7 Stormwater Modeling Methodology
7.1

Stormwater Model Study Area Overview
The Delay, Store, Discharge (DSD) components of this project are located entirely within the City of Hoboken
and do not extend into portions of Weehawken and Jersey City. Hence, for the purposes of this study, the
drainage network impacted by the proposed Delay, Store and Discharge components that are located within
the City of Hoboken limits are considered as part of the stormwater model domain. However, there are areas
beyond City of Hoboken limits such as the Palisades (in Jersey City and Union City) that drains into NJ
Transit’s HBLR’s drainage canal. Additionally, Hudson County owned drainage system also drains portions
of Palisades and 14th street viaduct through City of Hoboken. These additional areas that are located outside
of City of Hoboken limits but that drain into City of Hoboken limits were considered as part of the stormwater
model domain.
Topographically, the City of Hoboken resembles a bowl with a depressed center and higher edges along its
borders. Higher elevations are observed along Castle Point and Hudson River to the east and the Palisades
cliffs to the west. To the north and south are manmade structures including the Hoboken Rail Yard and
Hudson Bergen Light Rail tracks and embankments higher than the center of the City (Hoboken Strategic
Recovery Planning Report, 2014).
The North Hudson Sewerage Authority (NHSA) owns and operates Adams Street Wastewater Treatment
Plant (WWTP) that is located within the north western corner of the City of Hoboken limits. The storm-sewer
collection system serviced by the WWTP covers the entire city of Hoboken, Weehawken and portions of Union
City. The stormwater model domain area includes the storm-sewer collection system located within the City
of Hoboken and small portions of Jersey City, Union City and Weehawken located immediately adjacent to
the City of Hoboken limits. Figure 7-1 shows the extent of the project study area (in red), the WWTP service
area (in black) and the approximate stormwater model domain area (light blue hatch). The model domain
area differs from the project study area because portions of the waterfront sheetflow directly to the Hudson
and do not drain into the City's storm sewer system.
The total stormwater model domain area is approximately 1.95 sq. miles. This includes the entire City of
Hoboken, excluding the waterfront area, which has its own separate storm system that flows directly into the
Hudson River; parts of Weehawken, and Jersey City. Parts of Weehawken and Jersey City that would
naturally drain to drainage features within the City were included after due consideration to the existing
hydraulic characteristics.
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Figure 7-1. Adams Street WWTP Service Area and Stormwater Model Domain Area
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7.2 North Hudson Sewerage Authority (NHSA) Network
The combined sewer system (CSS) serving the City of Hoboken is part of NHSA’s WWTP collection system
service area. The CSS was originally designed to convey sewage and storm water (collectively referred to as
“wastewater”) directly to the Hudson River. A majority of the sewer system components were constructed
during two main time periods – 1850’s and between 1920’s to 1940’s. The Adam’s Street WWTP was
constructed in 1958 to treat the wastewater before discharging into the Hudson. At this time, a system of
interceptors and pump stations were constructed to direct the City of Hoboken’s combined wastewater to the
WWTP for treatment. Since the collection system is a Combined Sewer Overflow (CSO) system and the
Adam’s Street WWTP was originally designed to handle dry weather flows (sewer only) and a small portion
of the wet weather (stormwater and sewer) flows, a system of regulators was constructed to convey the excess
stormwater directly into the Hudson River (NHSA Annual Report, 2011). As per the NJPDES Permit No.
NJ0026085, Adams Street WWTP has a permitted plant flow of 20.8 million gallons per day (MGD) with the
design flow for the plant at 24 MGD. The WWTP has a capacity to handle a wet weather flow of 36 MGD at
full operating capacity. Based on discussions with NHSA, the Adams Street WWTP typically gets the following
average dry weather sewer flow distribution -48% from Hoboken, 40% from Union City and 12% from
Weehawken. Monthly average influent flow at Adams Street WWTP varied between 10 and 16 MGD between
2009 and 2013 (NHSA, 2014).
The City of Hoboken’s high percentage of impervious areas combined with increasing frequency of high
intensity rainfall storm events and over a century old collection system poses significant challenges to address
the frequently occurring flash flooding within the City.

As of 2014, the Adams Street WWTP was

overburdened by stormwater flows, on average, five times per month leading to combined sewer overflow
issues. Hurricanes Irene and Sandy worsened the situation due to unprecedented flood levels causing
widespread damage to public infrastructure and private property (Green Infrastructure Strategic Plan, 2014).
The City of Hoboken’s sewer system comprises of multiple sewersheds within the City with interconnections
to allow stormwater flow from one sewershed to another. Increased stormwater flows from one sewershed
might aggravate flooding potential in the downstream / receiving connected sewershed due to undersized
drainage infrastructure already overburdened by the flows from its contributing drainage area. Figure 7-4
shows the major sewersheds within the study area draining into the City’s CSO system. Figure 7-5 shows the
various components of the Combined Sewer System (CSS) systems located within the study area. Gravity
sewer lines capture and route the stormwater runoff and wastewater (dry weather flow from the residential
and commercial facilities within the City) to a system of interceptor pipes, force main pipes and pumps and
finally through an inverted siphon into the Adams Street WWTP.
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Interceptors are gravity sewers that collect wastewater flows from the regulators. Within Hoboken, the South
interceptor conveys flows from drainage areas H1, H2, H3, and H4 to the 5th Street Pump Station and the
North interceptor conveys flows from drainage areas H5, H6, and H7 to the 11th Street Pump Station. The 5th
Street pump station discharges via forces mains and gravity sewer to a chamber adjacent to the 11th Street
pump station, which in turn discharges directly into the same chamber. The outlet from this chamber is a 36inch diameter depressed sewer, or siphon, that conveys the flows to the Adams Street Wastewater Treatment
Plant.
Regulators within Hoboken consist of three sections for influent, diversion, and tide gate. Influent section
includes an influent chamber and conveyance channel. The diversion section consists of overflow weirs or
regulator float gates to ensure dry weather flows are directed into the interceptor and excess wet weather
flows directly into the Hudson River. The tide gate section comprises of screens for debris removal prior to
discharge into the river and tide gates to prevent backflow into the collection system. A schematic depicting
a typical regulator layout can be seen in Figure 7-2(Emnet, 2011).The 5th Street pump station receives
wastewater (wet and dry weather) flows from regulators H1, H2, H3 and H4 in southern two-thirds of
Hoboken. The 11th Street pump station collects flow from H5, H6 and H7 in the northern portion of Hoboken.
Following Hurricane Irene in 2011, a wet weather pump station called as H1 Wet Weather Pump Station
(WWPS) was constructed at the intersection of Observer Highway and Washington Street to pump excess
stormwater overflow from H1 sewershed to the Hudson River. Figure 7-3 shows the schematics of the
conveyance of storm-sewer flows from City of Hoboken into the Adams Street WWTP.

Figure 7-2. Schematics showing Typical Regulator Layout (Source: EmNet, 2011)
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Figure 7-3. Schematics showing Adams Street WWTP Collection System in City of Hoboken
In 2016, NHSA and City Hoboken began construction of the H5 Wet Weather Pump Station at the
intersection of 11th Street and Frank Sinatra Drive North to pump excess stormwater overflow primarily from
the H5 sewershed to the Hudson River. Table 7-1 provides an approximate summary of the various stormsewer components that exist within NHSA’s collection system primarily in the study area.
Table 7-1. Summary of NHSA’s Storm-Sewer System
Feature

Interceptor and Force Mains

Unit
Linear
Feet
Linear
Feet

Regulators

Each

7

Pump Station - Sewage

Each

2

Pump Station - Wet Weather
Combined Sewer Overflow
Outfalls

Each

2

Gravity Sewer Pipes

Each

Quantity
159,754
9,445

9
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Figure 7-4. Sewersheds within Study Area
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Figure 7-5. Existing Drainage Infrastructure within the Study Area

NJDEP | Rebuild by Design – Hudson River Hydrology and Flood Risk Assessment |
Stormwater Modeling Methodology| 101

7.3 Stormwater Model Setup
The main goal of the stormwater model is to identify potential areas subject to flooding under various rainfall
events in the No-Action Alternative (NAA) or the baseline conditions and then use the model to evaluate the
effectiveness of the proposed Delay, Store, Discharge (DSD) components to reduce areas that are flooded in
the NAA conditions. Another goal is to perform interior drainage analysis that follows 44 CFR 65.10
requirements for FEMA levee certification. Dewberry discussed the appropriate interior drainage analysis
methodology with FEMA Region 2. Based on these discussions, the storm-sewer system was analyzed with
two coastal conditions – one with a constant low tide and other with a constant high tide. During a constant
low-tide, all the outfalls are open and can discharge freely into the Hudson River whereas with a constant
high tide condition, all the outfalls are closed and only the pumps can discharge into the Hudson River. This
methodology allows to demonstrate the range of areas subject to flooding under each rainfall event/tide
combination scenario. It is our understanding that the results from this type of analysis can be used to satisfy
the interior drainage requirements for the FEMA levee certification.
An integrated one- and two-dimensional hydrologic and hydraulic model was developed to simulate the
conveyance of rainfall runoff within the City of Hoboken limits. The integrated stormwater and coastal model
was developed using Danish Hydraulic Institute’s (DHI) MIKE URBAN model and MIKE FLOOD module
Version 2014 Service Pack 3. The MIKE URBAN and MIKE FLOOD modules are approved by FEMA to
perform hydrologic and hydraulic analysis of a storm-sewer system.

7.3.1

MIKE URBAN Model and MIKE FLOOD Module Description
MIKE URBAN is a flexible hydrodynamic model to simulate conveyance of collection systems for wastewater
and stormwater using the MOUSE engine. The MOUSE hydrology model utilizes the unit hydrograph method
to calculate the excess rainfall runoff by using U.S. Soil Conservation Service (SCS) curve number and SCS
hydrograph methods. The MOUSE pipe flow hydraulic model solves the complete Saint Venant (dynamic
flow) equations throughout the drainage network (looped and dendritic), which allows to simulate backwater
effects, flow reversal, surcharges in manholes, free surface and pressure flow, tidal outfalls and storage basins.
The MOUSE engine is designed to handle any type of pipe network with alternating free surface and
pressurized flows as well as open channel network and pipes and storage basins of any shape and geometry.
The MIKE URBAN framework provides robust features for modeling pumps, weirs, orifices, inverted
siphons, etc., and was therefore chosen as an appropriate model for use in this study.
The computational scheme uses an implicit, finite-difference numerical solution of the Saint Venant flow
equations which ensure conservation of mass and energy/momentum. The numerical algorithm uses a selfadapting time-step, which provides efficient and accurate solutions in multiple connected branched and
looped pipe networks. This computational scheme is applicable to unsteady flow conditions that commonly
occur in pipes ranging from small-profile collectors for detailed urban drainage, to low-lying, often
pressurized, sewer mains affected by varying outlet water levels. Both sub-critical and super-critical flows are
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treated by means of the same computational scheme that adapts to the local flow conditions. In addition, flow
phenomena including backwater effects and surcharges are precisely simulated.
MIKE FLOOD is a module that integrates the one-dimensional model such as MIKE URBAN with MOUSE
engine with a two dimensional model such as MIKE 21 into a single, dynamically coupled modeling system.
The flow in the subsurface pipe system is simulated using the one-dimensional MIKE URBAN with MOUSE
engine and the overland flow from the surcharged pipe system is simulated using the two-dimensional MIKE
21 overland flow model that represents the topography above the pipe system. The MIKE FLOOD module
allows to simulate the conveyance and surcharge of a storm sewer system under various rainfall/tide
combinations over the actual topography; thus providing a better result visualization of the areas subject to
flooding. Additionally, it provides a more accurate calculation of the interaction of surcharged flows with the
different parts of the drainage system.
It should be noted that MIKE URBAN and MIKE FLOOD model uses SI system units.

7.3.2

Hydrologic Model Setup
Hydrologic analysis was performed using the Unit Hydrograph Method (UHM) method in MIKE URBAN’s
MOUSE runoff module. The hydrologic analysis provides the sewer flow from the buildings and the rainfall
runoff flow volume that enters the NHSA’s storm-sewer network during the rainfall event. The hydrologic
model requires the following input datasets –


Subcatchment drainage areas



Average daily sewer flow



Curve Number (CN)



Time of Concentration



Rainfall depth, duration and distribution

NHSA provided the sewershed drainage areas within the City of Hoboken as shown in Figure 7-4. New
York City Department of Environmental Protection (NYCDEP)’s catchment delineation techniques were
utilized within each of NHSA’s sewershed boundaries as shown in Figure 7-4. Within each sewershed, a
detailed subcatchment delineation was developed using topography, building foot print data, roadway
ROW, and location of drainage infrastructure (pipe, channels, manholes, etc.). Figure 7-6 shows the
individual subcatchments within the entire study area used in the MIKE URBAN model; however a fullscale map showing each subcatchment labeled with identifying ID for the existing conditions (part of
validation simulation) can be found in the Appendix E. Table 7-2 shows the number of subcatchments by
each sewershed identified by NHSA in existing conditions. It should be noted that adjustments were made
to these existing conditions subcatchments in the No-Action Alternative (NAA) and with proposed DSD
alternative scenarios. Hence, the number of catchments will be slightly different in the NAA and the
proposed DSD alternative scenarios.
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Table 7-2. Summary of Modeled Catchments by Sewershed in Existing Conditions
NHSA
Sewershed
Name
14VO

Number of Catchments

Drainage Area (ha)

15

6.0

H1

532

110.5

H2

123

13.2

H3

164

25.5

H4

217

39.4

H5

263

57.9

H6

71

10.6

H7

147

29.6

HSI

16

4.0

NJ Transit

8

16.4

Jersey City

4

158.5

TOTAL

1,560

471.5

Sewer flows from each contributing subcatchment were incorporated into the MIKE URBAN model as
“additional flow” for each modeled scenario. Sewer (dry weather) flows were determined using NYCDEP
Sewer Design Manual (April 2000) methodology. Population density within each subcatchment was
determined using Hoboken Zoning map and NYCDEP zoning criteria. Average domestic sewer flow in
residential areas was assumed to be 150 gallons per capita per day. For commercial, and industrial areas,
average sewage flows of 5,000 and 10,000 gallons per acre per day were assumed, respectively. A peak
factor of 2 was assumed for industrial areas and 1 for the South Waterfront redevelopment plan area. The
following formulas were used to estimate dry weather flow for various types of zones.
𝑔𝑎𝑙
𝑝𝑒𝑟𝑠𝑜𝑛
𝑝𝑒𝑟𝑠𝑜𝑛
𝑃𝑜𝑝. 𝐷𝑒𝑛𝑠𝑖𝑡𝑦 (
) ∗ 𝐴𝑟𝑒𝑎 (𝑎𝑐𝑟𝑒) ∗ 150 (
)
𝑎𝑐𝑟𝑒
𝑑𝑎𝑦
𝐷𝑟𝑦 𝑊𝑒𝑎𝑡ℎ𝑒𝑟 𝐹𝑙𝑜𝑤, 𝑅𝑒𝑠𝑖𝑑𝑒𝑛𝑡𝑖𝑎𝑙 =

7.48 ∗ 86400
𝑔𝑎𝑙
𝐶𝑜𝑚𝑚𝑒𝑟𝑐𝑖𝑎𝑙 ( 𝑎𝑐𝑟𝑒 ) ∗ 𝐴𝑟𝑒𝑎 (𝑎𝑐𝑟𝑒) ∗ 𝐹𝑎𝑐𝑡𝑜𝑟
𝑑𝑎𝑦

𝐷𝑟𝑦 𝑊𝑒𝑎𝑡ℎ𝑒𝑟 𝐹𝑙𝑜𝑤, 𝐶𝑜𝑚𝑚𝑒𝑟𝑐𝑖𝑎𝑙 =

7.48 ∗ 86400

𝑔𝑎𝑙
𝐼𝑛𝑑. 𝑊𝑎𝑠𝑡𝑒 𝐹𝑙𝑜𝑤 ( 𝑎𝑐𝑟𝑒 ) ∗ 𝐴𝑟𝑒𝑎 (𝑎𝑐𝑟𝑒) ∗ 𝐹𝑎𝑐𝑡𝑜𝑟
𝑑𝑎𝑦
𝐷𝑟𝑦 𝑊𝑒𝑎𝑡ℎ𝑒𝑟 𝐹𝑙𝑜𝑤, 𝐼𝑛𝑑𝑢𝑠𝑡𝑟𝑖𝑎𝑙 =

7.48 ∗ 86400
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Figure 7-6. Subcatchments with Study Area’s Sewersheds
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Table 7-3 provides a breakdown of the various zones and the associated dry weather flows within each zone.
GIS techniques were utilized to estimate the areas covered by each zone within NHSA’s major sewersheds.
Further analysis allowed to estimate the average daily sewer flow within each major sewershed.
Additionally, since the zoning districts within the study area also included portions of the Hudson River,
the dry weather flows were adjusted for each sewershed to deduct these areas. See Figure 7-7 which shows
the zoning overlaid on the sewersheds. These adjustments resulted in a reduction of the total dry weather
flow from 9.83 MGD to 7.2 MGD. The average daily sewer flow were then distributed for each subcatchment
based on their area within each sewershed. Detailed dry weather flow calculations are included in Appendix
F.

Table 7-3. Dry Weather Flows for each Zone within City of Hoboken

Zone

Type
(per Hoboken Zoning
Map)

**Assumed
NYCDEP
Zoning

Pop. Density
(persons/acre)

Area
(acres)

Factor

Avg.
Flow
(cfs)

Flow
(mgd)

R-1

Residential - Conservation

R1-1

15

224

N/A

0.78

0.50

R-2

Residential - Stabilization

R2

35

132

N/A

1.07

0.69

R-3

Residential - Revitalization

R3

50

110

N/A

1.28

0.83

I-1

Industrial District

M1-2

N/A

125

2

3.87

2.50

I-2

Mixed Use

M1-2

N/A

70

2

2.17

1.40

I-1 (W)
W
(RDV)

Waterfront Sub-District
South Waterfront Redev
Plan

M1-2

N/A

147

2

4.55

2.94

C8-1

N/A

113

1

0.87

0.57

CBD

Central Business District

C7

N/A

40

2

0.62

0.40

Total =

9.83

Total =

961

**Based on NYCDEP Sewer Design Manual, revised April 2000
The UHM method was chosen to simulate runoff from single storm events from the various subcatchments,
by calculating the excess rainfall (precipitation), using the SCS curve number method for quantifying
infiltration losses. Excess rainfall was routed by the UHM method using SCS dimensionless unit
hydrographs corresponding to the total rainfall depth (inches) / intensity (mm/hr) for each modeled event.
Precipitation time series based on rainfall intensity was input into the model, and the model calculates the
rain intensity for each time step. Runoff computation considers all hydrological losses and composite runoff
hydrographs for each subcatchment are routed to the nearest receiving manhole through catchment
connections defined within the model based on data from NHSA.
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Figure 7-7. Map Overlaying Zoning Districts and Sewersheds
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USDA’s Natural Resources Conservation Service (NRCS) Technical Release 55 (TR-55) was utilized to
develop curve numbers (CN) for various land use and soils combinations. Curve numbers in the existing
conditions varied from 48 to 88 after extensive optimization of hydrologic parameters and sewershed runoff
flows. Landuse and soils data was used to assign appropriate curve numbers for each subcatchment. Table

7-4 provides a summary of the land use characteristics within the study area and Figure 7-8 and Figure 7-9
show the spatial distribution of the land use and soils data. It should be noted that the soil data obtained
from USDA’s SSURGO database did not assign a hydrologic group the high urbanized City of Hoboken area.
Time of concentration was determined using CN lag method for each sewershed, with a minimum lag time
of 5 minutes used wherever calculated lag times were less than 5 minutes. Due to the highly urbanized
nature of the study area, runoff conditions would likely induce sheet flow therefore lag times in general vary
from 5 minutes to 15 minutes. The sole exception is a lag time of 1.5 hours used to approximate the Jersey
City network flows. Hydrologic parameters (area, CN, and times of concentration) for the individual
subcatchments in each modeled scenario are included in Appendix G.

Table 7-4. Land Use Characteristics in the Study Area
No

Area (Hectares)

% Of Total Area

1

Artificial Lakes

Landuse Classification

0.29

0.06%

2

Athletic Fields (Schools)

4.56

0.96%

3

Commercial/Services

72.70

15.34%

4

Deciduous Brush/Shrubland

2.97

0.63%

5

Deciduous Forest (10-50% Crown Closure)

7.86

1.66%

6

Industrial

23.47

4.95%

7

Mixed Urban Or Built-Up Land

27.57

5.82%

8

Old Field (< 25% Brush Covered)

0.07

0.02%

9

Other Urban Or Built-Up Land

17.51

3.69%

10

Railroads

11.23

2.37%

11

Recreational Land

17.28

3.65%

12

Residential, High Density Or Multiple Dwelling

268.44

56.66%

13

Stormwater Basin

1.65

0.35%

14

Tidal Rivers, Inland Bays, And Other Tidal Waters

0.01

0.00%

15

Transitional Areas

1.74

0.37%

16

Transportation/Communication/Utilities
TOTAL AREA (HECTARES)

16.46

3.47%

473.82

100.00%
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Figure 7-8. Land Use and Land Cover over the Model Area
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Figure 7-9. Soils Classification over the Model Area
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Figure 7-10. Impervious Area over the Model Area (from USGS NLCD 2011 Landcover data)
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The rainfall depths with return periods corresponding to the 5-, 10-, 25-, 50- and 100- year recurrence
intervals were obtained from NOAA Atlas 14 as shown in Table 7-5. The SCS Type III rainfall distribution
which is applicable for the State of New Jersey was used to develop rainfall depth distribution using the 24
hour rainfall depths from NOAA Atlas 14. Table 7-5 and Table 7-6 shows the 24 hour rainfall depth for
various rainfall return period and rainfall distribution, respectively. Figure 7-11 shows the 24 hour rainfall
distribution graph used to simulate hydrologic conditions for various rainfall return period events in the
MIKE URBAN model.
Table 7-5. 24-hour Rainfall Depths from NOAA Atlas 14
Return

Rainfall Depth

Rainfall Depth

Max. Intensity

Period

(mm.)

(inches)

(mm/hr)

5 year

106.68

4.2

26.78

10 year

125.98

5.0

31.62

25 year

154.94

6.1

38.89

50 year

179.58

7.1

45.07

100 year

206.50

8.1

51.83

Table 7-6. SCS Type III Rainfall Distribution Table for various Rainfall Return Periods

Duration (hours)

5 Year

Rainfall Intensity (mm/hr)
10 Year
25 Year
50 Year

100 Year

0

0

0

0

0

0

1

1.07

1.26

1.55

1.80

2.07

2

1.07

1.26

1.55

1.80

2.07

3

1.28

1.51

1.86

2.15

2.48

4

1.17

1.39

1.70

1.98

2.27

5

1.60

1.89

2.32

2.69

3.10

6

1.49

1.76

2.17

2.51

2.89

7

1.81

2.14

2.63

3.05

3.51

8

2.77

3.28

4.03

4.67

5.37

9

3.52

4.16

5.11

5.93

6.81

10

4.37

5.17

6.35

7.36

8.47

11

6.51

7.69

9.45

10.95

12.60

12

26.67

31.50

38.74

44.89

51.63

13

26.78

31.62

38.89

45.07

51.83

14

6.40

7.56

9.30

10.77

12.39

15

4.05

4.79

5.89

6.82

7.85

16

3.95

4.66

5.73

6.64

7.64

17

1.92

2.27

2.79

3.23

3.72

18

1.92

2.27

2.79

3.23

3.72
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Duration (hours)

5 Year

Rainfall Intensity (mm/hr)
10 Year
25 Year
50 Year

100 Year

19

1.81

2.14

2.63

3.05

3.51

20

1.92

2.27

2.79

3.23

3.72

21

1.28

1.51

1.86

2.15

2.48

22

1.07

1.26

1.55

1.80

2.07

23

1.07

1.26

1.55

1.80

2.07

24

1.17

1.39

1.70

1.98

2.27

106.68

125.98

154.94

179.58

206.50

Total Rainfall (mm)

Figure 7-11. 24 Hour Rainfall Distribution Graph for the Modeled Storm Events
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7.3.3

Hydraulic Model Setup
The MIKE URBAN model’s MOUSE engine was utilized to develop the storm-sewer collection system
network to simulate the conveyance of sewer and rainfall runoff flows within the City of Hoboken. NHSA
provided their best-available data on their collection system either in the form of GIS datasets, reports and
conceptual level hydraulic model for Adams Street WWTP. However, NHSA did not have any datasets such
as water levels and flow measurements taken during various rainfall induced flooding events. Additionally,
NJ Transit provided data on the drainage canal adjacent to the Hudson Bergen Light Rail (HBLR) system.
The MIKE URBAN requires the following inputs to represent the collection system network –


Location of manholes (X and Y coordinates), invert and overt elevations and their sizes



Location of pipes (X and Y coordinates), size of pipes, material of pipe, connections to appropriate
manholes, and invert elevations



Cross-section of channels/canals that include the shape of channel/canal



Location of regulators (X and Y coordinates) and configuration of regulators including inverts and
weir elevations



Location of pumps (X and Y coordinates), pump curves and trigger elevations



Location of outfalls (X and Y coordinates) and invert elevations

The NHSA and NJ Transit’s dataset consisting of pipes, manholes, channels, regulators, outfalls and pumps
were imported into MIKE URBAN model to develop the conveyance network system within the City of
Hoboken. The hydraulic model development steps included definition of network data, specification of tidal
boundary conditions, adjustment of computation parameters through a validation process, and results
analysis. Hydraulic elements incorporated into the model include nodes (manholes), structures (storage
basins for large sized manholes, rain gardens, etc.), pipes, open channels, weirs, orifices, and pumps.
Wet weather stormwater flows and dry weather sewer flows were routed to the nearest manhole, and
conveyed through gravity sewer flow pipes to the interceptor line through the system of regulators, forced
main, and siphon that would discharge into Adams Street WWTP and the outfalls. During the data analysis
process, several gaps and shortcomings in NHSA’s datasets were identified. In addition to missing invert
elevations for several manholes and pipes, at several locations, there were major inconsistencies between
the sewer manhole and pipe invert elevations. There were also challenges where data was available; for
instance, even when all inverts were known for a set a pipes, the slope was frequently adverse to the
intended direction of flow. Dewberry brought these issues to NHSA’s attention and they agreed that some
of their sewers within the system are back pitched. After a thorough and detailed review of the data, the
following assumptions were made to fill-in the data gaps in NHSA’s storm-sewer data that would allow to
evaluate the hydraulic conditions at a feasibility level:


Runoff was routed directly to the manholes so that catch basins (inlets) were not imported into the
model
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Use only current, active, and verified pipes and manholes data from NHSA dataset



Where hydraulically defendable, remove redundant manholes retaining the pipe slope based on valid
upstream and downstream manhole inverts



Follow topography and vicinity drainage patterns to connect subcatchments to receiving
manholes/pipes



Manhole diameter size of 1 meter

NHSA’s conceptual facility planning level Infoworks model for Adams Street WWTP was utilized to obtain
inverts for the outfalls, pump station curves and regulator information. Weirs were modeled using weir
type, crest level, crest width, orientation and water level based functional relations connecting two nodes.
Orifices were modeled as devices connecting two nodes using orifice type, discharge coefficient and control
rules. At the regulator locations, gates within a weir or an orifice were incorporated into the model. The gate
starts closing from the top of the orifice downwards until the gate is completely closed once the trigger water
level is achieved during the simulation. The weir moves upwards from the bottom of the orifice and closes
completely when the weir crest reaches the top of the orifice opening. Figure 7-12 shows an example of how
the regulators were set up in MIKE Urban.

Figure 7-12. Example of a Regulator in MIKE Urban

NJDEP | Rebuild by Design – Hudson River Hydrology and Flood Risk Assessment |
Stormwater Modeling Methodology| 115

Using the above stated assumptions and model development methodology, a collection system model was
developed to simulate the conveyance of sewer and rainfall runoff within City of Hoboken as shown in
Figure 7-13. Refer to Appendix H for large scale maps of the model hydraulic network. Table 7-7 shows the
various types of pipes within the model domain and the associated Manning’s “n” and “M” roughness
coefficients. At all of the outfalls, a loss coefficient (Km) value of 0.25 was specified in the MIKE URBAN
model.
Table 7-7. Pipe Material and Roughness Coefficients
Pipe Material

Manning’s n

Manning’s M

Concrete

0.0150

66.7

Brick

0.0160

62.5

Cast Iron

0.0130

76.9

Ductile Iron

0.0130

76.9

Reinforced Concrete

0.0150

66.7

Vitrified Clay

0.0130

76.9

A rainfall – tide correlation analysis was performed and is included in Appendix I. According to Section 3.2
in Hydrologic Analysis of Interior Areas, USACE EM 1110-2-1413 (15 January 1987), a joint probability type
analysis is probably not applicable for areas served by CSO systems like in the City of Hoboken. Dewberry
discussed the appropriate interior drainage analysis methodology with FEMA and concluded to simulate
the storm-sewer system with two conditions – average low tide and average high conditions – in the Hudson
River. The observed tidal data at Battery gage was evalutaed to obtain average low and high tide values of 1.05 meters and 0.95 meters (NAVD datum) to be used as boundary conditions at the outfalls for each
rainfall recurrence storm event.
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Figure 7-13. Hydraulic Model Network Key Plan (Hurricane Irene Conditions)
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7.3.4

Integrated Stormwater and Coastal Model Setup
A two-dimensional MIKE 21’s rectilinear model mesh that represent the overland topography over the
collection system network was developed using MIKE URBAN flood model. The MIKE 21 model mesh
simulates overland flow from surcharged manholes (nodes) in the MIKE URBAN model. A 3 meter
resolution post Sandy LiDAR topography was used to create a rectilinear fixed mesh. The mesh cell size of
4 meter that was optimized through an iterative process to ensure accuracy and efficiency in the model
simulations. Through an iterative process, approximately 200 manholes (nodes) that are typically
surcharged for various rainfall return period events were connected to the two-dimensional model mesh
via standard link option in the MIKE FLOOD module. A constant Manning’s M of 40 (Manning’s n of 0.025)
was assigned to reflect the bed roughness for the street which would be subject to overland flooding.
Additional parameters included drying and flooding depths of 0.002m and 0.003m, respectively.

Figure 7-14 and Figure 7-15 shows the two-dimensional MIKE 21 rectilinear model mesh and the resultant
topographic mesh with all of the nodes that were coupled from the MIKE URBAN’s hydraulic model to the
two-dimensional overland topography mesh, respectively. Full-scale maps showing the coupled nodes with
the MIKE Urban pipe network can be found in Appendix H. Table 7-8 summarizes the typical model
simulation parameters used to simulate the integrated stormwater and coastal model within the MIKE
FLOOD module.
Table 7-8. Model Setup Parameters
Parameter
Simulation time step
Duration of simulation

Values
0.75 seconds
24 hours

First, hydrologic conditions were simulated to generate a runoff output file with the flow volumes for each
subcatchment. This runoff file is dynamically linked to the collection systems model in MIKE URBAN which
takes the flows from the runoff from each subcatchment and routes it through the storm-sewer system. All
the outfalls have a constant tide elevation to reflect the coastal conditions either as a low tide or high tide
condition. During the entire model simulation duration, if a manhole is surcharged and is connected to the
two-dimensional MIKE 21 overland flow mesh, then the runoff volume from this surcharged manhole flows
overland onto an area that can temporarily store this surcharged runoff volume.
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Figure 7-14. Map showing the Overall and Zoomed in MIKE 21’s 2-D Overland Flow Model Mesh
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Figure 7-15. MIKE URBAN 2D Topography and Coupled Nodes
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7.3.5

Model Simulation Scenarios
The No-Action Alternative (NAA) scenario with the on-going or completed stormwater management
projects were developed using data provided by City of Hoboken and NHSA. As part of Task 5-Feasibility
Assessment, various components for the “Delay, Store, Discharge” (DSD) alternative were developed. A
description of the NAA and DSD alternative is provided in Section 9 of this report. Prior to evaluating the
NAA scenario, the integrated stormwater and coastal model was validated using the observed datasets from
the 2011 Hurricane Irene storm. Details regarding the model validation scenario is provided in Section 8 of
this report. As stated previously, the effectiveness of the storm-sewer system was evaluated for various
rainfall events/tide combinations. Table 7-9 provides a list of twenty (20) integrated stormwater and coastal
model scenarios that were simulated using the MIKE URBAN and MIKE FLOOD modules.
Table 7-9. Integrated Stormwater and Coastal Model Simulation Scenarios
Model

Scenario Conditions

Rainfall Event

Tide Conditions

Model Validation

Hurricane Irene Rainfall

Boundary at Battery during

Scenario No.
1

Hurricane Irene
2

No-Action

Alternative

5-year, 24-hour duration

Low Tide in Hudson River

Alternative

5-year, 24-hour duration

High Tide in Hudson River

Alternative

10-year, 24-hour duration

Low Tide in Hudson River

Alternative

10-year, 24-hour duration

High Tide in Hudson River

Alternative

25-year, 24-hour duration

Low Tide in Hudson River

Alternative

25-year, 24-hour duration

High Tide in Hudson River

Alternative

50-year, 24-hour duration

Low Tide in Hudson River

Alternative

50-year, 24-hour duration

High Tide in Hudson River

Alternative

100-year, 24-hour duration

Low Tide in Hudson River

Alternative

100-year, 24-hour duration

High Tide in Hudson River

(NAA)
3

No-Action
(NAA)

4

No-Action
(NAA)

5

No-Action
(NAA)

6

No-Action
(NAA)

7

No-Action
(NAA)

8

No-Action
(NAA)

9

No-Action
(NAA)

10

No-Action
(NAA)

11

No-Action
(NAA)
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Model

Scenario Conditions

Rainfall Event

Tide Conditions

Delay, Store, Discharge

5-year, 24-hour duration

Low Tide in Hudson River

5-year, 24-hour duration

High Tide in Hudson River

10-year, 24-hour duration

Low Tide in Hudson River

10-year, 24-hour duration

High Tide in Hudson River

25-year, 24-hour duration

Low Tide in Hudson River

25-year, 24-hour duration

High Tide in Hudson River

50-year, 24-hour duration

Low Tide in Hudson River

50-year, 24-hour duration

High Tide in Hudson River

100-year, 24-hour duration

Low Tide in Hudson River

Scenario No.
12

Alternative (DSD)
13

Delay, Store, Discharge
Alternative (DSD)

14

Delay, Store, Discharge
Alternative (DSD)

15

Delay, Store, Discharge
Alternative (DSD)

16

Delay, Store, Discharge
Alternative (DSD)

17

Delay, Store, Discharge
Alternative (DSD)

18

Delay, Store, Discharge
Alternative (DSD)

19

Delay, Store, Discharge
Alternative (DSD)

20

Delay, Store, Discharge
Alternative (DSD)

The maximum flood inundation areas for each of the NAA and DSD alternative was extracted from each
integrated model simulations. These flood inundation areas were analyzed using GIS techniques to evaluate
the effectiveness of the proposed DSD alternative over the NAA scenarios. Section 9 of this report provides
details on the NAA and DSD alternatives.
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