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Executive Summary

Flooding, sea level rise (SLR), and strong storms are growing threats for the City of Newark (the City). This
study analyzes how these risks could affect the City’s infrastructure, communities, and natural areas. This
analysis focuses on identifying what is at risk, like homes, roads, and wetlands, and estimating the potential
damage.

Detailed flood maps show which areas might be permanently or regularly inundated in the future if no action is
taken. These maps, described in the Flood Modeling Report, provided the foundation for the vulnerability and risk
assessment presented here.

To better understand flood impacts, this study applied a planning tool called FloodAdapt, which brings together
flood maps, infrastructure and building data, and information on potential damage and consequences. For
analyzing SLR scenarios, any asset located below the future projected daily high tide line was assumed to be
regularly flooded and treated as a total loss. To consider storm scenarios, damages based on modeled flood
depths were estimated using industry-standard “depth-damage curves,” which relate water depth to the expected
cost of damage.

This process helped estimate not only potential financial losses, but also identify which neighborhoods,
facilities, and ecosystems are most at risk. The results of this risk analysis describe the cost of no action and help
lay the groundwork for future adaptation planning.

Key Findings
This analysis provides a clear picture of what is at stake for the City—today, mid-century, and by the end-of-

century. The findings below highlight the scale of potential impacts, which grow significantly over time and
underscore the urgency of proactive planning.

Four SLR scenarios were applied: one representing mid-century conditions (0.8ft) and three representing end-of-
century conditions (3.1ft, 4.9ft, 6.6ft). This approach captures the range of reasonable uncertainty by 2100 and
aligns with state and regional standards for this type of analysis, including guidance from BCDC.

Table 1 summarizes the assets exposed to SLR for each of the four scenarios. The listed assets would be flooded
under daily high tides, which the report also calls quasi-permanent inundation, as assets in the tidal zone would
be inundated only part of the time. The results significantly increase from the 2050 scenario to the end-of-
century scenarios, described more following the tables.

Table 1 Summary of quasi-permanent flood impacts from future SLR scenarios
Asset Type (units) — ‘:)e;:] ;yug — 3.1ft SLR — Of4(.;:fr:t;|3(a — 6.6ft SLR

Buildings (count) 10 50 490 2,200
Roads and trails (mi) 10 20 50 60

Rail lines (mi) 2 3 5 6
Sewer lines (mi) 1 4 11 17
Sewer system (count) 0 maqholes ‘ 130 mz.mholes. 650 m.anhole.s 980 m.anhole‘s

0 pump/lift station 1 pump/lift station 2 pump/lift stations 2 pump/lift stations

Electrical substations (count) 0 1 1 1
Transmission lines (mi) 4 20 30 40

;‘L I:l*(l:t(f:uﬁ;mpa“ed census 23,000 23,000 23,000 29,000
Contamination sites (count) 1 1 1 20
Wetland area (ac) 8,000 8,500 8,600 8,900
Total zoning area (ac) 4,100 4,700 7,900 12,000
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The estimated losses from quasi-permanent inundation are tabulated in Table 2. These values assume that the
exposed assets, which would experience flooding under daily high tides, are a total loss, which is a conservative
assumption as some amount of partial loss is plausible.

The sum shows $71M of impacted assets by 2050. The value increases by a factor of six by end-of-century
under 3.1ft SLR and may be as much as $3.8B with 6.6ft SLR. These values assume all assets exposed,
including those exposed to daily high tides under future SLR, are a total loss, which may conservatively
overestimate impacts. This analysis forms a foundation upon which to evaluate cost-related benefits of
adaptation strategies.

Table 2 Total estimated cost of SLR, in millions of dollars, given exposed assets are considered a total loss

Mid-century End-of-century
Asset Type (2050) (2100)
0.8ft SLR 3.1ft SLR 4.9ft SLR 6.6ft SLR
Buildings $45 $200 $1,500 $3,100
Roads $0 $70 $360 $490
Rail $4.5 $7.5 $14 $17
Sewer $1.7 $5.7 $22 $32
Power $20 $115 $160 $180
Total Loss $71 $398 $2,056 $3,819

Between now and 2050, the City faces limited but important early-stage risks from SLR, mostly affecting
utilities and industrial infrastructure. The risks include:

e Buildings: Approximately 10 buildings are at risk of daily flooding, primarily industrial and public
buildings.

¢ Roads and Trails: No permanent loss identified, but storm scenarios indicate significant flooding.
e Rail Lines: About 1.5mi of rail lines are expected to be quasi-permanently inundated.

e Sewer System: 1mi of active sewer lines and 5 sewer manholes would be flooded under high tides.
e Power System: 4mi of transmission lines are within flooded areas.

Between 2050 and 2100, the scale of risk increases dramatically across all sectors. The risks include:

e Buildings: By 2100, estimates range from about 50 to over 2,000 buildings impacted by daily flooding,
depending on SLR ranging from 3.1ft to 6.6ft. There is a significant increase in residential and commercial
buildings exposed.

e Roads and Trails: Approximately Smi of roads and 15mi of trails could experience quasi-permanent
inundation by 3.3ft SLR, increasing to 37mi and 23mi, respectively, by 6.6ft SLR.

e Rail Lines: Permanent inundation could affect 3mi to 6mi of rail lines.

e Sewer System: 4-17mi of active sewer lines and up to 1,000 sewer manholes could be exposed to permanent
inundation from SLR or daily flooding in the tidal zone.

e Power System: 20mi to 40mi of transmission lines and one electrical substation could be quasi-permanently
inundated.

Next Steps

The upcoming phase will focus on developing adaptation measures for key areas at risk, engaging the public,
and incorporating feedback to prioritize actions and develop an adaptation strategy for the City.

City of Newark Sea Level Rise Vulnerability Assessment and Adaptation Strategy

304252-00 | Draft 1 | April 29, 2025 | Arup US, Inc. Vulnerability and Risk Assessment Report Page 5



1. Introduction

The City of Newark has initiated a comprehensive Sea Level Rise Vulnerability Assessment and Adaptation
Strategy to address the challenges posed by rising sea levels and associated flooding risks. This project aims to
develop a robust understanding of the City’s flood risks and to formulate effective adaptation strategies. The
study area encompasses the Mowry Operational Landscape Unit (OLU) which includes the entire City of
Newark and portions of Fremont. Refer to the Flood Modeling Report for additional details on the flood hazard
modeling approach and results. This report documents the approach and initial findings from the vulnerability
and risk assessment. The upcoming phase will focus on adaptation strategies for key areas at risk.

Prior to this effort, the City conducted a Local Hazard Mitigation Plan effort with Union City and the City of
Fremont which highlighted the need for this project. This project represents the first critical step in the
adaptation planning process for the City by establishing a baseline understanding of pertinent flooding risks
using industry best practices and methods. This understanding is essential for the second step, which involves
developing risk-informed adaptation strategies and identifying potential partners for implementation.

This report summarizes the vulnerability and risk assessment model development, results, and conclusions. The
assessment includes impacts on infrastructure, residents, business and the environment from flood hazards,
including quantification of the number of assets at risk and estimated costs.

1.1 Study Area

The study area covers the Mowry OLU, which includes the entire City of Newark as well as portions of Fremont
(Figure 1). The study area includes approximately 15mi of shoreline along the San Francisco Bay. The model
extent is slightly larger than the Mowry OLU to ensure full coverage of Newark’s infrastructure and flood
pathways, including areas just beyond the OLU boundary that influence local flood dynamics.

City of Newark Sea Level Rise Vulnerability Assessment and Adaptation Strategy
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Figure 1  Study area, model extents, and jurisdictions
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1.2 Vulnerability and Risk Assessment Approach

A flood hazard model of the Mowry OLU, which includes the City of Newark, was developed for both present
and future SLR and storm scenarios. Four main types of flood scenarios were modeled for this project:

e Present Coastal Storm Scenario: This scenario is defined in this study as the 100-year coastal event which
considers tides and storm surges occurring simultaneously with a 10-year inland event which considers
rainfall.

e Present Inland Storm Scenario: This scenario is defined in this study as the 100-year inland event which
considers rainfall occurring simultaneously with a 10-year coastal event which considers tides and storm
surges.

e Tidal (Quasi-Permanent) Inundation: These scenarios are defined by MHHW, which represents a typical
high tide that serves as a proxy for everyday flooding. When modeling future MHHW with different SLR
scenarios, the resultant maps provide useful tools for planning.

e Future Coastal Storm Scenario: The future Storm Scenarios evaluate the maximum of the coastal storm
scenario and the inland storm scenario to represent extreme but plausible combined storm scenarios. Rainfall
for the future events comes from future climate projections of precipitation.

These scenarios are summarized in Table 3. The scenario development and hazard outputs are detailed in the
Flood Modeling Report.

Table 3 Summary of flood hazard scenarios run through the model

Time Horizon Scenarios

Coastal Storm Scenario: 100-year coastal + 10-year inland

Present

Inland Storm Scenario: 100-year inland + 10-year coastal
0.8ft SLR

Mid-century (2050) — Quasi-permanent Inundation

— Future Coastal Storm

3.1ft SLR (Intermediate Scenario)

— Quasi-permanent Inundation

— Future Coastal Storm

4.9ft SLR (Intermediate-High Scenario)
End-of-century (2100) — Quasi-permanent Inundation

— Future Coastal Storm

6.6ft SLR (High Scenario)

— Quasi-permanent Inundation

— Future Coastal Storm

The exposure of infrastructure, communities, and the environment to flooding was evaluated by intersecting
their locations with the flood inundation extents using GIS. The vulnerability and risk assessment identified
assets that are exposed to flooding in the storm and SLR scenarios, considering flood depth and potential
damage. For building assets, damage was estimated using a depth-damage curve assigned to each asset, like
apartment buildings or commercial businesses. As pictured in the center of Figure 2 and defined further in
Section 2.4.2, depth-damage curves map the percentage of damage to the inundation depth for these assets.
Percent damage was directly related to financial loss for each asset for the storm scenarios, also shown in
Figure 2. For SLR scenarios without storm, 100% damage was assumed.

City of Newark Sea Level Rise Vulnerability Assessment and Adaptation Strategy
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Figure 2 Overview of the calculation framework in Delft-FIAT, depicting the input of damage curves and asset data

Risk was assessed using a scenario-based approach to evaluate the impact of flooding under each SLR and storm
scenario. The financial losses of damage to physical infrastructure and buildings were estimated within
FloodAdapt for the SLR scenarios, building on the assessment of exposure, damage, and vulnerability.

City of Newark Sea Level Rise Vulnerability Assessment and Adaptation Strategy
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2. Vulnerability and Risk Model Development

This section describes the development of the vulnerability and risk model using FloodAdapt. The sections
capture:

e Software and tools used to conduct the assessment
e Scenarios modeled
o Key model inputs collected from best available public datasets and incorporated into the modeling

e Assumptions and limitations made to develop these models

21 Software and Tools

Delft-FIAT is a Python-based tool developed to rapidly assess direct economic impacts to buildings, utilities,
and roads for user-input flood maps. Delft-FIAT utilizes a unit-loss method similar to the Hazus tool by the
Federal Emergency Management Agency. This report is focused on the inputs and outputs of the Delft-FIAT
model that supported the vulnerability and risk assessment.

FloodAdapt is a decision-support tool that seeks to advance and accelerate flooding-related adaptation planning.
A FloodAdapt model was configured with flood hazard, vulnerability, and risk results (Figure 3). It will be used
to model adaptation strategies.

HAZARD MODELING
SFINCS

SFINCS is a new fast numerical model to
simulate 2-dimensional (2D compound
fiooding dynamically for large-scale coastal
systems, within a fraction of the time required
by traditional 1-dimensional (1D V2D models.

N

ADAFPTATION PLANNING

FloodAdapt
FloodAdapt is a decision-
’ support tool that seeks to
advance and accelerate
flooding-related adapiation

[E planning.

VULNERAEILTY & RISK
ASSESSMENT

Delft-FIAT

Delfi-FIAT is a fast, free, Python-based tool
developed and continuously improved by
Dieltares to rapidly assess direct economic
impacts to buildings, utilities, and roads for
user-input flood maps.

Figure 3 Interaction between models and tools

City of Newark Sea Level Rise Vulnerability Assessment and Adaptation Strategy
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2.2 Scenarios Modeled

Ten flood scenarios were modeled as summarized in the Flood Hazard Report, encompassing the study area and
evaluating timeframes for present-day, mid-century, and end-of-century conditions. The models cover four SLR
scenarios and two storm scenarios, summarized in Table 3. Quasi-permanent inundation maps refer to areas
inundated under Mean Higher High Water (MHHW) for that SLR scenario. For more detail on the flood hazard
scenarios please review the Flood Hazard Report.

2.3 Data Collection and Sources

Existing data and models were collected and developed to provide a tailored analysis for the City. Data was
provided by the City as well as from local agencies, such as the Alameda County Flood Control District, San
Francisco Bay Regional Water Quality Control Board (Water Board), Metropolitan Transportation Commission
(MTC), and San Francisco Estuary Institute (SFEI). Datasets from state and national sources were also used,
such as U.S. Army Corps of Engineers (USACE) National Structure Inventory (NSI), California Energy
Commission (CEC), U.S. Environmental Protection Agency (EPA), and the California Office of Environmental
Health Hazard Assessment (OEHHA). The sources are detailed in Table 5. Publicly available data was also
collected and reviewed. Table 4 summarizes the data requests, data sources, and the availability of the data.
Unavailable data is defined as data not received from the City of Newark and not readily available online.

Table 4 Data and data sources

Available Data Unavailable Data

e Building Data e Transit System: Bus lines, yards, transit hubs

e Population Data e Water System: Water distribution system and pumps and treatment plants

e Land Use Data e Economic Impact Data: Economic activities, property values, and potential economic
e Zoning Data loss information

e Roadway Data e Infrastructure Improvements: Planned infrastructure improvement projects

e Rail Line Data ¢ O&M: Ongoing maintenance/replacement schedules, e.g. road repaving projects or

culvert/bridge replacement.
e Power System Data o . . . o .
e Existing Cost-Benefit Analysis: Economic evaluation of proposed/existing adaptation

e Sanitary System Data measures

* Emergency Facility Data e Feasibility Assessment: Technical and logistical feasibility of proposed/existing
e Landfill Data / Contaminated Sites adaptation measures.
e Trail Data e Proposed Adaptation Measures: Potential strategies for mitigating risks and adapting

to SLR.

e Planning Documents: Current comprehensive plans, hazard mitigation plans, and
climate adaptation plans

e Community and Public Health Data
e Community Facilities

e Wetland Data

® Vulnerable Communities Data

24 Vulnerability and Risk Assessment Key Model Inputs

The FloodAdapt software was used for the vulnerability and risk assessment using inputs collected primarily
from publicly available sources. The inputs and their sources are discussed in this section.

24.1 Flood Hazard Data

The results presented in the Flood Hazard Report were used to feed into the vulnerability and risk assessment.
Delft-FIAT overlays spatial data on flooding and exposed assets to calculate flood damages, as depicted in
Table 5. The results from the Flood Modeling Report are summarized below. Details from these results and
high-resolution flood maps can be referenced there.

Present Day

e The berms around the salt farms provide a level of protection against coastal flooding and the berms are not
overtopped in either of the present-day scenarios.

City of Newark Sea Level Rise Vulnerability Assessment and Adaptation Strategy
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e The Inland Storm Scenario has wider flood inundation extents and has a greater impact in residential and
commercial areas, particularly within the City of Newark boundary, compared to the Coastal Storm Scenario
which is concentrated in areas closer to the bay.

Mid-century (2050)
e Quasi-permanent Inundation:

— The quasi-permanent inundation results depict limited areas of impact, with localized parts flooding in
the northwest and southeast of the City.

e Storm Scenario:

— When considering the Storm Scenario in addition to the quasi-permanent conditions, the flooding
becomes more widespread, particularly in the salt farms.

End-of-century (2100)
e Quasi-permanent Inundation:

— 3.1ft SLR to 4.9ft SLR: Similar flood extents with limited areas of impact similar to mid-century,
localized flooding in the northwest and southeast of the City. Maximum flood depth increases at 4.9t
SLR.

— Tipping point (4.9ft to 6.6ft SLR): The flood hazard report identified a “tipping point” in the results
where the increase in sea level result in disproportionately large and often irreversible impacts. At this
stage, significant day-to-day impacts from quasi-permanent inundation begin, with berms overtopped.

— 6.6ft SLR: Significantly larger portion of developed areas impacted, requiring widespread mitigation.
e Storm Scenario:

— When considering the Storm Scenario in addition to the quasi-permanent conditions, the tipping point for
widespread flooding occurs with 3.1ft SLR, which could occur in a nearer timeframe than the quasi-
permanent inundation tipping point.

— In particular, the salt farms and in the developed areas in the northwest of the City experience the most
flooding. Inland flooding also occurs in pockets throughout the residential neighborhoods in this
scenario.

2.4.2 Asset Data

The vulnerability model assesses the exposure of different asset types to flood inundation, and it considers how
those assets may be damaged. Assets in this assessment include buildings (residential, commercial, industrial,
and public), roads, utility infrastructure (power and sewer), landfills, and wetlands. Data was collected where
available about their location and characteristics (e.g., building use type) to inform the vulnerability and risk
assessment. This information is summarized in Table 5.

City of Newark Sea Level Rise Vulnerability Assessment and Adaptation Strategy
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Table 5 Summary of key model inputs for the assets
Asset Type Asset Name (Subtype) Data Source Data Type Vulrg&'?\l;);hty Cost Data
Building Data Building centroids (points) NSI (USACE) Point Arup NSI (USACE)
. Equity Priority
Population Data Communities (arcas) MTC Polygon N/A N/A
. . City of Newark and
Zoning Data Zoning (areas) City of Fremont Polygon N/A N/A
Roadway Data Roadways (lines) City ofggvl\v/[ark and Polyline Arup N/A
Rail Line Data Rail lines (lines) City of Newark Polyline Arup Arup
Manbholes (points)
Power/Lift Stations . . .
Sanitary System Data (points) Unlog Sa.mtary Pomts. and Arup, HAZUS Arup
. District Polylines
Easements (points)
Mains (lines)
Electrical tati
ectrica ?“tbs ations CEC Points Arup, HAZUS PG&E
Power System Data (points)
Transmission Lines (lines) CEC Lines Arup, HAZUS PG&E
Emergency Facility Police stations (points) City of Newark and Point A Arup, NSI
Data Fire stations (points) City of Fremont om up (USACE)
Landfill Data / Fac1ht}{ Reglst.ry Service EPA and Water .
. . Sites (points) Point N/A N/A
Contaminated Sites . . Board
Water Board sites (points)
. Bike trails (lines) .
Trail Data Pedestrian trails (lines) MTC Line Arup N/A
. . Hospitals (points) City of Newark and . Arup, NSI
Public Health Facilities Care centers (points) City of Fremont Point Arup (USACE)
Libraries (points)
Schools (points)
: i Community/civic centers City of Newark and . Arup, NSI
Community Facilities (points) City of Fremont Point Arup (USACE)
Other public use buildings
(points)
Wetland Data Wetlands (areas) SFEI Polygon N/A N/A
Vulnerable Vulnerable communities CA OEHHA Polygon N/A N/A

Communities Data

(areas)

Point and linear assets were assessed quantitatively via FloodAdapt. Point assets are combined as an input
“Buildings” dataset, while linear assets were combined as an input “Roads” dataset to be used in FloodAdapt.
These datasets went through a pre-processing stage to combine all point assets together and all linear assets

together. Preprocessing included the following:

e There was overlap in the NSI dataset and other provided buildings above, a pre-processing step was done to

filter buildings that overlapped one another within a 30ft radius.

e Linear assets were segmented into 500ft increments to provide more granularity to results as the centroid

digital elevation model (DEM) value is assigned to each feature.

The unavailable assets listed in Table 3 were excluded from this analysis. Should datasets become available in
the future, they can be uploaded to the model via the FloodAdapt interface after preprocessing the data into
exposure and vulnerability datasets.

City of Newark
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Area features were assessed qualitatively through a geospatial analysis. To do this assessment, the flood maps
were turned into polygons and overlaid with areas to determine percent flooding and exposure to land and
people.

Asset Vulnerability Data

Depth-damage curves are used to estimate the damage to assets based on the depth of flooding, as shown in
Figure 4. These curves relate the depth of water to the percentage of damage, also used to estimate percentage of
financial loss, for different asset types. The curves are derived from empirical studies (such as HAZUS) and
detailed component-based models (such as Arup). Data sources for the vulnerability curves for each asset are
listed by type in Table 5.
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Figure 4 Example vulnerability curves used in FloodAdapt showing a set of depth-damage curves (Arup)

The implementation of vulnerability curves required several assumptions. These details are summarized in
Table 6.

Table 6 Asset types and vulnerability curve implementation

Asset Type Vulnerability Curve Implementation

Points The finished floor elevation (FFE) for buildings was used from the USACE NSI database. Where FFE was not available,
it was assumed to be 0.5ft above the ground. All other point assets were assumed at-grade (0ft above the ground).

Lines All linear assets were assumed to be at-grade (0ft above the ground).

Areas All area assets were assumed to be at-grade (0ft above the ground).

Asset Cost Estimate Data

As shown in Table 5, values of each asset used cost data from several sources, including the NSI database
(USACE, 2022) for most buildings, PG&E data for power system infrastructure, and Arup-developed cost data
for the remainder of assets whose costs were assessed. These cost estimates should be considered as rough order
of magnitude values to present a high-level estimate of potential financial losses under each scenario. The costs
do not consider broader economic impacts.

City of Newark Sea Level Rise Vulnerability Assessment and Adaptation Strategy
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25 Assumptions and Limitations

This analysis assumes that publicly available data and data provided by the City and sources listed below
accurately represent existing conditions and infrastructure. Limitations include:

e The hazard model accuracy is dependent on the quality and resolution of the input data, such as topography,
bathymetry, and rainfall.

e Damage values for buildings are based on depth-damage curves assigned based on the use type in the NSI
dataset or overridden by a City-provided dataset if provided.

e Maximum damage values of assets are based on average values from previous studies or published reports
for non-building assets.

e Flooding depth of linear assets are based on a DEM at a 500-meter resolution.

e The data may not account for recent changes or developments in the area, such as new construction or
infrastructure changes.

e Results presented are based on the inputs discussed herein. There may be gaps in the data that could lead to
incomplete analysis or conclusions.

e Results were rounded to two significant figures before summation.

City of Newark Sea Level Rise Vulnerability Assessment and Adaptation Strategy
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3. Vulnerability and Risk Model Results

Vulnerability is defined as the combination of exposure and potential damage. Exposure refers to the extent to
which various types of assets, such as physical structures, human populations, environmental resources, and
economic entities, are subject to potential harm. Potential damage describes the possible extent of harm or loss
that could occur if these exposed assets are affected, including physical destruction, human health impacts,
environmental degradation, and economic losses. Risk focuses on these consequences for potential events, for
this assessment in terms of cost information. Risk assessment involves evaluating the likelihood of an event
occurring and the severity of its impact, here quantified in financial terms. Together, these concepts help in
understanding and mitigating the potential adverse effects on assets and resources (Figure 5).

Hazard x Exposure x = Risk
= | e

Figure 5 Vulnerability and risk relationship (Arup)

The results from the vulnerability and risk model results are presented in this section, first with a summary of
results, followed by details of the qualitative and quantitative assessment performed.

3.1 Vulnerability Summary

Table 7 summarizes exposed assets for each SLR scenario, where the listed assets would be flooded under daily
high tides (i.e., MHHW) at a minimum. The results significantly increase from the mid-century scenario to the
end-of-century scenarios.

Table 7

Asset Type (units)

Mid-century
(2050)

0.8ft SLR

3.1ft SLR

End-of-century
(2100)

4.9ft SLR

Summary of vulnerable assets exposed under quasi-permanent inundation in each SLR scenario

6.6ft SLR

Buildings (count) 10 50 490 2,200
Roads and trails (mi) 10 20 50 60
Rail lines (mi) 2 3 5 6
Sewer system (mi) 1 4 11 17
S ‘ ¢ 0 manholes 130 manholes 650 manholes 980 manholes
ewer system (count) 0 pump/lift station 1 pump/lift station 2 pump/lift station 2 pump/lift station

Electrical substations (count) 0 1 1 1
Transmission lines (mi) 4 20 30 40
Socially vulnerable
households 0 0 0 10
Contamination sites**

1 1 1 20
(count)
Wetland area (ac) 8,000 8,500 8,600 8,900
Total zoning area (ac)*** 4,100 4,700 7,900 12,000
**Contamination sites include those queried from the EPA Facility Registry Service Sites that fall under the Hazardous Waste Program,
Superfund/Superfund National Priorities List, and Toxic Release Inventory Reporter within Fremont and Newark, along with sites provided by the
Water Board.
***Total zoning area is defined as the land that is zoned per the cities of Newark and Fremont within the OLU
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Under the coastal storm scenario, the number of exposed assets is much higher than considering SLR alone.
Table 8 includes a high-level summary by SLR scenario with coastal storm for present and future time horizons
resulting from the quantitative assessment.

Table 8 Summary of vulnerable assets exposed in present and future storm scenarios

Present-day Mid-century End-of-century*
PEEERTES (2025) (2050) (2100)

Buildings (count) 180 200 1,900 to 4,600
Roads and trails (mi) 50 50 70-80
Rail lines (mi) 3 4 5to 8
Sewer system (mi) 30 120 120 to 130
Sewer system (count) 600 manholes** 500 manholes** 1,120 to 1,370 manholes

Y 0 pumpy/lift station 1 pump/lift station 2 to 3 pump/lift station
Electrical substations (count) 0 0 1
Transmission lines (mi) 20 30 35 to 40
*Range from multiple SLR scenarios modelled for end-of-century (3.11t, 4.9ft, and 6.6ft).
**Reduction in flooding from present to 2050 is due to ponding in the model, where depths are below 4in. This applies to approximately 200 manholes
in 2025 and 100 manholes in 2050.

3.2 Qualitative Results

The qualitative results in this section focus on people, contamination sites, habitats, and land exposed to daily
high tides, a state referred to as quasi-permanent inundation, for each of the four SLR scenarios evaluated.

3.2.1 Population

The population density of census blocks in the Mowry OLU affected by each of the future SLR inundation
scenarios is shown in Figure 6. This bivariate mapping conveys the population density of each census block and
the percent area of each census block that is inundated. In a bivariate map, two variables are shown
simultaneously using a combined color scale—here, population density and flood extent. Yellow areas are
relatively more populated, blue areas have higher relative flooding, and the increasingly red values have both
relatively more flooding and denser population. The census block data is from 2020.
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Figure 6 Census blocks affected by quasi-permanent flood levels with rising SLR

The most vulnerable census block is in the northwest portion of the study area in all future SLR scenarios. The
tipping point from 4.9ft to 6.6ft inundation reveals that the most populous blocks within the City on the western
side, consisting of approximately 5,800 people, are flooded daily by 6.6ft SLR and can be expected to be
vulnerable during coastal storms earlier than 2100.

In addition to census population, flood extents were overlayed with regions of unique CalEnviroScreen 4.0
Indicator (CI) scores. This is a science-based mapping tool developed by the California EPA and the Office of
Environmental Health Hazard Assessment. The map of the surrounding area and their CI scores is depicted in
Figure 7. The CI scores incorporates various socioeconomic indicators, such as income, education, and housing
conditions, to evaluate how these factors contribute to a community's susceptibility to pollution. Communities
with higher social vulnerability often face greater health risks from environmental hazards due to limited
resources and resilience.

Within FloodAdapt, a high social vulnerability is listed as social vulnerability index (SVI) > 0.6, and
displacement is expected where inundation of homes exceeds 6ft. By 2050, approximately 40 homes with a high
SVI score are expected to experience moderate flooding during the storm scenario, and displacement is not
expected. For the 2100 storm, between 50 to 400 homes with a high SVI score are expected to experience
moderate flooding, and displacement is expected for 50 homes. Less than 10 socially vulnerable homes are
expected to be impacted by quasi-permanent inundation at 6.6ft SLR.
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Figure 7  Cl scores for the City and the surrounding area

The social and economic vulnerability to environmental factors as determined by the CI scores is presented in
the Figure 8 with description of flood extents from the quasi-permanent inundation.

CalEnviroScreen Score
0 Flood Extent
High

Low

Low  High

1 : Mowry OLU

2 Miles
4.9 ft SLR 6.6 ft SLR
Figure 8 Bivariate map with flood extent and Cl score (the Cl score is the same for each image)
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Figure 8 depicts census tracts with some inundation and presents their CI scores, which range from 21.8 to 48.3
out of 100 which is moderate compared to the surrounding region. The flood extents vary based on the SLR
scenario and the CI score is consistent across all scenarios. The extent of vulnerable groups impacted across
scenarios is similar until 6.6ft SLR when an additional population block is impacted in the northern zone of the
City (population 5,500). The highest CI scored zone is 48.3 which is characterized by 35% of the population
living below two times the federal poverty level, 55% linguistic isolation, 12% unemployment, and 40% of
residents with a housing burden.

322 Contamination Sites

Figure 9 depicts the locations of EPA Facility Registry Service (FRS) Sites in Newark and Fremont that fall
under the EPA Hazardous Waste Program, Superfund/Superfund National Priorities List, and Toxic Release
Inventory Reporter within Fremont and Newark, and contamination sites provided by the Water Board within
the OLU. There are 251 total sites identified in Mowry OLU between these two datasets. Refer to Appendix B
for a full list of Facility Registry Sites and Water Board sites in Newark and Fremont.

In Figure 9, the lefthand side depicts the quasi-permanent flood extents in reference to potentially contaminated
sites, and the righthand side depicts the site locations in reference to groundwater.

3 Mowry OLU O Contamination Sites Present Day Emergent Groundwater
[ ¢ty of Newark ? Sites exposed at 6.6 ft SLR B 0.9 ft SLR Emergent Groundwater

0.9 ft SLR B 5.1 ft SLR Emergent Groundwater
3.1 fiSLR ? Site Exposed at all levels of SLR Bl 49 ft SLR Emergent Groundwater
B 29 iSLR Il 5.6 [t SLR Emergent Groundwater
Bl 661 SLR

Figure 9 Contaminated sites and flooding (left) and contaminated sites and emergent groundwater from SFEI (right)

When considering flooding of the FRS sites, 11 are impacted under 6.6ftSLR and there are no impacted sites
under the lower SLR scenarios evaluated. Only one Water Board site is impacted at all quasi-permanent
inundation states. Eight (8) Water Board sites are impacted under 6.6ft. The type and count of sites impacted
under the SLR scenarios are listed in Table 9.

City of Newark Sea Level Rise Vulnerability Assessment and Adaptation Strategy
304252-00 | Draft 1 | April 29, 2025 | Arup US, Inc. Vulnerability and Risk Assessment Report Page 20



Table 9 Count of contamination sites exposed to quasi-permanent inundation

Mid-century End-of-century
Contaminated Sites Source (2050) (2100)
0.8ft SLR 3.1ft SLR 4.9ft SLR 6.6ft SLR
Land Disposal Site Water Board 0 0 0 2
Water Board - Cleanup Program Site Water Board 0 0 0 3
Non-case Information Water Board 0 0 0 1
LUST Cleanup Site Water Board 1 1 1 2
FRS Sites EPA 0 0 0 11
Total 1 1 1 19

The potential for environmental contamination via groundwater presents a potential hazard shown on the right in
Figure 9 due to the rising groundwater levels (SFEIL, n.d) with overlay to approximately 50% of the total
contaminated sites by 6.6ft SLR presents concern for environmental contamination. Rising groundwater levels
can damage infrastructure designed to contain hazardous materials. This includes underground storage tanks and
waste containment systems, which may fail and release contaminants. The increased pressure from groundwater
can also compromise the integrity of these structures. Contaminated groundwater can lead to significant
environmental and health hazards. Toxic substances such as heavy metals, pesticides, and industrial chemicals
can be released into the environment, posing risks to human health and ecosystems.

323 Wetlands

Wetlands are natural transition zones between the sea and land and consist of valuable ecosystem elements such
as coastal vegetation and unvegetated mudflats. They are a vulnerable land type as they can be lost due to SLR if
their rate of landward migration is lower than seaward erosion (Chen et al., 2024).

The total wetland area in the Mowry OLU is 9,000ac. The two main habitat types are Freshwater Emergent and
Estuarine/Marine according to U.S. Fish and Wildlife designations. The wetland area by type with overlaid
outlines of quasi-permanent inundation is shown in Figure 10. The area designated as Lake was excluded from
the quantification, as it is representative of the industrial salt flats in the OLU and discussed in Section 3.2.4.
A full-page version of this map is available in Appendix D.
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Figure 10 Wetlands areas from the U.S. Fish and Wildlife Service

Of this dataset, the two types of wetland areas (Estuarine & Marine Wetland and Freshwater Emergent Wetland)
total area impacted for each SLR scenario is shown in Table 10.

Table 10 Wetland area impacted in each SLR scenario

Mid-century End-of-century
Wetland Areas —— iy
0.8ft SLR 3.1ft SLR 4.9ft SLR 6.6ft SLR
Estuarine and Marine Wetland 8,000 8,500 8,500 8,700
Freshwater Emergent Wetland 20 20 100 180
Total Area (ac) 8,020 8,520 8,600 8,880

Present-day (2025)

Healthy wetland habitats exist in the present-day tidal zone. These areas support diverse vegetation and wildlife,
contributing to the overall ecological health of the region. The salt farms provide habitat for over 70 bird species.

Mid-century (2050)

By mid-century, some wetland areas that were previously inundated only during high tides will experience
permanent inundation. This change will impact the health of existing vegetation and inhabitants, potentially
leading to shifts in species composition and ecosystem functions. Most of the marine wetland is inundated by

0.8ft SLR (90%) and a small portion of the freshwater emergent wetland is inundated daily.
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End-of-century (2100)

A notable shift in freshwater emergent wetland occurs between 3.1ft to 4.9ft SLR, where percent inundation
increases five times (from 20 to 100 ac). By 6.6ft SLR, most of the salt ponds are expected to be quasi-permanently
inundated. This represents a substantial increase in inundation, affecting the stability and health of these wetland
ecosystems.

324 Land Use

The types of zoned areas in the City include five main uses: Industrial, Parks and Open Space, Residential,
Commercial, and Public. The zoning in the Mowry OLU is shown in Figure 11 and the impacted areas are
summarized in Table 11. Refer to Appendix A for the full list of zones. A full-page version of this map is
available in Appendix D.

3 mewryoLU
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Parks and Open Space
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Figure 11 Zoning in Mowry OLU

Table 11 Impacted areas (ac) by zone type

Total Zone Mid-century End-of-century

Area (2050) (2100)

(ac) 0.8ft SLR 3.1ft SLR 4.9ft SLR 6.6ft SLR
Industrial 7,400 50 90 1,070 2,600
Parks and Open Space 36,300 3,800 4,400 6,600 8,500
Residential 13,500 200 200 200 300
Commercial 700 2 10 30 150
Public 1,800 10 20 20 50
Total Impacted Zoned Area - 4,062 4,720 6,850 9,000
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Present-day (2025)

Currently, the areas designated for industrial, residential, commercial, public, and parks and open spaces are
largely unaffected by SLR. These zones support various activities and infrastructure, contributing to the
economic and social fabric of the region. The wetlands and salt farms in Newark and Fremont, continue to
provide critical habitats for wildlife and support biodiversity.

Mid-century (2050)
By mid-century, the impact SLR begins to manifest noticeably. The impacts include:

e Parks and Open Space: 3,800ac are affected, potentially disrupting recreational areas and natural habitats.
e Residential Areas: 200ac are impacted, posing risks to homes and communities.

o Industrial Areas: 50ac are impacted, indicating initial encroachment of rising waters into industrial zones;
most of this area is zoned within the salt flats.

e Public Areas: 10ac are impacted, indicating some early effects on public infrastructure and services.

e Commercial Areas: <5ac are affected, suggesting minimal early impact on commercial zones.

End-of-century (2100)

By the end-of-century, the impact of SLR varies significantly across the different scenarios, from Intermediate
SLR (3.1ft) to High SLR (6.6ft). The impacts include:

e Parks and Open Space: The affected area ranges from 4,400ac (Intermediate) to 8,500ac (High),
threatening recreational spaces and natural habitats.

o Industrial Areas: The impacted area ranges from 90ac (Intermediate) to 2,600ac (High), indicating
substantial risk to industrial infrastructure and operations.

e Residential Areas: The impacted area ranges from 200ac (Intermediate) to 300ac (High), posing significant
risks to housing and communities.

e Commercial Areas: The affected area ranges from 10c (Intermediate) to 150ac (High), indicating increasing
a large range of risk to commercial properties.

e Public Areas: The impacted area ranges from 20ac (Intermediate) to 50ac (High), suggesting growing
threats to public infrastructure and services.

3.3 Quantitative Results

This section details the quantitative risk results, which show the counts of assets and estimated dollar loss from
impacted assets within the Mowry OLU. Results are presented for buildings, roads, trails, rail lines, sewer
system, and power system. For each SLR scenario, there is a summary of results for both the assets exposed to
quasi-permanent flooding (e.g., inundated by high tides and/or SLR in a given scenario) and to coastal storms
(i-e., the 100-year storm surge).

The severity of flooding is also presented, where flood depths range from slight to severe flooding depending on
the asset type. This provides more detailed description and insight to the consequences at different levels of
flooding.

Figure 12 depicts the flood maps for the quasi-permanent SLR scenarios, showing concentration of exposed
assets in red. Notably, the northwest corner of Newark has a high concentration of exposed assets. Higher
resolution maps can be found in Appendix C.
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The estimated losses (in dollars) are tabulated in Table 12, showing $71M of impacted assets by 2050. The value
increases nearly six-fold to $398M by end-of-century under 3.1ft SLR and may be as much as $3.8B with 6.6ft
SLR. These values assume all assets exposed, including those exposed to daily high tides under future SLR, are
a total loss, which may conservatively overestimate impacts.

Table 12 Total estimated cost of SLR, given exposed assets are considered a total loss

Mid-century End-of-century
Asset Type (2050) (2100)

0.8ft SLR 3.1ft SLR 4.9ft SLR 6.6ft SLR
Buildings $45 $200 $1,500 $3,100
Roads $0 $70 $360 $490
Rail $4.5 $7.5 $14 $17
Sewer $1.7 $5.7 $22 $32
Power $20 $115 $160 $180
Total Loss $71 $398 $2,056 $3,819

3.3.1 Buildings

The count of buildings exposed to SLR is tallied in Table 13 and presented by building type. Buildings located
in the tidal zone are exposed to quasi-permanent flooding, and these buildings are considered a total loss. By
mid-century, twelve buildings were identified as exposed, including 10 public buildings and 2 industrial
buildings, whose loss values were estimated at a total of $45M.

Table 13 Count of flooded buildings by type under quasi-permanent inundation

Mid-century End-of-century
Building Type —— ey
0.8ft SLR 3.1ft SLR 4.9ft SLR 6.6ft SLR
Public Buildings 10 30 70 100
Industrial Buildings 2 15 70 110
Commercial Buildings 0 2 70 100
Residential Buildings 0 5 280 1,800
Emergency Facility 0 0 0 3
Hospitals and Care Centers 0 0 2 4
Schools 0 0 0 3
Total Count 12 52 492 2,120
Total Loss (Smillions USD) $45 $200 $1,500 $3,100

The values of building counts affected by quasi-permanent inundation are visualized in Figure 13. The shaded
area shows the range based on SLR scenario, from Intermediate (3.1ft) to High (6.6ft).
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Figure 13 Number of impacted buildings by type in each time horizon on a log-normal scale

The results from storm scenarios are depicted in Table 14 and Table 15 based on estimated building repair costs
and the level of flooding at each building in each storm scenario.

Table 14 Building types and damage value under storm scenarios

Estimated Cost (million $ USD)

Building Type
Present-day (2025) Mid-century (2050) End-of-century* (2100)

Public Buildings $40 $40 $100-200
Industrial Buildings $15 $35 $200-450
Commercial Buildings $50 $55 $220-680
Residential Buildings $10 $10 $100-470
Emergency Facility $ - $ - $<1-3
Hospitals and Care Centers $1 $1 $2-12
Schools $- $ - $2-10
Total Cost $116 $141 $625-1,825
*Range for 2100 represents 3.1ft to 6.6ft SLR.

Table 15 Severity of building flooding under storm scenarios

Time Horizon Minor Flooding Major Flooding Destroyed Buildings Count of Buildings
Present 54% 40% 6% 180
2050 48% 44% 8% 200
2100* 57% (3.1ft SLR) 40% (3.1ft SLR) 3% (3.1ft SLR) izgg Egég gig
15% (6.6ft SLR) 80% (6.6ft SLR) 5% (6.6ft SLR) ’

*Minor flooding for buildings is defined as inundation depths < 1ft
**Major flooding for buildings is defined as inundation depths 1ft to 6ft

***Destroyed buildings are defined as those with > 6ft inundation
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Present-day (2025)
Under a 100-year storm surge event, the following impacts were identified through 2050:

e Total damage is approximately $116M for buildings.

e Approximately 180 buildings are affected, where most of the sustained damage is minor (54%).

Mid-century (2050)
Assets at stake under SLR include:

e Very minimal exposure of buildings (approximately 10) to daily flooding, composed of industrial and public
buildings.

Temporary loss over storm scenarios includes:

e Approximately 200 buildings are impacted with a rise in major flooding and destroyed buildings, adding an
additional $25M in cost from today’s 100-year storm surge event.

End-of-century (2100)
Assets at stake under SLR include:

e By 2100 with 3.1ft SLR, the number of buildings impacted by quasi-permanent inundation increases by a
factor of 5 (50 buildings). Commercial buildings begin to be impacted.

e By 4.9t SLR, the count of impacted buildings increases by a factor of 10 to 490 buildings.

e By 6.6ft SLR, up to 2,160 buildings are impacted on a daily basis. Hospitals and care centers are impacted.
The majority of buildings impacted by the end-of-century are residential.

Temporary loss of assets over storm scenarios include:

¢ In an end-of-century storm scenario, there are up to 4,600 flooded buildings, most of which are impacted by
severe flooding. The cost of a storm event will be between $600M to $900M, around 1.5 to 5 times greater
cost than a 2050 storm event.

332 Roads and Trails

Table 16 and Table 17 summarize impacts to roads and trails under future SLR scenarios (considered a total
loss) and in the storm scenarios. Table 16 summarizes the quasi-permanent inundation scenarios, summing
assets located in the tidal zone (below high tide).

Figure 14 displays the results of the storm scenarios, in which inundation is considered temporary. These results
were summarized as a dollar value, where costs to repair assets were used.

Overall, most roads in Mowry OLU are residential and major roads, and both experience up to 50% extent
inundation by the end-of-century. There is a very small extent of arterial roads within the OLU, and freeways
experience up to 30% inundation extent by end-of-century.
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Table 16  Miles of flooded roads under quasi-permanent inundation
Mid-century End-of-century
Type of Road Total Length (mi) (2050) (2100)
0.8ft SLR 3.1ft SLR 4.9ft SLR 6.6ft SLR
Arterial 1 0 0 0.4 0.4
Residential 90 0 32 18 26
Major Road 40 0 2.4 11 13
Freeway 15 0 0 1.3 2.2
Trails 75 10 15 20 23
Total Roads (mi) 221 10 20.6 50.7 64.6
Total Cost* 50 $70 $360 $490
(Millions USD)
*Total cost does not include the cost of trail replacement.

Table 17  Average severity of roadway flooding in each storm scenario
. . Total Flooding Slight Flooding Minor Flooding Major Flooding Fully Flooded
Time Horizon (mi) (%) (%) (%) (%)
Present (2025) 50 28% 18% 48% 6%
Mid-century (2050) 50 28% 15% 48% 9%

17% (3.1ft SLR)
12% (6.6ft SLR)

7% (3.1ft SLR)

End-of-century (2100) 5% (6.6ft SLR)

70-80

31% (3.1ft SLR)
19% (6.6ft SLR)

45% (3.1t SLR)
64% (6.6ft SLR)

Note: Values above are not inclusive of trail flooding during storm

Percent of Roadway Flooding by Type

Present 2050

2100

Slight Flooding
Minor Flooding
Moderate Flooding

=
]
-
EEE Severe Flooding

Figure 14 Percent of road system by degree of flooding (2100 is reported as an average value of 3.1, 4.9 and 6.6ft SLR)

Present-day (2025)

Under a 100-year storm surge event, 50mi of roadways (non-inclusive of trails) are expected to be impacted, to

varying degrees listed in Table 17.

o Slight flooding: 14mi of road are expected to experience at least slight flooding (<0.3ft). This flooding is

expected to affect pedestrians through ponding but no vehicles.

e Minor flooding: 9mi of roadway experience >0.5ft flooding and may experience damage, or at the very

least be closed for several hours to several days and disrupt cars.
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e Major Flooding: 27mi of roadway experience >1ft flooding. This level of inundation can significantly
disrupt traffic flow, cause extensive damage to road surfaces, and potentially undermine the structural
integrity of the roads, leading to prolonged closures and costly repairs.

e Fully Flooded Roads: 3mi of roads experience > 2ft flooding. Major flooding can render roads completely
impassable, isolate communities, hinder emergency response efforts, and result in substantial long-term
damage to the infrastructure, necessitating major reconstruction efforts.

Mid-century (2050)
No permanent loss was identified at 0.8ft SLR of roadways was identified. Ten (10) miles of trails were found to
experience daily flooding and could impact use.

Temporary loss of assets over storm scenarios include:

¢ Flooding extents are expected to be the same in this storm scenario as present day, with marginal differences
in the overall road system.

End-of-century (2100)
Assets at stake under SLR include:

e No permanent loss of roads was identified at 3.1ft SLR, but 15 miles of trails are identified as impacted. At
4.9t SLR, roughly 6mi of roads and 20mi trails experience quasi-permanent inundation, which increases to
23mi of trails and 41mi of roads at 6.6ft SLR. The impacts from 4.9 and 6.6t SLR includes 0.4mi of arterial
roads, 18mi to 26mi of residential roads, 11mi to 13mi of major roads, 1.3mi to 2.2mi of freeways, and
20-23mi of trails.

Temporary loss of assets over storm scenarios include:

e By the end of the century, storms are expected to impact 70-80mi of roadways, with most of this (76-83%)
consisting of major flooding (>1ft inundation).

3.3.3 Rail lines

There are 13mi of railroad within the site boundary and their impacts within the different storm scenarios are
listed in Table 18. The severity of rail system flooding under storm scenarios is included in Table 19 and
displayed in Figure 15.

Table 18 Extent of flooded rail lines under quasi-permanent inundation

Railroad (mi) 1.5 2.5 4.5 55

Total Loss (millions $) $4.5 $7.5 $14 $17

Table 19  Severity of rail system flooding under storm scenarios
. . Total Flooding* Slight Flooding  Minor Flooding Major Flooding Severe Flooding
Time Horizon (mi) (%) (%) (%) (%)
Present 32 10 10 16 64
Mid-century 4(3) 6 6 10 78
8% (3.1ft SLR) 0% (3.1ft SLR) 18% (3.1ft SLR) | 74% (3.1ft SLR)
End-of-century* (2100 5-8 (5-8
nd-of-century* (2100) -8 6% (6.6ft SLR) 3% (6.6ft SLR) | 7% (6.6ft SLR) | 84% (6.6ft SLR)
*The length of railway that is anticipated to impact a train (inundation > 0.5ft) is reported in parentheses
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Figure 15 Percent of rail system flooding by flood level (2100 is reported as an average value)
Present-day (2025)
Under a 100-year storm surge event, the following impacts were identified through 2050:

¢ Flooding Extent: Coastal storms are expected to flood approximately 3mi of railway, 2 of which are
expected to impact railway travel.

¢ Flooding Severity: 15% of this flooding is severe (1ft to 2ft inundation).

e Implications: The current flooding poses operational challenges and potential disruptions to rail services,
requiring immediate mitigation measures to ensure safety and continuity.

Mid-century (2050)

Assets at stake under SLR include:

e Permanent Inundation: By 2050, approximately 1.5mi of railroad lines are expected to be quasi-permanently
inundated.

e Implications: Permanent inundation will require long-term planning and investment in adaptive measures,
such as elevating tracks or relocating vulnerable sections, to maintain rail connectivity and protect critical
transportation assets.

For a storm in 2050, temporary impacts to assets include:
¢ Flooding Extent: The extent of flooding on railroad lines is projected to increase by 50% (up to 4mi).

¢ Flooding Severity: Moderate to severe flooding is expected to double up to 25% being at least a foot
inundated, while slight and minor flooding will be reduced by half.

e Implications: The increased flooding severity will necessitate significant infrastructure upgrades and
enhanced flood management strategies to prevent prolonged service interruptions and ensure resilience
against future storms.

End-of-century (2100)
Assets at stake under SLR include:

e Permanent Inundation: By 2100, the railroad lines are expected to experience significant permanent
inundation, with estimates ranging from 6mi to 9mi of railroad being affected.
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e Implications: The permanent loss of railroad infrastructure will necessitate extensive long-term planning and
investment in adaptive measures. This may include elevating tracks, constructing protective barriers, or
relocating vulnerable sections to ensure rail connectivity and protect critical transportation assets.

Temporary loss of assets over storm scenarios include:
o Flooding Extent: Coastal storms in 2100 are projected to flood approximately 6mi to 9mi of railroad.

o Flooding Severity: The severity of flooding is expected to increase, with moderate to severe flooding
becoming more prevalent. This will require substantial infrastructure upgrades and enhanced flood
management strategies to prevent prolonged service interruptions and ensure resilience against future storms.

e Implications: The increased flooding extent and severity will pose significant operational challenges,
necessitating robust mitigation measures and emergency response plans to ensure the safety and continuity
of rail services.

334 Sewer System

The number of sewer system assets exposed to SLR is tallied in Table 20. Sewer system assets located in the
tidal zone are exposed to quasi-permanent flooding, and these assets are considered a total loss. The total
estimated loss ranges from $11M by 2050 to approximately $200M by the end of the century.

Table 20 Extent of sewer system flooding by type under quasi-permanent inundation

Mid-century End-of-century
(2050) (2100)
0.8ft SLR 3.1ft SLR 4.9ft SLR 6.6ft SLR
Sewer line (active) (mi) 1.0 3.6 11 17
Sewer line (abandoned) (mi) 0 0.07 0.16 0.16
Sewer Manhole 5 130 650 980
Abandoned Sewer Manhole 0 7 10 10
Sewer Pump/Lift Station 0 1 2 2
Total Loss ($ million USD) $1.7 $5.7 $22 $32

During a coastal storm the count of impacted assets is much higher, as seen in Table 21.

Table 21  Sewer system flooding under storm scenarios

Time Horizon Miles of Flooded — Mains* °°‘:\;I‘;:|:;L"sﬁfed CounthiJfftSSet\;vttie;:umpl
Present 30 600 0
2050 120 5007 1
2100* 120-130 1,100-1,400 2-3

*Flooding for hydraulic structures is defined as inundation depths >= 1ft.
**Flooding for manholes is defined as inundation depths < 0.1ft
#Reduction in flooding from present to 2050 is likely due to ponding in the model, in isolated areas with depths less than four inches (<0.3ft).

+Range for 2100 represents the lower and upper bounds of anticipated SLR (3.1ft to 6.6ft).
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Present-day (2025)
Under a 100-year storm surge event, the following impacts were identified through 2050:

e 30mi of sewer mains: These are critical for wastewater transport and are at risk of flooding, which could lead
to service disruptions and potential contamination.

e 600 sewer manholes: Vulnerable to inundation, which can cause blockages and overflow. These include 20
abandoned sewer manholes.

Mid-century (2050)

Assets at stake under SLR include:
e 1mi of active sewer lines

e 2.2mi of abandoned sewer lines
e 130 sewer manholes

e 7 abandoned sewer manholes

e 1 sewer pump/lift station

Temporary loss of assets over storm scenarios include:

e 120mi of flooded mains

e 500 flooded manholes

e 1 sewer pump/lift station

End-of-century (2100)

Assets at stake under SLR include:

e 11-17mi of active sewer lines: Significant increase in risk of flooding and service disruptions.
e 650 to 1,000 sewer manholes, and 10 abandoned sewer manholes: Consistent potential overflow points.
e 2 sewer pump/lift stations

Temporary loss of assets over storm scenarios include:

e 120mi to 130mi of flooded mains

e 1,100 to 1,400 flooded manholes

e 2 to 3 sewer pump/lift stations

These updates reflect the severity and extent of sewer system flooding under different scenarios, highlighting the
increasing risks and potential impacts over time.

3.3.5 Power System

There are three electrical substations and 45mi of transmission lines included in the study area for this
assessment. The number of power system assets exposed to SLR is tallied in Table 22. Power system assets
located in the tidal zone are exposed to quasi-permanent flooding, and these assets are considered a total loss.
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Table 22

Mid-century
(2050)

0.8ft SLR

3.1ft SLR

Extent of flooded power system by type under quasi-permanent inundation

End-of-century

(2100)

4.9ft SLR

6.6ft SLR

Electrical substations (count) 0 1 1 1
Transmission lines (mi) 4 20 30 35
Total Loss ($ million USD) $20 $120 $160 $180

Power transmission lines may be elevated out of inundated areas, but their accessibility may be limited. Notably,
some transmission lines are currently located in the San Francisco Bay. The results for the coastal storm scenario
are presented in Table 23.

Table 23 Severity of power system flooding under storm scenarios
Miles of Flooded

Time Horizon Transmission Slight I:/Ioodlng Minor I:Ioodlng Major I:Ioodlng Fully l;looded
L (%) (%) (%) (%)
Present 25 24% 28% 14% 34%
Mid-century 30 9% 5% 7% 79%
4% (3.1ft SLR) | 5% (3.1ft SLR) | 10% (3.1ft SLR) | 81% (3.1ft SLR)
-of- * .
End-of-century* (2100) 35-40 2% (6.6ft SLR) | 4% (6.6ft SLR) | 4% (6.6ft SLR) | 90% (6.6ft SLR)

*Range for 2100 represents the lower and upper bounds of anticipated SLR (3.1t to 6.6ft).

Present-day (2025)

Under a 100-year storm surge event, the following impacts were identified through 2050:

e 25mi of transmission lines. 10mi of these assets would experience over 1ft inundation

Mid-century (2050)

Assets at stake under SLR include:

e 4mi of transmission lines are expected to be inundated and were considered permanently lost

Temporary loss of assets over storm scenarios include:

e 30mi of transmission line flooding, with 25mi over 1ft inundated

End-of-century (2100)

Assets at stake under SLR include:

e 20mi to 35mi of transmission lines: Significant increase in risk of permanent inundation.

e 1 electrical substation: Identified as vulnerable to permanent flooding.

Temporary loss of assets over storm scenarios include:

e Transmission lines: Increase from 20mi to a range of 30mi to 35mi, indicating further expansion of the

flood-prone area.

e FElectrical substations: Consistent vulnerability with 1 substation at risk.

These updates reflect the severity and extent of power system flooding under different scenarios, highlighting the
increasing risks and potential impacts over time.
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4, Conclusions and Next Steps

The findings from the Sea Level Rise Vulnerability Assessment and Adaptation Strategy highlight the increasing
vulnerability of assets within the study extent to SLR scenarios. The vulnerability and risk assessment developed
for this study provides a comprehensive understanding of current and future flood risks, demonstrating that both
coastal and inland storm scenarios could increasingly impact residential, commercial, and green spaces.
Limitations include the quality and resolution of input data and inherent uncertainty in model predictions.

The model results underscore the urgency of implementing adaptive measures to mitigate associated risks,
particularly in vulnerable areas such as the northwest of the City, which is exposed in the present-day coastal
storm scenario. Qualitative results indicate that the most vulnerable census block is in the northwest portion of
Mowry OLU, with significant impacts on residential areas, especially under higher SLR scenarios. Additionally,
contamination sites, wetlands, and land use areas such as parks and open spaces are highly susceptible to
flooding, with potential environmental and health hazards due to rising groundwater levels and inundation.

Between now and 2050, the City faces limited but important early-stage risks from SLR, mostly affecting
utilities and industrial infrastructure. The risks include:

e Buildings: Approximately 10 buildings are at risk of daily flooding, primarily industrial and public
buildings.

e Roads and Trails: No permanent loss identified, but storm scenarios indicate significant flooding.
e Rail Lines: About 1.5mi of rail lines are expected to be quasi-permanently inundated.

e Sewer System: 1mi of active sewer lines and 5 sewer manholes would be flooded under high tides.
e Power System: 4mi of transmission lines are within flooded areas.

Between 2050 and 2100, the scale of risk increases dramatically across all sectors. The risks include:

e Buildings: By 2100, estimates range from about 50 to over 2,000 buildings impacted by daily flooding,
depending on SLR ranging from 3.1ft to 6.6ft. There is a significant increase in residential and commercial
buildings exposed.

e Roads and Trails: Approximately 5Smi of roads and 15mi of trails could experience quasi-permanent
inundation by 3.3ft SLR, increasing to 37mi and 23mi, respectively, by 6.6ft SLR.

¢ Rail Lines: Permanent inundation could affect 3mi to 6mi of rail lines.

e Sewer System: 4-17mi of active sewer lines and up to 1,000 sewer manholes could be exposed to permanent
inundation from SLR or daily flooding in the tidal zone.

e Power System: 20mi to 40mi of transmission lines and one electrical substation could be quasi-permanently
inundated.

The next phase of work includes the development of adaptation measures. The vulnerability and risk assessment
has identified assets exposed to flooding in various future scenarios, considering flood depth and potential
damage. A multi-criteria approach will be used to identify key flood risk areas, considering the severity of flood
risk, potential impact on vulnerable communities, and criticality of impacted assets.

Concept-level adaptation solutions will be developed to address key areas in the City exposed to significant
flood risk. The proposed adaptation solutions will be evaluated through a simple benefit-cost analysis, and
potential funding sources will be identified. Community engagement will be crucial to inform the public and
solicit input, followed by a review of results and presentation of proposed conceptual adaptation measures.
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Appendix A

Zoning in Fremont

Descriptor ZN Class Abbreviation Assigned Group Category

Commercial C
City Center CcC

Commercial
Downtown D
Mixed Use MX
Open Space (ON) Parks and Open Space
Public Facilities PF Public
Residential R Residential
Right of Way ROW Excluded
Industrial I Industrial

Zoning in Newark

Zoning Description — City of Newark Assigned Group Category

Public Facilities Public

Regional Commercial

Community Commercial

Professional Office

Business and Technology Park

Neighborhood Commercial Commercial

Business and Technology Park

Commercial mixed Use

Commercial mixed Use

Commercial Retail - FBC District

Resource Production

Limited Industrial Industrial

General Industrial

Open Space
Park

Parks and Open Space

Residential Single Family

Residential Medium Density

Residential Low Density

Residential High Density

Residential
Residential Medium Density - FBC District
Residential Medium Density
Residential Low Density - FBC District
Residential High Density - FBC District
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Appendix B

EPA Queried Facility Registry Sites (FRS Sites) in Newark and Fremont

FRS Sites City

ADVANCED ANODIZE INC Newark
ADVANCED CELL DIAGNOSTICS Newark
AGILENT TECHNOLOGIES Newark
AHG GROUP LLC Newark
ALAMEDA COUNTY WATER DISTRICT NEWARK DESALINATION FACILITY Newark
AMAZON COM SERVICES INC OAKS 7 Newark
APPLE INC (NEWARK 3) Newark
ASHLAND CHEMICAL CO Newark
BASF CORPORATION Newark
BAY MIRROR INC Newark
BRITECH ELECTROPOLISHING INC Newark
C & C INDUSTRIES Newark
C & C INDUSTRIES Newark
C & C INDUSTRIES Newark
CALIFORNIA BRAZING Newark
CARGILL SALT COMPANY Newark
CEPHEID Newark
CVS PHARMACY #9494 Newark
DNA 20 Newark
DNA TWOPOINTO, INC. DBA: ATUM Newark
EVERGREEN OIL INC Newark
FMC CORPORATION Newark
H B FULLER CO Newark
HONEYWELL C/O PARSONS ENGINEER Newark
HONEYWELL INTERNATIONAL INC FORMER BARON-BLAKESLEE Newark
INLAND CONTAINER CORP Newark
INTERNATIONAL PAPER CO Newark
JONES-HAMILTON COMPANY Newark
LTD CERAMICS Newark
MATHESON TRI-GAS INC - NEWARK BRANCH Newark
MEMBRANE TECHNOLOGY & RESEARCH, INC Newark
MILPRINT PACKAGING LLC Newark
MORTON INTERNATIONAL INC Newark
NORDSTROM DC 499 Newark
OATEY CO Newark
PABCO GYPSUM Newark
PG&E Newark
PICK-N-PULL NEWARK #43 Newark
REMODELING BY TCM INC Newark
REVANCE THERAPEUTICS INC Newark
SAFETY-KLEEN OF CALIFORNIA, INC. Newark
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FRS Sites City
SAFEWAY STORE #1224 Newark
SANMINA - SCI Newark
SMART MODULAR TECHNOLOGY Newark
SWT CHEMICAL STORAGE TANKS LOCATED AT EVERGREEN OILNA INC Newark
TARGET STORE T-1119 Newark
THERANOS INC Newark
UNION OIL Newark
VM SERVICES Newark
ACWD MOWRY WELLFIELD Fremont
AIR LIQUIDE ELECTRONICS Fremont
ALAMEDA COUNTY WATER DISTRICT Fremont
BENCHMARK ELECTRONICS INC DBA PRECISION TECHNOLOGIES Fremont
BMCC Fremont
CERTAINTEED CORPORATION Fremont
CHEVRON INC Fremont
CHRISTY PRODUCTS Fremont
CLEAN SCIENCES TECHNOLOGY Fremont
COSTCO WHOLESALE #47 Fremont
COSTCO WHOLESALE NO 778 Fremont
CROWN CORK & SEAL COMPANY Fremont
CROWN CT Fremont
CVS PHARMACY # 9099 Fremont
DICKS SPORTING GOODS #1170 Fremont
EXCELITAS TECHNOLOGIES CORP Fremont
FINE PITCH TECH Fremont
FINISAR CORPORATION Fremont
FREMONT GAS AND ELEC METER PLANT Fremont
HEXION SPECIALTIY CHEMICALS INC - FREMONT Fremont
IRVINGTON STATION Fremont
KAISER PERMANENTE IVF CLINIC Fremont
KAISER PERMANENTE MEDICAL CENTER Fremont
NEOPHOTONICS CORPORATION Fremont
ONCORE MANUFACTURING SERVICES Fremont
OORJA PROTONICS Fremont
PG&E - FREMONT SERVICE CENTER Fremont
PG&E FREMONT MAT/GC FACILITY Fremont
RITE AID #5918 Fremont
SANMINA CORPORATION FREMONT Fremont
SPARQTRON CORP Fremont
TARGET STORE T1422 Fremont
TARGET T2615 Fremont
UNION SANITORY DISTRICT Fremont
WALGREENS #4517 Fremont
WASHINGTON HOSPITAL Fremont
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Water Board Sites

Water Board Site City

NEWARK LANDFILL Newark
Matheson Tri-Gas, Inc. Newark
SMITH (A.O.) WATER PRODUCTS Newark
VILLA CLEANERS Newark
TREDEGAR FILM PRODUCTS Fremont
NEWARK SPORTSMAN'S CLUB Newark
ELITE CLEANERS Newark
MCI WORLDCOM NETWORK SERVICES INC. Newark
PARKWAY GOLF COURSE Fremont
FUDENNA PROPERTY Fremont
CERRO METAL PRODUCTS FACILITY (FORMER) Newark
GEORGIA-PACIFIC - FORMER PETERBILT MOTOR CO Newark
HEXION SPECIALTY CHEMICALS (formerly Borden Packaging) Fremont
H. B. FULLER CO. Newark
KIMS CLASSIC CLEANERS (FORMER) Newark
ASHLAND CHEMICAL CO Newark
JONES-HAMILTON Newark
ROMIC (Former Foster Chemical) Lighthouse Development Newark
FMC CORP. - NEWARK Newark
BARON-BLAKESLEE Newark
Former Newark Sportsmen's Club Newark
Newark Sportsman Club Newark
A & S ENTERPRISES Newark
AC TRANSIT-NEWARK FACILITY Newark
ADVANCE INTERIORS Fremont
ARCO #02147 Fremont
MOBIL 10-HAS5/BP 11268 Fremont
MOBIL 10-489/BP 11100 Fremont
MOBIL 10-JT4/BP 11114 Fremont
BUDGET RENT-A-CAR SYSTEMS Fremont
CALIFORNIA-FLORIDA PLANT CO. Fremont
MOBIL NEW/BP 11113 Newark
CBI SERVICES Fremont
CENTRAL CHEVROLET Fremont
CENTURY INSULATION INC Fremont
CHEVRON No. 7526 Fremont
CHEVRON No. 1699 Fremont
CHEVRON No. 5795 Fremont
CHEVRON No. 4230 Fremont
CHEVRON No. 8168 Newark
FREMONT FIRE STATION NO.1 Fremont
FIRESTONE STORE #74 Newark
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Water Board Site City

ECONO LINE EXPRESS Fremont
EL CAMINO CROP SUPPLY Fremont
Nortrax West Newark
Valero #13762 Fremont
EXXON NO. 7-3633 (PASEO PADRE PARKWAY) Fremont
EXXON NO. 7-3599 (FREMONT BLVD) Fremont
Valero #13767 Fremont
EXXON NO. 7-7116 (THORNTON AVE) Newark
FIRST INTERSTATE BANK Fremont
FLEMING FREMONT DIVISION Fremont
FREMONT U.S.D.- WASHINGTON HIGH SCHOOL Fremont
GOLDEN BAY FEDERAL CREDIT UNION Fremont
GSC REALTY CORPORATION Fremont
Hansen Concrete Construction Co. Fremont
HERITAGE VILLAGE Fremont
FREMONT U.S.D.-KENNEDY HIGH SCHOOL Fremont
LAFLEUR MACHINERY Newark
INTERNATIONAL PAPER COMPANY Newark
PABCO GYPSUM Newark
PACIFIC BELL FACILITY Fremont
PG & E NEW SERVICE CENTER Fremont
PG & E OLD SERVICE CENTER Fremont
QUIK STOP #20 Fremont
FORMER REGAL STATION #414 Newark
UNOCAL 4344 Fremont
SABRAW ENTERPRISES Fremont
CAZ COMPANY/SAUNDERS TRUCKING Fremont
SHELL STATION-5489 THORNTON AVE Newark
SHELL STATION-5505 STEVENSON BLVD Fremont
SHELL STATION-6005 JARVIS Newark
SILVEY TRANSPORTATION Newark
SKY SAILING (SANTA FE PAC/FMT SHORE) Fremont
STATE FARM Newark
STEFFENSEN PROPERTY-WELLS AVE. Newark
SUMMERHILL COMMONS Newark
TEXACO SERVICE STATION Fremont
TEXACO STATION 4004 MOWRY NOW EXXON 7-02 Fremont
THORNTON BUSINESS CENTER Newark
MOBIL 10-GYP (THORNTON) Fremont
THORO SYSTEM PRODUCTS Newark
TNT INCORPORATED Newark
TWO COUNT COMPANY Newark
U-HAUL (4833 THORNTON) Fremont
UNOCAL 5923 Fremont
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Water Board Site City

UNOCAL 7224 Fremont
76 Station #5650/4748 Fremont
UNOCAL 7003 Newark
UNOCAL CHEMICALS Newark
WASHINGTON HOSPITAL Fremont
DESERT PETROLEUM Newark
PG & E FREMONT YARD Fremont
BARKER PROPERTY Fremont
SIX THOUSAND (6000) S CORPORATION Fremont
J.G. DUTRA & SON Fremont
PRUDENTIAL INSURANCE (41707) Fremont
FLEURY (WILFRED J.) GAS & OIL SALES Fremont
FELDER-JENNINGS PROPERTY Fremont
U.S. POSTAL SERVICE-FREMONT MAIN P.O. Fremont
EDWARD & ZULMIDA LEWIS, TRS. Fremont
FREMONT PONTIAC-OLDSMOBILE-GMC TRUCK Fremont
GRACE CONSTRUCTION PRODUCTS Newark
CHRISTY CONCRETE Fremont
GOLDEN GATE AUTO AUCTION Fremont
FERMA CORPORATION Newark
DODGE PROPERTY Newark
MORAN OLDSMOBILE Fremont
PRUDENTIAL INSURANCE (41893) Fremont
SIGNER BUICK/CADILLAC Fremont
CARBOLINE CO. Fremont
AUTOWEST HONDA Fremont
AUTOWEST TOYOTA (KING ARTHUR TOYOTA) Fremont
FREITAS PROPERTY Newark
Montgomery Ward Fremont
PUTNAM MAZDA (FREMONT MAZDA-FORMALLY) Fremont
STEVENSON TIRE Newark
AUTOWEST HONDA Fremont
CHEVRON #9-3751 Newark
SUPER KMART Newark
HULBERT LUMBER Newark
JEAN MARTIN PROPERTY Fremont
LESLIE SALT COMPANY Newark
FREMONT PAVING Newark
LEWIS AND TIBBITS, INC. Fremont
Chaides Construction Company Fremont
CALTRANS FREMONT MAINTENANCE YARD Fremont
SILVEY-- LIQUID AIR PROPERTY Newark
UNION SANITARY DISTRICT CORP. YARD Fremont
SANTOS BROTHERS Fremont
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Water Board Site City

SHELL STATION - 556 MOWRY AVENUE Fremont
TIDEWATER SERVICE STATION Fremont
USF REDDAWAY TERMINAL Fremont
Bayside Properties Fremont
NEWARK PRINTERS Newark
UPS Freight- Newark Terminal Newark
CIRCLE K #2705760 Fremont
UPS Freight- Fremont Terminal Fremont
J. M. O'NEILL INC. Fremont
UNION SANITARY DISTRICT, NEWARK STP Newark
FORMER PANESAR BEACON Fremont
J & M CONCRETE Newark
SHELL STATION-39080 FREMONT BLVD Fremont
WASHINGTON HOS.-POWER FACILITY Fremont
BAY MIRROR INC Newark
FREMONT POLICE STATION Fremont
Earl Automotive Newark
Torian Holdings Newark
East Mowry Auto Center Fremont
Oliveira Vincent Shell Station Newark
Newark Unified School District Newark
Dumbarton Quarry Reclamation Fremont
Trumark Commercial Newark
Dumbarton TOD Trumark Residential Project Newark
Romic (Former Foster Chemical) Newark Senior Housing Newark
MLC Holdings, Inc. Fremont
Former Equipment Rental Yard Newark
Fremont Walnut Apartments Fremont
Walnut Dry Cleaners Fremont
Newark Gateway Mixed-Use Development (Former FMC Parcel E) Newark
A.O. Smith Corporation Newark
Harbor Pointe Newark
Newark TOD Twin Force Main Relocation Newark
Willow, Newark Newark
Cerro Metals Newark
FREITAS FAMILY TRUST PROPERTY Newark
Taylor Morrison Homes/ Cedar Blvd. SCP (Former Nortrax SCP) Newark
#1 Cleaners Fremont
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Appendix C

FloodAdapt Output Maps
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Appendix D

Qualitative Assessment Maps
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