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1 INTRODUCTION

The Hydrology and Hydraulic& ppendixpresents the supporting technical informatised in
updating the authorized design of features of the Passaic River, New Jersey, Tidal Flood Risk
Management Project presented in the General Reevaluation Report (GRR) as well as the
TentativelySelected Pla(TSP) the Locally Preferred Plan (LPP).&New York District Corps

of Engineers (NYD) produced a Draft General Design Memorandum (GDM) in 1995 and the
first phase of a GRR for the entire Passaic River Watershed in 2013, both of which identified
hurricane/storm surge/tidal protection to help manidgpd risks in portions of Harrison, Kearny
and Newark, New Jersey. The three fAtidal o 1| e
from the Main Passaic Watershed GRR and have been identified for separate funding and
analysis as part of a serie$ Authorized But Unconstructed (ABU) Hurricane Samdiated
projects. The Harrison, Kearny and Newark tidal levees were analyzed at a GRR level of study
making full use of the data acquired in 1995 and 2013, as well as the latest hydrologic, hydraulic,
topographic and structural information.

The ABU Hurricane Sandselated project was evaluated by comparing design heights to each
other at a preliminary level of detail to compare costs and benefits to determine the optimum
design height. The alternatvenalyzed included the 1995 draft GDM elevation ames of
protection (LOP)with crest elevations 2 and 4 feet above the GDM elevation, as well as a
smaller plan set back from the shoreline that provided flood risk management for the interior of
the City of Newark. Preliminary typical levee and floodwall crsgstions were developed to
estimate comparative quantities and costs.

After consideration of the potential Hazardous, Toxic, and Radioactive Waste (HTRW) impacts,
potential environmental impactgnd the challenges associated with floodwall construction
adjacent to several Superfund sites, the New Jersey Department of Environmental Protection
(NJDEP),thenoifr e d er al partner, selected a smaller al
as the LPPwhich includes floodwall segments set back from the coastline.

This appendix provides the detailed cost estimate foif 8@, theLPP. The plan will provide
flood risk management along portions of the Passaic River, and includes parts of Newark Bay in
New Jersey.

A general project location map of the Passaic River Tidal Project Area (the ABU Project) is
provided in Figure 1, which shows the 1995 line of protection alignment. The LPP is shown in
Figure 2.

Draft GRR i September, 2017 F-1
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e

Figure 1: PassaicRiver Tidal Project Area i 1995 GDM Alignment

O

Legend

w— Nerwark Flanking and Minish

Figure 2: Passaic River Tidal Project, Locally Preferred Plan

Draft GRR i September, 2017 F-2
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1.1 Storm Frequency

The probability of exceedance describes the likelihood of a spefiied or storm evenbeing
exceeded in a given year. There are several ways to expeessinual chance of exceedance
(ACE) or annual exceedance probabiliithe ACE is expressed aspercenage An event
having aonein 100 chance of occurring in anygle year wuld bedescribed as thene percent
ACE event. This is the current accepted scientific terminology for expressing chance of
exceedance. The annual recurrence intergalreturn periodhas historically been useoly
engineerdo express probality of exceedancefor this document, due to the incorporation of
historic information, both references may be udedamples of equivalent expressions for
exceedance probability for a rangeAdEEsare provided in Tablg.

Table 1: Annual Chance of Exceedance

ACE ACE Annual
(as percent) | (as probability) Recurrence

Interval

50% 0.5 2-year

20% 0.2 5-year
10% 0.1 10-year
5% 0.05 20-year
2% 0.02 50-year
1% 0.01 100year
0.5% 0.005 200-year
0.2% 0.002 500-year

1.2 Survey andDatum

The latest topographic data was collected following the impact of Hurricane Sandy in 2012 and
is based on Light Detection and Ranging (LIDAR) data. Previous analyses and designs are based
on the National Geodetic Vertical Datum of 1929. The converfsictor from Ntional Geodetic

Vertical Datum (NGVD)o North American Vertical DatumNAVD) is approximatelyl.1 feet;
therefore, the 1995 GDM design elevation of 14.9 feet NGV& converted to 13.8 feet
NAVD. For ease in analysis, computation and uksions, the 1995 GDM design elevation is
rounded to 14 feet NAVD.

2 PROJECT PURPOSE

The purpose of thBassaidiver, New Jerseylidal GRR is to document the development of the
updatedcost estimates plan formulation and environmental impacts of theltmtation for the
Passaic River Flood Risk Management Project and determine if storm risk management in the
study area is still in thiederal interest.

Draft GRR i September, 2017 F-3
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3 PROJECT HISTORY

Flooding in the Passaic River Basin has been studied extensively over the past century at both
the state andfederal level. The State of Newerdey has produced numerous documents
containing a variety of recommendatsedvancing flood storage as key tdvaag the problem

in the Passai®iver Basin None of the local solutions were implemented upstream such that
would reduce storm surge flooding in the tidal portion of the basin.

In 1936,NYD first became involved in the basin flood control planning effisra direct result

of the passage of the Flood Control Acts. Since that thd) has issued reports containing
recommendations eight times since 1939, the latest being 1995. Due to the lack of widespread
public support, none of the basinde plans weredmplemented. Opposition was based on
concerns of municipalities and various other interests throughout the basin.

The | atest Feasi biifiGenergl DeRignpMemdrandwma, $lootll Prbtécson
Feasibility Mai n St em Pas gl was th® basig for, projpat ¢ e mb e
authorization. This project at the time inclddesystem of levees and floodwalls with associated

closure structures, interior drainage and pump stations within the tidal portion of the Passaic
River Basin.

Since authorizaton t he pl anning and design efforts we]l
ADraft Gener al Design Memorandum (DGDM), Pass
Main Report and Supplement 1 to the Environmental Impact Statement, September 1995, and
associatd appendices. 0 These efforts affirmed tha
for the Passaic River Basin based on the problems, needdaanthgand design criteria dhe

time.

Since 1996, the State has requested XD proceed with threelemens of the Passaic River

Basin project: the preservation of natural storage, the Joseph G. Minish Waterfront Park, and the
Harrison portion of the tidal project area. In 2007, NYD prepared a draft Limited Reevaluation
Report to reaffirnfederal interesin construction of the tidal portion in Harrison.

Following the impact of Hurricane Sandy on the region in 2012, the NYD initiated a general
reevaluation of the entire Passaic River Basin project to reaffirm project viability and move to
construction. Da to the lapse of time since the last study and the current emphasis on design
resiliency when considering sea level change, the project was evaluated at the design height and
two additional design heights of +2 feet and +4 feet. Due to potential challenggented by

HTRW and Superfund site proximity to the authorized alignment, an additional alternative, the
smaller Flanking Plan, was also considered.

Draft GRR i September, 2017 F-4
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4 TENTATIVELY SELECTED PLAN

The Passaic TidalentativelySelected Plan is the LPP and consistsafcrete floodwalls and
gates along three reaches as described below. The design elevation is 14 feeb&s®ddn
the limits of high ground which will prevent flankinghe typical ground elevation is 6 to 10 feet
NAVD. For areas with a wall height of dio feet or less, the wall is a concretedll; for areas
where the wall is greater than four feet, the wall is asilgported, concrete-wall. The project
reaches are shown in Figure 3.

gy / Ay, |

: v
Southwest /c s/ &

Legend

s Newark Flanking and Minish

Sovrax Sl Eps,ﬁ?‘(si:.
a0, ot e &S Unar C

Figure 3: Passaic Tidal Project Reaches
4.1 Southwest Reach

The Southwest Reach alignment consists of two wall and gate segments that cut off flanking of
the South Ironbound area of Newark by flood surge entering the Perimeter Ditch around Newark
Liberty International Airport.

Segment 1: 290 lineafeet (LF) of floodwall with two closure gates: a 65 LF gate across
Frelinghuysen Avenue and a 45 LF gate across East Peddie Street. Both gates would be

Draft GRR i September, 2017 F-5
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approximately 4.0 feet high. The floodwall height would range from approximately 2.6 to 4.0
feet.

Segment 2: 705 LF of floodwall located between McCarter Highway and Frelinghuysen Avenue,
north of East Peddie Street. This segment includes five closure gates, totaling 190 LF to allow
passage along the numerous railroad tracks at this location. Floamdajhate height along this
segment would vary from 4.8 to 8.2 feet.

4.2 1-95 Reach
The 95 Reach includes three wall segments:

Segment 3: 139 LF of floodwall with a tide gate across an unnamed tidal creek just east of the
New Jersey Turnpike. The floodwalkight of this segment will be a maximum of 9.4 feet. The
wall includes an outfall with a backflow prevention device.

Segment 4: 180 LF of floodwall acroBglang Street just east of the New Jersey Turnpike. The
closure gate acrosBelang Street wouldbe approximately 60 LF and the floodwall height
would range from approximately 4.1 to 4.8 feet.

Segment 5: 226 LF of floodwall across Wilson Avenue just east of the New Jersey Turnpike.
The closure gate across Wilson Ave would be approximately 60 LFhanflobdwall height
would range from approximately 3.1 to 3.2 feet.

4.3 Minish Park Reach

The Minish Park Reach alignment includes one segment at Minish Park and one at Newark Penn
Station:

Segment 6: 204 LF of floodwall along Edison Place and across Negy Radroad Avenue at
Edison Place. The closure gate across NJRR Avenue would be approximately 24 LF and the
height of the floodwall would range from approximately 0.9 to 3.1 feet.

Segment 8: 297 LF of floodwall along the side of the off ramp from RayrBtrdito Jackson
Street. This segment boarders the sidewalk adjacent to Riverfront Park and would have a height
ranging from approximately 1.3 to 3.4 feet.

The total LPP alignment length is approximately 2,040 LF feet and includes 8 closure gates and
a tidal culvert. Interior drainage features have not yet been identified.

Flood Risk Management

The TSP provide flood risk management for the interior of the City of Newark up to a design
elevation of 14 feet NAVD. The 14 feet NAVD floodplain is shown in Fegdir Figure 5 depicts
the with-project 14 feet NAVD floodplain.

Draft GRR i September, 2017 F-6
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Figure 4: 14 feet NAVD Existing Floodplain

Draft GRR i September, 2017 F-7
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Protected’Area

(Note: Residual ponding not shown)

Legend

- Flood Wall Segments
14-Feet NAVD Floodplain

1,500 3,000

Figure 5: 14 feet NAVD With-Project Floodplain
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5 PASSAIC RIVER AND NEWARK BAY STILLWATER

The Projectis located near the mouth of the Passaic Rawvel Hackensack Riveand includes
parts of Newark Bay in New Jersey. Stillwater Elevation daetae obtained from the recent
North Atlantic Comprehensive Coastal StudyA@LCS) coastal surgamodel.

The NACCS model, finalized in 2018pmputel the coastal storm hazard for the east coast
region from Maine to Virginia as a primary requirement tfie NACCSproject performance
evaluation. The primary focus was storm winds, @ves and water levels along the coast for
both tropical and extratropical stosmThe method for computing winds, waves and water levels
was to apply a suite of higHidelity numerical models within the Coastal Storm Modeling
System. The storns usedin the model included ovet,000 synthetic tropical eventsnd 100
extratropical events computed at otkree million computational locationsThe water levels
weremodeledto include theeffects of storm surge, wavemdtides. The NACCS modedffort
Executive Summary is provided in Attachment 1. The model informatidessribed inmore
detail inReference 1.

TheNACCS stageversusfrequency curve for the Passdiiclal project area is shown in Table 2

Table 2: NACCS SWEL Stage versus Frequency

Annual
Recurrence ACE SWEL
Interval (probability) | (fed NAVD)
(frequency)
2-yea 0.5 5.8
5yea 0.2 7.0
10-yea 0.1 7.9
20yea 0.05 8.9
50-yea 0.02 104
100yea 0.01 11.8
200yea 0.005 13.2
500yea 0.002 14.8

6 INLAND STILLWATER LEVELS

Review of the 1995 GDM revealed that inland flooding, particularly flanking odligamentin
the vicinity of Newark Liberty Airport (EWR) may not have bemraluated However, closer
review of the latest topographic mapping, @asurge mapping, anéederal Flood Insurance
Administration (FEMA) preliminary flood mapping for Essex County, New JefReference 2)
indicated that in the event of a large storm surge that flanking was lk&Ilghown in Figure,
the tidal surge fronHurricane Sandy inundatgparts of the Southronbound area of Newark via
EWR.This is consistent with the FEMA preliminary flood mapping, shown in Figure

Draft GRR i September, 2017 F-9
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South Ironbound

s
B Sandy/Surge Boundary

05
1

Figure 6: Sandy Surgei South Ironbound Area

. i

[/ | (e e s & o (EL.8 5

Figure 7: South Ironbound 1%/0.2% ACE Flooding (FEMA)
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In order to assess the potential impacts of flanking, accurate inland flood elevations were
necessaryThe NACCS flood elevations are slightly higher than the FEMA flood elevations
developed in 2013 faxewark Bay less than onéoot difference at major event legehs shown

in Table 3). However because the NACCS model did not include propagation of the surge
inland, the FEMA model ia betterepresentation of the inland surgevaliions.The FEMAstill

water elevationn South Ironbound is lower buhore accurately reflects potential flood risk for

the area and allogdfor a more accurate analysis of potential flood risk management measures.

Table 3: NACCS/FEMA StageversusFrequency Comparison

Annual
Recurrence ACE MAETE FEMA o
Interval (probability) U (feet NAVD) BB e
(feet NAVD) (feet NAVD)
(frequency)
2-yea 0.5 5.8 3.8 2.7
5-yea 0.2 7.0 55 4.2
10yea 0.1 7.9 6.9 5.3
20yea 0.05 8.9 8.4W 6.4
50-yea 0.02 10.4 9.6 7.9
100yea 0.01 11.8 10.8 9.1
200yea 0.005 13.2 12.7@ 10.3
500yea 0.002 14.8 14.0 11.8
Notes:
@ FEMA 25-year
2) FEMA 250-year

ERDC has been tasked with evaluating the propagation of the stage depicted in the
NACCS costal model across Newark Liberty International Airport to the Southwest Reach area
and inland to the-85 Reach to help to further refine the design height and potential project
benefits. The analysis is currently underway.

7 WAVES AND OVERTOPPING

The study area is the shoreline along the Passaic River as it converges with the Hackensack
River and flows into Newark Bay, in addition to a section of the shoreline of the Hackensack
River at the same confluence. This area occupiets @f Hudson and Essewunties in New
Jersey.The 1995 and 2013 studies did not consider wave runup or wave overtopping. Wave
runup refers to the height above tWéSEL reached by the swash. Runup is a complex
phenomenon known to depend on the incideawevconditions (height, period, steepness,
direction), and the nature of the bedewveeor wall being run upi(e., slope, reflectivity, height,
permeability, roughness). Wave overtopping refers to the volumetric rate at which runup flows
over the top ocrest of a slope the beach, levee, or vertical wall.
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If not accounted for in the design, wave runup and overtopping may result in levee slope erosion
and possibldevee/wallfailure. Levees are often designed to limit wave overtopping below a
certain wae overtopping threshold.

The project coastline was segmented into 13 parts according to aligrandrfetch exposure

and the segments are labeled in Fig8reLevee/floodwall segments 10, 11, and 12 have
exposures to the long fetches across Newark Bagl, are assumed to be most susceptible to
runup and overtopping due to waves. The most rigorous analyses, which include runup and
overtopping, were performed on Segments 10, 11, and 12; representative upstream segments
underwent a cursory analysis that yomonsidered overtoppinglhe runup and overtopping
analysis includeteveesas they were part of the 1988gnment however, levees were removed

from the design following the geotechnical analysis. The discussion of levee runup and
overtopping is includd here for completeness.
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7.1 Methods

Runup and overtopping were computed along Segments 10, 11, and 12 at-tH20@0@&nd
500year recurrence inten&lThe entire system is subject to storm surge and waves larger than
1.5 feetincluding both the Passaic River (Segmentsthtough 9) and Hackensack River
(Segment 13) during extreme events. However, only overtopping analyses were performed for

Draft GRR i September, 2017 F-12
Appendix F T Hydrology and Hydraulics



Passaic River Tidal, New Jersey, General Reevaluation Report

representate upstream Segments 7 and 13. Storm surge elevations and wave parameters were
calculated for the entire study area, and are repbetkxv.

7.1.1 Storm Surge Water Surface Elevations

The United States Army Corps of Engineet$SACE) NACCS data provided the basis for the
peak storm surge elevations at thel®, 20, 50, 100, 200, and 500year recurrence intervals.
The NACCS data points in the study amare extracted from the modebnverted to NAVD
using USACE conversion famts, and extrapolated across the width of the local water body to
create a continuous storm surge surface for each recuirgaonal. Figure hows the NACCS
data points along with the 18@ar surge raster surface covering the study area.
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Figure 9: NACCS Data Points in the

n

Study Area ad Raster Surface (18fea SWEL)

7.1.2 Storm Surge Hydrograph

In order to facilitate future volumetric overtopping calculations, a time series of stornvasge
createdfor the study area. Based project experience in nearby arete create storm surge
hydrograph assued an extratropical storm. Tropical storms do impact the area, but are less
common and typically less severe than extratropida® peak of the hydrograph is normalized,

Draft GRR i September, 2017 F-13
Appendix F T Hydrology and Hydraulics




Passaic River Tidal, New Jersey, General Reevaluation Report

so the main effect of this choice is to increase the event duration, as extratropical storms
typically last longer. The extended duration of extratropical storms also makes them more
conservative for most computations.

The method of creating a hydrograph is takem Ayres et al. Reference B
YO Y p Q (1)

Where:

S = storm surge elevation at tintdfed]

S = peak storm surge elevation at tiln§f ed]

D = R/f= half the storm duration, furs]

Where R = tropical storm radius of maximum wind,dutical miles] and f = tropical
storm forwardspeed [knots]. See the following paragraph for information on how this parameter
was adapted for use in generating an extratropical surge hydrograph.

t = time [hourg]
to = time of landfall and peak surgeojirs]

The approach described in the Ayres et al. document is designed for hurricane or tropical storm
surges, given that it relies on a storm radius and forward speed, but it can be used to simulate
extratropical grges as well. Because extratropical storms do not share the same organizational
characteristics with tropical storms, the hydrograph cannot be created parametrically. Rather, we
use the provided formula to define the shape of the hydrograph, and tunilttindy altering

the D parameter using historical storm data observed near the study site.

The nearesiNational Oceanic and Atmospheric AdministratiddO(AA) tide gaugeto the study

site is the Bergen Point West ReacévNY ork gauge number 8519483. Thgaugesite is at the

southern end of Newark Bawhich is proximal to the confluence of the Hagkack and Passaic

Rivers, and s proxinmal to the coast, which ensures the gagk mecord coastal storm surge,

while the study area is at the northern end of the bay. Monthly water level maxima dauties

historical record revealed a number of high surge events, and both predicted and observed data
were downloadedargeting the highest events. Those events warsscchecked against the

Nati onal Hurricane Centero6s historical hurri
hurricanes from the sample. Five historical extratropical storms remained in the samgheyand
wereused to tune the D parameter in tlypthetic hydrograph equation.

Five significant storms in the region includirige December 12, 1992 and March-1&, 2010
nor'easters, tropical storms Floyd (September 1999) and Irene (2011), and the April 2006 "Tax
Day" storm were not included in the alyais. The nor'easters were not included in the
development of the surge hydrograph because of data gaps at the Bergen Point gage. During
December 1992, there is no reported hourly high/low water level or nor a highest water level
published, so data fronhis month was not included in the analysis and selection of storms. The
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March 2010 nor'easter was also not included because the Bergen Point gage was inactive from
December 2009 through March 2010. Tropical storms Floyd and Irene were also not included in
the analysis because the study only investigated extratropical storms to develop the surge
hydrograph. The analysis of extratropical storms in the surge hydrograph development is a
conservative assumption because extratropical storms tend to producdiwideave longer
durations) surge hydrographs than tropical storms; therefore, overtopping is calculated over
greater periods of time. The extratropical and tropical storms do not share the same
organizational characteristics; therefore, the study tegt@rmined that it was incorrect to use

both types of storms to produce one surge hydrograph. The "Tax Day" nor'easter storm produced
record breaking peak flows far upstream of the confluence of the rivers. The gage was more
likely influenced by rainfall rdner than coastal storm surge. Recorded high water levels at the
Bergen Point gage during April 2006 are approximately 2/3 of the high surge values from storms
used to create the surge hydrograph.

In order to compare disparate storms, the historical s&urge residualsvere normalized
(observed minus predicted water level), and tadgistedto center the peak surge at time#£0.
synthetic hydrograpkvas createdor a 96 hour total duration, with 48 hours on each side of the
peak surge also centered at éwd. These are shown in Figut®. We then optimized the
synthetic hydrograph rising and falling legs by adjusting the D parameter to minimize the root
mean square erraqiRMSE) between the synthetic time series and all five historical storms.
Because an gmmetric hydrograph was observed in some of the historic storms, the rising and
falling legswere optimizedseparately; however, setting D = 6.3 hours provides the minimal
RMSE for both the rising and falling legs. The unit synthetic storm surge hydragrppivided

in tabular formatn Attachment 1and can be used to obtain the surge hydrograph for the desired
recurrence interval at the desired geographic location by multiplying the surge column by the
appropriate peak surge value.
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Figure 10: Normalized Historical Extratropical Storm Surge Hydrographs Compared with
a Unit Synthetic Hydrograph (D=6.3 Hourg

7.1.3 Starting Wave Conditions

The study team determined the input wave conditions by processngdACCSSWEL, wave

height, and wave period data sets. In order to categorize storms with the appropriate recurrence
interval, NACCS surge dataset®re comparetio the SWEL values described under the Storm
Surge Water Elevations section of this report. NACCS sovithin 0.3meterof the 100, 200,

or 500year peak surge were congial The wave parameters from these groups of relevant
stormswere averagetbr each recurrence interval to develop resties of the wave height and
SWEL for subsequent model inputs. Becauke NACCS data are relatively dense, the wave
heights andSWEL valueswere averagetb characterize the wave heights, periods, SWEL

along the upstream and downstream Passaic River, Newark Bay, and the Hackensack River.

To ensure the resulting NACC8ave heights and periods were reasonable, idealized- fetch
limited test casewvere simulatedn the Automated Coastal Engineering System program with
NACCS wind data. The resulting wave heights and periods were within the range of wave
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heights from the NACE data sets, indicating compiled NACCS values were appropriate for

analysis.

Tables4, 5, and6 show the input wave heights, periods, SWELs applied to compute runup

and overtopping for the 16200, and 500year storms.

Table 4: Input Wave Heights

Wave Heights (Be NAVD)
Annual Upstream Downstream Newark Hackensack
Recurrence Interval Passaic Passaic Bay River
(frequency) (Reaches 10 7) | (Reaches 80 9) | (Reaches 1@0 12) (Reach 13)
100-year 1.94 2.30 3.02 2.07
200-year 1.97 2.33 3.02 2.26
500-year 2.30 3.41 4.13 2.56
Table 5: Input Wave Periods
Wave Periods (seonds)
Annual Upstream Downstream Newark Hackensack
Recurrence Interval Passaic Passaic Bay River
(frequency) (Reaches 10 7) | (Reaches 80 9) | (Reaches 1@0 12) (Reach 13)
100-year 2.7 3.0 3.1 2.8
200-year 2.7 3.3 3.2 2.9
500year 2.7 3.5 3.5 2.9
Table 6: Input SWEL Values
SWEL (feet NAVD)
Annual Upstream el quer Northeast Hackensack
: Passaic and Newark X
Recurrence Interval Passaic Newark Bay Bay River
(frequency) (Reaches 10 5) (Reaches 6o 11) (Reach 12) (Reach 13)
100-year 12.10 11.80 11.70 11.50
200-year 13.09 13.03 13.04 12.59
500year 14.52 14.71 14.64 14.07

7.1.4 Structure Dimensions

The USACE GDM References 4 and) Tontains information on the design crest elevation for
floodwalls and levees, along with design levee side slope. Throughout the system, the target
design crest elevation is 14.9 feet NGVD (or 136 idAVD). Levee side slopes are designed

at 1V:3H. Flood walls are designed to be vertical structures.

In order to consider alternatives to the GDM design elevations, runup and overtomrag
evaluatedor a 14foot NAVD design elevation and for higherests of +2 and +4 feet.
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Segments 10, 11, and Mere initially composed of both levees and floodwalls, and were
subdivided further so that the appropriate runup and overtopgimylas could be used for each
structure type. Thoseubdivisions are showm Table 7and referenced to GDM stationing.
There is a small section of high ground within Segment 12, from station 114+40 to 116+40, that
does not need to be augmented with a structure in the original GDM design targetifieet 14
structure elevation,ut would fall below the GDM+2 feet and GDM+4 feet elevations and would
need supplementation. For this reason, we treated the high ground as if it were part of the
adjacent levee Segment 12 for the GDM and alternative design elevations.

Table 7: Summary of Runup and Overtopping Analysis Subdivisions

Approximate GDM Design
Segment Structure Type Stationing Elevation Side Slope
(Reference 5 (feet NAVD)
10 Floodwall 160+00i 223+00 13.8 Vertical
11 Floodwall 85+0071 102+90 13.8 Vertical
11 Levee 102+90i 105+00 13.8 1:3
12 Levee 105+00i 129+45 13.8 1:3
12 Floodwall 129+45i 135+00 13.8 Vertical

7.1.5 Runup

Wave runup height is defined as the vertical difference between the highest point of wave runup
and the stillwater level. Runup is computed along the levees in the Passaic levee/floodwall
system but is not calculated along the floodwalls. In this analysswave runup heightas
computedor levee structures using the formulation provided in the EurOtop MaReé&trence

6), Equation 2, which determines the wave runup exceedeé@dypercenof incoming waves,

for Segments 10, 11, and 12 in the Padsaiee/floodwall system using

Y p p®DIT - /O (2)
Where:

X is the berm influence factor

X is the slopeoughness influence factor

X is the obliquavave attack influence factor
Uha0is the breaker parameter

Hmois the wave height ]

In this analysis, it waassumedhatthere is no berm during the 20@00, and 500year events

s 0 0 b omedtusaalsesassumethat waves approach at a shore normal angle and that the
levees are constructed of concree sbot h 9 b anadne Wé calaulatetb runepq u a |
assuming the face of the structure is higher than the actual runup. Furthermore, in Equation 2,
U 1,0, also known as the Iribarren number, is the breaker parameter defined by Equation 3.
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I n Equation 3, U is the st pisithetdaep waies wasedeagthar d s
defined as
o — (4)
Whereg is gravity andTp is the peak wave period.
Table8 lists the wave runup heights along the levee portions of Segments 11 and 12 determined
by the EurOtop Manuaequations. As shown in Table, Segment 10 of the Passaic
levee/floodwall system is constructed only with floodwalls; therefore, runup calcgaremot
performed along this segment. In general, increases in wave heggsociated with stronger
storm condition$ induce larger wave runup heights.
Table 8: Wave Runup Heights along Segments 10, 11, and 12 of the Past&vee System
Runup Elevations (¢ NAVD)
Annual Segment 10 Segment 11 Segment 12
Recurrence
Interval Levee Floodwall Levee Floodwall Levee Floodwall
(frequency)
100-year + * 18.5 * 18.4 *
200-year + * 20.0 * 20.0 *
500year + * 23.6 * 23.5 *
+ Thereare no levees planned for Segment 10
* Runupwas not computed explicitly for floodwalls
7.2 Overtopping
The overtopping methodologies for levees and floodwadlsudsed in the EurOtop Manual were
applied in these analyses. Overtopping equations amyagmpirical, and multiple formulations
exist to compute overtopping based upon the wave breaking and freeboard conditions. Freeboard
is the height of a structure in excess of the local stillwater. A general discussion of overtopping
along simple slopedrmictures and floodwalls is included in this section.
Equations for levee overtopping are largely dependent on whether the stillwater level is below,
equal to, or greater than the crest elevation of the levee. As the difference between the water
level aa d structureos crest el evati on decreases

Furthermore, overtopping is affected by the presence or absence of wave breaking, which is
captured in the Iribarren number. For overtopping calculations, the same inflizences
discussed for Equation 1 (i.ex, %, andx) are used. Additionally, an influence parameter for
small, vertical walls commonly placed on top of levees to reduce overtopping is included in the
equations. The value of this parameter is set equahé for the computations in this analysis
since the proposed levees will not be designed with a vertical wall at the crest. Depending on the
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amount of freeboard and the breaking parameter, overtopping is computed using multiple
formulae provided in the Otop Manual.

Overtopping along floodwalls is a complex process that varies with wave impulsiveness, or
breaking. Within the classes of nonpulsive and impulsive waves, multiple formulations to
compute the overtopping can be used. Proper selectitve dbtmula typically depends on some

type of dimensionless freeboard criterion. In the analyses conducted, Equations 7.3, 7.5, 7.6, and
7.8 from the EurOtop manual are utilized to estimate floodwall overtopping; for simplicity those
equations and their litations are omittedrom this documentThese equations are intended for
probabilistic design and comparison with data measurements for plain vertical walls.

7.2.1 Segments Subject to Waves

Tables9, 10, and11 show the overtopping flux per unit length alonggBients 10, 11, and 12
during the 1069 200, and 500year stormsat the analysidieights of 14 feet NAVD, 16 feet
NAVD, and 18 feet NAVD, respectively.

Table VI5-6 on page \W5-24 of the Coastal Engineering Man{Beference 7suggests that
damage teembankment seawalls with unprotected crests will begin at a flux of approximately
0.022cfs per foot {t%/s/ft). Damage to fully protected embankment seawalls will begin at a flux
of approximately 0.54 fts/ft. As shown in the following tables, the 16 fé¢AVD alternative
elevation limits overtopping to acceptable levels up to ti®y2@r recurrence interval; the 18
feet NAVD floodwall limits acceptable overtopping up to the-§@ar recurrence interval.

Table 9: Flux Per Unit Length for Coastal SegmentsAlternative Elevation of 14 feet NAVD
Flux per Unit Length (ft 3/s/ft) for Design Elevation 14 é& NAVD

Annual Segment 10 Segment 11 Segment 12
Recurrence Interval
(frequency) Levee | Floodwall | Levee| Floodwall | Levee| Floodwall
100-year - 0.179 0.355 0.179 0.316 0.164
200year - 0.516 1.862 0.516 1.876 0.521
500year - 4,994 5.364 4,994 5.070 4.700

-There are no levees planned for Segment 10

Table 10: Flux Per Unit Length for Coastal SegmentsAlternative Elevation of 16 feet NAVD
Flux per Unit Length (ft %s/ft) for Design Elevation 16 &é¢ NAVD

Annual Segment 10 Segment 11 Segment 12
R Int |
ecm(;frrree;uc sn :y)erva Levee | Floodwall | Levee| Floodwall | Levee| Floodwall
100-year - 0.032 0.034 0.032 0.031 0.029
200year - 0.092 0.166 0.092 0.168 0.093
500year - 0.848 2.708 0.848 2.587 0.811

-There are no levees planned for Segment 10
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Table 11: Flux Per Unit Length for Coastal SegmentsAlternative Elevation of 18 feet NAVD

Flux per Unit Length (ft%s/ft) for Design Elevation 18 é& NAVD
Annual Segment 10 Segment 11 Segment 12
Rec?fr:$5 eenlg;)e rval Levee| Floodwall | Levee | Floodwall | Levee| Floodwall
100-year - 0.006 0.003 0.006 0.003 0.005
200-year - 0.016 0.017 0.016 0.017 0.017
500-year - 0.241 0.392 0.241 0.368 0.231

-There are no levees planned for Segment 10

7.2.2 Upstream Segments

Segments 7 and 13, which are representative upstream segments for the Passaic and Hackensack
Rivers,respectively were also analyzedThe upstream segments are composed of levees and
floodwalls with the same geometries and elevations as those described for Segments 10, 11, and
12. These segments are not subject to any significant waves due to bothtiometo and the

fetch length of significant wind#\long stretches of Segments 7 and 13, locations of high ground
greater than 20 feet exist. The extents of the high ground are listed but are not used for
calculating overtopping since they exceed aligleglevations. Tabl&2 indicates the stationing

and structure type for the representative upstream segments.

Overtopping in upstream segmemias calculateditilizing the same equations for the levees and
floodwalls documented for the areas subject twensignificant wavesThe resultant fluxes per
unit length for the 14 , 16 , and 18 fé&AVD alternativeelevations are listed in Tablé8, 14,
and15, respectively.
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Table 122 Summary of Overtopping Subdivisions for Riverine Segments

Stationing GDM Design Elevation .
Segment | Structure Type (Referenge 5 (fe NAVD) Side Slope

35+001 55+24

7 Floodwall 63+08i 71+90 13.8 Vertical
84+03i 85+00
55+24i 63+08

7 Levee 714907 82490 13.8 1:3

7 High Ground 82+90i 84+03 >20 Unknown
140+00i 171+40

13 Floodwall 172+501 178+55 13.8 Vertical
191+33i 238+70

13 High Ground 171+401 172+50 >20 Unknown

13 Levee 171+40i 172+50 13.8 1:3

Table 13: Flux Per Unit Length for Riverine Segments Alternative Elevation of 14 feet NAVD

Flux per Unit Length (ft 3s/ft) for Alternative Elevation 14 fee NAVD
Annual Segment 7 Segment 13
Rec?fif;lf:nlgx val Levee | Floodwall | Levee | Floodwall
100-year 0.065 0.032 0.058 0.029
200-year 0.632 0.174 0.427 0.153
500year 3.463 3.261 1.770 1.503

Table 14: Flux Per Unit Length for Riverine Segments Alternative Elevation of 16 feet NAVD

Flux per Unit Length (ft 3/s/ft) for Alternative Elevation 16 & NAVD
Annual Segment 7 Segment 13
ReCL(jfrrr:gS g’nlcn;)e val Levee | Floodwall | Levee | Floodwall
100-year 0.002 0.002 0.003 0.002
200-year 0.019 0.012 0.024 0.015
500-year 0.423 0.183 0.269 0.131

Table 15: Flux Per Unit Length for Riverine Segments Alternative Elevation of 18 feet NAVD

Flux per Unit Length (ft 3/s/ft) for Design Elevation 18 é& NAVD
Annual Segment 7 Segment 13

Rectjf:r:(;llf:nlg;)e rval Levee | Floodwall | Levee | Floodwall
100-year 0.000 0.000 0.000 0.000
200-year 0.001 0.001 0.001 0.002
500-year 0.020 0.019 0.018 0.017
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8 SEA LEVEL CHANGE

Current USACE guidance requires incorporationShfC into Civil Works projects. This is
outlined in Engineer RegulatiofER) 11002-8162, Incorporating Sea Level Change in Civil
Works Programg31 De@mber2013), which supersedésngineer CircularEC) 11652-212,
Sea Level Change Considerations for Civil Works Progrdrne ER refers to additional specific
guidance inEngineer Technical LetterETL) 11002-1, Procedures to Evaluate Sea Level
Change: Impacts Responses and Adaptatishich contains details previously contained in
attachments to the old EC.

ER11002-8162states:

APl anning studi es averdhe projegtilifa eyde; forrbgth edigisgi g n s
and proposed projects, will consider alternatives that are formulated and evaluated for

the entire range of possible future rates of SLC, represented here by three scenarios of
Al ow, 0 Aintermedsla€Ce, 06 and f#fAhigh

€ Once the three rates have been estimated, the next step is to determine how sensitive
alternative plans and designs are to these rates of future local mean SLC, how this
sensitivity affects calculated risk, and what design or operations and meicEn
measures should be implemented to adapt to SLC to minimize adverse consequences
whil e maximizing beneficial effects. o

Based on an expected project ifie50 yearsSLC must be calculated for Z0 conditions from a

base year of ZD. ER 11002-8162spells out how SLGs to be computed and incorporated into
levedfloodwall height calculations. To assist in the calculation of SLC mandat&iRky1002-

8162 USACE has created a tool to assist with the calculations. The tool is located at the website
http://www.corpsclimate.us/ccaceslcurves.cfm. This website uses information from ER-1100
8162 andNOAA Technical Report OAR CPQ, Global Sea Level Rise Scenarios for the United
States National Climate Assessment published in December 2012. For the Bewanea, the
Sandy Hook, Mw Jerseygauge was used.

The generated curves are based on USACE and NOAA equations at a low, intermediate, and
high level. The output for the USACE and NOAA equations can be seen in Tablhe
program also plots a chart the sea level curves as seen igure11.

The inclusion of SLC affects the design height performance and reliability, whictbecan
evaluated using the probability of nemceedance. Therobability of norexceedancds
discussedn the Economics Appelix.
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Table 16: Sea Level Change, Passaic Tidal Project Area

Passaic Tidal
8531680, Sandy Hook, NJ
NOAA's Published Rate: 0.01280eet/year

Year USACE Low| USACE Int NOAA USACE NQAA

NOAA Low [NOAA Int Low |Int High| High High
2020 0.12 0.19 0.34 | 041 0.52
2025 0.18 0.28 0.49 0.59 0.74
2030 0.25 0.38 0.66 0.78 0.98
2035 0.31 0.48 0.84 1.00 1.25
2040 0.37 0.58 1.03 1.23 1.55
2045 0.44 0.69 1.24 1.48 1.87
2050 0.50 0.80 1.46 1.75 2.22
2055 0.57 0.92 1.70 2.04 2.59
2060 0.63 1.04 1.95 2.34 2.99
2065 0.69 1.17 2.22 2.67 3.42
2070 0.71 1.19 2.27 2.74 3.50

Relative Sea Level Change Projections - Gauge: 8531680, Sandy Hook,
NJ (05/01/2014)
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Figure 11: SLC Scenario Projections
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9 INTERIOR DRAINAGE ANALYSIS 1 GDM PLAN

As part of the GRR, the interiadrainage planfrom the 1995 GDMwas remodeled ath
evaluated. The plan included 160 outfalls and six pump stations. The plan was not reformulated;
therefore, interior drainage alternatives were not considered. The following is a description of the
general components of the interior drainaggtdres.

1) Outfalls: There are 160 outfalls ranging in size from 24 toirihes Each outfall,
whether new or an extension of an existing outfall, includes a sluice gate, backflow
prevention, and a catch bastrusture.

2) Pump Stations: There are six puntati®ns in the interior drainage plan. They range from
30 to 100 cfs.

The drainage areas analyztat the ABU planare similar to the areas in the 1995 GDM,;
however, the areas were verified/redelineated using updated topographic data from 2012. This
resuled in some minor changes. Drainage area runoff parameters were unchanged from the 1995
GDM. A detailed description of the interior drainage model and resulths@issed in the
following section

The interior drainage analysis for the LPP has not beepletea.
9.1 RecentStorm History

Essex County is subject to impacts from coastal storms, often characterized as nor'easters, which
are most frequent between October and April. These storms track over the coastal plain or up to
several hundred miles offshotainging strong winds and heavy rains. Rarely does a winter go

by without at least one significant coastal storm and some years see upwards of five to ten.
Tropical storms and hurricanes are also a special concern along the coast. In some years, they
contiibute a significant amount to the precipitation totals of the region. Damage during times of
high tide can be severe when tropical storms or nor'easters affect the region.

Flooding in Essex County can occur during any season of the year since New é&srsathin

the major storm tracks of North America. The worst storms have occurred in late summer or
early fall when tropical disturbances (hurricanes) are most prevalent. Recent tropical events
include Tropical Storm Floyd, Hurricane Irene, and Hurricaared$.

Hurricane Floyd originally made landfall in Cape Fear, North Carolina as a Category 2
hurricane. The storm crossed over North Carolina and southeastern Virginia before briefly
entering the western Atlantic Ocean. The storm reached New Jersey oml@epk 1999 as a

tropical storm. Record breaking flooding from rainfall exceeding 14 inches was recorded
throughout the State of New Jersey. A Federal Emergency Declaration was issued on September
17, 199%nd a Major Disaster Declaration was issue&eptember 18, 1999

Having earlier been downgraded to a tropical storm, Hurricane Irene came ashore in Little Egg
Inlet in Southern New Jersey on August 28, 2011. In anticipation of the storm Governor Chris
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Christy declared a state of emergency on Aud@istwith President Obama reaffirming the
declaration on August 27. Mandatory evacuations were ordered throughout the State of New
Jersey. Wind speeds were recorded anils per hourriph) and rainfall totals reached over 10
inches in many parts of théate. Extensive flooding throughout Essex County caused damage to
homes, businesses, and public infrastructure. The flooding was exacerbated by high water levels
in reservoirs and wetlands as a result of previous heavy rains.o@erillion customers las

power during the storm. Overall damage estimates for the State of New Jersey cameme over
billion dollars with over 200,000 homes and buildings being damadgedajor Disaster
Declaration was issued on September 15, 2011.

Hurricane Sandy came ashome an immense tropical storm in Brigantine, New Jersey, on
October 29, 2012. Although rainfall was limited to less than 2 inches within Essex County, wind
gusts were recorded up to 76 mph. A full moon made the high tides 20 percent higher than
normal andamplified the storm surge. The New Jersey shore suffered the most damage. Seaside
communities were damaged and destroyed up and down the coastline. Some 2.7 million
households within New Jersey lost power. Initial reports suggest that 72,000 homes and
bushesses statewide were damaged or destroyed by the storm. Hurricane Sandy was estimated
to cost the State of New Jersey over $36 billdfrederal Emergency Declaration was issued on
October 28, 2012 and a Major Disaster Declaration was issued on CRGp26€x12.

9.2 Study Area

The study area encompasses 5.0 square miles in the city of Newark, 0.65 square miles in the
Town of Harrison, and 2.73 square miles in the Town of Kearny. The Passaic and Hackensack
Rivers intersect the study area as shown in Figjare

The study area ia mixed use area of industrial, commercial, and residential development. The
waterfront is mostly developed for industrial uses including shipping (oil and gas,
containers/consumer goods) and wastewater treatment. Related rail, thaoskgeand storage
infrastructure line the waterfront. Tipeojectsegments are shown in Figur3.
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9.3 Interior Drainage Methodology

Areas protected from exterior flood elevations are subject to interior flooding from stormwater
runoff. Thus, interior drainage facilities are required to safely store and discharge the runoff to
limit interior residual floodingTypically, the interiorareasare studied to determine the specific
nature of flooding and to formulate drainage alternatives to maximize National Economic
Development (NED) benefits.

In accordance wittEngineering Manual (EM) 1112-1413, Hydrologic Analysis of Interior
Areas the interior drainage facilities are evaluated separately fromaligament First, a
minimum facility plan is identified. The minimum facility plan is considered the smallest plan
that can be implemented as part of glignmentthat does not result imcreased stormwater
flooding as a result of project constructidBtarting from the minimum facilities analysis,
alternatives to improve residual flooding conditions are evaluated to select an optimutrhplan.
interior drainage analysis for the GRR asted of recreating the 1995 interior drainage model
using the latest version of HEEEMS in order to establish residual flooding impacts.

9.4 Rainfall and Storm SurgeCorrelation Analysis

For the with and withoutproject conditions, the exterior stage (stillwater elevation within
Newark Bay and the river mouth) is an important factor in the drainage of the interior
precipitation runoff. The exteriorstage is controlled by the tide cycledastorm surge elevations
during storm events. Inland, theterior surface runoff is conveyed out into ttieers and by

via stormwater odidlls. In the withowprojectcondition, these outfalls cease to operate when
the exterior stagéide/storm surg level) risesabove the outfall opening because they rely on
gravity to facilitate theransport of interior surfaceinoff. Similarly, if a new coastal storm risk
management structure introduced (witkproject condition) to reduce the risk of stormrge
entering the study aredhe existing outfalls, unddrigh exterior (tailwater) stage conditions
would notoperate. Therefore it is important to develop an understanding of whethere is a
relationship betweeinterior surface runoff and exteridrdal events in both the withand
without-project conditions.

To understand the relationship between the interior and exterior stage conditiong, & an
correlation analysis needs to be performed. In accordance MithlE0Q-2-1413, the correlation
analsis should include a data analysis of the correlation, dependence, and coincidence of the
interior and exterior stage relationship. In the vicinity of Bassaic Tidal studgrea, recent

Corps correlation analyses have been conductedrasfthe Sout River, New Jersey arféort
Monmouth Feasibility Studies as depicted on Figl#e From these two study areas, wan

expect that the storm surge in the Newark Biyes not correlatto the precipitation events,

lightly dependent upon precipitationexs, and that its peak stage is unpredictable but could
coincide with peak interior discharges. Both previous Feayil3tildies ar@authorized projects

and have a correlation analysis that veasepted through thSACE, Headquarterseview
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process. Asummary of the previous analyses and their applicalbdithePassaic Tidal GRS

provided in this section and its subsections.
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Figure 14: Gauge and Correlation Study Areas

The Passaic Tidal GRRhe South Riverand PortMonmouth Feasibility Studies are within the

New York/New Jersey Harbor area anave reasonably similar tidabnditions. Storm surge
conditions during extreme events may vary slightly between the three study areas. A less than
0.5 feet peak stage diffamce was rewrded between The Battery, NY(See Figureld) and

Sandy Hook, NJ ding Hurricane SandgNational Hurricane CentérNOAA).

All three study areas are withiapproximately 20miles from each other and have similar
geomorphological conditions. They haveexperienced relatively sinait rainfall conditions
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duringpast severe storm events. Figlideshows the locations of thréecal rainfall gauges used
to measure the variance in rainfall among the study areas. Talpleedats the total rainfadl
during the last two severe weather events at these gauges. Theeobsariance in rainfall
totalsbetween study areas would not be significant enough impacbtielation analysis results
between sites.

Table 17: Rainfall Totals Near the Study Area During Irene and Sandy

Rainfall Total (inches)
FIREIIEWEN CElgD Losen Hurricane Irene Hurricane Sandy
Holmdel 7.75 1.84
New Brunswick 8.08 1.77
Newark International Airport 8.92 1.06

In accordance with EM 111P-1413,the correlation aalyses performed for the SouRiver and
Port Monmouth studies considered the correlation, ridgrece, and coincidence of tagterior
flood levels and interior flood levels.

9.4.1 Correlation

For the South River correlation analysis, hoMISELs were obtaineéfom the gauge at Sandy
Hook for the time period from Jaary1933 to Felbbuary2000. They were themeduced to obtain

daily high tide records for that time periodinice thesavere hourly readings and not peak
values, the actual pealalues mg have been slightly higherlpaily rainfall data for the same

time period were alsobtained from the New Brunswigkrecipitation gauge (location shown on
Figure 14). After cleaningthe datasets for unpaired dagsaints and other suspect data, the
aforementioned 67 years ofssgmatic data (as adapted freime South River Study) along with

the peak information from local storm events of record from the last 14 years (Hurricane Irene
and Sandy) were combined arldtfed on Figurel5.
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Figure 15: Tide-Rainfall Correlation Plot

As demonstrated in FigurEs, most of the higher tide evenbscurred with little rainfalland
most high rainfall events occurred with normal tides (nornt tange is shown onaxis).
This, along with the general wide scatter of precipitation amountls & constant storm surge
andvice versa indicates that there is no correlation between tge suents and precipitation.
Therefore, it is not reasonable to say that we could predict oméioarfrom the other based on
these historic records.

9.4.2 Dependence

It is understood that the storms that typically producel tglages (i.e., hurricanes and
northeastefscan also produce somewhat significant rainfall. ilse, many of the high rainfall
events are accompanied by some degree of storm surge. Wetesnot true, the high surge
events would not likely have any rainfall, and the paired ddtégure15 would fall muchcloser
to each axis. As expected, thguire reveals a minor depdence between the interior and
exterior conditions. The fact that the main cluster of points thatdectome rainfalldne to two
inches)also include a tide height greater than the mean tide level @ NGVD 1929) is
evidence of this.

9.4.3 Coincidence

The coincidence between the interior and exterior canditinvolves the timing of thpeak
discharge from the interior drainage analysis and the timinilgeopeak exterior stage frothe
exterior storm surge analysis. In the exterior condition, thmdiraf the peak exterior stage is
unpredictable because of the impacts of tidal fluctuation to the overall storm surge elevation.
Therefore, predicting the coincidence of the peak exterior event and the peak interior flows is
uncertain. Assuming that thiaterior and exterior eventscour at the same time would be
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considered the worst case scenario and a conservative approastodeling coincidence.
Given that this coincidence was observed during Hurricane Donna in 106fgs been
incorporated intahe model assumptions.

9.5 Analysis Approach

Due to the limited correlation between major rainfall/runoff events and tidal flooding events, it is
considered most likely that only limited runoff will coincide with severe storm surge and
significant storm surge Wicoincide with only moderately severe rainfall. Historical data
indicate that the majority of interior runoff events will coincide with a storm surge level less than
or equal to a Zear storm. Similarly, the majority of significant storm surge evarddikely to
coincide with runoff equivalent to ay®&ar event or less.

Therefore, the analysis was conducted for events with nine recurrence intervals: 2he>]

10, 25, 50, 100G, 250 and 500 yearfrequency eventACE probabilities of 99, 5010, 4, 2, 1

0.4, and 0.2ercent respectively) In order to develop a stagersusfrequency relationship, the
interior events were routed against exterior
scenarios, the nine interior storm events werged against a-gea exterior tide, and a-Zea

interior storm event was routed against the nine exterior events. The highest WSEL of
corresponding coincidental frequencieg.( 2-yea interior and 16yea exterior, or 1l6yea

interior and 2yea exterior) was identified as the most damaging flood level for the coincidental
frequency, as shown in Tabl8.1
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Table 18: Interior Drainage Analysis Approach

Analysis Approach
Combination of Interior and Exterior Conditions to be Analyzed

Interior Exterior Time Peak Int. Peak Ext. Interior Exterior Time Peak Int. Peak Ext. | Max WS Risk Condition
Flow Stage Condition WSEL WSEL Flow Stage WSEL WSEL
1-year Normal Current N/a Lower Bound
2-year Normal Current N/a Lower Bound
5-year Normal Current N/a Lower Bound
10-year Normal Current N/a Lower Bound
25-year Normal Current N/a Lower Bound
50-year Normal Current N/a Lower Bound
100-year Normal Current . N/a Lower Bound
250-year Normal Current @ N/a g: @ Lower Bound
500-year Normal Current $: N/a o % Lower Bound
1-year 2-year Current @ 2-year 1l-year Current g: a Most Likely (1-year)
2-year 2-year Current @ 2-year 2-year Current @ é Most Likely (2-year)
5-year 2-year Current 2 2-year 5-year Current @ m Most Likely (5-year)
10-year 2-year Current o 2-year 10-year Current § g Most Likely(10-year)
25-year 2-year Current : 2-year 25-year Current a = Most Likely(25-year)
50-year 2-year Current — 2-year 50-year Current ° :i. Most Likely(50-year)
100-year 2-year Current 2-year 100-year Current é Most Likely(100-year)
250-year 2-year Current 8 2-year 250-year Current 8 E Most Likely(250-year)
500-year 2-year Current - 2-year 500-year Current —- & Most Likely(500-year)
1-year 10-year Current : 10-year 1-year Current ° Q Upper Bound
2-year 10-year Current ~ 10-year 2-year Current i 3 Upper Bound
5-year 10-year Current @ 10-year 5-year Current o ' Upper Bound
10-year 10-year Current g: 10-year 10-year Current @ Upper Bound
25-year 10-year Current o 10-year 25-year Current g: Upper Bound
50-year 10-year Current g: 10-year 50-year Current o Upper Bound
100-year 10-year Current . 10-year 100-year Current f"‘ Upper Bound
250-year 10-year Current ) 10-year 250-year Current . Upper Bound
500-year 10-year Current 10-year 500-year Current Upper Bound
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9.6 Runoff and Surge Coincidence

There is little statistical information to determine where peak stetated stormwater runoff
should occur in relation to an approaching surge. Anecdotal meteorological evidence suggests
that the maximum rainfall could be in any of the rain bands af@dal storm, from out in the
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in order to present a conselivat modelling condition (maximum interioNSEL9, the peak

stormwater runoff was aligned to be coincidental with the maximum surge for a given annual
This would result in the longest duration of gravity outlets being blocked and
typically result in the highest interioWSELs for a particular storm/flood event. A graphic of

chance event.

typical modeled coincidence is shown in Figlife
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Figure 16: Typical Runoff/Surge Coincidence (HEGHMS-Output)

9.7 Precipitation

Precipitation datavereobtained from New Jersey 2dour Rain Fall Frequency Data fot, 2-, 5

, 13-, 25, 50 and 10@year events and supplemented by NOAA Atlas 14, Volume 2, Version 3,

for Newark, New Jersey, US Point Precipitation Frequency for various durations €)di(s)
minutes;and 2, 3, 6, 12, and 48&ur9 and the estimated 58@ar event. The 25¢ea event was
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interpolated from average recurrence interval/precipitation depth chart in NOAA Atlaha4.
rainfall data is shown in Table 19.

Table 19: Rainfall Data

Average Recurrence Interval (Years); Depth in Inche

Duration 1 > 5 10 25 50 100 200 | 250* | 500

5-min 033 | 040 | 047 | 052 | 059 | 0.64 | 0.69 0.73 0.74 | 0.79

15-min 066 | 079 | 095 | 1.05 | 1.18 | 1.28 | 1.36 1.45 1.47 1.54

60-min 112 | 136 | 1.71 | 196 | 231 | 257 | 2.84 3.11 3.17 3.47

2-hour 137 | 167 | 212 | 246 | 294 | 3.33 | 3.74 4.16 4.26 4.74

3-hour 153 | 186 | 236 | 275 | 329 | 3.73 | 418 | 4.66 4.77 5.32

6-hour 196 | 239 | 3.02 | 353 | 424 | 484 | 547 6.15 6.31 7.11

12-hour 242 | 293 | 3.72 | 438 | 533 | 6.14 | 7.01 7.97 8.20 9.37

24-hour 271 | 329 | 420 | 499 | 6.16 | 7.18 | 8.30 9.54 9.85 | 11.40

48-hour 317 | 384 | 490 | 579 | 710 | 822 | 945 | 10.80 | 11.13| 12.80

*Values interpolated based on 2@8arand 500year events.
Note: The data was unsmoothed in regard to deptisusduration fa each frequency, and depthrsusfrequency,
for each duration.

9.8 Boundary Conditions

Exterior stillwater boundary conditions reflect the latest FEMA coastal surge analysis. This data
was similar to the NACCS and tidal marigrams had been previously developed for other projects.
The slight variation in elevatiodoes not measurbaffect the timed blockages of the gravity
outlets in the analysi§tageversusfrequency data for the area in the FEMA model, located near
the project area, is shown in Taki@

Table 20: FEMA Coastal SWEL i Vicinity of N ewark Bay

Recurg:c]:zallnterval Stillwater WSEL
(frequency) (feet NAVD)
2-year 3.8
5-year 55
10-year 6.9
25year 8.4
50-year 9.6
100-year 10.8
250year 12.7
500year 14.0
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9.9 Town of Harrison

9.9.1 Interior Drainage Areas

There are three separate interior drainage areas that contribute to ponding behind the
HarrisonSouth First Street Segmeadtgnment as shown in Figure7i

1) S1: This 0193-squaremile north area drains by o&-inch primary outletfive 24-inch
secondaryutlets and a75-cfs pump station.

2) S2: This drainage area ofl32square miledrains to the west and is served by one 36
inch primary outlet, fouR4-inch secondary outletanda 70-cfs pumpstation.

3) S3: This 0061-square miledrainage area dischasgthrough one primar@6-inch outlet
three secondarg4-inch pipesand a30-cfs pump station.

The drainage area parameters are shown in TablRuioff from these areas reflected in the
HEC-HMS model schematic shown in Figur8. The three pondingraas are shown linked by
weirs, which represent high ground between the ponds. Should the water depths in the ponding
areas exceed the adjacent weir heights, flow would be diverted to the adjacent pond with a lower
elevation.

Table 21 Drainage AreaParametersi Harrison/South First Street

Drainage Areas SCS Curve SCS Unitgraph
Subarea : .
(square miles) Number Tc (hour) Lag (min)
S1 0.1930 83 0.74 26.6
S2 0.1318 83 0.72 25.9
S3 0.0611 83 0.66 23.8
Source:Passaic Rivebraft GDM, AppendixC H&H, Table G76
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Local stormwater drainage and topogragdbatures dect all of the runoff toward thalignment
The following features are incorporated into the interior drainage -HES model:

1) Interior ponds which consist of the natural storage available in existing ditches and low
lying areas.
2) Gravity outles through the levee/walls and supplemental pump stations.

9.9.2 Harrison Interior Drainage Plan

TheHarrison interior drainagkcilities datawereverified and adopted from M, Appendix G
Hydrology and Hydraulicsand are shown in Tablg2. The detailed reswdtof the analysis are
shown in Table&3 through25.

Table 22 Harrison Interior Drainage Features

Lenath* Gravity
Levee/Wall Status Type (fe?at) Number Size Pump
(inches)
S1 New Primary 10 1 48 75 cfs
New Secondary 10 3 24
New Secondary 10 2 24
S2 New Primary 10 1 36 70 cfs
New Secondary 10 1 24
New Secondary 10 3 24
S3 New Primary 10 1 36 30 cfs
New Secondary 10 3 24

*Through floodwall.

Gravity outlets consisted of extending of the existing storm sewers through levee/walls. In areas
drained by established drainage ditchsinch to 72-inch outlets were provided. In those areas
where no utility information was available, the outfall stawe was assumed to I86-inch
primary outlet and24-inch secondary outlets spaced 400 feet apart, hydraulically conniected
either by pipe or by ditch.
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Table 23: Harrison S1Analysis Results (feet NAVD

. . . Peak Peak . . Time Peak Peak Max
Interior Exterior Time . . Interior Exterior .. . . . .
... Interior Exterior Conditi Interior Exterior|Interior Risk

Flow Stage Condition WSEL Stage Flow Stage on WSEL Stage | WSEL

2yr Normal Present 5.43 3.20 543 Lower Bound
5yr Normal Present 5.092 3.20 592 Lower Bound
10 yr Normal Present 6.01 3.20 6.01 Lower Bound
25 yr Normal Present 6.12 3.20 6.12 Lower Bound
50 yr Normal Present 6.25 3.20 6.25 Lower Bound
100 yr  Normal Present 6.40 3.20 6.40 Lower Bound
250yr  Nommal Present 6.60 3.20 6.60 Lower Bound
500yr  Nommal Present 6.80 3.20 6.80 Lower Bound
2yr 2yr Present 5.96 5.71 2yr 2yr Present 5.96 5.71 5.96 Most Likely
5yr 2yr Present 6.05 5.71 2yr 5yr Present 6.03 7.30 6.05 Most Likely
10 yr 2yr Present 6.15 5.71 2yr 10 yr Present 6.11 8.90 6.15 Most Likely
25 yr 2yr Present 6.30 571 2yr 25 yr Present 6.13 10.80 6.30 Most Likely
50 yr 2yr Present 6.44 5.71 2yr 50 yr Present 6.13 12.30 6.44 Most Likely
100 yr 2yr Present 6.60 5.71 2yr 100 yr  Present 6.13 13.70 6.60 Most Likely
250 yr 2yr Present 6.80 5.71 2yr 250 yr  Present 6.13 16.40 6.80 Most Likely
500 yr 2yr Present 7.00 5.71 2yr 500 yr = Present 6.13 17.30 7.00 Most Likely
2yr 10 yr Present 6.11 8.90 10 yr 2yr Present 6.15 5.71 6.15 Upper Bound
5yr 10 yr Present 6.36 8.90 10 yr 5yr Present 6.32 7.30 6.36 Upper Bound
10 yr 10 yr Present 6.58 8.90 10 yr 10 yr Present 6.58 8.90 6.58 Upper Bound
25 yr 10yr Present 6.91 8.90 10 yr 25yr Present 6.59 10.80 6.91 Upper Bound
50 yr 10yr Present 7.20 8.90 10 yr 50 yr Present 6.59 12.30 7.20 Upper Bound
100 yr 10yr Present 7.50 8.90 10 yr 100 yr  Present 6.59 13.70 7.50 Upper Bound
250 yr 10 yr Present 7.84 8.90 10 yr 250 yr  Present 6.59 16.40 7.84 Upper Bound
500 yr 10 yr Present 8.17 8.90 10 yr 500 yr = Present 6.59 17.30 8.17 Upper Bound
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Table 24: Harrison S2 Analysis Results (feet NAVD

. . . Peak Peak . . Time Peak Peak Max
Interior Exterior  Time . . Interior Exterior .. . . . .
Flow Stage Condition Interior Exterior Flow Stage Conditi Interior Exterior|Interior Risk
WSEL Stage on WSEL Stage | WSEL
2yr Nomal Present 5.39 3.20 539 Lower Bound
5yr Normal Present 5.39 3.20 539 Lower Bound
10 yr Nomal Present 5.51 3.20 551  Lower Bound
25 yr Normal Present 5.99 3.20 599  Lower Bound
50 yr Nomal Present 6.05 3.20 6.05 Lower Bound
100yr  Nomal Present 6.13 3.20 6.13  Lower Bound
250 yr  Nomal Present 6.24 3.20 6.24  Lower Bound
500 yr  Nomal Present 6.36 3.20 6.36 Lower Bound
2yr 2yr Present 5.76 5.71 2yr 2yr Present 5.76 5.71 5.76 Most Likely
5yr 2yr Present 6.00 5.71 2yr 5yr Present 5.96 7.30 6.00 Most Likely
10 yr 2yr Present 6.05 5.71 2yr 10yr  Present 6.02 8.90 6.05 Most Likely
25 yr 2yr Present 6.15 571 2yr 25yr | Present 6.06 10.80 6.15 Most Likely
50 yr 2yr Present 6.24 5.71 2yr 50 yr Present 6.06 12.30 6.24 Most Likely
100 yr 2yr Present 6.34 5.71 2yr 100 yr ~ Present 6.06 13.70 6.34 Most Likely
250 yr 2yr Present 6.48 571 2yr 250 yr  Present 6.06 16.40 6.48 Most Likely
500 yr 2yr Present 6.62 5.71 2yr 500 yr  Present 6.06 17.30 6.62 Most Likely
2yr 10 yr Present 6.02 8.90 10 yr 2yr Present 6.05 5.71 6.05 Upper Bound
5yr 10 yr Present 6.19 8.90 10 yr 5yr Present 6.10 7.30 6.19  Upper Bound
10 yr 10 yr Present 6.31 8.90 10 yr 10 yr Present 6.31 8.90 6.31 Upper Bound
25 yr 10 yr Present 6.50 8.20 10 yr 25 yr Present 6.31 10.80 6.50 Upper Bound
50 yr 10 yr Present 6.70 8.20 10 yr 50 yr Present 6.31 12.30 6.70  Upper Bound
100 yr 10 yr Present 6.92 8.90 10 yr 100 yr  Present 6.31 13.70 6.92 Upper Bound
250 yr 10 yr Present 7.15 8.90 10 yr 250 yr  Present 6.31 16.40 7.15  Upper Bound
500 yr 10 yr Present 7.48 8.90 10 yr 500 yr  Present 6.31 17.30 748  Upper Bound
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Table 25: Harrison S3 Analysis Results (feet NAVD

. . . Peak Peak . . Time Peak Peak Max
Interior Exterior  Time . . Interior Exterior .. . . . .
Flow Stage Condition Interior Exterior Flow Stage Conditi Interior Exterior|Interior Risk
WSEL Stage on WSEL Stage | WSEL
2yr Normal Present 4.19 3.20 419  Lower Bound
5yr Normal Present 4.48 3.20 448 Lower Bound
10 yr Normal Present 4.70 3.20 470 Lower Bound
25 yr Nomal Present 5.01 3.20 5.01 Lower Bound
50 yr Nomal Present 5.02 3.20 5.02 Lower Bound
100 yr  Nommal Present 5.18 3.20 5.18  Lower Bound
250 yr  Normal Present 5.44 3.20 544  Lower Bound
500 yr  Nommal Present 5.68 3.20 568 Lower Bound
2yr 2yr Present 5.31 5.71 2yr 2yr Present 5.31 5.71 5.31 Most Likely
5yr 2yr Present 577 5.71 2yr 5yr Present 5.26 7.30 577 Most Likely
10 yr 2yr Present 5.90 5.71 2yr 10 yr Present 5.31 8.90 5.90 Most Likely
25 yr 2yr Present 6.02 5.71 2yr 25yr Present 5.36 10.80 6.02 Most Likely
50 yr 2yr Present 6.06 5.71 2yr 50yr  Present 5.36 12.30 6.06 Most Likely
100 yr 2yr Present 6.11 5.71 2yr 100 yr  Present 5.81 13.70 6.11 Most Likely
250 yr 2yr Present 6.18 5.71 2yr 250 yr  Present 5.82 16.40 6.18 Most Likely
500 yr 2yr Present 6.25 5.71 2yr 500 yr  Present 5.82 17.30 6.25 Most Likely
2yr 10 yr Present 5.31 8.90 10 yr 2yr Present 5.90 5.71 590 Upper Bound
5yr 10 yr Present 6.00 8.90 10 yr 5yr Present 6.03 7.30 6.03  Upper Bound
10 yr 10 yr Present 6.08 8.90 10 yr 10yr  Present 6.08 8.90 6.08  Upper Bound
25 yr 10 yr Present 6.20 8.90 10 yr 25 yr Present 6.08 10.80 6.20 Upper Bound
50 yr 10 yr Present 6.30 8.90 10 yr 50 yr Present 6.08 12.30 6.30 Upper Bound
100 yr 10 yr Present 6.41 8.90 10 yr 100 yr ~ Present 6.08 13.70 6.41  Upper Bound
250 yr 10 yr Present 6.55 8.90 10 yr 250 yr  Present 6.08 16.40 6.55 Upper Bound
500 yr 10 yr Present 6.72 8.90 10 yr 500 yr  Present 6.08 17.30 6.72  Upper Bound
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9.10 City of Newark
9.10.1 Interior Drainage Areas

There are two distinguishedterior drainge areas that contribute to ponding behind the City of
Newark Segmerdlignment as shown in Figure9l These contribute to ten ponding areas:

1) Northern Area at Lister Aveieandthe New Jersey Turnpike includes: L1, L2, &3d T
drainage and ponding areas,

2) Easten Area at Doremus Aveue and Doremus Awvaue Extension includes: D1, D2,
D3A, D3B, D4 and D5 drainage and ponding areas.

The drainage area parameters are shown in Tablga2e of the ponding areas are linked by an
area of high ground (BDD2, D3B-D4 and L3T), which is modeled as a diversion weir in the
HEC-HMS model. Runoff from these areas and the interior ponding areas are reflected in the
HEC-HMS model schematics as show Figure20and21.

Figure 19: Newark Drainage Areas
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Table 26: Drainage Area Parametersi Newark

Subarea Drainage Areas SCS Curve SCS Unitgraph
(square miles) Number Tc (hour) | Lag (min)
Lister Avenue
L1 0.0757 83 0.64 23.0
L2 0.3127 83 0.76 27.4
L3 0.1589 85 0.72 25.9
Turnpike
T 0.20%5 78 0.71 25.6
Doremus Avenue
D1 0.4572 83 0.75 27.0
D2 0.0879 80 0.69 24.8
Doremus Extension
D3A 0.1907 87 0.79 28.4
D3B 0.2092 78 0.75 27.0
D4 0.1272 80 0.70 25.2
D5 0.5545 81 0.81 29.2
Source:Passaic River Draft GDM, AgmdixC H&H, Table G76
CINE S L2 B3 =y
|1 Pond &|L2 Pond L-F}L_% Pond
7|l T Pond
L".'_tju Out l"_JLz Out gu Out L]T out

Figure 20: Lister Avenue and Turnpike HEC-HMS Model Schematic
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'li 04
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Figure 21: Doremus Avanue and Doremus ExtensiorHEC-HMS Model Schematic

9.10.2 Newark Interior Drainage Plan

The interior drainage featurefor Newark were determined in GDM for each of the ponding
areas and are shown in Talll2 The results of the analysis are shown in TaB&through 37.
These features are independent of any culverts that may be required for wetlands flushing.

Table 27: Newark Interior Drainage Features

Length Size
Levee/Wall Status Type (feet) Number (inches) Pump
Lister Avenue

L1 New Primary 10 1 36
New | Secondary] 10 4 24
New | Secondary] 10 1 24

L2 Existing| Primary 10 2 72 100cfs
New | Secondary] 10 2 24
New | Secondary] 10 5 24

L3 New Primary 10 1 48 50 cfs
New | Secondary] 10 5 24
New | Secondary] 10 1 24
Existing| Secondary] 10 1 24
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Table 27(cont.): Newark Interior Drainage Features

Levee/Wall Status Type ngg:)h Number (insclﬁgs) Pump
Turnpike
T New Primary 10 1 48
New | Secondary] 10 9 24
Levee/Wall Status Type ngg:)h Number (inScItzwgs) Pump
Doremus Avenue
D1 Existing| Primary 10 1 60
New | Secondary] 10 5 24
D2 New Primary 10 1 48
New | Secondary] 10 1 24
New | Secondary] 10 3 24
Doremus Extension
D3A Existing| Primary 10 1 3x2 feet
D3B New Primary 10 2 60
New | Secondary] 10 1 36
New | Secondary] 10 1 24
D4 New Primary 10 2 36
New | Secondary] 10 7 24
D5 New Primary 10 1 36
New | Secondary] 10 8 24
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Table 28: Newark L1 Results(feet NAVD)

) ) Time Peak Peak ) ) Time Peak Peak Max
In;:arlor E;terlor Conditi Interior Exterior In;Trlor E;terlor Conditi Interior Exterior|Interior Risk
ow  Stage . WSEL Stage | oW °¥9 . WSEL Stage | WSEL
2 yr Nomal  Present 3.77 3.20 3.77 Lower Bound
5yr Normal  Present 4.08 3.20 4.08 Lower Bound
10 yr Normal = Present 432 3.20 4.32 Lower Bound
25 yr Normal  Present 4.66 3.20 4.66 Lower Bound
50 yr Nomal  Present 4.93 3.20 4.93 Lower Bound
100 yr ~ Nomal  Present 5.25 3.20 5.25 Lower Bound
250 yr ~ Nommal  Present 5.68 3.20 5.68 Lower Bound
500 yr  Normmal = Present 6.01 3.20 6.01 Lower Bound
2yr 2 yr Present 5.98 5.71 2yr 2yr Present 5.98 5.71 5.98 Most Likely
Syr 2yr Present 6.07 5.71 2yr Syr Present 6.52 7.30 6.52 Most Likely
10 yr 2yr Present 6.15 5.71 2yr 10 yr Present 7.01 8.90 7.01 Most Likely
25 yr 2yr Present 6.28 5.71 2yr 25 yr Present 7.12 10.80 7.12 Most Likely
50 yr 2yr Present 6.39 5.71 2yr 50 yr Present 717 12.30 717 Most Likely
100 yr 2 yr Present 6.50 5.71 2yr 100 yr  Present 7.19 13.70 7.19 Most Likely
250 yr 2yr Present 6.66 5.71 2yr 250 yr  Present 7.36 16.40 7.36 Most Likely
500 yr 2yr Present 6.80 5.71 2yr 500 yr  Present 7.36 17.30 7.36 Most Likely
2yr 10 yr Present 7.01 8.90 10 yr 2yr Present 6.15 5.71 7.01 Upper Bound
5yr 10 yr Present 7.48 8.90 10 yr S5yr Present 6.88 7.30 7.48 Upper Bound
10 yr 10 yr Present 7.85 8.90 10 yr 10 yr Present 7.85 8.90 7.85 Upper Bound
25 yr 10 yr Present 8.08 8.90 10 yr 25 yr Present 8.02 10.80 8.08 Upper Bound
50 yr 10 yr Present 8.18 8.90 10 yr 50 yr Present 8.07 12.30 8.18 Upper Bound
100 yr 10 yr Present 8.26 8.90 10 yr 100 yr  Present 8.08 13.70 8.26 Upper Bound
250 yr 10 yr Present 8.33 8.90 10 yr 250 yr  Present 8.16 16.40 8.33 Upper Bound
500 yr 10 yr Present 8.43 8.90 10 yr 500 yr  Present 8.16 17.30 8.43 Upper Bound
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Table 29: Newark L2 Results (feet NAVD)

| ior E . Time Peak Peak | ior E . Time Peak Peak Max
n;fc:?r )S(::;Igr Conditi Interior Exterior n;?c:;)r )S(::;Igr Conditi Interior Exterior|Interior Risk
on WSEL Stage WSEL Stage | WSEL
2yr Normal = Present 4.03 3.20 4.03 Lower Bound
5yr Normal = Present 4.24 3.20 4.24 Lower Bound
10 yr Normal = Present 4.43 3.20 4.43 Lower Bound
25 yr Normal = Present 473 3.20 4.73 Lower Bound
50 yr Normal = Present 4,97 3.20 4.97 Lower Bound
100 yr ~ Normal Present 5.10 3.20 5.10 Lower Bound
250 yr ~ Normmal  Present 5.34 3.20 5.34 Lower Bound
500 yr ~ Nomal Present 5.61 3.20 5.61 Lower Bound
2yr 2yr Present 5.11 5.71 2yr 2yr Present 5.11 571 5.11 Most Likely
5yr 2yr Present 5.55 5.71 2yr 5yr Present 5.11 7.30 5.55 Most Likely
10 yr 2yr Present 5.75 5.71 2yr 10 yr Present 5.11 8.90 5.75 Most Likely
25 yr 2yr Present 5.95 5.71 2yr 25 yr Present 5.14 10.80 5.95 Most Likely
50 yr 2yr Present 6.04 5.71 2yr 50 yr Present 5.15 12.30 6.04 Most Likely
100 yr 2yr Present 6.10 5.71 2yr 100 yr  Present 5.15 13.70 6.10 Most Likely
250 yr 2yr Present 6.19 5.71 2yr 250 yr  Present 515 16.40 6.19 Most Likely
500 yr 2yr Present 6.28 5.71 2yr 500 yr  Present 5.15 17.30 6.28 Most Likely
2yr 10 yr Present 5.11 8.90 10 yr 2yr Present 5.75 5.71 5.75 Upper Bound
5yr 10 yr Present 5.55 8.90 10 yr 5yr Present 5.86 7.30 5.86 Upper Bound
10 yr 10 yr Present 6.00 8.90 10 yr 10 yr Present 6.00 8.90 6.00 Upper Bound
25 yr 10 yr Present 6.18 8.90 10 yr 25 yr Present 6.04 10.80 6.18 Upper Bound
50 yr 10 yr Present 6.33 8.90 10 yr 50 yr Present 6.06 12.30 6.33 Upper Bound
100 yr 10 yr Present 6.50 8.90 10 yr 100 yr  Present 6.06 13.70 6.50 Upper Bound
250 yr 10 yr Present 6.70 8.90 10 yr 250 yr  Present 6.06 16.40 6.70 Upper Bound
500 yr 10 yr Present 7.02 8.90 10 yr 500 yr  Present 6.06 17.30 7.02 Upper Bound
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Table 30: Newark L3 Results (feet NAVD)

| ior E ) Time Peak Peak | ior E ) Time Peak Peak Max
n;fc::r )S(:zg;:r Conditi Interior Exterior n;?(::r :S(:z;;:r Conditi Interior Exterior|Interior Risk
on WSEL  Stage on WSEL Stage | WSEL
2yr Normal  Present 3.76 3.20 3.76 Lower Bound
5yr Nomal = Present 4.03 3.20 4.03 Lower Bound
10 yr Normal  Present 412 3.20 4.12 Lower Bound
25 yr Normal = Present 4.26 3.20 4.26 Lower Bound
50 yr Nomal = Present 4.39 3.20 4.39 Lower Bound
100 yr ~ Normal Present 453 3.20 4.53 Lower Bound
250 yr ~ Normmal Present 473 3.20 4.73 Lower Bound
500 yr  Normmal Present 4.94 3.20 4.94 Lower Bound
2yr 2 yr Present 4.99 571 2yr 2yr Present 4909 571 4.99 Most Likely
5yr 2yr Present 5.10 5.71 2yr Syr Present 5.01 7.30 5.10 Most Likely
10 yr 2yr Present 5.34 5.71 2yr 10 yr Present 501 8.90 5.34 Most Likely
25 yr 2 yr Present 5.65 571 2yr 25 yr Present 501 10.80 5.65 Most Likely
50 yr 2 yr Present 5.82 5.71 2yr 50 yr Present 501 12.30 5.82 Most Likely
100 yr 2yr Present 5.99 5.71 2yr 100 yr  Present 501 13.70 5.99 Most Likely
250 yr 2yr Present 6.07 5.71 2yr 250 yr  Present 501 16.40 6.07 Most Likely
500 yr 2yr Present 6.18 5.71 2yr 500 yr  Present 501 17.30 6.18 Most Likely
2yr 10 yr Present 5.00 8.90 10 yr 2yr Present 534 571 5.34 Upper Bound
5yr 10 yr Present 5.10 8.90 10yr 5yr Present 534 7.30 5.34 Upper Bound
10 yr 10 yr Present 5.35 8.90 10 yr 10 yr Present 535 890 5.35 Upper Bound
25 yr 10 yr Present 5.82 8.90 10yr 25 yr Present 544 10.80 5.82 Upper Bound
50 yr 10 yr Present 6.10 8.90 10 yr 50 yr Present 555 12.30 6.10 Upper Bound
100 yr 10 yr Present 6.32 8.90 10 yr 100 yr  Present 555 13.70 6.32 Upper Bound
250 yr 10 yr Present 6.58 8.90 10 yr 250 yr  Present 5.55 16.40 6.58 Upper Bound
500 yr 10 yr Present 6.92 8.90 10yr 500 yr  Present 555 17.30 6.92 Upper Bound
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Table 31 Newark T Results (feet NAVD)

Interior Exterior Time Peak Peak Interior Exterior Time Pea_k Pea!( Ma?( .
Flow Stage Conditi Interior Exterior Flow Stage Conditi Interior Exterior|Interior Risk
on WSEL Stage WSEL Stage | WSEL

2yr Nommal = Present 427 3.20 4.27 Lower Bound
5 yr Nommal = Present 451 3.20 4.51 Lower Bound
10 yr Nomal Present 471 3.20 4.71 Lower Bound
25 yr Normal = Present 499 3.20 4.99 Lower Bound
50 yr Nommal = Present 522 3.20 5.22 Lower Bound
100 yr  Nomal Present 546 3.20 5.46 Lower Bound
250 yr ~ Nomal = Present 575 3.20 5.75 Lower Bound
500 yr ~ Nomnal Present 6.02] 3.20 6.02 Lower Bound
2 yr 2yr Present 5.08| 5.71 2yr 2yr Present 508 5.71 5.08 Most Likely
5yr 2yr Present 549 5.71 2yr 5yr Present 535 7.30 5.49 Most Likely
10 yr 2yr Present 571 5.7 2yr 10 yr Present 542 8.90 5.71 Most Likely
25 yr 2yr Present 596 5.71 2yr 25 yr Present 5.46 10.80 5.96 Most Likely
50 yr 2yr Present 6.05| 5.71 2yr 50yr  Present 546 12.30 6.05 Most Likely
100 yr 2yr Present 6.14] 5.71 2yr 100 yr  Present 546 13.70 6.14 Most Likely
250 yr 2yr Present 6.24] 5.7 2yr 250 yr  Present 546 16.40 6.24 Most Likely
500 yr 2yr Present 6.36] 5.71 2yr 500 yr  Present 546 17.30 6.36 Most Likely

2yr 10 yr Present 542 8.90 10 yr 2yr Present 571 571 5.71 Upper Bound

5yr 10 yr Present 5.86| 8.90 10 yr S5yr Present 6.04 7.30 6.04 Upper Bound
10 yr 10 yr Present 6.06] 8.90 10 yr 10yr  Present 6.06 8.90 6.06 Upper Bound
25yr 10yr  Present 6.22] 8.90 10 yr 25yr  Present 6.08 10.80 6.22  Upper Bound
50 yr 10yr  Present 6.36] 8.90 10 yr 50yr  Present 6.09 12.30 6.36  Upper Bound
100 yr 10yr  Present 6.50] 8.90 10 yr 100 yr  Present 6.09 13.70 6.50 Upper Bound
250 yr 10yr  Present 6.67] 8.90 10 yr 250yr  Present 6.09 16.40 6.67  Upper Bound
500 yr 10 yr Present 6.89] 8.90 10 yr 500 yr  Present 6.09 17.30 6.89 Upper Bound
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Table 32 Newark D1 Results (feet NAVD)

I ior E . Time Peak Peak | ior E . Time Peak Peak Max
n;i:sr ;:Z;I::r Conditi Interior Exterior n;i:?r ;’:zggr Conditi Interior Exterior|Interior Risk
on WSEL Stage on WSEL Stage | WSEL
2yr Normal = Present 5.45 3.20 5.45 Lower Bound
5yr Normal  Present 6.03 3.20 6.03 Lower Bound
10 yr Normal  Present 6.17 3.20 6.17 Lower Bound
25 yr Nomal = Present 6.37 3.20 6.37 Lower Bound
50 yr Normal  Present 6.55 3.20 6.55 Lower Bound
100 yr ~ Normal Present 6.74 3.20 6.74 Lower Bound
250 yr  Nommal Present 6.97 3.20 6.97 Lower Bound
500 yr ~ Normmal Present 7.26 3.20 7.26 Lower Bound
2yr 2yr Present 6.04 5.71 2yr 2yr Present 6.04 5.71 6.04 Most Likely
5yr 2yr Present 6.20 5.71 2yr 5yr Present 6.32 7.30 6.32 Most Likely
10 yr 2yr Present 6.34 5.71 2yr 10yr Present 6.38 8.90 6.38 Most Likely
25 yr 2yr Present 6.55 5.71 2yr 25 yr Present 6.44 10.80 6.55 Most Likely
50 yr 2yr Present 6.72 5.71 2yr 50 yr Present 6.47 12.30 6.72 Most Likely
100 yr 2yr Present 6.89 5.71 2yr 100 yr  Present 6.49 13.70 6.89 Most Likely
250 yr 2yr Present 7.08 5.71 2yr 250 yr  Present 6.58 16.40 7.08 Most Likely
500 yr 2yr Present 7.35 5.71 2yr 500 yr  Present 6.58 17.30 7.35 Most Likely
2yr 10 yr Present 6.38 8.90 10 yr 2yr Present 6.34 5.71 6.38 Upper Bound
5yr 10 yr Present 6.68 8.90 10 yr 5yr Present 6.71 7.30 6.71 Upper Bound
10 yr 10 yr Present 6.92 8.90 10 yr 10 yr Present 6.92 8.90 6.92 Upper Bound
25 yr 10 yr Present 7.27 8.90 10 yr 25 yr Present 7.04 10.80 7.27 Upper Bound
50 yr 10 yr Present 7.56 8.90 10 yr 50 yr Present 7.14 12.30 7.56 Upper Bound
100 yr 10 yr Present 7.75 8.90 10 yr 100 yr  Present 7.16 13.70 7.75 Upper Bound
250 yr 10 yr Present 7.89 8.90 10 yr 250 yr  Present 7.34 16.40 7.89 Upper Bound
500 yr 10 yr Present 8.01 8.90 10 yr 500 yr  Present 7.34 17.30 8.01 Upper Bound
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Table 33: Newark D2 Results (feet NAVD)

| ior E ) Time Peak Peak | ior E ) Time Peak Peak Max
n;tlec)r‘::r ;::;fr Conditi Interior Exterior n;i:jr ;:z;::)r Conditi Interior Exterior|Interior Risk
on WSEL  Stage on WSEL  Stage | WSEL
2 yr Nomal  Present 4.05 3.20 4.05 Lower Bound
5yr Nomal = Present 4.16 3.20 4.16 Lower Bound
10 yr Normal = Present 4.26 3.20 4.26 Lower Bound
25 yr Normal = Present 4.41 3.20 4.41 Lower Bound
50 yr Normal = Present 453 3.20 4.53 Lower Bound
100 yr ~ Normmal  Present 4.66 3.20 4.66 Lower Bound
250 yr ~ Nomal = Present 4.83 3.20 4.83 Lower Bound
500 yr ~ Normmal Present 5.00 3.20 5.00 Lower Bound
2yr 2yr Present 4.62 571 2yr 2yr Present 462 5.71 4.62 Most Likely
5yr 2yr Present 4.90 5.71 2yr S5yr Present 4.75 7.30 4.90 Most Likely
10 yr 2yr Present 5.11 5.71 2yr 10 yr Present 4.82 8.90 5.11 Most Likely
25 yr 2 yr Present 5.38 571 2 yr 25 yr Present 4.86 10.80 5.38 Most Likely
50 yr 2yr Present 5.56 571 2yr 50 yr Present 4.08 12.30 5.56 Most Likely
100 yr 2yr Present 571 571 2 yr 100 yr  Present 4.99 13.70 5.71 Most Likely
250 yr 2 yr Present 5.86 5.71 2 yr 250 yr  Present 4.99 16.40 5.86 Most Likely
500 yr 2yr Present 6.01 5.71 2yr 500 yr Present 4.99 17.30 6.01 Most Likely
2yr 10yr Present 4.82 8.90 10yr 2yr Present 5.11 5.71 5.11 Upper Bound
5yr 10yr Present 5.18 8.90 10 yr S5yr Present 5.35 7.30 5.35 Upper Bound
10 yr 10 yr Present 5.49 8.90 10 yr 10 yr Present 5.49 8.90 5.49 Upper Bound
25 yr 10 yr Present 5.91 8.90 10 yr 25 yr Present 5.60 10.80 5.91 Upper Bound
50 yr 10 yr Present 6.10 8.90 10 yr 50 yr Present 5.68 12.30 6.10 Upper Bound
100 yr 10 yr Present 6.56 8.90 10 yr 100 yr  Present 5.88 13.70 6.56 Upper Bound
250 yr 10 yr Present 7.23 8.90 10 yr 250 yr Present 5.89 16.40 7.23 Upper Bound
500 yr 10yr Present 8.02 8.90 10yr 500 yr  Present 5.89 17.30 8.02 Upper Bound
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Table 34: Newark D3A Results (feet NAVD)

Interior Exterior Time. . Pea.k Pea!( Interior Exterior Time. . Pea.k Pea!( Ma?( .
Flow Stage Conditi Interior Exterior Flow Stage Conditi Interior Exterior|Interior Risk
on WSEL Stage on WSEL Stage | WSEL
2yr Normal = Present 4.32 3.20 4.32 Lower Bound
5yr Nommal  Present 4.51 3.20 4.51 Lower Bound
10 yr Normal  Present 4.67 3.20 4.67 Lower Bound
25 yr Nomal  Present 4.91 3.20 4.91 Lower Bound
50 yr Normal = Present 512 3.20 5.12 Lower Bound
100 yr ~ Normal Present 5.35 3.20 5.35 Lower Bound
250 yr ~ Normal Present 5.68 3.20 5.68 Lower Bound
500 yr ~ Normmal Present 6.04 3.20 6.04 Lower Bound
2yr 2yr Present 4.32 5.71 2yr 2yr Present 4.32 5.71 4.32 Most Likely
5yr 2yr Present 4.51 5.71 2yr 5vyr Present 4.32 7.30 4.51 Most Likely
10 yr 2yr Present 4.67 5.71 2yr 10yr Present 4.32 8.20 4.67 Most Likely
25yr 2 yr Present 4.91 5.71 2yr 25 yr Present 432 10.80 4.91 Most Likely
50 yr 2 yr Present 512 5.71 2 yr 50 yr Present 4.32 12.30 512 Most Likely
100 yr 2yr Present 5.35 5.71 2yr 100 yr  Present 432 13.70 5.35 Most Likely
250 yr 2yr Present 5.68 5.71 2yr 250 yr  Present 4.32 16.40 5.68 Most Likely
500 yr 2yr Present 6.04 5.71 2yr 500 yr  Present 4.32 17.30 6.04 Most Likely
2yr 10 yr Present 432 8.90 10 yr 2yr Present 4.67 5.71 4.67 Upper Bound
S5yr 10 yr Present 4.51 8.90 10 yr S5yr Present 4.67 7.30 4.67 Upper Bound
10 yr 10 yr Present 4.67 8.90 10 yr 10yr Present 4.67 8.90 4.67 Upper Bound
25 yr 10yr  Present 4.91 8.90 10 yr 25yr  Present 4.67 10.80 4.91 Upper Bound
50 yr 10yr  Present 5.12 8.90 10 yr 50yr  Present 4.67 12.30 5.12 Upper Bound
100 yr 10yr  Present 5.35 8.90 10 yr 100 yr ~ Present 4.67 13.70 5.35 Upper Bound
250 yr 10 yr Present 5.68 8.90 10 yr 250 yr  Present 4.67 16.40 5.68 Upper Bound
500 yr 10yr  Present  6.04 8.90 10 yr 500 yr ~ Present  4.67 17.30 6.04 Upper Bound
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Table 35: Newark D3B Results(feet NAVD)

) ) Time Peak Peak , ) Time Peak Peak Max
In;(Ierlor E)S(terlor Conditi Interior Exterior Inl':ulerlor E;(terlor Conditi Interior Exterior|Interior Risk
ow  Stage . WSEL Stage | ' °% °%®9°  ,h  WSEL Stage | WSEL
2yr Normal  Present 4.28 3.20 4.28 Lower Bound
5yr Normal  Present 4.62 3.20 4.62 Lower Bound
10 yr Normal  Present 4.90 3.20 4.90 Lower Bound
25 yr Normmal = Present 5.30 3.20 5.30 Lower Bound
50 yr Normal  Present 5.63 3.20 5.63 Lower Bound
100 yr ~ Nommal  Present 5.08 3.20 5.08 Lower Bound
250 yr ~ Nomal Present 6.12 3.20 6.12 Lower Bound
500 yr ~ Nommal Present 6.28 3.20 6.28 Lower Bound
2 yr 2yr Present 5.70 571 2 yr 2 yr Present 5.70 571 5.70 Most Likely
5yr 2yr Present 5.91 5.71 2yr 5yr Present 6.26 7.30 6.26 Most Likely
10 yr 2yr Present 6.03 5.71 2yr 10 yr Present 6.41 8.90 6.41 Most Likely
25 yr 2 yr Present 6.14 5.71 2yr 25 yr Present 6.53 10.80 6.53 Most Likely
50 yr 2yr Present 6.24 5.71 2yr 50 yr Present 6.62 12.30 6.62 Most Likely
100 yr 2yr Present 6.34 5.71 2yr 100 yr  Present 6.69 13.70 6.69 Most Likely
250 yr 2yr Present 6.47 5.71 2yr 250 yr  Present 7.1 16.40 7.1 Most Likely
500 yr 2yr Present 6.61 5.71 2yr 500 yr Present 7.1 17.30 7.1 Most Likely
2yr 10yr  Present 6.41 8.90 10 yr 2yr Present 6.03 5.71 6.41 Upper Bound
5yr 10 yr Present 6.70 8.90 10 yr 5yr Present 6.70 7.30 6.70 Upper Bound
10 yr 10 yr Present 6.94 8.90 10 yr 10 yr Present 6.94 8.90 6.94 Upper Bound
25 yr 10 yr Present 7.29 8.90 10 yr 25 yr Present 7.16 10.80 7.29 Upper Bound
50 yr 10 yr Present 7.57 8.90 10 yr 50 yr Present 7.36 12.30 7.57 Upper Bound
100 yr 10 yr Present 7.83 8.90 10 yr 100 yr  Present 7.44 13.70 7.83 Upper Bound
250 yr 10 yr Present 8.04 8.90 10 yr 250 yr  Present 7.87 16.40 8.04 Upper Bound
500 yr 10 yr Present 8.17 8.90 10 yr 500 yr  Present 7.87 17.30 8.17 Upper Bound
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Table 36: Newark D4 Results (feet NAVD)

Interior Exterior Time. . Pea.k Pea!( Interior Exterior Time. . Pea.k Pea!( Ma?( .
Flow Stage Conditi Interior Exterior Flow Stage Conditi Interior Exterior|Interior Risk
on WSEL Stage WSEL Stage | WSEL
2 yr Normal = Present 3.69 3.20 3.69 Lower Bound
5yr Nomal  Present 4.01 3.20 4.01 Lower Bound
10 yr Nommal  Present 4.16 3.20 4.16 Lower Bound
25 yr Nommal  Present 4.42 3.20 4.42 Lower Bound
50 yr Nommal  Present 4.63 3.20 4.63 Lower Bound
100 yr ~ Nomal = Present 4.85 3.20 4.85 Lower Bound
250 yr ~ Normmal = Present 5.16 3.20 5.16 Lower Bound
500 yr  Normmal Present 5.45 3.20 545 Lower Bound
2 yr 2 yr Present 5.76 5.71 2yr 2yr Present 5.76 571 5.76 Most Likely
5yr 2yr Present 5.97 5.71 2yr Syr Present 6.19 7.30 6.19 Most Likely
10 yr 2yr Present 6.04 5.71 2yr 10 yr Present 6.25 8.90 6.25 Most Likely
25 yr 2 yr Present 6.13 5.71 2yr 25 yr Present 6.29 10.80 6.29 Most Likely
50 yr 2 yr Present 6.21 5.71 2 yr 50 yr Present 6.30 12.30 6.30 Most Likely
100 yr 2 yr Present 6.29 5.71 2yr 100 yr  Present 6.32 13.70 6.32 Most Likely
250 yr 2yr Present 6.39 5.71 2yr 250 yr  Present 6.40 16.40 6.40 Most Likely
500 yr 2yr Present 6.49 5.71 2yr 500 yr  Present 7.08 17.30 7.08 Most Likely
2yr 10 yr Present 6.25 8.90 10 yr 2yr Present 6.04 571 6.25 Upper Bound
5yr 10 yr Present 6.50 8.90 10 yr S5yr Present 6.50 7.30 6.50 Upper Bound
10 yr 10 yr Present 6.72 8.90 10 yr 10 yr Present 6.72 8.90 6.72 Upper Bound
25 yr 10 yr Present 7.02 8.90 10 yr 25 yr Present 6.82 10.80 7.02 Upper Bound
50 yr 10 yr Present 7.28 8.90 10 yr 50 yr Present 6.88 12.30 7.28 Upper Bound
100 yr 10 yr Present 7.60 8.90 10 yr 100 yr  Present 6.90 13.70 7.60 Upper Bound
250 yr 10 yr Present 8.01 8.90 10 yr 250 yr  Present 7.54 16.40 8.01 Upper Bound
500 yr 10 yr Present 8.23 8.90 10 yr 500 yr  Present 8.09 17.30 8.23 Upper Bound
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Table 37: Newark D5 Results (feet NAVD)

. . Time Peak Peak | ior E . Time Peak Peak Max
In;fc::r E)S(::;I::r Conditi Interior Exterior n;for‘lsr ;::g:r Conditi Interior Exterior|Interior Risk
on WSEL Stage on WSEL Stage | WSEL
2yr Nomal = Present 4.46 3.20 4.46 Lower Bound
5yr Nomal = Present 4.84 3.20 4.84 Lower Bound
10 yr Nomal Present 5.17 3.20 5.17 Lower Bound
25 yr Nomal  Present 5.67 3.20 5.67 Lower Bound
50 yr Normal  Present 6.03 3.20 6.03 Lower Bound
100 yr ~ Nomal Present 6.18 3.20 6.18 Lower Bound
250 yr ~ Normmal Present 6.37 3.20 6.37 Lower Bound
500 yr  Normal = Present 6.63 3.20 6.63 Lower Bound
2yr 2yr Present 5.39 5.71 2 yr 2yr Present 539 571 5.39 Most Likely
5yr 2yr Present 5.86 5.71 2yr 5yr Present 581 7.30 5.86 Most Likely
10 yr 2yr Present 6.08 5.71 2yr 10 yr Present 597 8.90 6.08 Most Likely
25 yr 2yr Present 6.27 571 2yr 25yr Present 6.03 10.80 6.27 Most Likely
50 yr 2yr Present 6.43 5.71 2yr 50 yr Present 6.05 1230 6.43 Most Likely
100 yr 2 yr Present 6.61 5.71 2yr 100 yr  Present 6.13 13.70 6.61 Most Likely
250 yr 2yr Present 6.81 5.71 2yr 250 yr  Present 6.13 16.40 6.81 Most Likely
500 yr 2yr Present 7.12 5.71 2yr 500 yr  Present 6.13 17.30 7.12 Most Likely
2yr 10 yr Present 5.97 8.90 10 yr 2yr Present 6.08 5.71 6.08 Upper Bound
5yr 10yr  Present 6.24 8.90 10 yr 5yr Present 6.34 7.30 6.34 Upper Bound
10yr 10 yr Present 6.44 8.90 10 yr 10 yr Present 6.44 8.90 6.44 Upper Bound
25 yr 10yr  Present 8.73 8.90 10 yr 25yr  Present 6.53 10.80 6.73 Upper Bound
50 yr 10yr  Present 6.97 8.90 10 yr 50yr  Present 6.59 12.30 6.97 Upper Bound
100 yr 10 yr Present 7.23 8.90 10 yr 100 yr  Present 6.62 13.70 7.23 Upper Bound
250 yr 10 yr Present 7.55 8.90 10 yr 250 yr  Present 6.75 16.40 7.55 Upper Bound
500 yr 10 yr Present 7.95 8.90 10 yr 500 yr  Present 6.75 17.30 7.95 Upper Bound
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9.11 Town of Kearny

9.11.1 Interior Drainage Areas

Fourinterior drainage areas miwibute to pnding behind the Kearmlignment as shown in
Figure22. The drainage area parameters are shown in Table 38.

1) K1: This 0222-square milearea drains by one 36 inch primary oytght24-inch
secondary outlets arad75-cfs pump station

2) K2: This dranage area of 036-square milsis served by ond8-inch primary outleand
three24-inch secondary outlets.

3) KS3: This0.632-square milarainage area dischasthrough one primarg6-inch outlet
and six secondard4-inch pipes intdhe Hackensack River.

4) K4: This 0648square mila@rainage area dischasthrough one primary 36 inctutiet
and34 secondary 24 inch pipes intioe Passaic and Hackensatkers

i’

Figure 22: Kearny Drainage Areas
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Table 38: Drainage Area Parameters’ Kearny

Subarea Drainage Areas SCS Curve SCS Unitgraph
(square miles) Number Tc (hour) Lag (min)
K1 0.2215 81 0.76 27.4
K2 0.0364 80 0.72 25.9
K3 0.6319 85 0.8 28.8
K4 0.6476 80 0.82 29.5

SourcePassaic River DraftDM, AppendixC H&H, Table G76

Some ofthe ponding areas are linked by an area of high grounekK@2which is modeled as a
diversion weir in the HEEHMS model Runoff from these areas and the interior ponding areas
are reflected in the HEEIMS model schematics shown in Fig@®

ey o o
ER Ek EC Sk
l_- oo L- K2 Pond
&4 Pond
'|-|K3 Pond
+ v
K1 Out
K1 Out - <2 Out e k3 ou ¥ k4 out

Figure 23: Kearny HEC-HMS Model Schematic

9.11.2 Kearny Interior Drainage Plan

The Kearny interior drainage femes are showim Table39. The results of the analysis are
shown in Tableg0through43.
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Table 39: Kearny Interior Drainage Features

Levee/Wall Status Type L(?r;gtt)h Number (i nsciﬁgs) Pump

K1 New Primary 10 1 36 75 cfs
New Secondary] 10 6 24
New Secondary] 10 2 24
K2 New Primary 10 1 48
New Secondary] 10 3 24
K3 Existing | Primary 10 1 66
New Secondary] 10 2 24
New Secondary] 10 4 24
K4 New Primary 10 3 36
New Secondary] 10 17 24
New Secondary] 10 17 24
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Table 40: Kearny K1 Results feetNAVD)

] ] Time Peak Peak . E ] Time Peak Peak Max
Interior | Exterior Conditi Interior Exterior Interior | Exterior Conditi Interior Exterior|Interior Risk

Flow Stage )  WSEL Stage | F'oW S¥9¢ ) WSEL  Stage | WSEL

2 yr Normal  Present 4.60 3.20 460 Lower Bound
5yr Normal  Present 4.98 3.20 498 Lower Bound
10 yr Nomal Present 5.07 3.20 5.07 Lower Bound
25 yr Nommal  Present 5.56 3.20 556 Lower Bound
50 yr Normal  Present 6.00 3.20 6.00 Lower Bound
100 yr  Nomal Present 6.06 3.20 6.06 Lower Bound
250 yr  Nomal Present 6.16 3.20 6.16  Lower Bound
500 yr  Nomal Present 6.26 3.20 6.26 Lower Bound
2 yr 2yr Present 5.80 5.71 2yr 2yr Present 5.80 5.71 5.80 Most Likely
5yr 2yr Present 6.01 5.71 2yr 5yr Present 6.01 7.30 6.01 Most Likely
10 yr 2yr Present 6.06 5.71 2yr 10 yr Present 6.02 8.90 6.06 Most Likely
25 yr 2yr Present 6.16 5.71 2yr 25 yr Present 6.02 10.80 6.16 Most Likely
50 yr 2yr Present 6.26 5.71 2yr 50 yr Present 6.02 12.30 6.26 Most Likely
100 yr 2yr Present 6.37 5.71 2yr 100 yr  Present 6.02 13.70 6.37 Most Likely
250 yr 2yr Present 6.50 5.71 2yr 250 yr  Present 6.02 16.40 6.50 Most Likely
500 yr 2yr Present 6.64 5.71 2yr 500 yr  Present 6.02 17.30 6.64 Most Likely
2 yr 10 yr Present 6.02 8.90 10 yr 2yr Present 6.06 5.71 6.06 Upper Bound
5yr 10 yr Present 6.15 8.90 10 yr S5yr Present 6.16 7.30 6.16  Upper Bound
10 yr 10yr Present 6.26 8.90 10 yr 10 yr Present 6.26 8.90 6.26 Upper Bound
25 yr 10yr Present 6.45 8.90 10 yr 25 yr Present 6.28 10.80 6.45 Upper Bound
50 yr 10yr  Present 6.62 8.90 10 yr 50 yr Present 6.28 12.30 6.62 Upper Bound
100 yr 10yr  Present 6.82 8.90 10 yr 100 yr  Present 6.28 13.70 6.82 Upper Bound
250 yr 10 yr Present 7.06 8.90 10 yr 250 yr  Present 6.28 16.40 7.06 Upper Bound
500 yr 10 yr Present 7.47 8.90 10 yr 500 yr  Present 6.28 17.30 7.47 Upper Bound
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Table 41: Kearny K2 Results feetNAVD)
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