  Since each of these 

design concepts can be successfully integrated with the DSD components, the evaluation presented here 

focuses on application of the screening criteria to the “Resist” infrastructure as described above. Table 6-3 

displays the results of the concept evaluation against each screening criteria described above. Additionally, 

Appendix F shows the maps and evaluation of these screening criteria for each concept that includes the 

environmental and applicable built environment criteria that are not described in this feasibility report.  

Concept A 

Flood Risk Reduction - Concept A would result in coastal storm surge flood risk reduction benefits to 86 

percent of the people residing in the study area’s preliminary 1-percent-annual-chance event FEMA floodplain. 

Neither end of the “Resist” barrier ties in outside of the 0.2-percent-annual-chance floodplain. While there is 

capacity along the barrier to increase the design elevation to adapt to higher coastal flood events, Concept A 

would result in the greatest relative cost to achieve protection from a 0.2-percent-annual-chance flood. 

Built Environment - With regard to view corridors, Concept A was rated as fair as it would result in little to 

moderate impact on views from the study area to New York City. Concept A would maintain or enhance existing 

pedestrian access to the waterfront; however, it has limited potential to incorporate new or improved amenities 

to support recreational, commercial, and cultural activities. Option 1 of Concept A would result in moderate to 

heavy impacts on circulation within the study area and loss of parking spaces.  Although Option 2 of Concept 

A would result in the loss of some parking spaces, it would result in little to no impact on connectivity of the 

study area’s street system.  

Construction / Maintenance and Operation - Construction of Option 1 of Concept A would not result in 

the need to relocate major infrastructure and would not require major disruption to business operations or 

public access during construction. Option 2 of Concept A would result in some level of disruption to business 

operations or public access during construction. There is a high probability that Option 1 would be constructed 

within the required project timeline (“Good”) and a medium probability that Option 2 would be constructed 

within the required project timeline ("Fair”). Concept A primarily includes permanent structures and 

incorporates fewer deployable structures relative to the other concepts. As a result, there would be lower 

ongoing operation and maintenance costs and reduced potential for human error relative to other concepts.  
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Table 6-3. Evaluation of Concepts using Screening Criteria 
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Benefit-Cost Analysis - While all of the concepts would result in monetary benefits, due its lower relative 

costs, Concept A was determined to have the highest relative BCR among the five concepts.  There is a high 

potential that the BCR for Concept A would be greater than 1.0, resulting in a good BCR rating in Table 6-3.  

Concept B 

Flood Risk Reduction - Concept B would result in coastal storm surge flood risk reduction benefits to 98 

percent of the people residing in the study area’s preliminary 1-percent-annual-chance event FEMA floodplain. 

One end of the “Resist” barrier ties in outside of the 0.2-percent-annual-chance floodplain, and there is 

capacity along the barrier to increase the design elevation to adapt to higher coastal flood events with additional 

cost to achieve protection from a 0.2-percent-annual-chance flood.  

Built Environment - With regard to view corridors, Concept B was rated as fair because it would result in 

little to moderate impact on views from the study area to New York City.  Concept B would have minimal to 

moderate impacts on existing pedestrian access to the waterfront, and it has the potential to incorporate new 

or improved amenities to support recreational, commercial, and cultural activities. Although Concept B would 

result in the loss of some parking spaces, it would result in little to no impact on connectivity of the study area’s 

street system.  

Construction / Maintenance and Operation - Construction of Concept B would result in some level of 

disruption to business operations and public access during construction. Concept B has a medium probability 

to be constructed within the required project timeline (“Fair”). Concept B includes more deployable structures 

than Concept A and would result in relatively moderate ongoing operations and maintenance costs and 

moderate potential for human error.  

Benefit-Cost Analysis – While all of the concepts would result in monetary benefits, due its higher relative 

costs, Concept B was determined to have a lower BCR than Concepts A and E, resulting in a poor BCR rating 

in Table 6-3.   

Concept C 

Flood Risk Reduction - Concept C would result in coastal storm surge flood risk reduction benefits to 99 

percent of the people residing in the study area’s preliminary 1-percent-annual-chance event FEMA floodplain.  

Both ends of the “Resist” barrier would tie in outside of the 0.2-percent-annual-chance floodplain, and if 

needed, capacity along the barrier is available to increase the design elevation.  

Built Environment - Concept C was rated as poor with regard to impacts to view corridors – it would block 

many views from the study area to New York City.  This concept would result in moderate to high impacts on 

existing pedestrian access to the waterfront; however, it has the potential to incorporate new or improved 

amenities to support recreational, commercial, and cultural activities. Concept C would not impact traffic and 

circulation.   
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Construction / Maintenance and Operation - Construction of Concept C would be technically 

challenging due to construction of in-water revetments.  There is a low probability that Concept C would be 

constructed within the required project timeline (“Poor”). Concept C includes many deployable structures, and 

would result in high ongoing operation and maintenance costs and a higher potential for human error.  

Benefit-Cost Analysis - While all of the concepts would result in monetary benefits, due its higher relative 

costs, Concept C was determined to have a lower BCR than Concepts A and E, resulting in a poor BCR rating 

in Table 6-3. 

Concept D 

Flood Risk Reduction - Concept D would result in coastal storm surge flood risk reduction benefits to 99 

percent of people residing in the study area’s preliminary 1-percent-annual-chance event FEMA floodplain. 

Both ends of the “Resist” barrier would tie in outside of the 0.2-percent-annual-chance floodplain, and if 

needed, capacity along the barrier is available to increase the design elevation.  

Built Environment - Concept D was rated as poor with regard to impacts to view corridors as it would block 

many views from the study area to New York City.  It would result in moderate to high impacts on existing 

pedestrian access to the waterfront. Concept D has the potential to incorporate many new or improved 

amenities to support recreational, commercial, and cultural activities. Although Concept D would result in the 

loss of some parking spaces, it would result in little to no impact on connectivity of the Study Area’s street 

system.   

Construction / Maintenance and Operation - Construction of Concept D would be technically 

challenging to construct due to the required construction within a busy terminal situated over the Hudson 

River.  There would be significant disruption to public transit during construction.  There is a low probability 

that Concept D would be constructed within the required project timeline (“Poor”). Concept D includes many 

deployable structures and would result in high ongoing operation and maintenance costs, and a higher 

potential for human error. 

Benefit-Cost Analysis - While all of the concepts would result in monetary benefits, due its higher relative 

costs, Concept D was determined to have a lower BCR than Concepts A and E, resulting in a poor BCR rating 

in Table 6-3. 

Concept E 

Flood Risk Reduction - Concept E would result in coastal storm surge flood risk reduction benefits to 90 

percent of the people residing study area’s preliminary 1-percent-annual-chance event FEMA floodplain. 

Neither end of the “Resist” barrier ties in outside of the 0.2-percent-annual-chance floodplain, While there is 

capacity along the barrier to increase the design elevation to adapt to higher coastal flood events, like Concept 
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A, Concept E would result in the greatest relative cost to achieve protection from a 0.2-percent-annual-chance 

flood.  

Built Environment - With regard to impacts to view corridors, Option 1 was rated as fair as it would result 

in little to moderate impact on views from the study area to New York City. Option 2 was rated as poor as it 

would block many views.  Concept E would maintain or enhance existing pedestrian access to the waterfront, 

and it has the potential to incorporate new or improved amenities to support recreational, commercial, and 

cultural activities. Option 1 of Concept E would result in moderate to heavy impacts on connectivity of the 

Study Area’s street system and would result in a reduction of parking spaces. Although Option 2 of Concept E 

would result in the loss of some parking spaces, it would result in little to no impact on connectivity of the 

Study Area’s street system.  

 Construction / Maintenance and Operation - Construction of Option 1 of Concept E would not result in 

the need to relocate major infrastructure and would not require major disruption to business operations and 

public access during construction. Option 2 of Concept E would result in some disruption to business 

operations and public access during construction. Concept E has a high probability to be constructed within 

the required project timeline (“Good”). The construction of Concept E includes more deployable structures 

than Concept A and would result in relatively moderate ongoing operations and maintenance costs and 

moderate potential for human error.  

Benefit-Cost Analysis - While all of the concepts would result in monetary benefits, due its moderate relative 

costs, Concept E was determined to have a BCR at least 25 percent higher than Concepts B, C and D.  There is 

a moderate potential that the BCR for Concept E would be greater than 1.0, resulting in a fair BCR rating in 

Table 6-3. 

6.2.3 Concept Evaluation Summary 

With regard to the overarching goal – flood risk reduction – all concepts performed well.  The concepts were 

similar for most other criteria, but differed substantially with regard to impacts on view corridors, waterfront 

access and constructability. 

Flood Risk Reduction - Flood risk reduction from coastal storm surge was provided for 86 to 99 percent of 

study area residents within preliminary 1-percent-annual-chance event FEMA floodplain, with Concepts B, C 

and D performing best.  “Resist” infrastructure in Concepts C and D could also be most easily modified to 

provide flood risk reduction benefits during a 0.2-percent-annual-chance coastal storm event. 

Built Environment – There were two criteria on which the public expressed great concern and which 

reflected substantial differences among concepts.  There criteria were view corridors and waterfront access.   

Concept C, Concept D, and Option 2 of Concept E would block many views from the study area to New York 

City with many barriers over five feet above ground level in height. Furthermore, Concepts C and D would also 

result in moderate to high impacts on existing pedestrian access to the waterfront related to the requirement 
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for stairs or ramps to access the waterfront as well as reduced handicapped accessibility.  By comparison, 

Concepts A and E would maintain or enhance existing pedestrian access to the waterfront. These 

enhancements would result from creation of additional access opportunities or a shorter distance needed to 

reach the waterfront. Concept B would result in minimal to moderate impacts on existing pedestrian access to 

the waterfront. 

Construction / Maintenance and Operations – Concepts C and D would require construction methods 

that were deemed infeasible due to unusual technical complexity and schedule risk. Concept D would require 

construction of a floodwall traversing the exterior and interior of a historic structure. This would not only 

represent unusual complexity and risk, it would also require extensive regulatory procedures that could extend 

beyond the feasible time frame for project implementation and the outcome of which may also render this 

concept impracticable due to potential significant adverse impacts and adverse effects on cultural resources 

potentially requiring extensive mitigation measures.  

Benefit-Cost Analysis – Concepts B, C and D were all determined to have the lowest BCR. This is the result 

of high costs associated with very complex and unpredictable construction issues, including right-of-way 

concerns (Concept B), the planned use of massive tide gates (Concept C), and work with historic buildings 

(Concept D).  These respective complexities carried significant construction risk, and this was reflected in the 

high costs associated with the concepts that could negatively impact the BCR.  

6.2.4 Additional Concepts Evaluation 

The five concepts and screening criteria were presented to the public in a meeting held on December 10, 2015.  

Substantial public feedback was provided on these concepts through the end of the public comment period 

(December 31, 2015). Over 250 comments were received during the public comment period. Comments were 

submitted in writing at the December 10, 2015 public meeting, at the three drop-in sessions that were held over 

the next two weeks, or submitted to the project’s email address. About a third of the written comments received 

were from residents of waterfront communities and another third of the comments originated from residents 

further inland (primarily on Garden Street). Many people expressed disapproval of the “Resist” component of 

the project in Concepts B, C and D. Specifically, those who reside in the waterfront communities of Maxwell 

Place and the Hudson Tea Building expressed opposition to a seawall (or any type of “Resist” structure) because 

of potential view shed and waterfront access impacts. Residents expressed great concern over the adverse 

impacts a waterfront barrier would have on their quality of life, stating that the waterfront views and waterfront 

parks are the most cherished aspect of Hoboken. Some of these residents also noted that they did not 

experience significant flooding during Hurricane Sandy.  

Residents of northern Hoboken, particularly along Garden Street and Bloomfield Street, also voiced strong 

opposition to Concept A, and were concerned that the “Resist” component would bisect the community and 

cause conflict between neighbors. They also expressed concern that implementation of Concept A would lower 
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their property values.  The public also expressed concern regarding the waterfront “Resist” barriers in Concept 

B. The primary concerns expressed were impacts on the view shed of New York City and waterfront access.   

Based on the concerns expressed during the public comment period on the five concepts and coordination with 

project stakeholders, including the City of Hoboken, additional variations were developed for the northern 

alignments of Concepts A and E.  Figure 6-17 shows the additional alignments considered as part of variations 

of Concepts A and E (these variations were renamed as Concepts G and H with options as shown in the figure). 

A qualitative assessment of these alignment variations were conducted by evaluating potential impacts and 

benefits in built environment. Appendix F shows sketches of the existing ground elevation and minimum 

structure height required along each of these alignments along with a qualitative evaluation table.  The existing 

building footprints and their foundations surrounding the alleyway (located between Garden and Washington 

Street) were considered to evaluate the potential for a “Resist” barrier structure through the alleyway. 

Based on the qualitative assessment, it was determined that the “Resist” barrier could be located close to the 

center of the alleyway to avoid potential interference with the surrounding buildings. Similar qualitative 

assessments were conducted for the remaining alignments and were discussed with NJDEP and key 

stakeholders such as City of Hoboken.  Based on the qualitative assessment of these additional alignments as 

shown in Appendix F, it was determined that Concept A would be modified to extend from Garden Street to 

Washington Street through an existing privately owned alleyway that runs east/west behind the buildings 

fronting the north side of 14th Street, and Concept E would be modified to extend from 15th Street to 

Washington Street.  Although the alleyway alignment in modified Concept A would require an agreement for 

the utilization of privately owned land, the alignment provides reduced interference with residential and 

commercial activities in the area by locating the structure in the alleyway, which is out of the way of more 

heavily trafficked and highly visible streets and sidewalks.  Bringing “Resist” structures to Washington Street 

potentially expands the area receiving flood risk reduction benefits while keeping the number of deployable 

structures to a relatively reasonable level.  In addition, the commercial nature of Washington Street provides 

the greatest opportunity for “Resist” structures to enhance the urban environment, and the least impact on 

traffic and circulation due to the width of the street. 
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Figure 6-17. Map showing Additional “Resist” Concept Alignments 
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6.2.5 Concepts Eliminated from Further Consideration 

The concept screening and public input process resulted in the elimination of two concepts from further 

consideration.  The elimination of the two concepts were based primarily on constructability issues associated 

with schedule, technical feasibility and public feedback. A summary is provided below of the general 

considerations that led to the elimination of these two concepts.  

Concept C 

Concept C involved in-water “Resist” structures at Weehawken Cove and in the vicinity of the Hoboken 

Terminal.  These in-water structures were proposed for the two key locations where the Hurricane Sandy storm 

surge entered the Study Area.  However, while these in-water structures would provide optimal siting from a 

flood risk reduction perspective, they also created substantial concerns regarding:  

(a) Substantial exceedance of the statutory Project implementation time limits, as a result of regulatory 

complexity associated with an Individual Section 404 permit and a Section 10 Rivers and Harbors Act permit 

for a structure within a navigable river; and  

(b) The substantial annual cost arising from maintenance of in-water structures, (which is not federally funded) 

and technical challenges associated with the maintenance of in-water structures. 

All maintenance and inspection of in-water structures would have to be done form watercraft or by divers, 

which requires specialized equipment and personnel above that of a standard city maintenance crew.  Larger-

scale maintenance of in-water structures, or repairs of significant damage after large storm events, could 

possibly require working dry, which means construction of coffer dams would be required.  As a comparison, 

maintenance and inspection of landside structures would require a lower level of skill and training and would 

be less costly. Based on these considerations and the substantial public concern expressed during the public 

comment period regarding Concept C’s impacts to viewsheds and waterfront access, Concept C was eliminated 

from evaluation in the DEIS. 

Concept D 

Concept D consisted of upland and waterfront alignments with a “Resist” alignment proposed through the 

Hoboken Terminal.  While it was recognized from the outset that construction in an active terminal would be 

challenging, the benefits of providing some level of flood risk reduction to the historically significant terminal 

as well as the siting of a “Resist” structure in a location highly vulnerable to coastal storm surge led to the 

determination that this “Resist” location should be considered.   

The Hoboken Terminal is built on a pile-supported deck that extends outward from the train shed and boarding 

platforms.  The train tracks are immediately west on solid ground that is retained by a porous wood crib 

bulkhead just west of the terminal deck.  Tidal waters of the Hudson River ebb and flow daily beneath the floor 

of the terminal.  In order to protect portions of the Hoboken Terminal from coastal storm surge, it is critical to 
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first prevent the under-seepage from below the terminal and then place a barrier through the terminal itself to 

prevent overland flow of coastal storm surge water.  Based on the condition of the terminal, this would 

represent a significant engineering challenge.  In addition, through discussion with NJ Transit, it was 

determined that construction within an active terminal would represent significant circulation impacts for 

passengers. For these reasons, and due to the significant public concern expressed during the public comment 

period regarding Concept D’s impacts to viewsheds and waterfront access, Concept D was eliminated from 

evaluation in the DEIS. 

Stormwater Retrofit of Parks and Active Recreational Fields 

The community provided feedback that the Columbus Park and the two recreational fields – JFK stadium and 

Mama Johnson Field- are actively used by the community and would have significant impact on their quality 

of life if these public amenities were not available due to construction. Additionally, qualitative assessment 

based on the drainage patterns and the NHSA storm-sewer system around these sites showed no potential to 

capture adequate amount of rainfall runoff from areas beyond the footprint of these sites. Hence, the DSD 

concept was refined by removing these three parcel based sites. 

6.3 Selected Alternatives 

6.3.1  “Resist” Alternatives  

Three of the five design concepts progressed to the next step in the process; which was to further develop and 

fine tune the concepts into Alternatives. These three Alternatives underwent a further analysis (see Section 

7) which was based on a modification of the original screening criteria. Figure 6-18 shows the alignment for 

the three “Resist” alternatives that were considered for further evaluation and assessment.  

As part of Task 4- Hydrology and Flood Risk Assessment Report, a two-dimensional coastal hydrodynamic 

model was used to test the effectiveness of all the proposed alternatives, including the preliminary alignment 

for Alternative 3 as shown in Figure 6-19. The two-dimensional MIKE 21 coastal model was used to simulate 

the effects of the 10-percent-annual-chance, 2-percent-annual-chance, and 1-percent-annual-chance coastal 

storm surge events with the preliminary Alternative 3 (Alleyway) alignment in place and was then compared 

it with the No-Action Alternative (NAA).  
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Figure 6-18. Initial Alignment of the Three “Resist” Alternatives  
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Figure 6-19. Proposed Preliminary Alignment for Alternative 3  
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Figure 6-20 compares the maximum flood extent for the 10-percent-annual-chance coastal storm surge event 

in the No-Action Alternative (NAA) and with the preliminary Alternative 3. Figure 6-21 provides the 

difference in maximum water depth spatial plots between these two alternatives at the north and the south 

end of the study area. As seen from these figures, the MIKE 21 coastal model shows that the preliminary 

Alternative 3 will result in significant residual flooding in portions of Jersey City and Weehawken; however 

at the same time it would provide flood risk reduction benefits to portions of Hoboken and Weehawken that 

are located on the dry side of the “Resist” alignment.  

During the 10-percent-annual-chance coastal storm surge event and with the preliminary Alternative 3 in 

place, the coastal storm surge will travel through NJ Transit yard onto Marin Boulevard but due to the  

“Resist”  barrier located at Marin Boulevard, the model shows that coastal storm surge would reverse its path 

and instead flow backwards into Jersey City along 18th street. During the No-Action Alternative and without 

a barrier in place along Marin Boulevard, this coastal storm surge would normally flow into Hoboken.  

In the northern portion of the study area, during the 10-percent-annual-chance coastal storm surge event, 

the coastal storm surge would overtop the low-lying sections of the walkway located along Weehawken Cove, 

but due to the “Resist” barrier located parallel to the HBLR tracks, the model shows the coastal storm surge 

would reverse its path and instead flow backwards along Harbor Boulevard and start to accumulate along the 

proposed ‘Resist” barrier under the Park Avenue bridge.  

The Task 4-Hydrology and Flood Risk Assessment report shows the coastal model results for the 2-percent-

annual-chance and 1-percent-annual-chance coastal storm surge events (Dewberry, 2016).  

Since the MIKE 21 model simulated significant residual flooding due to the preliminary  “Resist”  Alternative 

3  alignment , Dewberry recommended to consider the following additional  “Resist”  components as shown 

in Figure 6-22 (in green box) to mitigate these significant residual flooding increases –  

 Barrier on Marin Boulevard along the NJ Transit’s property boundary 

 Barrier on 18th Street along the NJ Transit’s property boundary 

 Elevate the low-lying sections of the walkway in Weehawken Cove to an approximate elevation of 9’ 

NAVD (only applicable for Alternative 2 and 3) 

These additional  “Resist”  components were included as applicable to all the three alternatives as shown in 

Figure 6- 23.  The effectiveness of these three final alternatives to provide flood risk reduction benefits and 

to minimize the potential residual flooding risks from various coastal storm surge events were then evaluated 

using the MIKE 21 coastal hydrodynamic model. 



 
 

  NJDEP | Rebuild by Design – Hudson River Feasibility Study | Concept Development | 136  

 

Figure 6-20. Comparison of the Flood Inundation and Maximum Water Depth in the Study Area during a 10-percent-annual-chance  (10-year) Annual Chance Coastal Storm Surge Event 

No-Action Alternative Preliminary Alternative 3 
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Figure 6-21. Difference Plots for the 10-percent-annual-chance  (10-year) Annual Chance Coastal Surge Event

NORTH SOUTH 
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Figure 6-22. Location of the Three Additional Components for Alternative 3
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Figure 6-23. Plan showing Alignments for the Final Three “Resist” Alternatives 



 
 

  NJDEP | Rebuild by Design – Hudson River Feasibility Study | Concept Development | 140  

A brief description of the final three “Resist” alternative is as follows – 

Alternative 1 

Alternative 1 (Waterfront) alignment’s “Resist” structure generally follows the waterfront from the Lincoln 

Tunnel in Weehawken south to Weehawken Cove where it is envisioned that a boathouse (alternatively funded) 

will be incorporated into the structure. In addition, a bermed and terraced Cove Park could be incorporated 

into the southwest corner of Weehawken Cove. This would include existing undeveloped land as well as the 

currently-developed Cove Park (adjacent to Harborside Lofts at 1500 Garden Street). Potential amenities at 

this park may include playgrounds, lawn areas, game courts, and a viewing deck overlooking Weehawken Cove. 

The alignment continues around the waterside of the Tea Building and continues south along the waterfront 

to the intersection of Sinatra Drive North and Frank Sinatra Drive, just south of Maxwell Place Park where the 

ground elevation begins to rise, and the wall tapers down to meet the high ground. There would be a series of 

gates along the waterfront to allow access onto piers and across road intersections during non-flood conditions. 

Possible designs for the “Resist” structure in this area include an elevated promenade north of the Tea Building, 

raised terraced parks adjacent to Shipyard Park, and bermed/terraced park areas at the location of the existing 

Maxwell Place Park.  

The “Resist” structure also has a component along Sinatra Drive from 4th Street to 1st Street, in southern 

Hoboken, where the design may consist of an elevated walkway and park space that ties into a deployable 

system running east/west on 1st Street. In the southern portion of the Study Area, two options were analyzed: 

Option 1 features an alignment south of Observer Highway, within the rail yard (south of the proposed 

Hoboken Yard Redevelopment Area).  Option 2 includes an alignment along Observer Highway from 

Washington Street to Marin Boulevard, on an alignment that runs behind NJ Transit offices. The alignment 

includes gates for access at various locations including the Marin Boulevard, Grove Street and Newark Avenue 

underpasses beneath the rail lines, as well as protection where the HBLR tracks pass below the NJ Transit 

overpass in the southwest corner of the study area. Urban amenities in these areas include lighting, murals, 

seating, plantings and wayfinding/signage. 

Alternative 2 

Alternative 2 (15th Street)’s “Resist” structure begins near the HBLR Lincoln Harbor station at Waterfront 

Terrace traveling south towards Harbor Boulevard. Opportunities for urban enhancement in the northern 

portion of the Study Area under Alternative 2 are limited due to siting conditions and include lighting, murals 

and seating. The “Resist” features then run south along Weehawken Cove where it is envisioned that a 

boathouse (alternatively funded) will be incorporated into the structure. In addition, a bermed and terraced 

Cove Park will be incorporated into the southwest corner of the Weehawken Cove. This would include existing 

undeveloped land as well as the currently-developed Cove Park (adjacent to Harborside Lofts at 1500 Garden 

Street). Potential amenities at this park may include playgrounds, lawn areas, game courts, and a viewing deck 

overlooking Weehawken Cove. 
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The structure continues to 15th Street, and travels east along 15th Street from the northern end of Garden to 

Washington Streets. Urban amenities in this area may include a bermed park long 15th Street in front of the 

Tea Building. The “Resist” feature then continues south along Washington Street, tapering in height between 

14th and 13th Streets into high ground. Street crossings will feature gates to allow for access during non-flood 

conditions. Consideration will be given to adapting the use of structures in a way to provide urban amenities 

and landscape enhancements, including elevated walkways and pocket parks, plantings and/or seating areas 

along Washington Street.  

There will then be two options in the south, along the Hoboken Terminal rail yard: Option 1 will feature an 

alignment south of Observer Highway, within the rail yard (south of the proposed Hoboken Yard 

Redevelopment Area). Option 2 will include an alignment along Observer Highway from Washington Street 

directly to Marin Boulevard. The alignment includes gates for access at various locations including the Marin 

Boulevard, Grove Street and Newark Avenue underpasses beneath the rail lines, as well as protection where 

HBLR tracks pass below the NJ Transit overpass in the southwest corner of the study area.  Urban amenities 

in these areas include lighting, murals, seating, plantings and wayfinding/signage.  

Alternative 3 

Alternative 3 (Alleyway)’s “Resist” structure begins near the HBLR Lincoln Harbor station at Waterfront 

Terrace, traveling south along HBLR and then continuing south along Weehawken Cove towards Garden 

Street. Opportunities for urban enhancement in the northern portion of the Study Area under Alternative 3 are 

limited due to siting conditions and include lighting, murals and seating. It is envisioned that a boathouse 

(alternatively funded) will be incorporated into the structure. In addition, a bermed and terraced Cove Park 

will be incorporated into the southwest corner of the Weehawken Cove. This would include existing 

undeveloped land as well as the currently-developed Cove Park (adjacent to Harborside Lofts at 1500 Garden 

Street). Potential amenities at this park may include playgrounds, lawn areas, game courts, and a viewing deck 

overlooking Weehawken Cove. 

A “Resist” structure would then travel down the east side of Garden Street adjacent to the west of the Hudson 

Tea parking garage; the structure along Garden Street may consist of an elevated planter with seating. The 

structure would then continue down the alleyway midway between 15th and 14th Streets from Garden to 

Washington Streets. Urban amenities within the alleyway could include planters.  The structure would then 

travel south along Washington Street ending between 14th and 13th Streets into high ground. Street crossings 

will feature gates to allow for access during non-flood conditions. Consideration will be given to adapting the 

use of structures in a way to provide urban amenities and landscape enhancements.  

There will then be two options: Option 1 will include an alignment south of Observer Highway, within the rail 

yard (south of the proposed Hoboken Yard Redevelopment Area).   Option 2 will feature an alignment along 

Observer Highway from Washington Street directly to Marin Boulevard. The alignment includes gates for 

access at various locations including at the Marin Boulevard, Grove Street and Newark Avenue underpasses 
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beneath the rail lines, as well as protection where HBLR tracks pass below the NJ Transit overpass in the 

southwest corner of the study area.  Urban amenities in these areas include lighting, murals, seating, plantings, 

and wayfinding/signage.  

6.3.2 “Delay, Store, Discharge” Alternative 

Figure 6-24 shows the following four major components of the DSD alternative that were evaluated and refined 

as part of the alternative analysis – 

• ROW green/gray Infrastructure sites that would capture rainfall runoff from streets  

• BASF site – Parcel based subsurface detention system located in north-west of Hoboken 

• NJ Transit site – Parcel based subsurface detention system located adjacent to Hoboken Housing 

Authority in western portion of Hoboken  

• Block 10 site – Parcel based subsurface detention system located in southwestern portion of Hoboken 

 
Figure 6-24. Map showing Components in the DSD Alternative 
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