6

Evaluation of “Resist” Alternatives
The flood pathways in the No-Action Alternative (NAA) for various coastal storm surge events were analyzed
and were used to recommended locations for “Resist” alignments within the study area. Three preliminary
“Resist” alternatives were developed to provide varying levels of coastal flood risk reduction benefits and are
described in detail in Task 5- Feasibility Assessment report. A preliminary evaluation for one out of the three
proposed “Resist” alternatives was carried out to test the effectiveness of the alignments to provide flood risk
reduction benefits and evaluate any potential residual flooding impacts from this alternative using the MIKE
21 coastal model. This preliminary evaluation was carried out on Alternative 3 only initially and the coastal
model results from this alternative were used to inform any refinements to the three alternatives. During this
preliminary evaluation, major potential residual flooding impacts were identified and solutions were
developed to minimize these impacts. The three preliminary alternatives were updated with the proposed
solutions and the final “Resist” alternatives were developed for further evaluation. Each of the three resist
alternatives will be a combination of hard infrastructure and soft landscaping features that act as barriers
along the coast during exceptionally high tide and/or storm surge events. A detailed description of the three
final “Resist” alternatives is provided in the Task 5 – Feasibility Assessment report. It should be noted that
for each alternative, there are two options along the NJ Transit rail yard – Option 1 that follows the proposed
Hoboken Yards Redevelopment boundary and Option 2 that follows the existing property boundary of NJ
Transit along the Observer Highway. For the evaluation purposes using the MIKE 21 coastal model, the
Option 1 “Resist” alignment was considered as part of each alternative. Coastal model simulations were not
performed with the Option 2 “Resist” alignment.

6.1 Modeling Methodology
The alignments were developed for each alternative using Geographic Information System (GIS) and
Computer Aided Design (CAD) techniques. There are two modeling options to evaluate the effectiveness of
“Resist” alignment in MIKE 21 coastal model –
Option 1 – Represent the alignment by modifying topography in the MIKE 21 coastal model mesh
Option 2 – Represent the alignment as a “dike” structure in MIKE 21
Both of these options would allow to evaluate the effectiveness of the “Resist” alignment to reduce flooding
risks from coastal storm surge within the study area and inform potential residual flooding impacts within
the study area. It should be noted that both these options have limitations to represent the exact size and
configuration of the proposed “Resist” alignments. For example, Option 1 would require very detailed and
fine cell size in the MIKE 21 model mesh to represent the “Resist” structures that are between 2-3 feet wide.
Greater level of effort is required to represent structures that are not fully designed with the fine cell size and
is not recommended to be used as the feasibility assessment stage of the project. Option 2 which requires the
use of “dike” feature in MIKE 21 utilizes the cells in the model mesh that are located immediately on the dry
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side of the proposed “Resist” alignment. Figure 6-1 shows a representation of using Option 2 “dike” feature
in MIKE 21 where the blue line is the actual centerline of the dike structure and the red line is the actual cell
faces that are used in the model computation.

Figure 6-1. Representation of “Resist” Alignment in MIKE 21 Model using “Dike” Feature
As seen from Figure 6-1, some of the cells that are on the “dry” side of the alignment are considered as part
of the dike and the MIKE 21 model shown them as “wet” during the model computations. However, the area
that is considered “wet” in the model computation is extremely small and will not significantly affect the
model results. The Option 2 technique is a faster way to evaluate the feasibility of multiple “Resist”
alternatives. For the purposes of the feasibility study, Option 2 technique was utilized to evaluate the three
“Resist” alternatives. However, it is recommended that during the design phase for the preferred alternative,
Option 1 technique should be adopted to evaluate any potential residual flooding impacts from the preferred
alternative.
A statistical analysis was performed to obtain the maximum water depths for various coastal storm surge
events in the No-Action Alternative and “Resist” Alternative scenarios. Tools within DHI’s MIKE model
program were used to subtract the “NAA” maximum water depths over the “Resist” maximum water depths
to obtain the difference in the maximum water depths. A positive difference value that is over 0.04 feet (0.48
inches) is considered as a residual flooding impact per NJAC 7:13 regulations and any negative difference
value (less than 0 feet) is considered as a flood risk reduction benefit. The potential residual flooding values
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were symbolized as pink color and flood risk reduction benefit values were symbolized as green color in the
difference plots. It should be noted that the “interpolated” values option (shaded contour option) in the MIKE
model was used to develop the maximum water depth and difference in water depth plots. The interpolated
values provides a better representation of the flooding extents for display purposes only; however the “actual”
values option (box contour option) provides the actual maximum water depth at specific locations within the
model domain.

6.2 Evaluation of Preliminary “Resist” Alignment Alternatives
Figure 6-2 shows the preliminary alignment for the three proposed “Resist” alternatives – Alternative 1
(Waterfront), Alternative 2 (15th Street) and Alternative 3 (Alleyway). Each of these three alternatives were
developed as part of the Task 5 – Feasibility Assessment and with significant input from the community.

Figure 6-2. Proposed Preliminary Alignments for the Three “Resist” Alternatives
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In order to evaluate effectiveness of the “Resist” alternative and any potential major residual flooding
impacts, Alternative 3 as shown in Figure 6-3 which provides the least level of flood risk reduction benefits
among the three alternatives and has highest number of properties on the unprotected side of the alignment
was chosen to be evaluated first with the MIKE 21 coastal hydrodynamic model. Model simulations were
performed to evaluate the effects of the 10%, 2% and 1% annual chance coastal storm surge events with the
preliminary Alternative 3 (Alleyway) alignment in place and were compared it with the No-Action Alternative
(NAA). These model results were then used to evaluate potential major residual flooding and the need for
additional mitigation measures for Alternative 3 and its applicability to remaining two alternatives.

Figure 6-3. Proposed Preliminary Alignment for Alternative 3 (Alleyway)
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Figure 6-4 compares the maximum flood extent for the 10% annual chance coastal storm surge event in the
No-Action Alternative (NAA) and with the preliminary Alternative 3 (Alleyway). Figure 6-5 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 (Alleyway) will result in 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% annual chance coastal storm surge event and with the preliminary Alternative 3 (Alleyway)
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 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% 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 along Harbor Boulevard and will result in residual flooding along the
proposed ‘Resist” barrier under the Park Avenue bridge.
Figure 6-6 and Figure 6-7 show the maximum flood extent for the 2% annual chance coastal storm surge
event and the difference in maximum water depth spatial plots between the NAA and the preliminary
Alternative 3 (Alleyway), respectively. Similar to the 10% annual chance coastal storm surge event, for the
2% annual chance coastal storm surge event, the MIKE 21 coastal model shows that the preliminary
Alternative 3 (Alleyway) will result in residual flooding in portions of Hoboken, Jersey City and Weehawken;
however at the same time it would provide flood risk reduction benefits to portions of Hoboken, Jersey City
and Weehawken that are located on the dry side of the “Resist” alignment.
Figure 6-8 and Figure 6-9 show the maximum flood extent for the 1% annual chance coastal storm surge
event and the difference in maximum water depth spatial plots between the NAA and the preliminary
Alternative 3 (Alleyway), respectively. As seen from Figure 6-9, in the 1% annual chance coastal storm event,
the MIKE 21 coastal model shows no residual flooding in portions of Jersey City that previously were subject
to residual flooding in the 10% and 2% annual chance coastal storm events. However, the model shows that
portions of NJ Transit’s Hoboken terminal yard and portions of Weehawken Cove will be subject to residual
flooding during the 1% annual chance coastal storm event.
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No-Action Alternative

Preliminary Alternative 3

Figure 6-4. Comparison of the Flood Inundation and Maximum Water Depth in the Study Area during a 10% (10-year) Annual Chance Coastal Storm Surge Event
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Figure 6-5. Difference Plots for the 10% (10-year) Annual Chance Coastal Surge Event
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No-Action Alternative

Preliminary Alternative 3

Figure 6-6. Comparison of the Flood Inundation and Maximum Water Depth in the Study Area during a 2% (50-year) Annual Chance Coastal Storm Surge Event
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Figure 6-7. Difference Plots for the 2% (50-year) Annual Chance Coastal Surge Event

NJDEP | Rebuild by Design – Hudson River Hydrology and Flood Risk Assessment |
Evaluation of Resist Alternatives| 61

No-Action Alternative

Preliminary Alternative 3

Figure 6-8. Comparison of the Flood Inundation and Maximum Water Depth in the Study Area during a 1% (100-year) Annual Chance Coastal Storm Surge Event
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Figure 6-9. Difference Plots for the 1% (100-year) Annual Chance Coastal Surge Event
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6.3 Recommendation for Additional “Resist” Components
Since the MIKE 21 model simulated significant residual flooding due to the preliminary “Resist” Alternative
3 (Alleyway) alignment, as shown in Figure 6-10, it was recommended to consider the following additional
“Resist” components 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 6-11. 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 model.

Figure 6-10. Location of the Three Additional Components (Shown in Green Boxes) for Alternative 3
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Figure 6-11. Plan showing Alignments for the Final Three “Resist” Alternatives
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6.4 Evaluation of Final “Resist” 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 heads south in
front of Maxwell Place. The Resist structure 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 high ground. There will 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.
The effectiveness of the final Alternative 1 alignment to provide flood risk reduction benefits and evaluate
any potential residual flooding was performed using the MIKE 21 coastal model for the 10%- , 2%-, and 1%
annual chance coastal storm surge events. Figure 6-12 and Figure 6-13 show the maximum flood extent and
maximum flood depths for the 10% annual chance coastal storm surge event with the “Resist” Alternative 1
and difference in maximum water depth spatial plots between the NAA and the final Alternative 1
(Waterfront) in north and south portions of the study area, respectively.
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Figure 6-12. Spatial Plot Showing Maximum Flood Depths and Inundation Extents for the 10% Annual Chance Coastal Storm Surge Event (10-Year) with Alternative 1 (Waterfront)
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Figure 6-13. Difference in Maximum Water Depths between NAA and Alternative 1 for 10% Annual Chance
Storm Surge (10-Year) Event in Northern and Southern Portions of Study Area
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As seen from Figure 6-13, the green color shows the flood risk reduction benefits whereas the pink color shows
the potential residual flooding impacts due to Alternative 1’s “Resist” alignment. Alternative 1 provides flood
risk reduction benefits for the study area with potential residual flooding impacts in the NJ Transit yard. Due
to the additional “Resist” components, the coastal storm surge during a 10% annual chance event does not
travel outside the NJ Transit yard, thus providing flood risk reduction benefits to portions of Jersey City. As
seen from Figure 6-12, this alternative provides flood risk reduction benefits in southern and northern
portions of Hoboken along with portions of Weehawken in the northern portion of the study area that were
previously subject to flooding with water depths ranging approximately from 0 – 2 feet in the NAA during a
10% annual chance event.
Figure 6-14 and Figure 6-15 shows the maximum flood extent and maximum flood depths for the 2% annual
chance coastal storm surge event (50-year) with the “Resist” Alternative 1 and difference in maximum water
depth spatial plots between the NAA and the final Alternative 1 (Waterfront) in north and south portions of
the study area, respectively. As seen from Figure 6-14, this alternative provides flood risk reduction benefits
for western, southern and northern portions of Hoboken,; western portions of Weehawken and portions of
Jersey City located within the study area that were previously subject to flooding with water depths ranging
approximately from 0 – 7 feet in the NAA during a 2% annual chance event.
Figure 6-16 and Figure 6-17 shows the maximum flood extent and maximum flood depths for the 1% annual
chance coastal storm surge event (100-year) with the “Resist” Alternative 1 and difference in maximum water
depth spatial plots between the NAA and the final Alternative 1 (Waterfront) in north and south portions of
the study area, respectively. As seen from Figure 6-16, this alternative provides flood risk reduction benefits
for western, southern and northern portions of Hoboken,; western portions of Weehawken and portions of
Jersey City located within the study area that were previously subject to flooding with water depths ranging
approximately from 0 – 8 feet in the NAA during a 2% annual chance event.
As seen from Figure 6-13 to Figure 6-17, Alternative 1 provides the flood risk reduction benefits from all the
three coastal storm events for a majority of the study area that includes most of Hoboken with the exception
of a small portion of waterfront between 5th Street and 10th Street; and portions of Weehawken and Jersey
City that are located within the study area boundary.
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Figure 6-14. Spatial Plot Showing Maximum Flood Depths and Inundation Extents for the 2% Annual Chance Coastal Storm Surge Event (50-Year) with Alternative 1 (Waterfront)
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Figure 6-15. Difference in Maximum Water Depths between NAA and Alternative 1 for 2% Annual Chance
Storm Surge (50-Year) Event in Northern and Southern Portions of Study Area
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Figure 6-16. Spatial Plot Showing Maximum Flood Depths and Inundation Extents for the 1% Annual Chance Coastal Storm Surge Event (100-Year) with Alternative 1 (Waterfront)
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Figure 6-17. Difference in Maximum Water Depths between NAA and Alternative 1 for 1% Annual Chance
Storm Surge (100-Year) Event in Northern and Southern Portions of Study Area
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6.5 Evaluation of Final “Resist” 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.
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. 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.
The effectiveness of the final Alternative 2 alignment to provide flood risk reduction benefits and evaluate
any potential residual flooding was performed using the MIKE 21 coastal model for the 10%- , 2%-, and 1%
annual chance coastal storm surge events. Figure 6-18 and Figure 6-19 shows the maximum flood extent and
maximum flood depths for the 10% annual chance coastal storm surge event with the “Resist” Alternative 2
and difference in maximum water depth spatial plots between the NAA and the final Alternative 2 (15th Street)
in north and south portions of the study area, respectively.
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Figure 6-18. Spatial Plot Showing Maximum Flood Depths and Inundation Extents for the 10% Annual Chance Coastal Storm Surge Event (10-Year) with Alternative 2 (15th Street)
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Figure 6-19. Difference in Maximum Water Depths between NAA and Alternative 2 for 10% Annual Chance
Storm Surge (10-Year) Event in Northern and Southern Portions of Study Area
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As seen from Figure 6-19, the green color shows the flood risk reduction benefits whereas the pink color shows
the potential residual flooding impacts due to Alternative 2’s “Resist” alignment. Alternative 2 provides flood
risk reduction benefits for the study area with minor potential residual flooding impacts in the NJ Transit
yard. Due to the additional “Resist” components, the coastal storm surge during a 10% annual chance event
does not travel outside the NJ Transit yard, thus providing flood risk reduction benefits to portions of Jersey
City. As seen from Figure 6-18, this alternative provides flood risk reduction benefits in southern and northern
portions of Hoboken along with portions of Weehawken in the northern portion of the study area that were
previously subject to flooding with water depths ranging approximately from 0 – 2 feet in the NAA during a
10% annual chance event.
Figure 6-20 and Figure 6-21 shows the maximum flood extent and maximum flood depths for the 2% annual
chance (50-year) coastal storm surge event with the “Resist” Alternative 2 and difference in maximum water
depth spatial plots between the NAA and the final Alternative 2 (15 th Street) in north and south portions of
the study area, respectively. During the peak of the 2% annual chance (50-year) coastal storm surge event,
the areas flooded in Jersey City (within the study area) in the No-Action Alternative scenario would not
receive any overland coastal storm surge flooding with the Alternative 2 in place. However, the MIKE 21
coastal model shows that portions of the NJ Transit yard and parking lot near the intersection of Washington
Street and Observer Highway in the south; portions of the walkway near the Harborside Lofts building in
Hoboken; and two parcels located along the waterfront in Weehawken could potentially see minor increases
in the maximum flood depths due to Alternative 2 alignment. As seen from Figure 6-20, this alternative
provides flood risk reduction benefits for western, southern and northern portions of Hoboken,; western
portions of Weehawken and portions of Jersey City located within the study area that were previously subject
to flooding with water depths ranging approximately from 0 – 7 feet in the NAA during a 2% annual chance
event.
Figure 6-22 and Figure 6-23 shows the maximum flood extent and maximum flood depths for the 1% annual
chance coastal storm surge event (100-year) with the “Resist” Alternative 2 and difference in maximum water
depth spatial plots between the NAA and the final Alternative 2 (15 th Street) in north and south portions of
the study area, respectively. As seen from Figure 6-22, this alternative provides flood risk reduction benefits
for western, southern and northern portions of Hoboken,; western portions of Weehawken and portions of
Jersey City located within the study area that were previously subject to flooding with water depths ranging
approximately from 0 – 8 feet in the NAA during a 1% annual chance event.
As seen from Figure 6-18 to Figure 6-23, Alternative 2 provides the flood risk reduction benefits for majority
of the study area that includes most of Hoboken with the exception of a portion of waterfront located between
5th Street and 10th Street and areas located east of Garden Street/15th Street and Washington Street/14th Street
in the north; and major portions of Weehawken and Jersey City that are located within the study area.
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Figure 6-20. Spatial Plot Showing Maximum Flood Depths and Inundation Extents for the 2% Annual Chance Coastal Storm Surge Event (50-Year) with Alternative 2 (15th Street)
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Figure 6-21. Difference in Maximum Water Depths between NAA and Alternative 2 for 2% Annual Chance
Storm Surge (50-Year) Event in Northern and Southern Portions of Study Area
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Figure 6-22. Spatial Plot Showing Maximum Flood Depths and Inundation Extents for the 1% Annual Chance Coastal Storm Surge Event (100-Year) with Alternative 2 (15th Street)
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Figure 6-23. Difference in Maximum Water Depths between NAA and Alternative 2 for 1% Annual Chance
Storm Surge (100-Year) Event in Northern and Southern Portions of Study Area
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6.6

Evaluation of Final “Resist” Alternative 3
This alternative'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 barrier 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. 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
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.
The effectiveness of the final Alternative 3 alignment to provide flood risk reduction benefits and evaluate
any potential residual flooding was performed using the MIKE 21 coastal model for the 10%- , 2%-, and 1%
annual chance coastal storm surge events. Figure 6-24 and Figure 6-25 shows the maximum flood extent
and maximum flood depths for the 10% annual chance coastal storm surge event with the “Resist” Alternative
3 and difference in maximum water depth spatial plots between the NAA and the final Alternative 3
(Alleyway) in north and south portions of the study area, respectively.
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Figure 6-24. Spatial Plot Showing Maximum Flood Depths and Inundation Extents for the 10% Annual Chance Coastal Storm Surge Event (10-Year) with Alternative 3 (Alleyway)
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Figure 6-25. Difference in Maximum Water Depths between NAA and Alternative 3 for 10% Annual Chance
Storm Surge (10-Year) Event in Northern and Southern Portions of Study Area

NJDEP | Rebuild by Design – Hudson River Hydrology and Flood Risk Assessment |
Evaluation of Resist Alternatives| 84

As seen from Figure 6-25, the green color shows the flood risk reduction benefits whereas the pink color shows
the potential residual flooding impacts due to Alternative 3’s “Resist” alignment. Alternative 3 provides flood
risk reduction benefits for the study area with minor potential residual flooding impacts in the NJ Transit
yard. Due to the additional “Resist” components, the coastal storm surge during a 10% annual chance event
does not travel outside the NJ Transit yard, thus providing flood risk reduction benefits to portions of Jersey
City.
Figure 6-26 and Figure 6-27 shows the maximum flood extent and maximum flood depths for the 2% annual
chance (50-year) coastal storm surge event with the “Resist” Alternative 3 and difference in maximum water
depth spatial plots between the NAA and the final Alternative 3 (Alleyway) in north and south portions of the
study area, respectively. During the peak of the 2% annual chance (50-year) coastal storm surge event, the
areas flooded in Jersey City (within the study area) in the No-Action Alternative scenario would not receive
any overland coastal storm surge flooding with Alternative 3 in place. However, the MIKE 21 coastal model
shows that portions of the NJ Transit yard and parking lot near the intersection of Washington Street and
Observer Highway in the south; portions of the walkway near the Harborside Lofts building in Hoboken; and
two parcels located along the waterfront in Weehawken could potentially see minor increases in the
maximum flood depths due to the Alternative 3 alignment.
Figure 6-28 and Figure 6-29 shows the maximum flood extent and maximum flood depths for the 1% annual
chance coastal storm surge event (100-year) with the “Resist” Alternative 3 and difference in maximum water
depth spatial plots between the NAA and the final Alternative 3 (Alleyway) in north and south portions of the
study area, respectively. The MIKE 21 coastal model shows areas subject to potential residual flooding similar
to the 2% annual chance (50-year) coastal storm surge event with about 1 inch of potential increase in the
maximum water depth along the walkway near Harborside Lofts building with Alternative 3. The model also
shows that NJ Transit yard could potentially get maximum increase of 6 inches in the water depth over the
water depth in NAA during the peak of the 1% annual chance storm event with Alternative 3. In the NJ Transit
yard, these increases in water depth are at highest in areas adjacent to Alternative 3’s “Resist” alignment and
gradually decreases to less than 0.04 feet closer to the Hoboken Terminal and Hudson River.
As seen from Figure 6-24 to Figure 6-29, Alternative 3 provides the flood risk reduction benefits for majority
of the study area that includes most of Hoboken with the exception of a portion of waterfront located between
5th Street and 10th Street and areas located east of Garden Street/Alleyway and Washington Streets/14th street
in the north; and major portions of Weehawken and Jersey City that are located within the study area.
Alternative 3 provides flood risk reduction benefits for western, southern and northern portions of Hoboken,;
western portions of Weehawken and portions of Jersey City located within the study area that were
previously subject to flooding with water depths ranging approximately from 0 – 8 feet in the NAA during a
1% annual chance event.
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NORTH

SOUTH

Figure 6-26. Spatial Plot Showing Maximum Flood Depths and Inundation Extents for the 2% Annual Chance Coastal Storm Surge Event (50-Year) with Alternative 3 (Alleyway)
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NORTH

SOUTH
Figure 6-27. Difference in Maximum Water Depths between NAA and Alternative 3 for 2% Annual Chance
Storm Surge (50-Year) Event in Northern and Southern Portions of Study Area
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NORTH

SOUTH

Figure 6-28. Spatial Plot Showing Maximum Flood Depths and Inundation Extents for the 1% Annual Chance Coastal Storm Surge Event (100-Year) with Alternative 3 (Alleyway)
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NORTH

SOUTH
Figure 6-29. Difference in Maximum Water Depths between NAA and Alternative 3 for 1% Annual Chance
Storm Surge (100-Year) Event in Northern and Southern Portions of Study Area
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6.7 Coastal Model Results Discussion
The MIKE 21 coastal model shows that all the three alternative would provide varying levels of flood risk
reduction benefits for the study area with minimal residual flood impacts. Alternative 1 (Waterfront) provides
the maximum flood risk reduction benefits followed by Alternative 2 (15 th Street) and Alternative 3 (Alleyway)
respectively (See Tables 6-1 through 6-3). Alternative 1 potentially has the least number of properties
impacted by residual flooding whereas both Alternative 2 and Alternative 3 have potentially five (5) properties
that would be impacted by residual flooding during the peak of the 1% annual chance coastal storm surge
event.
It should be noted that although the coastal model shows that each alternative would prevent the flow of
overland coastal storm surge into portions of Jersey City, the coastal model does not take into account any
potential flow of coastal storm surge through existing subsurface utilities that could intrude into portions of
Jersey City located within the study area. It is possible that the coastal storm surge could travel through
existing utilities that are located outside of the study area into portions of the study area. The volume of coastal
storm surge traveling through utilities is dependent on the duration of inundation and the hydraulic gradient
of the utility system. Based on the qualitative assessment, the volume of water traveling through the
subsurface utilities would be significantly less than the overland flow of coastal storm surge.
GIS techniques were used to develop quantitative estimates for coastal food risk reduction benefits provided
by each alternative in the 10% -, 2% - and 1% -annual chance coastal storm events as shown in Table 6-1 –
Table 6-3. These flood risk reduction benefits parameters include population, buildings, and inundation area.
It should be noted that these flood risk reduction benefit estimates are approximate. Additionally, the 2015
FEMA’s preliminary floodplain maps was utilized to estimate the percentage population based on the 2010
US Census Bureau currently located within FEMA’s 1% annual chance floodplain that would receive flood risk
reduction benefits from each alternative as shown in Table 6-4.
Table 6-1. 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
10%
(10yr)
2%
(50-yr)
1%
(100-yr)

NAA

83

Alternative 1

54

NAA

489

Alternative 1

82

NAA

545

Alternative 1

109

%
Difference
35%

83%

80%

No. of
Buildings
124
13
2,238
25
2,603
44

%
Difference
90%

99%

98%

Population
9,886
3,770
38,821
3,848
41,838
4,485

%
Difference
62%

90%

89%
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Table 6-2. 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

%
Difference

Acres
10%
(10yr)
2%
(50-yr)
1%
(100-yr)

NAA

83

Alternative 2

65

NAA

489

Alternative 2

122

NAA

545

Alternative 2

157

No. of
Buildings

%
Difference

124

22%

2,238

75%

3,770
38,821

98%

54
2,603

71%

9,886

83%

21

5,085
41,838

97%

83

Population

7,694

%
Difference
62%

87%

82%

Table 6-3. 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

%
Difference

Acres
10%
(10yr)
2%
(50-yr)
1%
(100-yr)

NAA

83

Alternative 3

65

NAA

489

Alternative 3

126

NAA

545

Alternative 3

163

No. of
Buildings

%
Difference

124

22%

2,238

74%

57
2,603

70%

9,886

83%

21

89

Population

3,770
38,821

97%

5,085
41,838

97%

7,694

%
Difference
62%

87%

82%

Table 6-4. Population within the 2015 Preliminary FEMA 1% Annual Chance (100-year) Floodplain Receiving
Flood Risk Reduction Benefits from Each Alternative
Population
in 100-year
FEMA
Floodplain
39,901

Flood Risk
Reduction
Flood Risk
Reduced
Flood Risk Not
Reduced

Alternative 1

Alternative 2

Alternative 3

Population

%

Population

%

Population

%

39,205

98.3%

34,230

85.8%

34,084

85.4%

696

1.7%

5,671

14.2%

5,817

14.6%
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As an example to demonstrate potential residual flooding impacts, as per State of New Jersey’s permit
regulations, the maximum water depths were extracted from the MIKE 21 coastal model at three (3) locations
around the Harborside Lofts building in Hoboken for the 10%, 2% and 1% annual chance events in the NAA
and Alternative 3. Figure 6-30 shows the locations for the three points whereas Table 6-5 shows the maximum
water depths and the difference in the maximum water depths between NAA and Alternative 3 at these three
locations.

Figure 6-30. Location Map of three points adjacent to Harbor Side Lofts for Comparison of Maximum Water
Depths
As seen from Table 6-5, during a 1% annual chance coastal storm surge event, among the three locations the
maximum water depth is at Point 1 with 49.5 inches (4.13 feet) in No-Action Alternative (NAA) and 50.1
inches (4.18 feet) in Alternative 3. The difference in the maximum water depth at Point 1 between the NAA
and Alternative 1 is 0.6 inches (0.05 feet). However, during the 1% annual chance coastal storm surge event,
the maximum difference is approximately 0.8 inches at Point 3. It should be noted that Point 3 would have
about 3.5 feet of water in NAA scenario and the MIKE 21 coastal model results shows that an additional 0.8
inches would be added over the 3.5 feet of water with Alternative 3 in place. Similar to this example of
potential residual flooding impacts, it is anticipated that NJDEP would coordinate with the other four affected
property owners to demonstrate the minor increases in maximum flood depths shown by the MIKE 21 coastal
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model. Appendix D provides a map and table with maximum water depth for various locations within the
study area in the NAA and all three alternatives.
Table 6-5. Maximum Water Depths in NAA and Alternative 3 at three locations around Harborside Lofts
Building
Coastal

Maximum Water Depth in Inches

Storm

Scenario

Event

Point 1

Point 2

Point 3

10% annual

NAA

7.3

0.0

0.0

chance

Alternative 3

7.3

0.0

0.0

(10-year)

Difference in Water Depth

0.0

0.0

0.0

2% annual

NAA

35.3

16.6

28.4

chance

Alternative 3

36.4

18.0

29.7

(50-year)

Difference in Water Depth

1.1

1.4

1.2

1% annual

NAA

49.5

31.0

42.6

chance

Alternative 3

50.1

31.8

43.4

(100-year)

Difference in Water Depth

0.6

0.7

0.8

Table 6-6 through Table 6-8 shows the properties that would experience residual flooding as a result of each
of the three Resist alternatives. In order for the project to be compliant with applicable state laws, either an
easement on these properties must be acquired, or written permission must be secured from the affected
property owner to authorize the projected increase in flooding.

Table 6-6. Properties impacted by Residual Flooding under Alternative 1
BLOCK

LOT

OWNER

EXISTING CONDITIONS
NJ TRANSIT property near Long

7302

1

NJ TRANSIT

Slip Canal containing multiple rail
tracks

210, 210.01

1-6, 26-29

Washington-Hudson Assoc.

Existing parking lot on Observer
Hwy. and Washington St.
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Table 6-7. Properties impacted by Residual Flooding under Alternative 2
BLOCK

LOT

OWNER

EXISTING CONDITIONS
NJ TRANSIT property near Long

7302

1

NJ TRANSIT

Slip Canal containing multiple rail
tracks

210, 210.01

1-6, 26-29

Washington-Hudson Assoc.

268.01

1

1500 Garden St.

34.03

1.01 & 1.02

BDLJ Associates

34.03

4.01

HARTZ

Existing parking lot on Observer
Hwy. and Washington St.
Harborside

Lofts.

Existing

residential building
Vacant properties.
Existing parking lot.

Table 6-8. Properties impacted by Residual Flooding under Alternative 3
BLOCK

LOT

OWNER

EXISTING CONDITIONS
NJ TRANSIT property near Long

7302

1

NJ TRANSIT

Slip Canal containing multiple rail
tracks

210, 210.01

1-6, 26-29

Washington-Hudson Assoc.

268.01

1

1500 Garden St.

34.03

1.01 & 1.02

BDLJ Associates

34.03

4.01

HARTZ

Existing parking lot on Observer
Hwy. and Washington St.
Harborside

Lofts.

Existing

residential building
Vacant properties.
Existing parking lot.
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