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Attachment F Benefit Cost Analysis

To facilitate the reader understanding, Attachment F is divided into five distinct sections plus an
Appendices. Contents for Sections I through III are provided herein. Because Section IV: BCA
Methodologies contains various sub-sections, another table of contents has been developed for
this portion of the report and is provided in a separate document:

I: Overview provides a summary of the purpose of the Benefit-Cost Analysis, the
approach taken to conduct the analysis, and presents overarching results.
II: Project Description provides a detailed project description of the Newton’s Creek
Watershed, Ohio Creek Watershed, and the Elizabeth River Shoreline Restoration.
Though each of these projects can be viewed independently of one another, together
they form the City of Norfolk Coastal Adaptation and Community Transformation Plan.
I1I: Existing Conditions describes specific existing conditions of risks and
vulnerabilities that will be reduced by the institution of each project. This includes
disconnected neighborhoods, vulnerable populations, environmental conditions, cultural
resources and critical assets, economic growth trends, and current risk context.
IV: Benefits Included in the Benefit Cost Ratio provides a detailed approach for each
benefit quantified in this analysis.
V: Qualitative Benefits describes benefits not included in the benefit cost ratio (BCR),
which are limited to the nine pages required by HUD.
Appendices

0 F-1: Attachment H Crosswalk
F-2: Benefit-Cost Analysis Results
F-3: Project Cost Estimates
F-4: Operations and Maintenance Cost Justifications
F-5: Overview of Stormwater Capital Improvement Projects, FY 2012 through
FY 2016
F-6: Sea Level Rise Memorandums
F-7: Hazus Technical Manual Excerpts
F-8: FEMA Standard Values
F-9: Research Valuing Aesthetic Benefits
F-10: Annualized Building, Content, and Inventory Replacement Costs
F-11: Depth-Damage Functions for Buildings, Contents, and Inventory
F-12: Code Mapping for Structures and Industries
F-13: Structure Inventory Mapping
F-14: Transportation Losses
F-15: Comparable Facilities — Nassau County Pump Station Damage Assessment
Summary (Hurricane Sandy, 2012)
Additional documentation can be found here. This documentation includes the
following:

0 Project Cost Estimates in spreadsheet formal
Benefit Cost Analysis results in spreadsheet format
Economic Impact Analysis documentation
Benefit cost analysis spreadsheet calculations
Additional images, maps, and graphics
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Definitions

Affordable housing: Housing for which occupants pay no more than 30 percent of his or her
income for gross housing cost.'

American Community Survey: A nationwide survey designed to provide communities with
a fresh look at how they are changing. It is a critical element in the Census Bureau’s
reengineered 2010 census plan. The ACS collects information such as age, race, income,
commute time to work, home value, veteran status, and other important data from U.S.
households.

Base Flood Elevation (BFE): The elevation of the base flood, including wave height,
relative to the North American Vertical Datum (NAVD), specified within the City of Norfolk
Flood Insurance Study (FIS).

Casualty: A person who is killed, wounded or injured by some event, and is usually used to
describe multiple deaths and injuries due to violent incidents or disasters.

Census Block Group: A geographical unit used by the U.S. Census Bureau which represents
sstatistical divisions of census tracts, are generally defined to contain between 600 and 3,000
people, and are used to present data and control block numbering. A block group consists of
clusters of blocks within the same census tract that have the same first digit of their four-digit
census block number. It is the smallest geographical unit for which the bureau publishes
sample data, i.e. data which is only collected from a fraction of all households.>

Climate Change: A change in the statistical distribution of weather patterns when that
change lasts for an extended period of time (i.e., decades to millions of years). Climate
change may refer to a change in average weather conditions, or in the time variation of
weather around longer-term average conditions (i.e., more or fewer extreme weather events).

Coastal Flooding: Occurs when normally dry low-lying land is flooded by seawater. The
extent of coastal flooding is a function of the elevation inland flood waters penetrate, which
is controlled by the topography of the coastal land exposed to flooding.

Critical/Essential Facility: Facilities that are needed for response activities before, during,
and after a flood (e.g., hospitals, nursing homes, police stations, fire stations, and emergency
operations centers); public and private utility facilities that are vital to maintaining or
restoring normal services to flooded areas before, during, and after a flood; and structures or
facilities that produce, use, or store highly volatile, flammable, explosive, toxic, and/or
water-reactive materials.

Depth Damage Function: A mathematical relationship between the depth of flood water
above or below the first floor of a building and the amount of damage that can be attributed
due to water.

L http://www.huduser.org/portal/glossary/glossary_a.html

2 https://www.census.gov/geo/reference/gtc/gtc_bg.html
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e Disability: A physical or mental impairment that substantially limits one or more of the
major life activities of such for an individual.

e Displacement Time: The time during which occupants are displaced to temporary locations
while damage is repaired.’

e Direct Effects: Represents the initial impacts that occur as a result of an activity in an
industry. For example, residential displacement time will have a direct effect on the real
estate industry.

e Economic Loss of Function (ELOF): The time that a facility is not capable of conducting
business. In general, this is shorter than repair time because business will rent alternative
space while repairs and construction are being completed.*

e Employment: All jobs that are created or lost as a result of the activity, including full-time,
part time, and temporary positions.

e Family: All persons living in the same household who are related by birth, marriage, or
adoption.

e Family Income: Reported income from all sources for the householder and other household
members related to the householder.

¢ Flood Insurance Study (FIS): The official report provided by the Federal Emergency
Management Agency (FEMA) containing the Flood Insurance Rate Maps (FIRMs), the
Floodway Boundary and Floodway Map (FBFM), the water surface elevation of the base
flood, and supporting technical data.

e Geographic Information Systems (GIS): A system designed to capture, store, manipulate,
analyze, manage, and present all types of spatial or geographical data.’

e Gross Margins: A company’s total sales revenue minus its costs of goods sold.

e Housing Stock: The number of existing housing units based on data compiled by the U.S.
Census Bureau and referable to the same point or period of time.

e IMPLAN: A private company that provides economic impact data and modeling for
assessing economic impacts of project decisions in all industry sectors.

e Indirect Effects: The impact of direct effects on industries that support those that are
directly affected. Such as industries that provide equipment and materials for directly
impacted industries.

3 http://www.fema.gov/media-library-data/20130726-1736-25045-7076/bca_reference guide.pdf
4 HAZUS-MH Earthquake Technical Manual. Page 15-18.
5 http://www.esri.com/what-is-gis
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e Induced Effects: The response to a direct effect that occurs through re-spending of income
received by a component of value-added. In other words, the change of local spending that
result from income changes as a consequence of the activity.

e Labor Income: The expected combined income of employment in each industry sector
generated by project implementation expenditures.

e Level of Protection: The recurrence interval to which the proposed project offers
protection.®

e Light Detection and Ranging (LiDAR): A remote sensing method that uses light in the
form of a pulsed laser to measure ranges to the earth. These light pulses, used with other data,
generates information about the Earth’s surface characteristics.

o Losses Avoided: Losses that would occur if the project was not implemented.

e Low-to-Moderate Income: LMI is generally defined as 80% or less than the area’s median
income as calculated by HUD on a Metropolitan Statistical Area (MSA) basis.’

e Normalize: Normalization refers to the process of converting figures of different origins, in
this case the different dollar amounts from different years, into a value that can be recognized
and interpreted consistently.

¢ North American Industry Classification System (NAICS): The North American Industry
Classification System (NAICS) is the standard used by Federal statistical agencies in
classifying business establishments for the purpose of collecting, analyzing, and publishing
statistical data related to the U.S. business economy.

e Occupancy Class: HAZUS uses occupancy classes to categorize structures based on their
construction type and building use.

e Output: Value of industry production. In IMPLAN these are annual production estimates for
the year of the data set (2013) and are in producer prices. For manufacturers this would be
sales plus/minus change in inventory. For service sectors production this equals sales. For
retail and wholesale trade, output is the gross margin.

e Project Useful Life: The estimated amount of time the project will be effective.

e Recurrence Interval®: The average or mean time in years between an expected occurrence
of an event of specified intensity.

¢ Relocation Expenses: Disruption costs that include the cost of shifting and transferring, and
the rental of temporary space.’ Relocation expenses are assumed to be incurred once the

6 http://www.fema.gov/media-library-data/20130726-1736-25045-7076/bca_reference_guide.pdf
7 https://www.hudexchange.info/manage-a-program/acs-low-mod-summary-data/

8 http://www.fema.gov/media-library-data/20130726-1736-25045-7076/bca_reference guide.pdf
9 HAZUS-MH Flood Technical Manual. Page 14-22.
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building reaches a damage state ‘slight’ in the earthquake model. Below that threshold, it is
unlikely that occupants will need to relocate.

Restoration Time: Time for physical restoration of the damage to the building, as well as
time for clean-up, time required for inspections, permits and the approval process, as well as
delays due to contractor availability.!

Sea level rise: The increase in mean sea level, or the average level of the ocean’s surface,
due to the loss of land based ice and thermal expansion caused by the warming of the oceans.

Social Vulnerability Index (SoVI): An index based on a number of factors contained within
county-level socioeconomic and demographic data used to determine social vulnerability to
environmental hazards."!

Storm Surge: The rising of the sea as a result of atmospheric pressure changes and wind
associated with a storm.

Target Area: The census block groups that make up the project area which includes the 100
year floodplain and 2.5 feet of sea level rise.

Urban Heat Island: Describes the phenomenon where urban air and surface temperatures
are higher than nearby rural areas.

Value Added: Consists of compensation of employees, taxes on the production of goods and
services and imports on less subsidies, and gross operating surplus.

Watershed: An area or ridge of land that separates waters flowing to different rivers, basins,
or seas.

Willingness to Pay: The maximum amount an individual is willing to sacrifice to procure a
good or avoid something undesirable.

Acronyms

°F: degrees Fahrenheit

ACS: American Community Survey
ARC: American Red Cross

BCA: Benefit Cost Analysis

BCR: Benefit Cost Ratio

BLS: Bureau of Labor Statistics

10 HAZUS-MH Flood Technical Manual. Page 14-25.
1 http://webra.cas.sc.edu/hvri/products/sovifag.aspx
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e BRYV: Building Replacement Value

e CDC: Centers for Disease Control

e CPI: Consumer Price Index

e CRYV: Contents Replacement Value

¢ CSRYV: Contents-to-Structure Ratio Value

e DDF: Depth-Damage Function

e DEM: Digital Elevation Model

e DOHMH: Department of Health and Mental Hygiene

e ELOF: Economic Loss of Function

e EPA: U.S. Environmental Protection Agency

e EU: European Union

e FAA: Federal Aviation Administration

e FEMA: Federal Emergency Management Agency

e FIMA: Federal Insurance and Mitigation Administration
e FFE: First Floor Elevation

¢  GAO: Government Accountability Office

e GIS: Geographic Information System

e GPIN: Geographical Parcel Identification Number

e HUD: U.S. Department of Housing and Urban Development
e ISRV: Inventory-to-Structure Ratio

e LEHD: Longitudinal Employer-Household Dynamics

e LiDAR: Light Detection and Ranging

e LODES: LEHD Origin-Destination Employment Statistics
e LMI: Low- to Moderate-Income

e MEP: Mechanical/Engineering/Plumbing

e NAAQS: National Ambient Air Quality Standards

e NAVDS88: North American Vertical Datum of 1988

e NDRC: National Disaster Resilience Competition
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e NFPA: National Fire Protection Association

e NOAA: National Oceanic and Atmospheric Administration
e NPL: National Priorities List

¢ NREL: National Renewable Energy Laboratory

e NRHA: Norfolk Redevelopment and Housing Authority

e OMB: Office of Management and Budget
e PFIRM: Preliminary Flood Insurance Map
e PTSD: Post-Traumatic Stress Disorder

e PUL: Project Useful Life

e SAM: Social Accounting Matrix

e SAMHSA: Substance Abuse and Mental Health Services Administration
e SF: Square Feet

e SLR: Sea Level Rise

e STEP: Sheltering and Temporary Essential Power

e TAMI: Technology, Advertising, Media, and Information
e TM: Technical Manual

e TSA: Temporary Sheltering

e UHI: Urban Heat Island

e USACE: U.S. Army Corps of Engineers

e VOE: Value of Enjoyment

e  WTP: Willingness to Pay
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Overview

A comprehensive benefit cost analysis (BCA) must be completed for the Phase 2 submission to
the U.S. Department of Housing and Urban Development (HUD) National Disaster Resilience
Competition (NDRC). The Phase 2 Benefit Cost Analysis (BCA) was prepared by the City of
Norfolk in collaboration with their consulting firm, Arcadis, Inc. Arcadis provided the expertise
for the analysis, while the City provided materials and data necessary for the determinations of
benefits and losses avoided in the Target Area. The BCA analysis must consider economic,
environmental, social, and resiliency factors to ensure that project benefits outweigh the costs.
Per the Notice of Funding Availability (NOFA) dated June 25, 2015, it is understood that the
results of the BCA alone are not cause to reject or approve a proposal. HUD recognizes that a
complete soundness of approach justification includes fundamental project elements such as
feasibility, replicability, public desirability, meeting unmet needs, risk reduction, and
improvements in resiliency. Over time the value of the project will increase as it prevents future
losses in subsequent disaster incidents. This analysis for the City of Norfolk’s Coastal
Adaptation and Community Transformation Plan Phase 2 proposal follows a carefully
considered process that includes direct project benefits, as well as secondary impacts of those
benefits.

The Qualifying Disaster for Virginia’s application is Hurricane Irene, which demonstrated that
without mitigation, the City of Norfolk, and the greater Hampton Roads region, will continue to
suffer physical, social and economic losses from future coastal and stormwater flooding. Losses
experienced in Hurricane Irene included structural and content damages to homes and
businesses; loss of power, communication and transportation services; and inaccessibility due to
stormwater flooding that was exacerbated by coastal storm surge. Future losses are expected to
be even more significant as sea levels continue to rise and coastal storms become more frequent
and intense.

Virginia has developed a statewide approach to its coastal and inland stormwater challenges;
“thRIVe: Resilience in Virginia” is a five-part approach to achieve resiliency guided by the
National Preparedness System to 1) unite the region, 2) create coastal resilience, 3) strengthen
vulnerable neighborhoods, 4) improve economic vitality, 5) and build water-management
solutions. The thRIVe plan’s five lines of effort align with HUD's goal for the NDRC, as they are
each designed to achieve a major critical objective, address unmet need, and provide replicable
and scalable solutions to identified vulnerabilities within the Target Areas defined in this
proposal.

For the purpose of the BCA, the proposed CDBG-NDR-assisted projects sub-area is the “Target
Area”. Please see Figure 1.1 for a visual depiction of Norfolk’s Phase I Target Area and the
Phase 2 area of impact. As demonstrated in the City’s leverage letter appended to this
application, the City is using its own and partner’s funds to address Unmet Needs from the
Qualifying Disaster in the rest of the MID-URN area of Norfolk not directly assisted by the
proposed CDBG-NDR projects. The two projects proposed for the CDBG-NDR funding are a
part of and will support Norfolk’s overall NDRC resilience program, which is designed to reduce
risk in Norfolk’s entire MID-URN-qualified target area. The Norfolk proposed project Target
Area is comprised of two watersheds: the Ohio Creek Watershed and the Newton’s Creek
Watershed. Together, these watersheds include over 2,000 public housing units that experience
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frequent chronic flooding. In each watershed, a series of stormwater management techniques are
combined with coastal protection infrastructure and a living shoreline to reduce risk. Major
proposed project elements include:

e A shoreline protection system to prevent surge inundation of Norfolk’s Target Area

e The creation of new shoreline restoration areas that will provide a natural buffer for rising
seas as well as a healthier environment for native species of plants and animals in the
Elizabeth River

e Replacement of aged public housing in configurations that support stormwater
management activities, provide economic revitalization opportunities, and benefit
vulnerable populations

e Upper watershed green and blue stormwater management measures to be implemented on
both public and private land including rain gardens, water streets, permeable pavements,
and bioswales

e The redevelopment of neighborhood areas where new or expanded wetlands and parks
can hold and manage stormwater on rainy days

e Re-alignment of streets to allow historic creek beds to fill during rain events, alleviating
street flooding and allowing for the creation of “complete streets”

e Development of a Coastal Resilience Accelerator that will provide a hub for regional
collaboration and innovation regarding water management and climate change

e Anincentivized private property on-site retention and public education program that will
allow runoff to be captured and detained for slow release post-storm

The combination of these flood-risk reduction techniques throughout the Target Area is expected
to provide a comprehensive resiliency milieu that can be sustained, replicated and expanded over
time in Norfolk and throughout the region. The image on the following page provides a
comprehensive view of the proposal.

The proposed activities, and their interdependent subparts, are displayed in Figure 1.1 and
described in greater detail in Attachment F Part 11 Project Description. While these activities

can be implemented independently, all are required to achieve Norfolk’s vision and to meet the
Unmet Need described in Exhibit B, Exhibit D, and Exhibit E of the application.

As outlined in the Phase I application, the City of Norfolk in the larger Hampton Roads region is
subject to the highest rate of relative sea level rise on the East Coast — the area has experienced a
14-inch rise since 1930. The global sea level rise is 5 to 8 inches over the last century (Phase 1
Application, Exhibit D: Unmet Need, pg. 26). The Hampton Roads area is second to New
Orleans for the largest population at risk from sea level rise (Phase 1 Application, Exhibit D:
Unmet Need, pg. 26). Over the past several decades, Norfolk residents have received increased
stresses due to the impacts of climate change, such as sea level rise and more frequent and
intense coastal storms. As discussed in the Hampton Roads Planning District Commission’s
2013 report Coastal Resiliency: Adapting to Climate Change in Hampton Roads, sea level rise

L Atkinson, Ezer, and Smith, Sea Level Rise and Flooding Risk in Virginia, 2012 (http://nsglc.olemiss.edu/sglpj/vol5n02/2-
atkinson.pdf)
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has significant effects on the region even when using varied and conservative modeling.? Sea
level rise, and the effects of climate change in the region, are very real threats.

Additionally, the Target Area has a significant unmet affordable housing need. Currently, within
the St. Paul’s Area, there are more than 1,700 public housing units that need to be rebuilt. The
current public housing stock is unsatisfactory, and, as stated within the St. Paul’s Area Plan, the
City of Norfolk hopes to replace the public housing units one-for-one within the existing
neighborhood or within nearby communities. The current affordable housing is inadequate,
causes economic segregation in the St. Paul’s Area (and into the larger Target Area) and does not
provide adequate protection against extreme flood events. Affordable housing resilience will be
addressed within the proposed projects.

The Target Area also requires economic revitalization. Currently, the city is preparing for
various revitalization efforts, specifically though development of city-owned land in the St.
Paul’s Area. The City of Norfolk is currently soliciting for a Master Developer, who will assist
the city in maximizing its real estate assets and economic development opportunities, creating
non-competing land uses, a new tax base and emphasizing short and long-term job creation in the
Target Area and beyond.

Finally, to meet the needs of the populations within the Target Area, there must also be a focus
on social cohesion. The Norfolk Mayor’s Commission on Poverty Reduction proposed a plan
entitled the Norfolk Plan to Reduce Poverty, which outlined the core values of the city to build a
thriving future for all Norfolk residents by creating pathways out of poverty, providing the tools
and education needed to enter and succeed in those pathways, relying on citizens’ motivation and
a sense of personal responsibility, and investing in cost-effective and proven solutions.
Recommendations included better and more accessible early childhood development programs,
youth education and career pathways, adult workforce development, and neighborhood
revitalization and support. This final recommendation utilizes strategies to stabilize stressed
neighborhoods through community revitalization and economic development, develop mixed-
income housing and mixed-use communities in distressed neighborhoods, and create policies to
facilitate the de-concentration of poverty in Norfolk’s public housing communities.

2 Coastal Resiliency: Adapting to Climate Change in Hampton Roads, HRPDC, 2013
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LEGEND
D Phase | MID-URN Target Area

D Phase 2 Project Sub-Areas

Census Tracts within
Target Area

Figure 1.1 Norfolk Phase | Target Area and Phase 2 Project Sub-Area
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Key Intervention Sites for NDRC Application
R Newton’s Creek

&
== S

‘ Stormwater Management Components

Blue Green Corridor Network South

An open space corridor running along the
historic Newton's Creek bed will bring water
collected upstream and slowly infiltrate it back
into the water table

‘ Shoreline Protection Components

Realignment of Chapel Street

Reconnecting the fragmented segments
of Chapel Street will restore one of the
city’s historic north-south connections and
reestablish a once prominent African American
Business District

. Community Improvement Components

Planned Future Projects

Coastal Resilience Accelerator

Virginia will use HUD funds to create an
innovation campus to spur new business
growth in the Hampton Roads region.

Water Streets and Tidal Channel Park

A park running along the Freemason Street
extension will collect water and become a
neighborhood amenity. Other streets in the

Harbor Park Nature Trail

A network of interconnected tidal marshes
running under the highway to store stormwater
brought from upstream. Bike paths and nature
trails connect between Harbor Park and the St
Paul's area. The sports fields and parking near
the school will remain

Raising Reeves Avenue

A portion of Reeves Avenue in the South of
Brambleton area will be raised as part of the
system of shoreline protection

Network of Green Parcel-Level Treatments
Building off of the existing River Stars program,
rain barrels, rain gardens, and permeable
paving will be encouraged on individual lots

Chesterfield Heights Waterfront

Along the waterfront of Chesterfield Heights
berms and walls will be built as part of the
shoreline protection system and will become
the framework for improving the existing parks
with new trails and landscaping

Harbor Park Redevelopment
Building off of the Harbor Park Promenade,

. the area will use existing parking lots to build

~ out new high-rise residential, office space,

hospitality and entertainment and retail space

Raising Westminster Avenue

A portion of Westminster Avenue and some of
the adjoining streets in Chesterfield Heights
will be raised as part of the system of shoreline
protection

St. Paul’s Redevelopment
The city will look for private investors to replace
the existing assisted housing in the St. Paul's

* area with a higher density mixed-use mixed-

income neighborhood

neighborhood will be built out to include I
and water retention systems

Harbor Park Promenade

Part of the shoreline protection will consist
of a berm along the edge of the Harbor Park
waterfront and will be built out over time
into a promenade linking the stadium to the
Waterside area

I Brambleton South Pond

J An integral part of the stormwater management

F strategy will be acquiring the vacant lots
in South of Brambleton to create a large
naturalized wetland with both educational and
traditional park amenities

Holt Street Extension

Holt Street will be extended north and
connected to Freemason Street and the
Tidewater Drive intersection signalized to
create a pedestrian friendly connection
between Downtown and Harbor Park

Redevelopment of Young Terrace

~ Assisted housing will be converted in to mixed-

use mixed income neighborhood with private
investment

Raising Kimball Terrace

A portion of Kimball Terrace in Chesterfield
Heights will be raised as part of the system of
shoreline protection

Both Watersheds

Living Shoreline

In partnership with the Elizabeth River project,
the city will use some of the HUD funding to
restore wetlands along the Elizabeth River

 Redevelopment of Calvert Square

|\ Assisted housing will be converted in to mixed-

use mixed income neighborhood with private
investment

Ohio Creek

Chesterfield Heights Wetlands

Existing marshes in the area will be improved
to accommodate storm water from upstream
and alleviate flooding, these may be expanded
in the future

Underground Detention Area

An underground water detention area will
be created beneath Marlboro Avenue as
additional stormwater storage

Figure 1.2 Norfolk Coastal Adaptation and Community Transformation Plan Key Intervention Sites

Attachment F Benefit Cost Analysis

Pump Stations and Tide Gates

To enhance the capacity of the natural systems
to deal with stormwater and to protect the tidal
systems from storm surge inundation, a series
of pumping stations and tide gates will help
manage the flows of water in the systems

Safe Routes to School

New bike routes will be built along many of the
existing streets and new parks to encourage
students to bike to school
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Project Phasing

The magnitude of the project components will require several years of construction; however, by
implementing through phases, the watersheds and communities will benefit from improvements
incrementally that build on each other and intend to spur further development into the future
through catalyst projects in each phase. Because the project is phased, benefits and costs must be
accounted for and discounted appropriately each year in coordination with the proposed
implementation date of each project element. As such, capital and operation and maintenance
costs are phased and discounted appropriately. For this reason, the project costs presented herein
are different from those presented in Appendix F-3 and Appendix F-4.

Phase 0 (Pre-Construction)
The community’s role in water management and the project are established through the River
Star Homes catalyst project in initiating parcel level solutions during the permitting and final
design stages.

Phase 1 (Mid 2018-2020)
Phase 1 aims to appropriately provide solutions based on the watershed’s history and future.
Under the Restore Newton’s Creek catalyst project, Newton’s Creek will return to its original
hydrology while both watersheds will receive shoreline protection based on anticipated future
sea level rise.

Phase 2 (2020-Mid 2021)
Phase 2 improves the natural and built systems in regards to water management and connectivity
in the Target Area. During this phase, the Coastal Resiliency Accelerator catalyst project will be
created to promote holistic and innovative water management practices. It is intended that the
accelerator will be the pilot for additional components of an innovation campus, thereby creating
an innovation hub located in Norfolk - home to emerging technology industries in critical 21st
century fields, including sea level rise. Green and water spaces will be added and improved in
increasing the stormwater management capacity of the natural systems and providing
recreational amenities that increase access to other areas in the city and encourage future
investments in these neighborhoods.

Phase 3 (Mid 2012 — Mid 2022)
Phase 3 provides the archetypal framework for new infrastructure for mixed-income mixed-use
neighborhoods and further investment in areas surrounding Downtown Norfolk. During this
phase, the Harbor Park Promenade catalyst project will be completed. This feature will provide
new access to enjoy the Elizabeth River and transforms an underutilized area into an attractive
space to become a mixed use hub.

Figure 1.2 displays the Norfolk Coastal Adaptation and Community Transformation Plan

phasing strategies and Figure 1.3 provides a more detailed overview of the project scheduling
process.
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Phasing Strategies

() Phase3

Planned Future
Growth

Catalyst Projects - These represent innovative projects that
will become models for the region, spur new investment in the
community, and will drive the future success of the project

0 Phase 1

Outcomes - Increase parcel level involvement
~ in stormwater management, build out coastal
protection systems, improve roadways to
8 maintain connections during a rainfall event,
I begin restoration of Newton's Creek watershed
and naturalize retention areas in Ohio Creek
! Watershed, hire initial staff to develop Coastal
I Resiliency Accelerator

| Catalyst Project: Restore Newton's Creek

/| Restoring the original hydrology to the Newton’s
Creek watershed will have an immediate impact

T~

if
[

-

o

R The Coastal Resilience
Accelerator
Alaboratory and manufacturing
space to develop new
resiliency technologies will be
built along the Newton's Creek
corridor to spur the future
investment needed to create
a regional innovation campus

The waterfront of Harbor Park will
be built out as a new centerpiece of
Norfolk's downtown, transforming a
new piece of resilient infrastructure into
an entertainment venue, public open

Harbor Park Promenade

space, and mixed use hub

Réstor@iNeWio's

) A transformative . ' renovation
to the St Paul's area will be
the restoration of the historic
Newton's Creek bed, to help
prevent flooding in the area
during stom events and to
provide a new open space
corridor for residents in the area

on the hydrology of the neighborhoods in the
watershed. Restoring the historic alignment
of this waterway and creating an open space
corridor around it will decrease flooding in the
area and create a spur for new investment in the
surrounding areas

Harbor Park Promenade - Part of the solution

to protect Norfolk from storm and climate
related flooding will be building up the shoreline
with a network of berms and seawalls. In Harbor
Park this system will be integrated into a new
shoreline restoration which will tie the existing
promenade around waterside to the baseball
stadium and new development around Harbor
Park. The promenade will feature an elevated
walkway built above the floodplain and a lower
Olevel walkway near sea level built on piers

River Star Homes - Immediately funds will be
set aside to grow the existing River Star Homes
project focusing on efforts in Chesterfield Heights.
Incentive programs will encourage residents to
voluntarily install rain gardens, rain barrels, and
permeable paving on their lots. The parcel level
solutions to storm water management will be a
keystone for the overall process, establishing the
city's residents as key stakeholders in the project
and as integral players in the city’s future

@ (o rfield Heights Shoreline - The shoreline
of Chesterfield Heights will be built up with new
park areas along the shoreline which are tied
in to the landscaped berms that form the storm
surge barrier. Funds will also be allocated for the
Elizabeth River Project to continue efforts along
the shoreline to restore native marsh grasses

Phase 2

Outcomes - Increase the storm water
management to sustain flooding from a 10
year rainfall event, improve connectivity in the
Newton's Creek watershed with additional open
space and new roadways, create new drainage
and roadway infrastructure in the St Paul's
area, Coastal Resiliency Accelerator staff begin
developing plans

St. Paul’'s Water Street - Reestablishing the
important connection between the St. Paul's
Area and both Downtown and Harbor Park will
be an important first step in creating a more
diverse and prosperous community. Along the
new road a linear park will join with the open
space around Newton's Creek and will become
a major feature for capturing stormwater and
transferring it gradually back in to the water table

Catalyst Project: Coastal Resilience Accelerator
To encourage new investment in the St. Paul's
Area, and ultimately the region, an innovation
campus focusing on resiliency technologies will
be developed over time along Newton's Creek.
Staff will begin finding partners

Harbor Park Nature Trail - An interconnected
network of marshes will be created between
the St. Paul's Area and Harbor Park as part of
the restoration of the historic Newton's Creek
alignment. These features will become an
amenity to residents of the nearby areas, a
teaching tool for students on how natural systems
work to manage stormwater, and will bolster the
bike and pedestrian networks in the city
m South Brambleton Pond - As part of the link
between Downtown and neighborhoods to the
east a new park space will be created in South
Brambleton as an important open space node
along the improved bike trail from Grandy Village
to Downtown. The park will have community
amenities and will double as a large retention
basin during major storm events
0 Chesterfield Heights Marshes - As part of
the natural solution to stormwater management,
improvements will be made to the existing
marshes in Chesterfield Heights to increase their
storage capacity

Phase 3

Outcomes - Build a more equitable community
in the St. Paul's Area and encourage new
investment in areas surrounding Downtown
Norfolk

| St. Paul’s Redevelopment - Building on the
‘projects in earlier phases the city will develop
the infrastructure and incentives to build a
new mixed-income mixed-use neighborhood
in the St. Paul's Area. The current residents
of the neighborhood will see improved living
conditions, both in terms of individual units and
the amenities that will be offered, access to more
and better open spaces, and new employment
!, opportunities

) Catalyst Project: Harbor Park Waterfront
urther improvements will be made to the Harbor
Park waterfront promenade to spur future private
A linvestment in Harbor Park

~ Grandy Village Landscape - Open space
"7 improvements and stormwater retention features
will be built out around the new housing, including
swales, permeable paving, and rain gardens

Planned Future Growth

Outcomes - Encourage further investment in
the St. Paul's Area and Harbor Park

St. Paul’'s Redevelopment - The final pieces
of infrastructure and stormwater management
will be built out in the St. Paul's Area so that
the remaining parcels can be developed into
additional mixed-income residential units

Harbor Park Redevelopment - The alignment
of Park Avenue and the light rail will be altered
to open up space between |-264 and the
waterfront for development. The city will build
the infrastructure necessary for the parcels to be
built on through private investment. The area will
become a new mixed use hub for the city with
new commercial, office, hotel, and residential
uses, creating a new center for employment and
creating attractive living space near the city's
core

Creek

Figure 1.3 Norfolk Coastal Adaptation and Community Transformation Plan Phasing Strategies
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Phase 0

Pre-Construction

Permitting

-MNEPA Compliance

-Joint Permit Application

Other Work

-Private Property Acquisitions

-Assisted Relocation of Tidewater Gardens Residents
-Incentive Program for Parcel-Level Treatrments

-Set Up Staff for Coastal Resilience Accelerator

Phase 1

Mid 2018 - 2020

Work Beginhing

St Paul's Area:

-Restoration of Mewton's Creek Bed

-Construction of Wetlands

-Road Construction

-Building Demolition and Site Clearing

-Shoreline Protection (East City Hall, Market Street, Mariner
Streel)

Harbor Park:

-Shoreline Protection (Harbor Parl Waterfront, East Water
Street, 1264, Morfolk Southern Berm)

South Brambleton:

-Filling and Road Raising

-Mewton's Creek Pump Station

-Large Mewton's Creek Tide Gate

Chesterfield Heights:

-Shoreline Protection (Grandy Wilage Shoreline, Kimball
Terrace)

-Chesterfield Heights Living Shareline

-Road Canstruction

-Meighborhood Street Retrofit

-Fump  Stations (Ohio Creek, Kimball Wetlands, East
Chesterfield, Wwest Chesterfield, Grandy Village)

“Waterfront Parks and Sports Field Retention Areas
-Adjustments to Public Utilities

Work Ongoing
St Paul's Area:
-Search for Partners for Coastal Resilience Accelerator

Chesterfield Heights:
-Incentive Program for Parcel-Level Treatments

Work Completed

St Paul's Area:
-Building Demalition and Site Cleanng

Harbor Park:
-Removal and Disposal of Unsuitable Matenal
-Shoreline Protection (East Main Strest)

South Brambleton:
-Removal and Disposal of Unsuitable Material

Chesterfield Heights:

-Shoreline Protection (Eastern Road)

-Campostella Intersection Improvements for Pedestrian and
Cyclist Safety

-Remaoval and Disposal of Unsuitable Matenal

-Underground Detention Basin

-Rain Zardens

Phase 2

2020 - Mid 2021

Work Beginning

St Paul's Area:

L andscaping for Park Areas (Blue-Green Cormidor Metwiork,
Tidal Channel Park, Water Streets in Tidewater Gardens)
Harbor Park:

Harbor Park Living Shoreline

South Brambleton:

-Shoreline Protection (264, Dominion Property)

Road Construction

Excavation and Disposal of Soil for Brambleton South Pond

Work Ongoing

5t Paul's Area:

Road Construction

-Search for Site for Coastal Resilience Accelerator

Harbor Park:
-Shoreline Protection (Harbor Park Waterfront)

South Brambleton:
Mlewton's Creek Pump Station

Chesterfield Heights:

Pump Stations (Ohio Creek)

-Adjustments to Public Utilities

-Incentive Program for Parcel-Level Treatments

Woark Completed

5t Paul's Area:

Excavation for Tidal Channe! Park

-Shoreline Protection (East City Hall, Market Street, Mariner
Street)

-Construction of Wetlands

Harbor Park:

-Shoreline Protection [(East “Water Street Wall, -264 Wall,
Morfolk Southern Benm)

Harbor Park Living Shareline

South Brambleton:

Filling and Road Raising

Large Newton's Creek Tide Gate

-Constructed Wetlands Around Brambleton South Pond

Chesterfield Heights:

-Shoreline Protection (Grandy Village Shoreline, Kimball
Terrace)

-Chesterfield Heights Living Shoreline

Road Construction

“Neighborhood Street Retrofit

Pump Stations (Kimball Wvetlands, East Chesterfisld, YWest
Chesterfield, Grandy Village)

“Waterfront Parks and Sports Field Retention Areas
Excavation of Soil Around Wetlands for Increased Retention
L andscaping for Maturalized Areas Around YWstlands

Phase 3

Mid 2021 - Mid 2022
Work Completed

8t Paul's Area:

Road Construction

L andscaping for Park Areas (Blue-Green Comidor Metwiork,
Tidal Channel Park, Water Streets in Tidewater Gardens)
-Construction of Flagship Research Facility for Coastal
Resilience Accelerator

Harbor Park:

Harbor Park Living Shoreline

-Shoreline Protection {Harbor Park Waterfront Wyall and Berm )
Harbor Park Promenade

South Brambleton:

-Shoreline Protection (I-264 Dominion Property)

Road Construction

Excavation and Disposal of Soil for Brambleton South Pond
MNewton's Creek PFump Station

Chesterfield Heights:

Bxcavation of Soll Around Wetlands for Increased Retention
FPump Stations {Chio Creel)

-Adjustments to Public Utilities

-Incentive Program for Parcel-Level Treatments

Figure 1.4 Norfolk Coastal Adaptation and Community Transformation Plan Project Scheduling
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Quantified Results

In order to demonstrate the benefits expected from investment in the proposed Norfolk Coastal
Adaptation and Community Transformation Plan, analysts evaluated four categories of benefits:
resiliency values, such as direct physical damages and critical asset impacts; environmental
benefits, such as reduced carbon emissions and reduced stormwater runoff; social and
recreational benefits, including aesthetic values and mental stress and anxiety cost reductions;
and economic revitalization impacts realized by the project. Within each of these categories,
losses avoided and benefits added by the project were considered. Principle sources of
methodologies and data standards for the development of the BCA originated from entities such
as the U.S. Army Corps of Engineers (USACE), the Federal Emergency Management Agency
(FEMA), and Earth Economics, as well as from literary publishers and journals.

The BCA for Norfolk’s Coastal Adaptation and Community Transformation Plan considers both
quantified and qualitative benefits in accordance with the NDRC NOFA Appendix H and OMB
Circular A-94. The quantified benefits, which can be represented in monetary terms and are used
to develop the benefit cost ratio (BCR) are broadly divided into Resiliency Values and Inherent
Values. All resulting benefits are presented in a low, medium, and high scenario to account for
sensitivity in the analysis (see Page 1.11 for more information). The City of Norfolk requests that
for the purposes of project analysis, the medium scenario be considered the most appropriate.

Results are ultimately provided in three ways: annual benefits, net present value, and the BCR.

e Annual Benefits: Annual benefits are the avoided damages and added benefits per year
expected over the useful life of the project. Annual losses avoided are presented as a
function based on the annual chance of the damaging event occurring. For example, if
benefits for a 1% annual chance event are $150,000 then the benefit is multiplied by .01,
and $1,500 is the annual benefit.

e Net Present Value: In order to compare the future benefits to the current cost of a
project, a discount rate is applied over the life of the project to calculate the net present
value of annual benefits. The net present value is the benefit used in the BCR, and once
all benefits are aggregated, the project net present value is the sum of the benefits minus
the net present costs. Annual benefits and net present value are calculated for each value
measure presented herein so that they may be incorporated into the benefit cost ratio.

e Benefit Cost Ratio: To evaluate cost effectiveness, a project’s total net benefits are
divided by the total project cost, resulting in a benefit cost ratio. A project is considered
to be cost-effective when the ratio is greater than or equal to 1.0, indicating that the
benefits are sufficient to justify the costs.

Costs incorporated into the BCA include all project life cycle costs, such as:
e Project capital investment costs
e Operations and maintenance costs over the project useful life (PUL)
e Any costs associated with actions taken by the City or any governmental partner(s) after
the date of the Qualified Disaster to enhance resilience. These costs are described in
Exhibit G.

See Table 1.1 below for a summary of the benefits presented herein, including a description of
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how each is derived. All benefits presented are directly related to the social, environmental, and
economic resiliency metrics that will measure project success, as defined in Exhibit E:
Soundness of Approach. A crosswalk is provided at the end of this section to review the
methodologies used to calculate these benefits and the associated results.

Table 1.2 summarizes the costs associated with the project. Table 1.3 and associated figures
below summarize the results of benefits that are appropriate to integrate into the BCR. All
proposed activities, as well as the application in total are cost beneficial with benefits of almost
$2 billion, compared to a total estimated cost of approximately $299 million, including existing
resiliency efforts and operations and maintenance costs, a ratio of 7.03.

Table 1.1 Overview of Benefits Calculated and Included in the Benefit Cost Ratio

Economic Losses

BT Benefit Calculated Description
Category
Direct Physical Analysts applied USACE depth-damage
Damages to Buildings, | functions (DDFs) to vulnerable structures,
Contents, and Inventory | critical/essential facilities, and modes of
] N transportation in the benefitting area. The DDFs
Essential Facility and consider the type of structure/asset, structure or
Critical Infrastructure | contents replacement value, and expected flood
Service Loss depth within the structure to determine the dollar
Resiliency value of contents or structure damage. Econo_mic
Benefits Human Impacts losses also use DDFs to evaluate the economic

impact of natural disasters.

Natural disasters threaten or cause direct impact
to structures but can also seriously harm health,
social, and economic resources, which lead to
psychological distress. Methodologies to
calculate expected losses avoided for Human
Impacts are a product of flood depth and damage
to people’s homes.

Environmental
Benefits

Provisioning Services

Regulating Services

Supporting Services

Cultural Services

Environmental benefits are gained heavily from
the implementation of the projects, which are
designed to incorporate expansion of park
spaces/wetlands, provide connectivity between
neighborhoods and the waterfront, and offer
aesthetically pleasing public gathering spaces.

Social Benefits

Recreational Benefits

Health Benefits

Aesthetic Benefits

Social benefits are based on added recreational
and community gathering space. There are health
cost reductions and willingness to pay values
associated with these amenities.

Economic
Revitalization

Economic
Revitalization

Economic gains are based on the addition of new
retail and commercial space and expected job
growth and gains as a result.

Attachment F Benefit Cost Analysis
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Table 1.2 All Applicable Costs included in the Benefit Cost Analysis

Operations and Post-Irene
Activity Capital Costs* I\F;I . Resiliency Total Costs
aintenance -
Actions
Newton’s Creek $141,820,312 $9,209,300 $20,320,364 $171,349,975
Ohio Creek $97,073,808 $10,049,763 $3,319,739 $110,443,311
Total $238,894,120 $19,259,063 $23,640,103 $281,793,286

*Capital costs are presented as net present value, as the capital costs are broken out over a 7
year implementation period; thus, the costs represented in this table vary from those in

Appendix F-2.

Table 1.3 Benefit Cost Analysis Results

.. . . Net Present Value | Benefit-Cost
Activity Scenario All Applicable Costs of Benefits Ratio
Low $141,820,312 $1,085,286,303 6.33
Newton’s Creek | Medium $141,820,312 $1,791,992,285 10.46
High $141,820,312 $2,881,102,025 16.81
Low $97,073,808 $116,968,617 1.06
Ohio Creek Medium $97,073,808 $189,377,673 1.71
High $97,073,808 $224,119,946 2.03
Low $238,894,120 $1,202,254,920 4.27
Total Medium $238,894,120 $1,981,369,958 7.03
High $238,894,120 $3,105,221,971 11.02
Attachment F Benefit Cost Analysis Page 1.12
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BENEFITS

The results of the Benefit Cost Analysis for Norfolk’s Coastal Adaptation and Community
Transformation Plan application consider economic, social, and resiliency factors. Results are
provided in three forms: annual benefits, net present value, and the BCR. In order to compare
future benefits to current cost, a discount rate is applied over the life of the project to calculate
the net present value, or NPV, from annual benefits. A project’s total net benefits are divided by
the total project cost, resulting in a benefit cost ratio, or BCR. A BCR greater than 1.0 is
considered cost-effective.

$1.9 BILLION

NET PRESENT VALUE BENEFITS

BCR: 7.03
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COMPARISON OF BENEFITS BY ACTIVITY

(NPV)

Newton's Creek Watershed

2.59%
0.12%
0.04%
0.21%
0.13%
3.40%

/

0.53%

63.66%
3.22%

Ohio Creek Watershed

n

4.73%
0.15%
0.35%
0.59%
0.36%
4.44%

32.42%

Direct Physical Damages
Relocation Costs
Casualties

Mental Stress and Anxiety
Lost Productivity

Critical Facilities Loss

Emviromental Benefits

Economic Revitalization
Future Economic
Revitalization

Direct Physical Damages
Relocation Costs
Casualties

Mental Stress and Anxiety
Lost Productivity

Critical Facilities Loss

Erviromental Benefits
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Table 1.4 BCA Crosswalk:

Project Costs

Costs and Benefits by

Page # in Factor

Qualitative Description of Effect and Rationale for

Quantitative Assessment (Explains
basis and/or methodology for

Transformation Plan

shoreline to create the greatest opportunity for a
resilience response and recovery during future
disaster events. Additional project components
proposed are further described in Attachment F I1.
Project Description. Operations and maintenance
costs, as well as the costs of existing resiliency
efforts in the Target Area are also considered to
provide the most comprehensive cost of resiliency in
the Target Areas.

the project and maintain permanent
project features.

Category Narratives of BCA Including in BCA calelilsted Monetized Efract Monetized Effect (if applicable) Uncertainty
Attachment . : . .
including data sources, if applicable)
Life Cycle Costs
Norfolk’s Coastal BCA Attachment F The project proposes to implement a series of Engineers compiled a detailed cost See Appendix F-2 Project Costs: | 3
Adaptation and Appendix F-2. Project stormwater management techniques, combined with | estimate based on labor, materials, $330,627,000. Medium uncertainty due to
Community Costs Estimates coastal protection infrastructure and a living and equipment necessary to complete variation in the level of project

design completeness.

Table 1.5 BCA Crosswalk: Quantifiable Benefits and Qualitative Benefits

Costs and Benefits by
Category

Page # in Factor
Narratives of BCA
Attachment

Qualitative Description of Effect and Rationale
for Including in BCA

Quantitative Assessment (Explains basis
and/or methodology for calculated
monetized effect, if applicable)

Monetized Effect (if applicable)

Uncertainty

Resiliency Values

Direct Physical Damages
(Buildings)

Attachment F IV.
Benefits Included in the
Benefit Cost Ratio,
Pages 1V.1.2.2 through
1V.1.2.10.

Direct physical damages are those that occur to
residential, commercial, industrial, and public
property that result from the action of storm
surge and stormwater ponding (floodwater).
These damages include real impacts to
structures, which can be quantified.

A structure inventory was developed
from Norfolk 2014 Real Estate data.
Ground elevations for the structures were
gathered from LiDAR, first floor
elevations were estimated based on
structure foundation type. Flood
elevations were based on storm surge
modeling for three sets of storm surge
flood scenarios in addition to Hurricane
Irene. Storm surge models include 2.5
feet of sea level rise based on projections
by the Virginia Institute of Marine
Science. Building Replacement Values
(BRVs) were calculated using Hazus
default values.

Depth damage functions (DDFs)
represent a relationship between the

Newton’s Creek:

e Medium Scenario Annual
Benefits: $838,943

e Medium Scenario Net Present
Value: $11,578,039

Ohio Creek:

e Medium Scenario Annual
Benefits: $327,623

e Medium Scenario Net Present
Value: $4,521,445

3

There is a high certainty for the
methodology used to estimate
direct physical damages to
buildings from coastal storm
surge; the methodology used for
calculating this benefit has been
approved by at least one federal
agency. Further, LIDAR data
were used to determine grade
elevations, and conservative
estimates for first floor
elevations were incorporated,
thus producing a conservative
estimate of flood depths inside
of the structures.

Nevertheless, there is

Attachment F Benefit Cost Analysis
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Costs and Benefits by
Category

Page # in Factor
Narratives of BCA
Attachment

Qualitative Description of Effect and Rationale
for Including in BCA

Quantitative Assessment (Explains basis
and/or methodology for calculated
monetized effect, if applicable)

Monetized Effect (if applicable)

Uncertainty

depth of floodwater in a structure and the
percent of damage that can be attributed
to the flooding. The DDFs from the
USACE are applied to estimate structure
damages associated with each return
period. The percent of structural damage
is related to 1-foot depth increments
which are multiplied by a structure
replacement value to produce a physical
loss value in dollars. See Part 1V for
additional data sources.

uncertainty in the accuracy of
the structure data gathered from
Norfolk 2014 Real Estate data.
For this reason, uncertainty level
for this benefit is a 3.

Direct Physical Damages
(Contents and Inventory)

Attachment F IV.
Benefits Included in the
Benefit Cost Ratio,
Pages 1V.1.2.2 through
1V.1.2.10.

Contents and inventory damage is that which
applies to personal property and material goods
and services held by a business that are
damaged during flood events. This value is
quantifiable.

Damage to contents and inventory are
estimated using a DDF associated with
structure occupancy type. Contents and
inventory DDFs from the USACE are
applied to estimate damages associated
with each return period. The percent of
damage is related to 1-foot depth
increments. See Part IV for additional
data sources.

Newton’s Creek:

e Medium Scenario Annual
Benefits: $2,519,524

e Medium Scenario Net Present
Value: $34,771,312

Ohio Creek:

e Medium Scenario Annual
Benefits: $309,678

e Medium Scenario Net Present
Value: $4,273,789

3

There is a high certainty for the
methodology used to estimate
direct physical damages to
buildings from coastal storm
surge; the methodology used for
calculating this benefit has been
approved by at least one federal
agency. Further, LIDAR data
was used to determine grade
elevations, and conservative
estimates for first floor
elevations were incorporated,
thus producing a conservative
estimate of flood depths inside
of the structures.

Nevertheless, there is
uncertainty in the accuracy of
the structure data gathered from
Norfolk 2014 Real Estate data.
For this reason, uncertainty level
for this benefit is a 3.

Essential Facility and
Critical Infrastructure
Service Loss

Attachment F V.
Benefits Included in the
Benefit Cost Ratio, Page
1V.1.3.2 through Page
1V.1.3.15

Typical essential facilities whose functions are
critical during natural disasters include
hospitals, fire stations, EMS stations, police
stations, and similar facilities. Critical
infrastructure that IS equally necessary include
wastewater service, electrical power service,
and transportation infrastructure. Interruption of
these assets, services, and systems that serve the
public can cascade and result in further

Loss of service calculations are a
function of service population, loss of
function time, and value per capita of
service. Analysts identified the number
of type of essential and critical facilities
that are vulnerable to flood impacts using
local data from the City of Norfolk’s
Geographic Information System (GIS)
department. Service populations for

Newton’s Creek:

e Medium Scenario Annual
Benefits: $4,535,498

e Medium Scenario Net Present
Value: $62,593,255

Ohio Creek:
e Medium Scenario Annual
Benefits: $598,008

2

There is a high certainty for the
methodology used to estimate
essential facility and critical
infrastructure service loss as a
result of storm surge; the
methodology used for
calculating this benefit has been
approved by at least one federal

Attachment F Benefit Cost Analysis

Page 1.16




Norfolk Coastal Adaptation and Community Transformation Plan

Costs and Benefits by

Page # in Factor

Qualitative Description of Effect and Rationale

Quantitative Assessment (Explains basis

Benefits Included in the
Benefit Cost Ratio,
Pages 1V.1.4.4 through
1vV.1.4.11

storm events. The proposed project provides
benefit by reducing the potential for lost life
during a storm event.

Qualified Disaster and various
methodologies available for estimating
the number of fatalities for a flood event,
the estimation methodology selected is
based upon a 2013 study conducted by
Brno University. The methodology
considers expected damage value,
community preparedness, and warning
features to estimate loss of life. FEMA
standard life safety values were applied
to the number of fatalities expected for
each of the three flood scenarios
assessed.

e Annual Benefits: $93,645
e Net Present Value:
$1,292,365

Category Nar'rAz‘itives of BCA for Including in BCA and/or n_lethodology for ca}IcuIated Monetized Effect (if applicable) Uncertainty
ttachment monetized effect, if applicable)

economic, environmental, and societal losses. identified assets and facilities were e Medium Scenario Net Present | agency.

The value of service provided by essential estimated using the total population for Value: $8,252,954 Uncertainties lie in the

facilities and critical infrastructure can be the City of Norfolk. Loss of function estimation of service

quantified and included as benefits within the time was estimated using local populations for critical facilities.

benefit cost analysis in addition to any expected | knowledge of emergency response and Service population data were not

physical property damages. preparedness measures employed by the readily available for some
jurisdiction in a flood event. FEMA assets, therefore it was necessary
standard values were used as the value of to obtain a general estimate of
the service provided for each facility or service population based on total
system. population and additional assets

within Norfolk.
Fatalities Attachment F IV. Fatalities are an unfortunate risk inherent to After an analysis of the impacts of the Full Target Area: 4

A standard FEMA value for the
cost of a life was used, however
there are multiple methods for
determining the number of
possible casualties. The method
chosen for evaluation is
considered the most
conservative as it evaluates
community characteristics that
contribute to vulnerability.
Nevertheless, there are many
factors post-disaster that could
increase or decrease potential
casualties, including
unpredictable behaviors.

Relocation and Economic
Loss of Function

Attachment F IV.
Benefits Included in the
Benefit Cost Ratio,
Pages 1V.1.4.25 through
1V.1.4.29.

Relocation costs and economic loss of function
(ELOF) are consequences of displacement that
result from disaster impacts. Relocation costs
are associated with moving a household or a
business to a new location and resuming
business or life in that new location. ELOF cost
is associated with the interruption of a business
or the removal of a piece of real estate from the
market as a result of disaster impacts. Both
costs can be derived as a function of
displacement time. See economic loss for costs
associated with ELOF.

Displacement time has been calculated
by:

1. ldentifying expected flood depths and
structural damage expected to occur

2. Calculating building restoration time
based on flood depths and structure
damage identified

3. Assigning relocation and ELOF rates
based on occupancy class and extent of
damage

4. Using relocation and loss of function
time values by occupancy and damage
extent to calculate relocation expenses
and ELOF time without benefit
duplication.

Newton’s Creek:

e Medium Scenario Annual
Benefits: $155,355

e Medium Scenario Net Present
Value: $2,144,011

Ohio Creek:

e Medium Scenario Annual
Benefits: $20,767

e Medium Scenario Net Present
Value: $286,603

2

High certainty; the methodology
used for calculating this benefit
has been approved by at least
one federal agency. Further,
analysis was completed based on
USACE DDFs. There are
uncertainties with regard to
underground networks and
flooding that could exacerbate
loss. Further, LIDAR was used
to determine grade elevations,
with site checks in several areas.
FEMA Hazus methods improve
the analysis. Uncertainty in

Attachment F Benefit Cost Analysis
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Costs and Benefits by
Category

Page # in Factor
Narratives of BCA
Attachment

Qualitative Description of Effect and Rationale
for Including in BCA

Quantitative Assessment (Explains basis
and/or methodology for calculated
monetized effect, if applicable)

Monetized Effect (if applicable)

Uncertainty

See Part IV for data sources

commercial owner occupancies
are acknowledged, as well as
post-disaster behavior of
residents and businesses.

Shelter Needs

Attachment F IV.
Benefits Included in the
Benefit cost Ratio, Pages
1VV.1.4.31 through
1V.1.4.35.

After a disaster event, impacted individuals may
need to shelter if they cannot access their homes
due to flooding. Even though the home may not
be damaged, people will be displaced if they are
evacuated or cannot physically access their
property by foot, vehicle, or transit due to
flooded roadways and transit systems.

The FEMA Hazus methodology is used
for this benefit. Short-term sheltering
needs are based on displaced population,
determined using flood depths. For this
analysis, the displaced population is
considered residential population located
within the area where flood depth is
equal to or greater than 12 inches.
Population is estimated based on the
percentage of residential square footage
per building compared to the total
residential square footage in the census
block group. The number of displaced
individuals is then modified by factors
accounting for income and age. The cost
for sheltering is captured in the relocation
costs and is not given a separate
monetary value to avoid duplication of
benefits. See Part IV for data sources.

Newton’s Creek:

e 10% Annual Chance: 47
households, 113 people

e 2% Annual Chance: 99
households, 242 people

e 1% Annual Chance: 318
households, 774 people

Ohio Creek:

e 10% Annual Chance: 3
households, 8 people

e 2% Annual Chance: 42
households, 101 people

e 1% Annual Chance: 57
households, 139 people

2

High certainty; the methodology
used for calculating this benefit
has been approved by at least
one federal agency. The same
considerations as other
resiliency measures apply
related to structure data and
DDFs. Recent census data were
used for population and
demographics. Uncertainty lies
in post-disaster behavior.

Mental Stress and Anxiety

Attachment F IV.
Benefits Included in the
Benefit Cost Ratio,
Pages 1V.1.4.13 through
1V.1.4.18.

Natural disasters threaten or cause loss of
health, social, and economic resources which
may lead to psychological distress. Research
indicates that individuals who experience a high
number of stressors and property damage are
more likely to experience symptoms of mental
illness, Post-Traumatic Stress Disorder (PTSD),
and higher levels of stress and anxiety. An
increase in mental health issues after a disaster
will increase mental health treatment costs.
Such costs are captured here and are considered
losses avoided by the project.

Benefits are based on a national standard
cost of treatment per person by type of
treatment (mild/moderate or severe),
provided by FEMA. The FEMA standard
value was normalized to 2015 values and
applied to the number of residents that
would be impacted by the three flood
scenarios analyzed; however this number
is adjusted by 41% based on FEMA
estimates. The cost of mental health is
estimated for 30 months; this is the
maximum amount of time studies have
been able to estimate the prevalence of
mental health impacts after a disaster.
See Part IV for data sources.

Newton’s Creek:

e Medium Scenario Annual
Benefits: $272,725

e Medium Scenario Net Present
Value: $3,763,805

Ohio Creek:

e Medium Scenario Annual
Benefits: $79,284

e Medium Scenario Net Present
Value: $1,094,174

3

Medium certainty; the
methodology used for
calculating this benefit has been
approved by one federal agency.
However, this method only
considers the percent of the
population that is expected to
seek treatment post-disaster and
is considered to be conservative
for that reason. Further, the
percent of the population
expected to seek treatment is a
natural figure, and not locally
specific. Costs are also national
and not locally specific. Coping
tactics vary widely within a
given population.

Lost Productivity

Attachment F IV.

Natural disasters cause mental health problems

Benefits are based on research conducted

Newton’s Creek:

3

Attachment F Benefit Cost Analysis
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Page # in Factor
Narratives of BCA
Attachment

Costs and Benefits by
Category

Qualitative Description of Effect and Rationale
for Including in BCA

Quantitative Assessment (Explains basis
and/or methodology for calculated
monetized effect, if applicable)

Monetized Effect (if applicable)

Uncertainty

Benefits Included in the
Benefit Cost Ratio,
Pages 1V.1.4.20 through
Pages 1V.1.4.23

to increase after a disaster, and research
indicates this can impact work productivity.
Lost productivity costs are captured here and
are considered losses avoided by the project.

by the World Health Organization, which
indicates individuals with mental health
problems experience a 25.5% reduction
in earnings, and national employment
compensation data gathered from the
U.S. Bureau Labor of Statistics, from
which a productivity value per worker
was derived. Benefits were estimated for
three flood scenarios. See Part IV for
more detail and data sources.

e Medium Scenario Annual
Benefits: $167,463

e Medium Scenario Net
Present Value: $2,311,108

Ohio Creek:
e Medium Scenario Annual
Benefits: $48,683
e Medium Scenario Net
Present Value: $671,861

Medium certainty; the
methodology used to calculate
this benefit has been approved
by one federal agency. However,
this method only considers the
population that is expected to
have severe mental health issues
after a disaster, and does not
consider mild to moderate
mental health issues in the
analysis. Costs are national and
not location specific. Coping
tactics vary widely within a
given population.

Attachment F IV.
Benefits Included in the
Benefit Cost Ratio,
Pages 1V.5.2 through
IV.5.13.

Economic Impacts
Avoided

Direct economic output refers to the value of
industry production, which varies by industry.
For example, the output of the service sector is
measured in sales, hospital output is measured
in the total service package that a patient
receives during their entire length of stay, and
output for non-profit organizations is based on
the cost of production or the expenses that the
organization must incur to operate. The industry
output value is significant because it supports
the understanding of the relationships of
industries that comprise the overall economy
within a geographic region. Measuring change
in industry output as a result of some stimulus
or impact is considered one of the most efficient
and straightforward methods to evaluate the
relationships between industries in any given
economy. Moreover, it allows one to witness
the reverberating effects of natural disasters on
that economy.

This methodology calculates lost
economic output as a result of flood-
damaged structures using the IMPLAN
economic impact assessment software.
This analysis uses lost economic output
by industry and input-output modeling
software to calculate the direct effects of
output loss within an industry, as well as
the effects that loss has on supporting
industries and spending patterns in the

economy (also known as indirect effects).

See Part IV for data sources.

Newton’s Creek:

e Medium Scenario Annual
Benefits: $6,152,608

e Medium Scenario Net Present
Value: $84,910,584

Ohio Creek:

e Medium Scenario Annual
Benefits: $988,243

e Medium Scenario Net Present
Value: $13,638,491

3

This benefit has been calculated
using a standard methodology
from City level data from
IMPLAN. Uncertainty is due to
the use of multiple conversion
calculations associated with use
of City-level data. Moreover, the
results are considered a
conservative estimate as
economic impacts measured are
limited to the Virginia Beach —
Norfolk - Newport News MSA.

Inherent VValues

Environmental Value

Attachment F IV.
Benefits Included in the
Benefit-Cost Ratio, Pages
I1VV.2.2 through 1V.2.30.

Environmental Value

Benefits provided by ecosystem goods and
services and green infrastructure (GI) can be
valued using the economic valuation theory,
which relies on people’s willingness to pay for a
good or service. Under the umbrella of
willingness to pay theory are numerous

The benefits of ecosystem goods and
services of natural capital and Gl are
valued using different approaches.
FEMA values ecosystem goods and
services based on the square footage of
different types of vegetative areas (green

Newton’s Creek:

e Medium Scenario Annual
Benefits: $670,716

e Medium Scenario Net Present
Value: $9,570,615

2

Values used in calculating this
benefit are provided by federal
and published sources. Further
certainty in the results is
accomplished by combining

Attachment F Benefit Cost Analysis
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Costs and Benefits by Page # in Factor

Qualitative Description of Effect and Rationale

Quantitative Assessment (Explains basis

Narratives of BCA . and/or methodology for calculated Monetized Effect (if applicable Uncertaint
el Attachment 197 e e g [ 2CH monetized effec%f applicable) (e ) ’
valuation methods including contingent open space, wetlands, and riparian), and | Ohio Creek: both approaches.
valuation, hedonic pricing, and travel cost. the Green Infrastructure Guide values e Medium Scenario Annual
Other methods used to value environmental the environmental benefits of GI. It was Benefits: $2,519,945
benefits include income, replacement cost, determined that, for certain ecosystem e Medium Scenario Net Present
avoided cost, and market price. For this services, it was possible to calculate Value: $60,289,248
analysis, the benefits of ecosystem goods and benefits using both methods. When this
services are calculated through value, or benefit | occurs, a combination of benefits is
transfer. The transfer refers to the application of | calculated, and the combined benefits are
derived values from the original study site to the | included in the benefit cost ratio as low,
goods and services provided by the project site. | medium, and high value scenarios. Data
Benefit transfer has become popular to value the | sources and a more detailed description
ecosystem services of natural capital, as it of the approach are provided in Section
allows for timely and cost-effective analyses. V.
Social Value

Attachment F IV.
Benefits Included in the
Benefit Cost Ratio, Pages
1V.3.4 through 1V.3.12.

Recreational Benefits

The proposed project will add new and
improved park space, bicycle and pedestrian
trails, and community gathering and recreation
spaces and amenities, which will give residents
and visitors opportunities to participate in
activities such as walking, jogging, bicycling,
and playground use. There are two benefits
related to recreation that may be quantified: 1)
increased outdoor recreation, and 2) health
benefits related to increased activity due to the
availability of new recreation space.

There are two methods that can be used
to quantify recreational benefits: Earth
Economics and FEMA. Earth Economics
uses participation rates based on
statewide recreation activity, collected
through an Outdoors Demand Survey, to
estimate benefits in the Target Area.
FEMA quantifies recreational benefits
based on the square footage of added or
improved recreational space. Both
methods and results are included in the
BCR as a range of benefits. See Part IV
for more detail on the approach and data
sources.

Newton’s Creek:

e Medium Scenario Annual
Benefits: $19,371,947

e Medium Scenario Net Present
Value: $276,423,168

Ohio Creek:

e Medium Scenario Annual
Benefits: $4,045,199

e Medium Scenario Net Present
Value: $57,721,958

2

This benefit was calculated
using standard federal
methodology and other
published resources. Further
certainty in the results is
accomplished by combining
both approaches. However,
uncertainty lies in the fact that
benefits are based on a
conceptualized scenario for
project programming, based on
public outreach and feasibility.
The final design will determine
the extent of benefits here.

Attachment F IV.
Benefits Included in the
Benefit Cost Ratio, Pages
1VV.3.14 through 1V.3.16.

Health Benefits

Generally, those who are physically active live
longer and are at lower risk for heart disease,
stroke, Type 2 diabetes, depression, some
cancers, and obesity. Access to outdoor
recreation has been found to increase the rate of
exercise in the surrounding population,
therefore improving overall health in the area.
Improved health is related to reduced health
care costs and increased work productivity. The
benefits valued here are avoided health care
costs of medical bills and compensation
payments due to an increase in physical activity,
as well as avoided lost productivity costs.

The total number of residents in the
Target Area is adjusted based on the
percent of population that meets physical
fitness guidelines in Virginia. The
resulting number is then increased
proportionate to proposed added
recreation space. Health care cost
savings per capita per year are then
applied to the increased number of
residents meeting physical fitness
guidelines to determine avoided health
care costs due to increased physical
activity. To provide low, medium, and

Newton’s Creek:
e Medium Scenario Annual
Benefits: $1,276,310

e Medium Scenario Net Present
Value: $17,614,037

Ohio Creek:

e Medium Scenario Annual
Benefits: $328,917

e Medium Scenario Net Present
Value: $4,539,294

3

There is medium certainty for
this benefit; it was calculated
using published resources.
Uncertainty lies in the use of
population projections to
estimate low, medium, and high
expected benefits for this
category. Furthermore, benefits
are based on a conceptualized
scenario for project
programming, based on public
outreach and feasibility. The

Attachment F Benefit Cost Analysis
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Costs and Benefits by
Category

Page # in Factor
Narratives of BCA
Attachment

Qualitative Description of Effect and Rationale
for Including in BCA

Quantitative Assessment (Explains basis
and/or methodology for calculated
monetized effect, if applicable)

Monetized Effect (if applicable)

Uncertainty

high estimated benefits and to account
for population growth, benefits are
calculated for the projected population at
certain points in time.

final design will determine the
extent of benefits here.

Aesthetic Benefits

Attachment F IV.
Benefits Included in the
Benefit Cost Ratio, Pages
IVV.3.18 through 1V.3.23.

Norfolk’s proposed project will provide a litany
of benefits that will render the Target Areas
more appealing to existing and future residents
and businesses, in turn resulting in a positive
effect for residents and the local economy.
Attractive views and reduction of flood risk are
just two contributing factors to this positive
benefit that can be quantified.

There are two methods that can be used
to quantify such benefits: FEMA
calculates aesthetic benefit based on the
square footage of added space that may
be considered an aesthetic amenity;
Earth Economics provides an approach
that evaluates potential impacts to
property values. Impacts to property
values considered include the location of
property near well-maintained green
spaces and attractive views, in addition
to the reduction in perceived risk of
flooding. Property value benefits are
presented as high, medium, and low
scenarios, and are expected to
incorporate considerations presented in
FEMA'’s aesthetic benefit methodology.
Therefore, the Earth Economics benefit
values are those that are incorporated
into the benefit cost ratio so that a
duplication of benefits is avoided.

Newton’s Creek:

e Medium Scenario Annual
Benefits: $10,677,535

e Medium Scenario Net Present
Value: $88,979,467

Ohio Creek:

e Medium Scenario Annual
Benefits: $3,725,340

e Medium Scenario Net Present
Value: $31,044,505

3

This benefit was calculated
using standard federal
methodology, however
uncertainty exists due to the fact
that no similar studies exist for
the area that evaluate the
economic benefits of adding
aesthetic amenities and reducing
flood risk. The studies that were
utilized are considered to be
comparable. Benefits are based
on a conceptualized scenario for
project programming, based on
public outreach and feasibility.
The final design will determine
the extent of benefits here.

Economic Revitalization

Economic Revitalization

Attachment F 1V.
Benefits Included in the
Benefit Cost Ratio, Pages
1V.4.2 through Pages
1V.4.9.

The proposed project consists of several
economic revitalization efforts targeted towards
various locations within the Target Area. These
efforts include the following: 1) Redevelopment
of public housing sites to create additional
residential, retail, office, and hospitality
opportunities;

2) Creation of an Acceleration Center that will
partner with education organizations to focus
revolutionary water management solutions and
workforce training for the water management
industry. The economic benefits of the
aforementioned efforts can be measured by
anticipated added economic output and
employment compensation for those industries.

Output and employment compensation
benefits can be quantified per square foot
using standardized data (based on
FEMA'’s Hazus software methodology
which uses national output per square
foot data) to estimate economic losses
and employment/output ratios and to
estimate economic and employment
losses using IMPLAN data. IMPLAN
data from 2013 was available to analysts
and provided City-level output and
employment compensation by industry.
The methodology relates industries from
IMPLAN to structure use and calculates
average IMPLAN output/employment
compensation for the industry. The total

Newton’s Creek Economic

Revitalization:

e Medium Scenario Net Present
Value: $1,140,711,899

Newton’s Creek Future

Revitalization Benefits:

e Medium Scenario Net Present
Value: $57,762,618

Ohio Creek Economic

Revitalization:

e Medium Scenario Net Present
Value: $3,427,415

3

Local IMPLAN data was used to
calculate this benefit based on a
conceptualized scenario for
project programming, based on
public outreach and feasibility.
The final design will determine
the extent of benefits here.

Attachment F Benefit Cost Analysis
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Costs and Benefits by
Category

Page # in Factor
Narratives of BCA

Qualitative Description of Effect and Rationale
for Including in BCA

Quantitative Assessment (Explains basis
and/or methodology for calculated

Monetized Effect (if applicable)

Uncertainty

Quialitative Benefits,
Page V.2

streets and surrounding areas in a dedicated
stormwater drainage system. The stormwater
network in the project areas is designed to
collect rainwater runoff and route it towards the
Elizabeth River. During extreme flood events,
the outfalls of these systems are closed to
prevent tidal waters from backing up into the
system through the inlets, causing flooding in
city streets and surrounding areas. Analysts
used GIS to determine the potential areas of
stormwater inundation of the Target Area and
ran models to estimate depression storage and
the level of stormwater ponding.

water for the 10% annual chance, 24-
hour rain event and compared this
volume to two rain-driven flooding
scenarios: estimated flood depths given
blockage of the stormwater system
(depression storage), and estimated flood
depths given failure of stormwater
storage and removal systems with the
proposed shoreline protection in place.

Attachment monetized effect, if applicable)
square footage throughout the City was
calculated and the output and
employment compensation per square
foot was determined. Benefits are
presented for high, medium, and low
density revitalization scenarios. See Part
IV for data sources
Qualitative Benefits
Affordable Housing Attachment F V. Several public housing projects are located If families within affordable households | ++ The lack of existing research
Qualitative Benefits, within the Target Area; units within these are required to spend a smaller methodologies on this subject
Page V.1 projects are subject to frequent flooding that percentage of their income on housing, limits the ability to quantify the
damages structures and contents. Recurrent assumptions can be made that these benefits of affordable housing
damage to such units has rendered the area populations would be able to allocate that will be both protected and
blighted, and some residential areas have been | these resources more heavily in disaster generated by the proposed
vacated. Studies estimate that building 100 response, action, and recovery. project. However, it is clear that
affordable housing units for families through Therefore, by protecting affordable the loss of affordable housing
housing tax credit programs can support as housing from future flood events, the due to a future flood event
many as 30 new jobs in the local economy. Target Area can preserve the economic would greatly impact the
Moreover, the availability of affordable housing | benefits that affordable housing populations within the Target
attracts employers to the area and could also provides, encourage and retain current Area. A portion of these benefits
increase the amount of disposable income to be | and future LMI employers, and increase are recognized in the Economic
reinvested into the local economy. Many disposable income expenditures in the Impact benefits.
employers have reported that a lack of local economy.
affordable housing makes it more difficult — and
thus more costly — to recruit and retain
employees.
Stormwater Management Attachment F V. Most of Norfolk collects stormwater from Analysts calculated the total volume of ++ Based on the model, flooding

from the scenario is expected to
concentrate in low lying areas,
but also against the coast,
damaging assets most vulnerable
to coastal flood events.
Therefore, benefits of the project
that are related to stormwater
flood reductions, such as direct
physical damages, relocation,
economic impacts, and critical
facilities, are already realized.
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Costs and Benefits by

Page # in Factor

Qualitative Description of Effect and Rationale

Quantitative Assessment (Explains basis

Category Nar'rAz‘itives of BCA for Including in BCA and/or n_lethodology for ca}IcuIated Monetized Effect (if applicable) Uncertainty
ttachment monetized effect, if applicable)
Workforce Benefits Attachment F V. The proposed Acceleration Center - a nexus for | Workforce training programs create + Although the Center expects to
Qualitative Benefits, technological, organizational and conceptual opportunities for individuals to obtain employ 5 FTE staff in year 1,
Page V.1 innovation around identified regional resilience | experience that will land them a well- the number of industry workers
issues — will provide a workforce training paying job in the future. Thus, such trained and exported from this
program in the water management industries. programs are considered future initiative is unknown at this
investments in a particular industry. time. Therefore no quantitative
benefits could be derived from
the amenity.
Historic Preservation Attachment F V. The proposed Target Area contains a number of | Benefits associated with protecting + The benefit that is provided by
Quialitative Benefits, historic structures that would benefit directly historic and cultural resources include the presence of historic and
Page V.1 through Page from the installation of the protection measures. | the protection of high property values, cultural resources is captured
V.2 Though the building/content replacement value | monetary values of the number of visits elsewhere within this analysis.
of these structures is not inherently higher when | and ticket sales, and nonmarket values of Nevertheless, it is important to
compared to non-historic buildings; the social, | such resources such as the desire to note that the abundance of
cultural, and historic loss of these structures conserve and preserve historical historical structures in the Target
would have a much greater impact on the resources for future generations. Area would have an impact on
community as a whole. the community if they were
impacted by a flood event.
Water Quality Benefits Attachment F V. Reduction in stormwater treatment needs The Virginia Department of + Although it is known that the
Qualitative Benefits, inherently provides water quality benefits in the | Environmental Quality submits the Elizabeth River is currently
Page V.3 through Page form of TMDLs. TMDLSs represent the total "Reduction of Toxics in State Waters polluted, there is no clear way to
V.4 amounts of pollution that a water body can Report" to several House Committees ascertain a value for overall
receive and still meet EPA standards for water | each year in January. From the January water quality at this time, such
quality. 2015 report’s Appendix I-3 “State of the as Total Maximum Daily Loads
Elizabeth River Scorecard 2014”, we (TMDLs) that are expected to be
read: reduced though these projects.
“The Eastern Branch [of the Elizabeth Reduced costs for stormwater
River] earns a D, indicating urgent need treatment are being included as
behind a new plan for this branch. benefits in the quantitative
Scientists found disturbingly high levels portion of this analysis.
of bacteria in Broad Creek and Indian
River tributaries and extremely low
dissolved oxygen in Broad Creek. The
Elizabeth River Project has just
completed a draft comprehensive
strategy for community-wide efforts to
improve the Eastern Branch, with a
priority focus on Broad Creek and Indian
River.” (page 3).
Urban Heat Island Attachment F V. Urban areas are more vulnerable to the effects In a 2014 study, Norfolk ranked fifthin | + The uncertainty of quantifying

Mitigation

Qualitative Benefits,
Page V.4 through Page

of temperature increase and precipitation pattern
changes because of the heating and cooling

the nation as having the fastest growing
overnight urban heat island with

this benefit is too great, as it
involves knowing the degree to
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Costs and Benefits by

Page # in Factor

Qualitative Description of Effect and Rationale

Quantitative Assessment (Explains basis

Qualitative Benefits,
Page V.6

and other water-based industries in the area
such as ship building and ship repair facilities
provide considerable employment; the ability

base relocation and closures (BARC) for
the Hampton Roads area, however such
closures would certainly have an impact

Category Narratives of BCA for Including in BCA and/or n_lethodology for ca}IcuIated Monetized Effect (if applicable) Uncertainty
Attachment monetized effect, if applicable)
V.5 processes of building roofs and cars, as well as | temperatures heating in the city faster which heat will be reduced in
the emission of greenhouse gases. The City of | than in rural areas. The proposed Target the locality; thus this benefit is
Norfolk is vulnerable to the Urban Heat Island | Area will contribute towards reducing considered qualitative.
(UHI) effect, as it maintains a relatively dense UHI effects by planting trees, expanding
urban environment to the surrounding regions park spaces, installing bio-retention
and contains a large amount of impervious features, incorporating rain gardens into
paved surfaces that trap and absorb heat. existing landscapes, and installing
Research has indicated that the installation of permeable pavement throughout.
green space, such as rain gardens, bio-retention
features, and permeable pavements, cause a
reduction in temperature variations; therefore it
can be assumed that the proposed project will
reduce the UHI effect in Norfolk.
Emergency and Recovery | Attachment F V. After Hurricane Irene, flooded roadways and The protection of these areas from + This reduction in the need for
Efforts Qualitative Benefits, out-of-service transportation services impeded | flooding will serve to reduce emergency and cost of emergency services
Page V.5 travel throughout the Target Area. Although no | response need and times, and give is not able to be quantified at
lives were lost due to this situation, flooded adequate access to crews that typically this time, however, due to a lack
roads could in the future prevent emergency deal with fallen trees, downed power of data from previous flood
response vehicles such as police cars, lines or other disaster incidents. Flood events.
ambulances or firefighting equipment from risk reduction will also favorably impact
effectively reaching victims in time. post-disaster recovery efforts, allowing
residents and property owners to return
from evacuation safely in order to
address possible damages and begin the
return to “blue skies™ life.
Injuries Attachment F V. Injuries are an unfortunate inherent risk The same CDC study states that twenty- | + Injuries that may be experienced
Qualitative Benefits, associated with natural hazard events. five % of people with an injury in New during and immediately after a
Page V.5 According to the CDC, injuries sustained in York City received treatment from a future flood event have not been
New York City within the first week of hospital, emergency department (ED), or quantified in the Benefit Cost
Hurricane Sandy recovery were from doctor’s office, though this varied by Analysis due to lack of data
evacuation, cleanup, or repair of a household. It is possible to attribute this from past storms. Although it
damaged/destroyed home. The most common percentage to the Norfolk area, however would have been possible to
injuries were arm/hand cuts, followed by back | there is a lack of injury data related to apply knowledge of Hurricane
strain/sprain, and leg cuts. Such injuries are Norfolk and the qualifying disaster. Sandy injuries to Norfolk, the
associated with medical treatment and costs that level of uncertainty in such an
may be quantified to include as a benefit. analysis warranted exclusion of
such benefits from the Benefit-
Cost Ratio.
Regional Benefits Attachment F V. Naval activities, the Virginia Port Authority, There are no known considerations for + This benefit is unquantifiable at

this time with regard to the
Target Area, as the measurable
impact of flooding is greater
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Costs and Benefits by

Page # in Factor

Qualitative Description of Effect and Rationale

Quantitative Assessment (Explains basis

Project Implementation

Qualitative Benefits,
Page V.5

regional economy by providing employment
opportunities during implementation and
increasing output and Gross Domestic Product
(GDP) for the area. Even the construction phase
generates economic impacts due to the influx of
expenditure into the economy and jobs created
by the increased need for services.

project expenditures, analysts used
IMPLAN Version 3.0 economic
software system to develop an input-
output model of the MSA’s economy.
Overall, the proposed project is expected
to generate more than 2,550 jobs, $141
million in labor income, and $199
million in industry output through the
MSA alone, increasing local GPD by
$199 million. Economic relationships
can and do extend to geographic areas
beyond the MSA,; It is expected that
project implementation will generate
economic benefits at a national level.

Category Nar'rAz‘itives of BCA for Including in BCA and/or n_lethodology for ca}IcuIated Monetized Effect (if applicable) Uncertainty
ttachment monetized effect, if applicable)
for these employees to get to and from work on the economy and response efforts. than the Target Areas.
each day is paramount to the region’s economic
success. The protection afforded by the
proposed projects will positively impact the
lives of these employees, in turn helping to
maintain a steady productivity in the region.
Light Rail Infrastructure Attachment F V. Norfolk’s light rail system- “The Tide”- is part | Work week ridership for the first six + If it was assumed that the light
Qualitative Benefits, of a larger plan to develop a multi-modal months of operation averaged 4,650 a rail would receive similar
Page V.6 transportation network to sustain Norfolk’s day — exceeding the original projection impacts as the roadway systems
position as the business, cultural, educational, of 2,900 trips per day. Norfolk has during natural hazard events
and medical center of Hampton Roads. already experienced over $1.2 billion in (which is likely considering the
investment along the 7.4 mile light rail tracks’ proximity to the water),
During the Hurricane Irene event, light rail alignment since it was announced. The analysts believe significant
transportation was suspended Saturday, August | Tide’s ridership is significantly impacts could be experienced.
27" and was scheduled to resume dependent on the system as nearly half The proposed project will
approximately 35 hours later at 11 am on of all trips on the system are home based provide benefits to
Sunday, August 28", work trips. Loss of service impacts as a transportation infrastructure
result of flooding have large impacts on including the light rail system by
the community as it affects people’s protecting these assets against
ability to get to and from work. It can be future natural hazard impacts
assumed under the scenario which related to storm surge and
incorporates SLR (as stated above and flooding, thereby reducing
within the BCA results) that the light rail shocks and stresses on the
system if impacted could be out of community.
service for an extended period of time.
Economic Benefits of Attachment F V. Resiliency projects often benefit the local and To measure economic impacts related to | ++ This benefit can be calculated

using a standard methodology
from City level data from
IMPLAN. Moreover, the results
are considered a conservative
estimate as economic impacts
measured are limited to the
Virginia Beach — Norfolk -
Newport News MSA.
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Project Area

The Target Area includes the southern Norfolk neighborhoods of Chesterfield Heights, South
Brambleton, Harbor Park, and St. Paul’s Area. In the context of this application, the
neighborhoods will be broken into two watersheds: the Ohio Creek Watershed and the Newton’s
Creek Watershed.

The Target Area contains a total population of 11,840 persons according to the U.S. Census
Bureau. Of this population, approximately 86% of the households meet the low-to-moderate
income (LMI) requirements for the Commonwealth of Virginia (FY 2015 HUD LMISD [HUD
Median Income for Fiscal Year 2014]). LMI is generally defined as 80% or less than the area’s
median income as calculated by HUD on a Metropolitan Statistical Area (MSA) basis.! ACS
data are used with Income Limits for Metropolitan Areas and for Non Metropolitan Counties
prepared by the Department's Office of Policy Development and Research to calculate the Low
to Moderate Income Summary Data (LMISD).? It should be noted that the ACS data provided by
HUD used to determine LMI status are 2006 to 2010 survey data, whereas income and poverty
data are based upon the most recent 2013 ACS data provided by the US Census Bureau.
However, Norfolk is confident in the information, as it is the most up-to-date data available for
each metric.

The Target Area is comprised of 12 U.S. Census block groups, with a combined median income
of $25,350 per household—an income level that is only 48% of the national median household
income.? The median household income for the City of Norfolk is $44,474.The Target Area
includes the following census block groups: 35.01.1, 35.01.2, 35.01.3, 35.01.4, 41.1, 42.1, 42.2,
46.1,46.2,47.2,48.1, and 49.2. The Ohio Creek Watershed contains census tracts (whole or
partial) 46 and 47. The Newton’s Creek Watershed contains census tracts (whole or partial)
35.01, 41, 42, 47, 48, and 49. Within the Target Area census block groups, approximately 43.2%
of households live below the poverty line.

The Target Area contains 23 critical assets. These include three elementary schools, a middle
school, a pre-school, an electrical substation, a fire station, four recreational centers, and various
other critical infrastructure. The Newton’s Creek Watershed also contains seven historic
buildings, all of which are listed on the National Register of Historic Places.* In addition, the
historic African-American district located within the St. Paul’s Area, on Church Street, is
culturally important and in need of improvement to increase connection and access to the
surrounding area. The Ohio Creek Watershed houses Chesterfield Heights, a designated national
historic district on the National Register of Historic Places containing 404 structures.’

Proposal Objectives

The primary proposal objectives are described in the Phase 1 application: 1) uniting the region;
2) increasing economic vitality; 3) building resilience; 4) maintaining neighborhood
connectivity; and 5) providing innovative water management. Providing innovative water
management is the fundamental driver that will make the other objectives possible to achieve.

L https://www.hudexchange.info/manage-a-program/acs-low-mod-summary-data/
2 https://www.hudexchange.info/manage-a-program/acs-low-mod-summary-data/
3 http://factfinder.census.gov/faces/nav/jsf/pages/community_facts.xhtml

4 http://www.nps.gov/nr/research/

Shttp://www.nps.gov/nr//listings/20030620.htm
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Norfolk suffers from increasing vulnerability to flooding, which has been disruptive to regional
transportation connectivity and is undermining commercial and military activities. Recurrent
flooding is a threat to regional economic vitality. Figure I1.2 below indicates the current existing
1% annual chance flood conditions in the City of Norfolk with no sea level rise. The analysis
performed for Norfolk’s Coastal Adaptation and Community Transformation Plan models 2.5

feet of SLR in order to project the potential consequences into the future. This will be discussed
further in Part 5.
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Figure I1.1 Existing Conditions of the Target Area
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Figure 11.2 Estimated Flooding at the 1% Annual Chance Event of the Target Area
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Alternatives Considered

Several alternatives were considered for the Target Area.

No Action

If the present conditions were allowed to persist without any action, the vulnerable areas would
remain vulnerable to coastal flooding and continued stormwater flooding. Without taking action
to protect the region, residents would have no resilience to flooding and the conditions would
worsen over time due to SLR and subsidence. Moreover, the region would not benefit from the
ancillary assistances provided by the recommended projects.

River Barrier

One alternative to the proposed shoreline defenses against coastal flooding would be to construct
a barrier at the mouth of the Eastern branch of the Elizabeth River. Such a barrier would be very
effective at preventing coastal surge flooding for neighborhoods along the entire river. However,
the barrier would be very expensive and would require expensive navigation gates for industrial
shipping. Moreover, the barrier and gate would create significant impediments to tidal flushing
and environmental health of the river. Finally, the barrier would only be a remedy for the coastal
flooding and would not solve all of the rainfall induced flooding. Additional actions would be
required. Thus, the cost of the barrier and gate was considered excessive compared to the limited
benefits obtained.

Elevated Houses

A second alternative to prevent flooding is to adapt the community to accommodate frequent
flooding. To avoid property damage to residential structures, the buildings could be individually
elevated above the expected flood elevation. This would provide each resident with a safe and
dry location during flood events. The limitations were determined to be high cost for elevation of
all properties and failure to address other regional problems, such as poor connectivity. For
instance, even with elevated houses, flooding on local roadways would prevent access by
emergency services, impede commuting, and disrupt regular daily activities. Thus, this approach
was removed from further consideration.

Recommended Action

The proposed action integrates coastal and stormwater flood management in a holistic manner
while simultaneously generating social and environmental benefits for the neighborhoods. The
proposed action is innovative and produced the desired outcomes for protecting LMI homes,
increasing neighborhood connectivity, providing opportunities for new economic activity, and
increasing the overall resiliency of the neighborhoods. Furthermore, the recommended actions
are scalable, feasible, and replicable throughout Norfolk and the Hampton Roads Region.
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Project Summaries

The City of Norfolk has developed the Coastal Adaptation and Community Transformation Plan,
which seeks to substantially improve conditions at several locations along the Eastern Branch of
the Elizabeth River. The project includes significant modifications within the Ohio Creek
Watershed and a largescale renovation of the Newton’s Creek Watershed. Newton’s Creek
watershed improvements include the development of a Coastal Resilience Laboratory and
Acceleration Center. Figure I1.3 provides a visual representation of planned land uses and
outcomes within the Target Area. Significant additional visual detail is provided within
Attachment E Maps and Images and also

Within the Ohio Creek Watershed are two thriving neighborhoods, the historic Chesterfield
Heights neighborhood and Grandy Village, both of which have a cohesive community
personality. Thus, the water-management tactics deployed in these neighborhoods must be
integrated into the existing landscape while maintaining the character of place and the location of
existing road networks.

In contrast, the Newton’s Creek Watershed contains several areas that are ideal for a more
comprehensive renewal. In this area, the South Brambleton neighborhood is a mix of industrial
waterfront activities, a few apartments, and many vacant lots. The Harbor Park area is an under-
utilized waterfront location that contains extensive gravel parking lots that function as
infrequently used overflow parking for the Tides Ball Park and an Amtrak passenger rail station.
The St. Paul’s Area, which includes the Tidewater Gardens, Calvert Square, and Young Terrace
neighborhoods, is comprised of isolated HUD housing developments from the 1960s that have
reached the end of their design lives and contain many aging apartment buildings in need of
demolition and replacement. The approach for this area is to create an innovative water
management foundation on which to revitalize the community.

The Coastal Resilience Laboratory and Acceleration Center—an independent 501(c)(3)
organization—serves as the nexus for technological, organizational and innovation around
community revitalization, water management, resilience measurement, port, Naval Station, and
other water-sector business related resilience challenges. Managed by a Board of Directors
inclusive of community and private sector partners and the Commonwealth’s major universities,
the Center will be staffed by a small, agile team of entrepreneurs skilled at identifying problems,
matching them with potential solutions, working with companies to create product and moving
product quickly to market.

Project Useful Life
The PUL is 50 years, based upon FEMA Standard Values for infrastructure projects.

Certain actions proposed as part of Norfolk’s Coastal Adaptation and Community
Transformation Plan, including the creation of parks, open spaces, and wetlands, are expected to
last in perpetuity, as will the benefits related to these actions. Thus, in accordance with FEMA
Mitigation Policy FP-108-024-01, the benefits and costs related to these actions are projected for
100 years at a 7% discount rate.
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Ohio Creek Watershed Transformation

A large focus of the proposed activities within the Ohio Creek Watershed is to protect residential
housing from nuisance flooding and future coastal inundation. During Hurricane Irene, coastal
storm surge pushed up the Elizabeth River and into the few remaining low-lying areas that were
the original Ohio Creek, and from there, the water slowly inundated the neighborhood. When
there are hurricanes, nor’easters, and even during high tides, water from the Elizabeth River also
moves backward up the stormwater drainage system and consequently prevents rainfall from
draining out of the neighborhood. During especially high surges, the water from the river can
back up the system far enough to flow out onto streets and sidewalks. Even when the river is
experiencing normal tide conditions, the outdated stormwater system is too small to convey run-
off to the river during many rainfall events. As a consequence, the neighborhood streets and
sidewalks flood frequently. There are only two roadways from which residents can enter and
leave the neighborhood—one of which is submerged during nuisance flood events. As a result,
the residents are cut off from the rest of the city. To remedy this situation, three water-
management tactics are proposed. First, protect the shoreline so that high water levels in the river
do not enter the neighborhood or the stormwater system. Second, capture rainfall across the
watershed to slow its flow into the stormwater system and provide additional storage for
rainwater so that the water does not pond in the streets. Third, introduce a living shoreline feature
to minimize erosion and increase environmental wellness. Moreover, the City of Norfolk
proposes to use these water-management activities as opportunities to improve the neighborhood
by increasing neighborhood connectivity, adding new and improved natural habitat, and
increasing resilience to future flooding.

Norfolk N

Figure 11.4 Ohio Creek Watershed Vision Plan
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Shoreline Protection

The 100-year coastal surge along this part of the Elizabeth River is approximately 8 feet at
present day sea levels. However, according to the National Oceanic and Atmospheric
Administration’s (NOAA’s) intermediate SLR forecast, the combined effects of SLR and
subsidence may amount to as much as a 2.5-foot increase over the next 50 years. In order to
provide a resilient defense against future surge and waves, coastal protection should be based
upon a 100-year coastal surge of 11 feet.

To ameliorate the most significant vulnerability for the communities in this watershed, Kimble
Terrace Drive will be elevated from its current elevation to 11 feet, and a new, higher bridge will
be constructed. This road raising serves two functions; the first is to prevent water from flowing
over the road and into the upland area, and the second is to maintain passable and safe egress in
and out of the adjacent neighborhoods during times of high tide and coastal flooding. To further
mitigate vulnerability to coastal flooding, the two drainage outfalls under Kimball Terrace (west
of Chesterfield Heights) will be fitted with tide gates that can be closed during high water
conditions in the Elizabeth River. Additionally, a series of smaller tide control devices will be
installed along the shoreline of the neighborhood in the lower lying areas. This will prevent
coastal surge from flowing into the marsh areas and inundating the neighborhood as happened
during Hurricane Irene.

To increase resilience to future coastal flood events, a shoreline protection system will stretch
from Kimball Terrace Drive on the west of Chesterfield Heights to the east side of the Grandy
Village, and inland along the eastern perimeter of the Grandy Village neighborhood. Figure I1.5
indicates the proposed shoreline-protection measures. The berm and wall system only needs to
be 2 to 3 feet above prevailing grade in order to provide protection against the future 100-year
coastal flood. The berm is envisioned to contain a robust sheet pile core with an exterior of soil,
which will be vegetated with grasses and indigenous plants. If desired by the community, a
walking path of pervious pavement, exercise equipment, benches, and picnic tables can be placed
on the river front berm to provide a recreational amenity. In this way, the flood-protection
feature will be visually integrated into the existing landscape. Though a flood-protection berm is
preferred in the design, several locations along the river front have inadequate space to provide a
properly sloped berm due to existing infrastructure. In these areas a vertical flood wall is
proposed on the river side with a graded landscape feature on the inland side.

A robust living shoreline will be created. The slope of the berm and the elevation of the rock
breakwater and vegetation of the shoreline construction will be carefully integrated so that as sea
levels rise, the natural vegetation will be able to adapt by moving up the properly graded river
bank. This presence of the rock, soil, and vegetation will function to attenuate wave energy and
prevent erosion of the shoreline during coastal flooding events. In this way, the combined,
multiple layers of defense from the berm and the living shoreline, will afford greater protection
in concert than either feature could provide by itself. In addition to contributing to the robustness
of the shoreline flood protection system, the marsh vegetation will provide important habitat
along this reach of the river that will benefit local faunae and recreational fishing, which is
popular in the community. For more information regarding the installation and benefits of the
living shoreline, please refer to the Elizabeth River Shoreline Restoration project description
section.
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Finally, to seal off the perimeter of the watershed, several roadway portions on the northeast side
of Grandy Village will be raised to an elevation of 11 feet so that coastal surge cannot enter the
neighborhood overland from the east. Though these elevations are relatively minor adjustments
to the perimeter topography and landscape, the neighborhood can be made significantly more
resilient to both present and future 100-year coastal flooding, critical access to the neighborhood
can be maintained during times of emergency, and approximately 450 low to moderate income
homes will be kept out of harm’s way.

Length of Elevated Roads: 3,000 linear feet

Length of Coastal Berm: 5,000 linear feet

Length of Flood Wall: 2,100 linear feet

Number of Tide Control Devices: 8 devices at 5 locations
Structures protected from 100-year coastal flooding: 477 structures

Innovative Stormwater Management

By nature of preventing coastal surge and high tides from backing up the stormwater system, the
shoreline protection described above will provide significant improvement of the ability for the
system to drain during low-intensity rain events. However, the very old stormwater infrastructure
remains significantly undersized, with much smaller diameter pipes than would be used today.
The small pipes limit the capacity to convey large water volumes from the intense summer
thunderstorms that can cause nuisance flooding. Nuisance flooding can be reduced by capturing
and slowing down the water infiltration into the storm system, thereby alleviating any potential
backflow or overload. To further mitigate the vulnerability to street and neighborhood flooding,
several tactics are proposed to attenuate the intensity of stormwater runoff within the
neighborhood.

Flooding can be reduced by capturing and temporarily retaining water in barrels, rain gardens,
open areas, and parks. The City of Norfolk proposes to implement a dispersed stormwater-
collection program using a combination of rain barrels and rain gardens at each residential parcel
within the watershed. The flow in roof gutters and downspouts will be redirected into a storage
device that has a capacity to accommodate the 10-year rainfall volume and discharge it slowly
from an outlet on the bottom of the device. When each parcel temporarily stores the water that
falls on their own property and releases it slowly into the communal drainage, the initial pulse of
stormwater into the system is attenuated, which helps to prevent the undersized system from
being overwhelmed and backing up into the streets. As part of the stormwater-collection program
and in order to bring about a community-wide sense of responsibility for personal environmental
impacts, the City intends to encourage all residents of the watershed to participate by offering
discounted city fees to the participants. This program incorporates, builds upon, and refines
community-chosen designs that have been developed and engineered by Hampton University,
Old Dominion University, and Wetlands Watch. Public outreach and education materials and
events about stormwater, flooding, and water quality will be offered, building upon and
incorporating best strategies and lessons learned from the successful and innovative Elizabeth
River Project: River Stars Program.

Stormwater flooding is also mitigated by reducing the amount of impervious surfaces in the
neighborhood so that rainfall can infiltrate into the soil rather than entering the stormwater-
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drainage system. The City proposes to retrofit existing streets with pervious pavement, bio-
swales, and rain gardens to manage stormwater collection in parts of the neighborhood. Many of
the neighborhood streets have street parking along one or both sides of the street, which is
currently impervious material. The City proposes to replace the impervious paving with
permeable pavement under all of the parking areas to allow infiltration along the street curbs (see
Figure I1.6). In addition, at many street intersections, “green” decorative planters will be
constructed in the sidewalks that contain flowers and ornamental plants but will also contain
water-storage capacity. Finally, a large box culvert will be placed underneath Marlboro Avenue
in the watershed to receive water from the uphill surface streets and release it much more slowly
into the existing stormwater system.

In addition to the innovative parcel scale and street-level stormwater detention, the proposed
project includes increased capacity and improvement of several large stormwater-retention areas,
which will simultaneously increase wetland habitat. Several marsh retention areas on the western
side of the watershed are expected to provide a total of 1.7 million cubic feet of rainwater
storage, and will be connected to and integrated with the wetlands and park areas in the design
for a holistic stormwater management and treatment system. The passage of stormwater through
the wetlands will remove phosphorus and nitrogen, thereby helping the city to meet its TMDL
targets. Finally, there are several parcels imperiled by low elevation and proximity to flooded
areas. The City proposes to acquire these properties and turn them into multi-purposed open park
space and recreational amenities where residents can gather during dry days, but where
additional stormwater will be detained during rainfall events. Figure I1.7 indicates new park and
green spaces to be added to the area. The sum of parcel scale, street scale, and large-scale
detention will be adequate to accommodate the 10-year rainfall and prevent most nuisance
flooding of streets, sidewalks, and homes.

Because tidal gates and check valves will block the discharge of stormwater during coastal
flooding and high tide, stormwater will be stored inside the berm in the marsh areas. Despite the
increased capacity of stormwater retention, the storage is limited. For many rain events, the
stormwater will exceed the storage capacity of the system before the river stage subsides and the
gates can be opened to release the stormwater into the river. Thus, several large pumps are
proposed to discharge rainwater over the coastal berm and into the river. These pumps help to
ensure that the rainfall within the Ohio Creek Watershed can be adequately managed.

Total Area of City-Installed Rain Gardens: 7,200 square feet

Estimated Area of Pervious Street Paving and Walkways: 13,000 linear feet
Storage Capacity of Green Streetscape and Box Culvert: 36,000 cubic feet
Number of Newly Installed Pumping Stations: 5 stations

Protected and Enhanced Wetlands: 15.1 acres

Community Amenities

All of these strategies offer the advantage of a small-scale, replicable, and community-oriented
approach to resiliency at a neighborhood scale. The communities of Chesterfield Heights and
Grandy Village contain school facilities and a community center. As neighborhood streets are
improved with green stormwater techniques, new permeable bicycle and sidewalk connections
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will be constructed, providing recreational benefits as well as safe routes to school and other
community facilities. Bike lanes and new pedestrian walkways are designed in the proposed
project, which will increase neighborhood connectivity and help improve social cohesion.
Additionally, improvements will be made at the Campostella Road Intersection will help
integrate the Ohio Creek Watershed communities into the surrounding urban fabric. Figure I1.8
indicates the various connections made through this effort of supplying safe bike routes and
integration into other areas of the city.

Along the waterfront, the berm can be utilized as community open space with a promenade as a
central feature. Along the promenade, benches, picnic tables, and exercise stations provide
additional public benefit. Further multi-purpose open space and recreational amenities will be
provided with the acquisition of several parcels imperiled by low elevation and proximity to
flooded areas.

Length of permeable walkways: 13,000 linear feet
Wetlands increased and protected: 15.1 acres
Newly Developed Sports Fields: 2.9 acres

Added Waterfront Park Space: 11.5 acres

Newly Planted Trees: 478 trees

Elizabeth River Shoreline Restoration

As part of the proposed activities in the Coastal Adaptation and Community Transformation
Plan, the City of Norfolk will construct robust living shorelines (also known as constructed
wetlands) along the banks of the Elizabeth River in portions of the Target Area. Figure 11.9
identifies the proposed location of the Living Shoreline development in the Ohio Creek
Watershed. Living shorelines are placed parallel to the shore, from upland to the river, and create
habitat for species, safeguard the shoreline from erosion due to wave energy, soak up stormwater
and reduce storm surge, and trap polluted runoff, slowing the flow of nutrients, sediment, and
chemical contaminants into rivers, streams, and the Chesapeake Bay. When combined with the
shoreline berm, a robust living shoreline can increase durability and effectiveness of the flood
protection structure. For design details, see the Elizabeth River Shoreline Restoration Project
section below.

Length of Living Shoreline Improvements: 2,200 linear feet

Grandy Village Phase VI NRHA Activities (Leverage)

The Grandy Village Phase VI activity being undertaken by the Norfolk Redevelopment &
Housing Authourity (NRHA) is part of Norfolk’s commitment to the Ohio Creek Watershed.
Construction is anticipated to begin May 2016. Changes to Grandy Village involve the
demolition of older public housing units and the construction of 70 new apartments, a 1,500-
square-foot community office, associated infrastructure, and a new roadway for the entire
community connecting Kimball Terrace and Wiley Drive, as well as stormwater measures (e.g.,
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expansion of bio-retention area and manufactured water quality inlets, grass swales) and open
spaces.

The residential units will be spread across 12 new buildings totaling 88,982 square feet, featuring
a mix of Garden and Townhouse styles ranging from 1 to 4 bedrooms. The 70 units will replace
obsolete units built in the early 1950’s that lacked central heat and air conditioning, as well as
other standard amenities that are common in apartments today (e.g., dish washers, hook ups for
washers and dryers, energy-efficient appliances and more spacious apartments).

The NRHA will integrate these properties into the surrounding neighborhoods, using landscape
plantings and amenities—such as playgrounds, playing field space, and proper lighting—to
enhance the quality of residents’ lives. The Grandy Phase VI project will integrate similar
features, such as residential units overlooking the Elizabeth River to the south of the property.
Landscape design includes the provision of grading and stormwater conveyance away from
buildings; sod, seeding and planting beds in all disturbed areas; buffer yards; streetscape;
parking; and foundation plantings. Existing wetlands and tidal areas on the property will be
preserved or enhanced. Water conservation practices will be achieved through drought tolerant
plantings and limited irrigation. Outdoor common areas for the residents will be located at the
center of the main project area. An open field (approximately 41,000 square feet) of usable
gathering and play space is allocated for this amenity. The gathering area will be sited centrally,
with residential units surrounding the space. Adjacent to the gathering space, a playground will
be constructed to the southeast, easily accessible by the residents via proposed sidewalk
connections. Proposed sidewalks also tie into the existing neighborhood sidewalks that branch
out to the city sidewalks and nearby commercial centers.

The costs and benefits of the Grandy Village activities have been integrated into the Ohio Creek
Watershed BCA.
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Figure 11.10 Newton’s Creek Watershed Vision Plan

Newton’s Creek Watershed

The Newton’s Creek Watershed is experiencing the same flooding dynamics as in the Ohio
Creek Watershed described previously. Consequently, many of the same water-management
measures are proposed for the Newton’s Creek Watershed. However, one significant difference
between the watersheds is that the land-use types are more diverse in the Newton’s Creek
Watershed, which permits some additional options for large-scale stormwater management, as
well as community and economic development, which are not possible in the Ohio Creek
Watershed.

There are three distinct neighborhoods within the Newton’s Creek Watershed, each with its own
character, challenges, and unique opportunities. The South Brambleton neighborhood is a mix of
industrial waterfront activities, outdated apartment buildings, and many vacant lots. The Harbor
Park area is an underutilized waterfront location that contains extensive impervious parking lots
and many gravel parking lots that function as infrequently used overflow parking for the Tides
Baseball Park. The St. Paul’s Area contains multiple isolated HUD housing development from
the 1960s that have reached the end of their design life and contains many aging apartment
buildings in need of demolition and replacement. Thus, the flood-reduction techniques
envisioned for the Newton’s Creek Watershed can take advantage of extensive areas that can be
completely transformed to create an innovative water-management foundation upon which a
new, resilient community can be built. The tactics proposed throughout the Newton’s Creek
Watershed are shoreline protection, construction of green spaces, wetlands, and water streets for
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stormwater management, as well as design and the start of construction of new neighborhoods
with enhanced connectivity and opportunities for economic development. Outdated public
housing located in flood-prone areas will be replaced with a mixed-income, mixed-use
neighborhood landscape. Importantly, the redevelopment can only take place once the coastal
and stormwater flooding has been mitigated.

Shoreline Protection

As described for the Ohio Creek Watershed, the estimated future coastal surge elevation along
this part of the Elizabeth River is approximately 11 feet. All proposed actions are needed to
protect the inland regions from this level of coastal flooding. A continuous line of coastal
protection is proposed along the entirety of the shoreline in this region with the character of the
coastal protection varying according to differences in land use goals across the watershed.

Starting in the east, the beginning of the floodwall and berm system will serve to protect a
vulnerable portion of the [-264 off ramp and a significant number of residential homes within the
South Brambleton neighborhood. This portion of the Newton’s Creek Watershed does house a
number of industrial activities along the coast that require access to the river. Thus, the coastal
protection in this area will be placed behind the industry and will be an integration of a low
earthen berm to create a continuous topographic feature at an elevation of 11 feet. To the west of
the industrial sites, the elevated road will connect to a vertical flood wall that will encompass an
important electrical sub-station. The entire electrical supply to the City of Norfolk passes through
this site; thus, energy resilience is significantly enhanced by protecting the Reeves Electrical
Substation site within the shoreline protection system. To the west of the sub-station is a water
channel that is the vestigial remnant of Newton’s Creek. All stormwater runoff from the entire
watershed drains through this channel into the Elizabeth River; as a result, this channel is very
important to the overall stormwater management of the whole watershed. This portion of the
shoreline barrier will include two tidal control devices that can be closed during high tides and
coastal surge to prevent water moving from the Elizabeth River up the channel and into the upper
watershed. Shoreline protection will continue across the channel and tie into the elevated
Norfolk-Southern railroad right of way on the western bank of the channel.

The Harbor Park area starts on the western side of the Norfolk-Southern line, where the coastal
protection will take the form of an earthen berm with a solid sheet pile core, similar to the one
proposed in the Ohio Creek Watershed. There will be an 8-foot-wide concrete walking/bicycle
path running the length of the berm. Once protected, the existing waterfront will become
valuable waterfront real estate that will be transformed into attractive, waterside commercial
spaces and additional waterfront recreational areas. There are stormwater outfalls along the river
in Harbor Park on which one-way check valves will be installed to prevent back flow when the
river elevation is high. Similar to the living shoreline described above for the Ohio Creek
watershed, breakwaters and marsh vegetation will be installed along the Harbor Park shoreline to
provide wave attenuation, erosion control, increased natural habitat, and an adaptive living
shoreline that accommodates SLR over time. For more information regarding the installation and
benefits of the living shoreline, please refer to the Elizabeth River Shoreline Restoration
project description section.

Finally, several minor roadway and curb elevations will take place throughout the watershed. In
South Brambleton, a portion of Reeves Avenue will be raised as part of the storm surge barrier to
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ensure residents within the area are fully protected. On the western side of both Harbor Park and
the St. Paul’s Area, minor curb raises and roadway modifications will be further enhanced to
provide protection from future inundation. Figure II.11 identifies all of the proposed coastal
flood protection measures discussed above within the Newton’s Creek Watershed.

Length of Elevated Roads: 3,275 linear feet

Total Area of Coastal Berm and Floodwall System: 10.8 acres
Number of Tide Control Devices: 2 devices at 1 location
Structures protected from 100-year coastal flooding: 477 structures

Innovative Stormwater Management

Typically, urban areas are structured according to the desired location of buildings and street
layout, only after which stormwater considerations are fit within the constraints of the urban
landscape. However, the City of Norfolk proposes an innovative approach to invert that
paradigm and instead organize the stormwater infrastructure first. The pioneering Norfolk
Coastal Adaptation and Community Transformation Plan proposes to construct a designed
system of surface-water storage features and then fit the neighborhoods within and around these
features. The main stormwater features will be the establishment of a blue green corridor
network aligned with the original Newton’s Creek channel, which is the lowest topography in the
area and the area most prone to flooding. The sequence of greenspaces will be underlain by a
large culvert system into which water can drain under moderate to small rainfall events via inlets.
When the culvert fills during large rainfall events, then the green spaces will store the excess
water and deliver it downgradient over the connecting weirs. The proposed system offers
substantially more resilience to stormwater flooding than a traditional curb and gutter stormwater
system. In addition, the linked sequence of green spaces can function as an amenity that can be
landscaped with ornamental plants and flower gardens, and can function as parks and
playgrounds during dry weather.

Many locations within the Newton’s Creek Watershed suffer from nuisance stormwater flooding.
Some components of the drainage system in this area are older, undersized pipes and there is not
adequate stormwater storage within the watershed. Thus, when there is more water than the
drainage system can convey, the water ponds on low-lying roads and areas within the
neighborhoods. One of the primary chokepoints in draining the system are the undersized
culverts that convey the water under Holt Street and under the Norfolk-Southern rail line to the
outflow channel on the eastern side of the rail line. The culverts are small and they are located
below mean sea level such that even high tides push water back up the system and prevent
rainfall from draining out to the river. Figure I1.12 provides a visual of the existing flood issue
using modeled storm events. In order to remedy this issue, the City of Norfolk proposes the
following stormwater management controls.
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Figure 11.11 Newton’s Creek Proposed Coastal Resiliency Improvements

Attachment F Benefit Cost Analysis

Page 11.25



Norfolk Coastal Adaptation and Community Transformation Plan
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Figure 11.12 Newton’s Creek Watershed Holt Street Back-Up

First, the proposed tide gate at the mouth of the outflow channel next to the Norfolk-Southern
rail line provides an opportunity for stormwater storage to be disconnected from the river. A
large pump station is proposed for placement just inside the mouth of the channel so that when
the tide gate is closed, the station can expel water from the channel and effectively empty the
stormwater system prior to a rainfall event. To increase the available storage on the bottom of the
watershed, an auxiliary storage area is proposed adjacent to the outflow channel. The City
proposes to convert several city-owned, vacant lots in the South Brambleton area to water
storage. These lots are in the area northwest of the industrial regions and will be excavated to
produce a large storage area that will be connected to the main outflow channel by 800 linear
feet of underground box culvert. In this way, stormwater draining from the upper watershed can
accumulate in the pre-emptied channel and to the new South Brambleton storage pond via the
underground culvert. The pumping station that will be used to drain the stormwater system
before a storm can also be used to continue moving stormwater over the berm and into the river
during and after a storm. The pumping capacity will be designed to accommodate the 10-year
rainfall volume and, thus, prevent nuisance flooding up to the 10% annual chance rainfall event.
Once the river stage attenuates to normal elevations, the tide gate can be opened, allowing the
accumulated stormwater from the upper portions of the watershed to drain naturally into the
river.

Second, to increase the efficacy of the stormwater system to move water down the watershed to
the primary storage areas, the City proposes to improve and increase the capacity of the culverts
under Holt Street and the Norfolk-Southern line. Upgrading this feature will allow the system to
more efficiently move stormwater out of the St. Paul’s Area and into storage in the South
Brambleton area. The lower storage areas and pumps provide the primary capacity for the
watershed to mitigate stormwater flooding.
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After the surface-water network has been established, the innovative neighborhood development
will proceed with a realignment of green streets and water streets that connect to each other and
to the individual green spaces. The function of the green and water streets is similar to the main
green spaces; an area along the street alignment will be dedicated to holding water and slowly
conveying it down to the main green spaces. The interconnection between these greenspaces and
streets will emulate and reestablish the historic Newton’s Creek bed allowing the area to drain
water naturally to the Elizabeth River as nature intended. When it rains, rather than letting rain
collect in the street or into traditional curb and gutter, there will be pervious soil and plants, such
as a bioswale, that will have a lower elevation than the street and sidewalk. The bioswales will
convey some of the water to the main green spaces of the surface-water collection system, while
the remainder will infiltrate into the soil without impeding day-to-day life for residents and
businesses. Depending upon aesthetic decisions, the streets can be designed to retain water
during dry times or they can be designed to fully drain and thus be vegetated during dry times.
Additionally, bioswales can be substituted with rain gardens dependent upon the preference of
the community. The primary objective is to offer the neighborhood a mix of water streets or
green streets to provide a diversity of beautiful streetscapes as an additional benefit to the robust
and resilient water management program. Figure I1.13 identifies the initial design of the
proposed Newton’s Creek stormwater infrastructure.

The overarching goal of the Newton’s Creek Watershed stormwater management system is to
provide the watershed with a unique and identifiable structure that is cutting edge and used as a
replicable and scalable model across the entire country. Combining multiple layers of defense
into a holistic, seamless, and well-designed system will not only ensure the protection of the
residents within the watershed but also provide the community with safeguards well into the
future. Additionally, allowing for the community to redevelop organically around the system
affords a multitude of possibilities in the redesign of the area. Figure I1.14 provides an example
of the landscape character identified in the proposed stormwater-management system and offers
a model stormwater transect displaying how this stormwater-management system might work as
one complete system.

The City is intent on integrating green infrastructure, on-site water retention, and blue
infrastructure on all new development in the renovated portions of the community, and will
implement changes to zoning and building codes to accomplish these important objectives,
especially as outlined in its PlaNorfolk 2030 comprehensive plan. The outcome of this
innovative approach to water management provides resilience against nuisance flooding and
opportunities for economic investment, commercial development, and community renewal
within an attractive area protected from coastal flooding.

Total Amount of Newly Constructed Wetlands: 44.2 acres

Total Area of City-Installed Rain Gardens/Bioswales: 44,400 square feet
Estimated Area of Pervious Street Paving and Walkways: 104,200 square feet
Increased Stormwater Culvert Capacity: 56,400 linear feet

Number of Newly Installed Pumping Stations: 1 station
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Stormwater Transect The Stormwater Transect is a diagrammatic representation of the holistic set of strategies
employed in Norfolk's stormwater management system. The innovative approach to

stormwater involves considering the entire watershed and tailoring strategies
to work at a variety of scales, from parcel level strategies upstream

and large natural retention basins downstream
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Figure 11.14 Newton’s Creek Watershed Stormwater Transect
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Community Amenities

The innovative stormwater-management solutions in the Newton’s Creek Watershed will create
the framework and the motivations to revitalize several communities and create new incentives
to spur growth in the adjacent downtown. The blue green corridor running north-south along
Tidewater Drive will serve the dual purpose of collecting water from the higher ground in the
neighborhoods to the north and allowing it to slowly infiltrate and move to larger water bodies to
the south, as well as creating a new network of parks and trails connecting residents to the
downtown and Harbor Park. The connections and the park spaces created will give new
multimodal transportation options and bring access to quality natural open spaces for many
residents in the city. New road connections will be made between the downtown area, St. Paul’s
Area, Harbor Park, and South Brambleton neighborhoods. One major enhancement to be
provided is the Holt Street connection, which currently runs from Harbor Park to the south,
under [-264, and intersects with Tidewater Drive. This major thoroughfare will be extended
further north so that the intersection at Tidewater Drive can be signalized and can run through
the St. Paul’s Area to align with Freemason Street. This new connection will establish an
important tie between Harbor Park and downtown Norfolk. To enhance the pedestrian and cyclist
experience along this route, a new system of pathways will be implemented under 1-264,
wrapping around the constructed wetland features being added in this area. This bike and
pedestrian path will not only connect Harbor Park to the downtown area but will also tie in to the
system running east to South Brambleton, Chesterfield Heights, and Norfolk State University.
Figure I1.15 identifies the new connections made with other portions of the city by the
institution of the proposed projects. This critical connectivity is presently missing in the area.

In the St. Paul’s Area, the City proposes to take advantage of the fact that the existing HUD
project housing has outlived its useful life and must be relocated and demolished. Norfolk
proposes to accomplish this by taking the first steps in replacing a portion of the Tidewater
Gardens housing development (approximately 196 units) and relocating these families through a
vacancy management program that has been tested and proven effective before in the city.
Though the complete redevelopment of the St. Paul’s Area will not occur immediately in the
HUD project timeline, the ultimate goal of the city is to look for private investment through a
Master Developer to rebuild Tidewater Gardens and a number of other communities as a higher
density mixed-use mixed-income neighborhood planned around stormwater-management. The
proximity of the neighborhood to downtown Norfolk demands a higher density of residential
units than is currently occupying the site. Downtown Norfolk represents a large regional
employment center and, by increasing the density in the adjacent neighborhoods, the city can
bring people closer to their work and keep more of the city’s income flowing back into local
businesses. By creating a higher density, mixed-income neighborhood, the city will be able to
maintain the same number of low and moderate income units in the area while improving the
quality of those units and the surrounding environment
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Figure 11.15 Newton’s Creek Connectivity Improvements

Additionally, the St. Paul’s Area will gain access to large multi-use, attractive open spaces
containing sports fields, water features, and nature trails. These open spaces will offer safe
walking and bike routes to work, school, and to the public transit systems currently operating in
the city. The combination of permeable paving surfaces and the water features will create
pathways for water to slowly enter the ground, preventing pooling during minor rains and the
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severe flooding currently experienced in these areas during significant storm events. The
landscape around these water features will concentrate on using native species and creating new
protected refuge areas for wildlife. The open space network being created will restore the area’s
natural and historic hydrology, as well as the area’s local plants and wildlife to the place where
they have been lost.

In Harbor Park, the storm surge barrier will, over time, become the framework to build a new
waterfront promenade tying into the Tides baseball stadium and the existing waterside
development. Linking the museums, hotels, and entertainment venues currently housed in
waterside to the stadium will benefit both areas economically and will help to attract more
private investment to Norfolk’s waterfront. The flood protection afforded by the storm surge
barrier will also increase the value of the land around the stadium, creating new opportunities for
private investment in office, residential, and hospitality space. The addition of new residents,
workers, and visitors to the area will help to bring new vitality to downtown Norfolk and to the
city’s waterfront. The area is already served by both public transit and Norfolk’s Amtrak station,
making it an attractive transit-oriented development site.

Added Amount of Manicured Parks: 11.7 acres
Total Area of New Water Street Park Area: 5 acres
Added Waterfront Promenade Space: 10.8 acres
Newly Planted Trees: 1,427 trees

Coastal Resilience Accelerator

The Coastal Resilience Laboratory and Acceleration Center (the Center)—an independent
501(c)(3) organization—serves as the nexus for technological, organizational and innovation
around community revitalization, water management, resilience measurement, port, Naval
Station, and other water-sector business related resilience challenges. Managed by a Board of
Directors inclusive of community and private sector partners and the Commonwealth’s major
universities, the Center will be staffed by a small, agile team of entrepreneurs skilled at
identifying problems, matching them with potential solutions, working with companies to create
product and moving product quickly to market.

The Center is aligned with a wider effort to Re-Invent Hampton Roads (Re-Invent), a community
initiative led by the Hampton Roads Community Foundation (HRCF). Re-Invent seeks to
revitalize the regional economy by focusing on efforts that will generate high-paying, satisfying
jobs including workforce development, export expansion, identifying and supporting existing
business clusters and developing regional civic leadership talent. HRCF and its Re-Invent
partners, including the Regional Economic Development Authority, CEO Roundtable, Old
Dominion University, Norfolk State University, Hampton University, Tidewater Community
College, will play important roles including oversight, research, innovation, strategic insight,
investment, and connecting major employers to the Center. The Coastal Resilience Accelerator
aims to achieve five overarching goals with eight objectives listed in Figure I1.16.

In turn, the Center will advance the Re-Invent effort by focusing on innovation and economic
development in the water economy. The Center is designed not to control innovation in the
region, but as a network of public, private, educational and nonprofit organizations, coordinated
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by a small staff to leverage the region’s business, people and geography to create a risk tolerant
environment in which innovation and entrepreneurship can flourish. Its objectives cascade from
the Center’s strategic goals. The Center’s joint innovation and economic development mission
coupling academic, non-profit, and private sector partners could be modeled throughout the
country as a response to community threats.

*  Water Management Solutions Acceleration: The Center will concentrate on the development
and evolution of businesses that contribute to regional resilience by providing innovative
water management solutions.

* Accelerating Incorporation of Resilient Principles in Existing Systems: The Center will act as
the center for resilience thinking and a business incubator accessible to all of the cities across
the region. A prime focus will be identifying via big data analysis, those sectors, projects and
actions that most quickly build the region’s ability to bounce forward from disruptions. Key
areas will include business continuity and recovery, critical infrastructure recovery, reduction
of burden on emergency management, building neighborhood cohesion and Naval Station
Norfolk operational continuity.

» Entrepreneurial Ecosystem: Focusing on a water resilience cluster, accelerate the timeline
between research to product and product to market to increase regional economic vitality.

* Financing and Capital Market Innovation: Working with 100 Resilient Cities Platform
Partners including SwissRe, Re.Bound, Social Finances and others, create innovative
financing utilizing public and private sources to ensure the region’s ability to implement
needed resilience projects. Innovations may include catastrophe bonds, tax increment
financing (TIF) and innovations to capture disaggregated cost savings from mitigation
interventions.
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Coastal Resilience Accelerator
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Figure 11.16 Coastal Resiliency Accelerator Goals and Impact

Regional Leadership and Planning. The region has already shown national leadership in sea
level rise adaptation strategies through the Hampton Roads Sea Level Rise Preparedness and
Resilience Intergovernmental Pilot Project convened by ODU, the ODU Mitigation and
Adaptation Research Institute (MARI), the Virginia Institute of Marine Science (VIMS) at
William and Mary and the innovative adaptive work of local nonprofits including Wetlands
Watch, Lafayette River Partnership, the Elizabeth River Project and others. Norfolk, Hampton,
and Newport News participated in the Dutch Dialogues, working together to advance thinking
across common challenges of increased flooding due to increasing precipitation and sea level
rise. Through the Hampton Roads Planning District Commission (HRPDC), the regional City
Managers are exploring new leadership mechanisms to drive this work in the future. The Center
and its community partners will continue to develop the collaborative environment in Hampton
Roads by supporting and advancing work where appropriate and where value is added.

e Research and Evaluation Accelerator: Working with local, state, university and private
organizations including Old Dominion University, Resilience Corporation, Indra IT
consulting and Technology Company, Virginia Tech, University of Virginia, and others, the
Center will support innovation and guide new resilience building strategies to market.
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o Workforce Development Accelerator: Working with existing local efforts to ensure a
workforce capable of filling the needs of a growing water innovation sector, the Center will
assist Opportunities Inc., Tidewater Community College, Old Dominion University and other
educational institutions to ensure alignment of high quality low-cost training opportunities
that quickly move the unemployed and underemployed as well as transitioning veterans into
living wage jobs.

e Accelerate change through K-12 Educational Opportunities: Convening a partnership of
educational institutions who have a history of working with local school districts, programs
will educate students about climate change, sea level rise and its impact on the region.
Engaging children can be highly effective in reaching their parents as activities will
emphasize real life impacts and mitigating actions that allow citizens to thrive in a coastal
environment including: hazard identification, the role of the environment in mitigating
impacts, the importance of strong social networks in a high-risk environment, and the role of
science, mathematics, technology and innovation in creating solutions to system level
challenges.

Community College Partners. The Center will focus on building workforce skills and an
affordable path to a four-year degree through Virginia’s Community Colleges including
Tidewater Community College (TCC) and other interested community colleges throughout
Virginia. TCC and others will provide on-site workforce training including Innovation and
Entrepreneurialism in collaboration with non-profit and private sector partners and four-year
universities. Modeling of the successful TCC Center for Workforce Solutions partnerships, the
Center partnership will create customized training and specialized academies in the area of
Coastal Resilience.

Community colleges will utilize the Center labs as well as offer courses at the Accelerator in
areas related to Coastal Resilience while students pursue Associate Degrees and Professional
Certificates in Coastal Resilience creating a low-cost education opportunity in an emerging
market as well as access to Virginia’s four-year institutions. TCC and other interested
community college faculty based at the Center will collaborate with K-12 programs as well as
the universities, creating an accessible bridge between the two for interested students, or a path
to a successful career in two years.

University Partners. All Commonwealth universities interested and able to participate will
house research faculty at the Center to staff the innovation component of the center, which shall
serve as leverage. Founding partners include Old Dominion University, Norfolk State University,
Hampton University, University of Virginia, Virginia Tech, and Virginia Institute of Marine
Science. As the Center becomes established more Commonwealth universities may participate.
Anchor institutions are home to a substantial portion of students with LMI household
backgrounds. For example, undergraduate students at both Old Dominion University and
Norfolk State meet HUD’s LMI criteria given the rate of Pell grant awardees at each institution
which is 32% and 67% respectively. Student success offices at participating universities would
ensure that LMI background students with interests in engineering, technology, and other related
fields participate in courses, labs, internships, and mentorships at the Center. The affiliated
faculty would pursue applied research in designated areas of coastal resilience utilizing
innovation labs at the center while teaching and training students. Faculty will have the
opportunity to work across institutions with other center faculty as well as with businesses also
housed at the Accelerator.
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Hampton Roads hosts other research institutions, including NASA Langley Research Center and
Department of Energy funded Jefferson Labs, which will be key partners in the Center providing
mentorship to students and collaborating with faculty and private sector partners to develop
technologies with regional impact.

Commercialization. Following the National Institute of Aerospace (NIA) model, the Center will
support pre-competitive collaboration within the domain of coastal resilience research. By
managing intellectual property generated by partner research institutions, the Center will allow
innovators flexibility designed to accelerate the transition of resilience technologies and
strategies from design concepts to products and solutions. The Center Director and staff will act
as an Innovation Intermediary responsible for engaging startups, VCs, mid-sized companies, and
others who would be willing and able to license and commercialize IP packages.

The Innovation Intermediary, with the support of an Advisory Board comprised of partners
including University IP staff, will work day-to-day with member institutions to identify IP with
commercial potential, facilitate the collection of IP from several partner members into packages
of related IP that can be licensed, and work on behalf of members to create and administer IP
policies that protect their interests. Further, the staff will focus on regional opportunities, thus
building capacity in Hampton Roads.

Much like the Commonwealth Center for Advanced Manufacturing (CCAM), which operates to
develop technology with key industry-academic partnerships, Center partners including
corporations and academic institutions will pay annual dues serving as a substantial source of
annual operating funds. Additional sources of funding for early stage technology development
will include the Small Business Innovation Research Program (SBIR) and the Small Business
Technology Transfer (STTR) program as well as other similar SBA programs that may arise to
facilitate innovation and cooperation between small businesses and research institutions.

Benefits to Vulnerable Populations. Innovation labs occupied by colleges and universities will be
required to meet a threshold requirement ensuring LMI student access from across institutions,
thus providing training to students while developing new technologies and providing technical
expertise and facilities for startups and small companies. Research will be focused on benefit to
technologies and methods piloted in LMI communities in the pre-commercial stage. The
commercialization process undertaken by the Center also will include pathways for utilization in
LMI target areas locally, and through coordinated workforce training. Therefore, targeted LMI
communities would benefit from education, innovations, and commercialization, creating
economic vitality and reducing flood risk to target communities.

Faculty and staff from Old Dominion University, and other colleges and universities in Hampton
Roads and the Commonwealth, will each provide innovation support and training by committing
faculty and by involving LMI students in real-world innovation and in the commercialization
process for new technologies. Academic projects will, when possible, develop technologies and
processes that benefit LMI communities during the commercialization phase.

Figure I1.17 identifies the potential location of the new Coastal Resilience Accelerator site with
identified future expansion locations.
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Elizabeth River Shoreline Restoration

As part of the proposed activities in the Newton’s Creek Watershed Transformation Project, the
City of Norfolk will construct robust living shorelines (also known as constructed wetlands)
along the banks of the Elizabeth River in the Target Area. Figure 11.18 identifies the proposed
location of the Living Shoreline development in the Newton’s Creek Watershed. Living
shorelines are placed parallel to the shore, from upland to river, and create habitat for species,
safeguard the shoreline from erosion due to wave energy, soak up stormwater and reduce storm
surge, and trap polluted runoff, slowing the flow of nutrients, sediment, and chemical
contaminants into rivers, streams, and the Chesapeake Bay. When combined with the shoreline
berm, a robust living shoreline can increase durability and effectiveness of the flood protection
structure (shoreline berm). For design details, see the Elizabeth River Shoreline Restoration
Project section on the following pages.

Summary of Expected Amenities

e 1,200 linear feet of living shoreline

Attachment F Benefit Cost Analysis Page 11.37



Norfolk Coastal Adaptation and Community Transformation Plan

I ) : s

' ».J.-\'h_: ,
e T .9‘\___‘_’___
W=
7Downtown J

Norfol_k

Norfolk
Newton's Creek Watershed - Proposed Innovation Campus
[[IMixed-Use Sites [l Potential Lab Accelerator Sites
[]Open Spaces [ |Norfolk State University
— Roads [“IWater - High Tide (Storm)
N  — Railways W Water - Low Tide

' 0 500 1,000 1,500 3,000 FT

Figure 11.17 Newton’s Creek Coastal Resilience Accelerator Potential Locations

Attachment F Benefit Cost Analysis

\.
- T
7 =,
Tl e 757 -
T N 5 3 e
r &) i/ ~ -
h P )
4 il
Sl /
.- % /i
' 0y .
i, o, s
] >
> e = &
o

Page I1.38



Norfolk Coastal Adaptation and Community Transformation Plan

thern Railroad

[ Norfolk-Soy

= —— —

1’ .II
d Proposed Living Shoreline

Figure 11.18 Newton’s Creek Watershe

Page 11.39

Attachment F Benefit Cost Analysis



Elizabeth River
Shoreline
Restoration



Norfolk Coastal Adaptation and Community Transformation Plan

Elizabeth River Shoreline Restoration

Shorelines have traditionally been stabilized using hardened structures, such as bulkheads,
revetments, and concrete seawalls. These structures ironically can contribute to erosion, and
provide little habitat for estuarine species that improve water quality and absorb stormwater. As
part of the proposed activities in the Ohio Creek Watershed and Newton’s Creek Watershed, the
City of Norfolk proposes to construct robust living shorelines along the bank of the Elizabeth
River in the Target Area. Figure I1.19 below illustrates some examples of living shorelines.

The living shoreline (sometimes called a constructed wetland) design includes: Riparian,
Wetland, and Sill zones. These are placed parallel to the shore, from upland to river. The
shoreline will be carefully graded to provide the appropriate slope conditions in each zone, and
will account for plant species to migrate with rising sea levels. Riparian area (the most upland
zone) will integrate with berm sections and allow for heavy shrubbery and grass to grow. The
wetland (the intertidal zone) allows for tidal grasses such as cordgrass (spartina alterniflora) to
take root in soils that are inundated during high tide. These grasses cause the accumulation of
sediment over time, creating habitat for successive species of high marsh grasses and mollusks.
The Sill safe guards the shoreline from erosion due to wave energy.

Wetlands act like a sponge, soaking up stormwater and dampening storm surges. By trapping
polluted runoff, wetlands help slow the flow of nutrients, sediment and chemical contaminants
into rivers, streams and the Chesapeake Bay.°

-1 i A

Figure 11.19 Examples of Living Shorelines with Protective Sills (oyster shell on left, stone on
right)
Photo Credits: Low Country Open Land Trust (left) Chesapeake Bay Trust (Right)

Normally, a south-facing shoreline without major issues concerning fetch, like the Chesterfield
Heights and Harbor Park shore, would not require a protective sill. However, as this shoreline
experiences frequent boat wakes from the passing barges in the nearby shipping lane, a marsh toe
sill was included in our design.

The wetlands are designed to meet the proposed marsh toe sill at midtide so that the marsh grass
and other plants will be sustained. As sea level rises in future years, the midtide elevation will

6 Chesapeake Bay Foundation http://www.chesapeakebay.net/issues/issue/wetlands
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also rise. The designed wetland that lies below midtide has a greater chance of becoming a mud
flat as the marsh grasses retreat upland. The mud flat is still healthy and beneficial to the
ecosystem, so the design accommodates for SLR as well as providing continuous benefits to the
neighborhoods.

When combined with a shoreline berm, a robust living shoreline can increase the durability and
effectiveness of the flood protection structure. The slope of the berm and the elevation of the
rock breakwater and vegetation of the shoreline construction can be carefully integrated so that
as sea levels rise, the natural vegetation will be able to adapt by moving up the properly graded
river bank. This presence of the rock, soil, and vegetation will function to attenuate wave energy
and prevent erosion of the shoreline during coastal flooding events. In this way, the combined,
multiple layers of defense from the berm and the living shoreline, will afford greater protection
in concert than either feature could provide by itself. Several stormwater outfalls coincide with
the designed living shorelines. By taking discharge capacity into account, it is necessary to
protect this area from stormwater spilling at a higher discharge rate and potentially ruining the
integrity of the proposed living shoreline. Integrating stone around the outfall opening will
provide outlet protection by reducing the flow rate of stormwater flows. Recycled concrete or
existing stone debris on site can be used to reduce cost. The design proposes 2,200 linear feet of
living shoreline in the Ohio Creek Watershed, and 1,200 linear feet in Newton’s creek, totaling a
full acre of new wetland creation. Figure I1.20 displays the proposed areas of the Elizabeth
River Living Shoreline installation.
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Design Philosophy
Combined Resiliency Actions

The primary goal of the Target Area designs are to develop a system in which both coastal and
precipitation events can be mitigated to the highest degree feasible. As such, the measures
proposed in each area advises a holistic system of water retention and detention. In preliminary
designs, pervious pavement, bio-swales, rain gardens, above ground stormwater storage, wetland
expansion, water streets and open park spaces, as well as permeable pavements, will manage
stormwater impacts in a collective and collaborative manner while the identified floodwall,
berm, pumping systems and roadway elevations will ensure protection from coastal surge
impacts. The conceptual designs for both watersheds propose to maximize water-storage
volumes in the space available, while integrating these features into the local environment as an
amenity rather than a requirement.

Coastal Resiliency and Flood Protection

The proposed design within the Target Area considers a coastal protection system that will
incorporate permanent engineered features while also integrating the natural landscape into the
design. Because the City of Norfolk relies heavily on the use of its waterfronts by both visitors
and residents to stimulate activity in the Target Area, preservation of existing waterfront access
and the addition of new pedestrian-friendly riverside features was important in each prevention
measure’s design. The demand for visual corridors and anticipated waterfront zoning provided
strict guidance in identifying both locations and prevention feature proposals, primarily due to
the need to maintain unobstructed views. Although a combination of berms, floodwalls, and road
elevations are being proposed, these features will be incorporated into the fabric of the
waterfront through landscaped promenades, attractive commercial areas, and integrated park
spaces. These proposed project elements will be important in maintaining the community’s
visual and physical connectivity to the waterfront, as well as the prevention of damages and loss
within the area due to flooding.

Additionally, the overall project design of the Target Area will focus heavily on the integration
of bio-retention features and coastal surge water management upgrades into the community. The
increased capacity and improvement of multiple stormwater-retention areas and increased
wetland habitat areas have been unified into the design of the Ohio Creek Watershed. Because
this area has an established infrastructure, the project design will work to integrate many of these
new improvements into the existing systems, creating a holistic stormwater-management and
treatment system. One of the primary ways the project design is working around the existing
street grids is by replacing these pre-existing roads with permeable pavements. This will not only
allow for the current infrastructure to remain but also allow for water to infiltrate into the soils
rather than sheet flow into other areas of the neighborhood, ultimately providing a higher degree
of protection in the area.

Because the scope of the project in the Newton’s Creek Watershed provides a much greater level
of flexibility with regard to the installation of new infrastructure and design, the project has
indicated that the approach should largely focus on the re-establishment of the historic Newton’s
Creek streambed. Flooding is common in this watershed not only because of low elevations near
the water but also due to the quick urbanization of the area throughout the 19" and 20" century.
Figure I1.21 displays a historic map of the original Newton’s Creek streambed compared to a
current buildout map with the original creek overlaid on top.
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The Newton’s Creek Watershed design will include the development of park spaces, natural
bioswales, restoring stream areas, developing constructed wetlands and water streets and
instituting rain gardens along the streambed to allow for flooding to occur in the area without
directly affecting any residents, businesses, or infrastructure. The City of Norfolk will also
convert multiple city-owned parcels into water-retention features serving dual purposes (as both
a stormwater-collection area and public amenity). The Newton’s Creek Watershed proposal also
focuses heavily on the relocation and redevelopment of neighborhoods prone to flooding, as well
as readjusting the existing street grid. This portion of the project would not only provide more

opportunity to incorporate upgraded stormwater features but also allow the City to begin re-
envisioning the area as a whole.
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Figure 11.21 Target Area Existing Conditions and Historic Streambed

The protection features proposed will be designed to provide protection at the 1% annual chance

still water elevation plus 2.5 feet (30 inches) of SLR. This elevation is estimated at +10.1 to
+10.6 feet North American Vertical Datum of 1988 (NAVDS&S). This level of protection is based
on two contributing factors—the 1% annual chance surge still water level at a level of elevation
between 7.6 and 8.1 feet NAVDS8, and an allowance for SLR for the high projection of ranges

in 2060.
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Figure 11.22 Sea Level Rise Projections, Norfolk, VA’

Stormwater Flood Protection

As a best management practice, it is also important to consider the implementation of stormwater
flood protection measures in the proposed Target Area designs. This is particularly important in
the case of the City of Norfolk due to the fact that a major portion of both designs involve the
employment of a coastal floodwall and berm system. Typically, in coastal regions, elevations
tend to slope downward as they near the water. This means that in areas where there is a high
level of impermeable surface, precipitation and stormwater tends to flow towards these lower
elevations. If a coastal-protection system is put into place that does not take into account this
consideration during a severe enough precipitation event, the measure could be deemed useless
as water will begin to build up behind the system and flood nearby structures. To mitigate this
risk, both project designs have incorporated a series of pump stations on the landward side of the
proposed shoreline protection measures to assist in pumping stored rainwater over the floodwall
back into the Elizabeth River.

An additional concern that must be factored into the proposed designs is the backup and
overloading of existing stormwater-management systems. In storm events, it is the intent of the
City of Norfolk management infrastructure to convey all gathered stormwater through the
existing pipes to a number of outfalls directly into the receiving waters, such as the Elizabeth
River. During a high tide event, such as a storm surge, water from the river can backflow through
the stormwater outfalls into the system, seriously impeding the outflow capacity. This prevention
of outflow essentially causes a bathtub effect within low-lying areas where water will continue to

7 Source: Mitchell, M., et. al. (2013). Recurrent Flooding Study for Tidewater Virginia. Gloucester, VA: Virginia Institute of
Marine Science.
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build eventually causing flooding in roadways and possibly structures. Therefore, these outfalls
must have a closure mechanism to account for anticipated surge. This consideration has been
incorporated into the Ohio Creek Watershed area where this problem has been experienced and
documented before.

Additional Benefits

Although there is a heavy focus on each of the project’s resiliency benefits, the additional social,
recreational, environmental, and economic benefits cannot be overstated. Within this BCA
report, the proposed project designs are evaluated for affordable housing benefits, new
employment opportunities, economic revitalization, community connectedness, added value to
quality of life, reductions in undesirable factors, historic preservation, and expected health
improvements. All of these considerations are integrated into one overarching design
philosophy—to make Norfolk a more resilient and sustainable city.
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Project Schedule

The following schedule for the Norfolk Coastal Adaptation and Community Transformation Plan
has been developed based upon the expertise of design and engineering staff who are familiar
with construction for projects of this magnitude implemented in the region. The Mid-Town
Tunnel / Midtown Tunnel / MLK Extension project located in Norfolk and Portsmouth (currently
under implementation with an expected completion date of 2017 and cost of two billion dollars)
provided an analog for this schedule with regard to confidence in the rationale and schedule
uncertainties.

Within 4 Months of the Notice to Proceed

Norfolk will assemble the project team for kick-off discussions. Conceptual design will be
developed with input from communities and stakeholders to ensure full community buy in.

It is assumed that the implementation of the project will result in significant social and
environmental impacts and that the preparation of an Environmental Impact Statement (EIS) will
be required. It is the intention of the City of Norfolk to lead the preparation of the EIS on behalf
of HUD for the portion of the Project in the City of Norfolk. The City has already consulted with
the U.S. Army Corps of Engineers, and will seek consultation from the National Oceanographic
and Atmospheric Administration-National Marine Fisheries Service, the U.S. Environmental
Protection Agency, the Virginia Department of Environmental Quality and Virginia Marine
Resources Commission as Cooperating Agencies in the development of the EIS. The City will
meet with HUD to confirm this requirement or if an Environmental Assessment (EA) will be
sufficient for NEPA documentation.

Months 4-12

A draft EIS (DEIS) will be developed and 30% project design incorporating cooperating agency
comments will be completed in support of the DEIS. Upon internal review, notice of availability
of DEIS will be published in Federal Register (FR). It is anticipated with this sequence of events,
that by the end of 12 months, the comment period on the DEIS would be completed, as well as
receipt of other environmental agency comments on 30% design.

Months 12-24

Draft final EIS (FEIS) will be completed and comments will be incorporated into a FEIS. Final
design will be performed in accordance with the stipulations and mitigative measures developed
during the EIS process. Final design documents will be coordinated with the permitting agencies
prior to their implementation.

The city will begin the process of acquiring necessary properties to move forward with initial
construction phases and the community will continue to be engaged throughout the life of the
project.

The community will be engaged in parcel-level stormwater management. The existing River Star
Homes Program will offer incentive for residents to voluntarily install rain gardens, rain barrels,
and permeable paving on their lots with technical assistance from the Program.

Phase 1: Months 24-48

Shoreline protection elements will be constructed including roadway modification, flood walls
and berms. Living adaptive shorelines with breakwaters and marsh vegetation will be installed
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along the shoreline. The community of Chesterfield Heights will have improved access to the
Elizabeth River. Pump Stations and tidal gates will be constructed; road improvements will also
be completed.

In the Public Housing communities of the St. Paul’s Area, residents whose homes are scheduled
for demolition will be relocated. Smooth move teams and client services will case manage these
households to assure that all relocation options are evaluated. The demolition of 196 units in
Tidewater Gardens will take place during this period; grading and shaping of the topography,
cultivating surface flow connection from upland to the culvert lower in the watershed will also
be performed in restoring Newton’s Creek.

Initial staff for the Coastal Resilience Accelerator will be identified and hired.
Phase 2: Months 48-64
Location of Coastal Resilience Accelerator will be identified.

Completion of pump stations and flood walls, restoration of wildlife habitat continues.
Connection will be enhanced between the shoreline communities to the downtown area via water
and green spaces in the St. Paul’s Area. A network of marshes will be created between the St.
Paul’s Area and Harbor Park in further restoring the historic alignment of Newton’s Creek.

Phase 3: Months 64-72

The improved conditions generated during Phases 1 and 2 will allow for private investment
partnerships with the City in realizing the full intentions of the City’s transformation plan as it
relates to replacing outdated assisted housing beginning in Tidewater Gardens.

The Harbor Park sea wall and raised promenade will be completed. Open space improvement
and stormwater retention features will be built around the new housing to be constructed in
Grandy Village in the Ohio Creek Watershed, including swales, permeable paving, and rain
gardens.

Property for the Coastal Resiliency Accelerator will be acquired and development of technology
and aids for the water management sector will accomplished, advertised, and promoted.

Planned Future Growth

The Coastal Resiliency Accelerator’s further growth is intended to spur the creation of an
innovation hub for multiple sectors in leveraging its regional assets of military expertise, local
universities and medical schools, and precedent of investment in innovation and technology.

The previously implemented Harbor Park shoreline promenade and additional intended work in
the Harbor Park area is intended to catalyze a new mixed-use hub with commercial, office, hotel,
and residential uses, creating a new center for employment and creating attractive living space
near the city’s core. This area is planned as the second area for development of mixed income
housing for those currently in outdated HUD housing. Redevelopment of public housing units in
Young Terrace and Calvert Square (further up in the watershed) will be scheduled for
implementation in the following phases of the housing strategy.

The City is currently drafting a Request for Quotation (RFQ) for hiring a master developer in
early Spring 2016. The master developer will be choosing between two city-owned properties in
the St. Paul’s Area for redevelopment. This is anticipated to better position the City for private
investment in the Target Area.
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It is intended that this developer would work with private investors that will be further
incentivized by the work herein proposed to build in the target areas in alignment with the
desired future outcomes of Norfolk.

Capital Cost Estimates

A more detailed list of probable costs for these proposed projects can be found in Appendix F-3
of the BCA report, however a simplified version is offered in Table I1.1 below.

Table 11.1 Opinion of Probable Capital Costs for the Norfolk Coastal Adaptation and
Community Transformation Plan

Group/Item Subtotal Group Total

Ohio Creek Watershed - Chesterfield Heights and Grandy Village

Flood Walls and Living Shoreline $7,101,600
Road Raise $35,172,000
Stormwater Management $26,624,000
Landscape Elements $5,510,656
Other Project Requirements $7,177,500

Ohio Creek Watershed Cost of Work Subtotal | $81,590,000

10% Construction Risk Allowance $8,159,000

25% Design and Support Cost | $22,437,250

Administrative Costs $3,365,000

Ohio Creek Watershed Cost of Work Sub Total (HUD ask) | $115,545,000

Grandy Village Leverage | $15,050,000

Ohio Creek Watershed Cost of Work Total | $130,595,000

Newton's Creek Watershed - South Brambleton, Harbor Park & St. Paul's Area

Flood Walls and Living Shore Line
South Brambleton $4,224.,000 §47.838.000
Harbor Park $42,540,000
St. Paul's Area $1,074,000

Road Raise and Retrofit
South Brambleton $4,668,000 $6.068.760
Harbor Park $1,020,000
St. Paul's Area $380,760

Stormwater Management $33,839,400
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Group/Item Subtotal Group Total
South Brambleton $23,214,400
Harbor Park $600,000
St. Paul's Area $10,025,000
Landscape Elements
South Brambleton $410,420 $17.091.984
Harbor Park $6,355,206
St. Paul's Area $10,326,358
Demolition & Gray Infrastructure
South Brambleton $0 §18,040,000
Harbor Park $0
St. Paul's Area $18,040,000
Other Project Requirements
South Brambleton $3,270,000 §13.422.500
Harbor Park $1,052,500
St. Paul's Area $9,100,000
Newton's Creek Watershed Cost of Work Subtotal | $136,301,000
10% Construction Risk Allowance | $13,630,000
25% Design and Support Costs $37,480,000
Administrative Costs $5,622,000
Newton’s Creek Watershed Cost of Work Sub Total (HUD ask) | $193,032,000
Coastal Resiliency Accelerator Leverage Activity Costs $7,000,000
Newton’s Creek Watershed Cost of Work Total | $200,032,000
Total Cost of Work | $330,627,000
O&M Total Annual Cost (See O&M
Spreadsheet) $1,398,950
Project Cycle End Year 2065

Attachment F Benefit Cost Analysis

Page 11.53




Norfolk Coastal Adaptation and Community Transformation Plan

Operation and Maintenance Costs

Primary operations and maintenance (O&M) costs for Norfolk’s Coastal Adaptation and
Community Transformation Plan include those that are related to flood walls and living
shorelines, stormwater management, roadway retrofits, and landscaping elements. The opinion of
probable cost for the entire project is approximately $1,398,950 annually over the useful life of
the project; this cost is in 2015 dollars. This full and necessary amount is anticipated to begin one
year upon completion of construction, assuming a one-year warranty period. The majority of the
O&M costs are derived from maintenance of the pumps and gates.

Expected O&M for each neighborhood in the Target Area is listed below:

e Ohio Creek Watershed $730,000 annual
e Newton’s Creek Watershed $668,950 annual
0 South Brambleton $387,290 annual
0 Harbor Park $148,180 annual
0 St. Paul’s Area $133,480 annual

For major assumptions and other factors that affect Norfolk’s Coastal Adaptation and
Community Transformation Plan O&M costs, see Appendix F-4.

Flood Walls, Berms, and Living Shoreline

Flood walls, berms and living shorelines are proposed in the Target Areas of both watersheds.
Primary resources required to maintain these coastal protection activities include inspections and
repairs; inspections are expected to be necessary on a bi-annual basis, in addition to pre and post-
flood events. Inspections include monitoring the flood walls, berms and living shorelines for
change that may indicate a protection reduction for the shoreline.

Walls will be inspected for cracks. Berms will be inspected for adherence to the designed width
and slope, in addition to non-advisable growth of trees or shrubs. The living shorelines will be
monitored for erosion, scour and invasive plants. It is expected that staff needs for annual
inspections in three neighborhoods (Chesterfield Heights, South Brambleton, and Harbor Park)
will include the below hourly estimates; estimates listed are those required for each of the three
neighborhoods.

e 1 High Level Staff: 4 hours annual at $110/hour

e 1 Mid Level Staff: 24 hours annual at $80/hour

e 2 Low Level Staff: 100 hours combined annual at $40/hour each

In addition to staff needs, inspections of flood walls, berms and the living shorelines will also
require supplies such as fuel for site visits, measuring equipment, and record keeping supplies,
expected to cost $1,500 annually (combined for all three neighborhoods.)

Repair costs for the Chesterfield Heights, South Brambleton, and Harbor Park neighborhoods
include landscape maintenance and repairs. Mowing will be conducted bi-weekly in the summer
months and monthly during the winter season. Such maintenance will require 2 low level staff 30
days per year at $40/hour each. Maintenance/ repair supplies are expected to cost $5,000
annually for each neighborhood, which include travel costs, mower costs, and miscellaneous
repair materials such as concrete, paint, and other landscaping supplies.
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Inspection and repair costs for the St. Paul’s Area are estimated to be half the price of the three
neighborhoods listed above. Therefore, inspections will require 2 annual hours of high level
staff, 12 annual hours of mid level staff, 50 annual hours of low level staff, and supplies are
expected to cost $250 annually.

Repairs for St. Paul’s Area are expected to be even lower than those listed above, requiring 2 low
level staff 60 hours per year and $1,000 in annual supplies.

The Harbor Park sea wall is expected to require different inspection and repair requirements than
other flood wall considerations. The American Society of Civil Engineers recommends that sea
walls are inspected every 5-6 years, but due to the magnitude of the project, 3 years was selected
as the inspection frequency. Specialized staff required for sea wall inspections include:

e 1 High Level/Qualified Marine Structural Engineer: 24 hours annual at $225/hour

e 1 Mid Level Marine Structural Engineer: 40 hours annual at $110/hour

e 2 Low Level Marine Structural Engineering Staff: 160 hours combined annual at
$80/hour.

Annual seawall repairs and maintenance requirements include 2 mid level staff for 160 hours
annually at $80/hour each. Supplies are expected to cost $35,000 per year for concrete, paint,
parts, and landscaping.

Stormwater Management

Target Area stormwater management activities include permeable pavement and bio-retention
areas, pumps and tide gates, and water streets. Permeable pavement and bio-retention activities
are proposed only for the Chesterfield Heights neighborhood. Pump stations are proposed in
Chesterfield Heights and South Brambleton, while tide gates are proposed for both watersheds.
The water streets are proposed for Harbor Park and St. Paul’s Area.

Permeable pavement and bio-retention activities are proposed to be integrated into street and
sidewalk retrofits in the Chesterfield Heights neighborhood. O&M requirements for such
activities include replacement of permeable pavement, inspections, and repairs. It is expected
that the permeable pavement must be replaced every 20 years and will require $31,000 annual
allocation of funds for each anticipated life-cycle replacement, including materials and labor.
Permeable pavement will require semi-annual cleaning with a vacuum sweeper and clearing of
inlets that drain to the subsurface bed; inspections must be conducted annually for rutting and
reveling, which will be patched with porous asphalt. Cleaning, inspections, and repair of
permeable pavements in Chesterfield Heights is expected to require the following annual staff
and supply needs:

High Level Staff: 10 hours annually at $110/hour

1 Mid Level Staff: 24 hours annually at $80/hour

2 Low Level Staff: 200 hours combined annually at $40/hour each

Porous asphalt for patching: $1,000 annually

Inspections of bio-retention areas will be conducted one day every month, with one week of
maintenance required after major rainfall events (160 hours annually for $40/hour). Maintenance
requirements for bio-retention areas include jet vacuum and filter bags every 5 years and annual
costs for brooms, shovels, and ice picks (estimated together at $1,000/year.)
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The stormwater system improvements are expected to require full-time maintenance personnel in
addition to bi-annual gate inspections, annual training, and cleaning of box culverts. 20-year
replacement costs are assumed conservatively under conditions of full utilization. Reduced
utilization would prolong the lifespan of the pumps, in which case this allocated money would be
spent for maintenance due to lack of use of the pumps and corrosive issues related to salt
brackish water, which can be extremely detrimental to the pump impellers.

Annual electrical operations costs for the pump stations were estimated based on 1% of the
capital costs, for annual operational costs of $38,500 in Chesterfield Heights and $28,000 in
South Brambleton. It is assumed that the costs for personnel and inspections will be shared
between the four neighborhoods; 60% of costs will be necessary for Chesterfield Heights, 20%
for South Brambleton, 10% for Harbor Park, and 10% for the St. Paul’s Area.

Maintenance for water streets are expected to require 2 low level staff at $40/hour each, in
addition to supplies. St. Paul’s Area will require 240 hours and $3,000 annually.

Roadway Retrofits

The bridge reconstruction that will take place along the Kimball Terrace in Chesterfield Heights
is assumed to match the approach/design of the bridge currently in place, which is a conventional
42-foot wide two lane concrete and steel bridge that accommodates both sidewalks and bike
lanes. The annual cost of bridge O&M ($14,000 annually) includes inspections, which require
the following staff and supplies:

e Low Level Staff: 40 hours at $120.00/hour

e High Level Staff: 20 hours at $160/hour

e Mid Level Staff: 40 hours at $100/hour

e Inspection and Repair Supplies: $2,000

Landscaping Elements

Annual landscaping maintenance for open space properties will be required throughout the
Target Area, including new parks, sports fields, wetlands, naturalized upland areas, and rain
gardens. It is expected that one person will be able to maintain a half acre of landscaped area in
one day. Rain gardens will require additional maintenance in the first few years of planting; it is
expected that mulch will need to be applied twice annually until groundcover is established.
Furthermore, rain gardens will require annual inspections for debris, weeds and invasive plants,
as well as sediment control and soil testing will be required every 3 years. After establishment of
vegetated areas in the Target Area, mowing and trimming will be required twice per year at a
minimum. More frequently in grass covered areas. It is anticipated that one person can maintain
1,000 square feet of rain gardens per day, and that mulch and tools will cost $0.50 per square
foot annually. Low level staff rate required for landscaping was assumed to be $40/hour.
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Project Feasibility

The activities proposed here are achievable and will be effective at meeting the goals established
in the Phase 1 application. While there are many innovative concepts in the proposed holistic
approach of integrating coastal and stormwater flooding, the individual components are standard
practice. The methods for estimating storm surge risk and for computing stormwater volumes
have been well validated in the engineering community and result in dependable design of berm
heights and pumping volumes. The construction of the berms and pump stations are
straightforward, and the sites are accessible by traditional construction equipment. The
terraforming and landscaping of the green spaces and bioswales are likewise standard practice.
One challenge will be the variable depth of groundwater within the Target Area, which will
impact the excavation depth and storage capacity of the green spaces. Fortunately, the strategy of
the plan provides ample flexibility to adjust the areal extent and depths of the individual storage
areas. The proposed retrofits of green water collection, pervious pavement, and sub-grade water
storage in the Ohio Creek Watershed have been implemented previously and have been
demonstrated to work. The City of Norfolk has an extensive GIS database, which will be used to
locate all subsurface utilities for coordination and avoidance during construction.

During construction, there will be challenges from working in heavily congested areas and in
areas with space constraints (such as under 1-264), but these can be handled with careful
planning, coordination, and attention to safety. The cost estimates have carefully considered all
of the direct project costs and have included allowance for existing construction risk to account
for uncertainties at this design phase, such as unknown sub-surface soil conditions. It is expected
that the project can be implemented for the estimated costs. Several regions require conversion
of land use from typical residential lots into water storage sites and, fortunately, the City already
owns most of the desired sites.

Furthermore, success of the project is helped by the continual public involvement and
stakeholder engagement that Norfolk and others have pursued over a number of years. In the St.
Paul’s Area, there have been multiple community meetings and a renovation plan has already
been published and been well received by the neighborhood. According to City officials, many
residents are excited for the project to begin. In the Chesterfield Heights neighborhood, a
coalition of university students has previously explored the concept of parcel-scale stormwater
detention with the community. There is acceptance and interest by the community in
participating in these resiliency activities. Additionally, continuous efforts from organizations
like the NRHA have spurred interest in the redevelopment and renovation in the Target Areas.
Thus, the proposed activities are feasible and viable for the requested sums with community
support and in the absence of unidentified technical roadblocks.

Finally, the City of Norfolk has investigated potential delays or infeasibilities due to permitting
constraints by meeting with a representative of the Norfolk District, U.S. Army Corps of
Engineers on October 13, 2015 as part of a pre-application meeting. The purpose of the meeting
was to provide the Corps with an overview of the proposed flood control project for which
funding under the National Disaster Resiliency Competition (NDRC) Program is being
requested. A review of the currently proposed concepts planned by the City, the design principals
integrated into the project concepts to minimize impacts to wetlands and waters of the U.S.
(WOUS) and the type of permits required and timeframe for securing them were discussed. The
NEPA process was also discussed as it relates to the acquisition of wetlands and water quality
permits including opportunities to utilize the “Combined NEPA/404 Process.” The Corps

Attachment F Benefit Cost Analysis Page 11.58



Norfolk Coastal Adaptation and Community Transformation Plan

supported the design principles for avoidance and minimization of impacts discussed in the
meeting and indicated that, based on the briefing presented in the meeting, it did not see any “red
flags” associated with the project. The Corps representative did emphasize that it is important to
coordinate with all involved agencies regarding compensatory mitigation, as well as with all key
stakeholders including the Elizabeth River Project.

Depending on the scope of the project, the Corps indicated the project may require an Individual
Permit which could likely be obtained within 8-12 months. However, if the Corps and other key
federal agencies (USFWS, NMFS and EPA) were made “cooperating agencies” during the
NEPA process, the wetlands and water quality permits could be issued upon the completion of
Record of Decision (ROD) if an EIS were developed. This would significantly reduce federal
permit acquisition time, although a Joint Permit Application would still need to be filed for
securing State (Virginia Marine Resources Commission and Virginia Department of
Environmental Quality) permits for impacts within their jurisdiction. From the meeting on this
date, there do not appear to be significant environmental obstacles to securing all necessary
permits to execute the project.

Replicability

The project is replicable throughout the city as the Ohio Creek Watershed and Newton’s Creek
Watershed provide representative conditions for the rest of the city to implement improvement
plans (See Figure I11.6 & I11.7, Part III for land typologies represented). Furthermore, the project
elements reflect the direction of intended work to revitalize the city over the next half century.

While the project provides a framework for replicability across the city as a whole, the project is
proposed, in part, to replicate other successful projects previously completed or in progress. An
example of this replicability in action is the Grandy Village Phase VI project, currently in
progress in the Ohio Creek Watershed (See page I1.14). This project is demonstrative of
Norfolk’s long-term objective of replacing existing aging affordable housing with safe, resilient,
well-built units.

Project Risks to Implementation

Despite careful planning and the support of an optimistic community, there are several risks that
may impede progress on implementing the proposed activities. First, there may be permitting
obstacles that may become clear during further design and during the NEPA process. Possible
permitting impediments may involve construction of the living shoreline on the river bottom,
concerns about the tide gates impacting tidal flushing, riparian impacts of the coastal berm, and
water quality in the bioswales and urbane green spaces. There may also be significant time that
will need to be dedicated to environmental impact studies. However, the pre-application
permitting meeting with the USACE has minimized this risk to presently allowable extent.

Second, there may be complications from uncooperative property owners adjacent to the
proposed activities. For instance, it may be difficult to coordinate construction activities with
Norfolk-Southern or with Dominion Electric power, both of whom are important stakeholders
and whose permission will be required to implement the coastal berm. Additionally, the City
plans to acquire some private property, which may be imperiled if the City encounters an
unwilling seller.

Finally, there is uncertainty regarding the subsurface soil conditions along the Elizabeth River.
This may have an impact on the penetration depth of piles for the shoreline berm.
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Norfolk Project Metrics

Norfolk intends to track project progress and benefits using metrics relevant to the resiliency,
economic, environmental, and social health of the community. These metrics were developed
with broad coordination across city departments and partner entities and are based on stakeholder
feedback throughout the planning process. It was important to all stakeholders that metrics that
would certainly be tracked be included and assignments have been made for the tracking of all
metrics below. This is evidenced by the establishment of baselines for tracking. City departments
involved in the development and tracking of metrics include planning (and the floodplain
manager), economic development, public works/ stormwater, emergency management, housing,
and the new resiliency office.

Norfolk Resiliency Metric 1

Measure the reduction in property damage, displacement, and loss of service impacts after the
threshold level flood disaster in Norfolk. Use a “Losses Avoided Study” to determine reduction
in flood losses compared to losses expected to occur in a similar event.

Baseline: Expected losses based on expected flood depth before mitigation.

Change expected: Dollar value of flood damages avoided, including relocation of businesses and
residents.

Method of measurement: Loss Avoidance Study.

Tracking period: Post project completion, post threshold event (at least studied 10-year coastal
event plus sea level rise).

Norfolk Resiliency Metric 2

Measure the reduction in street flooding, loss of accessibility, loss of transportation services
during nuisance flooding and major storm events.

Baseline: See table below for typical current flooding under nuisance and major flood event
scenarios.

Change expected: Reduction in number of road centerline miles, track miles, route miles that are
flooded.

Method of measurement: Modeling.

Tracking period: Per event that meets scenario parameters.
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Table 11.2 Opinion of Probable Capital Costs for the Norfolk Coastal Adaptation and
Community Transformation Plan

NDRC BASELINE INUNDATION
Phase 1 Area Phase 2 Area Total
Inundated Unit
Transportation nits Nuisance Major Nuisance | Major Nuisance | Major
Event* Event** | Event * Event** | Event* Event**
Streets Miles 0.1 10.1 0 1.7 0.1 11.8
Light Rail Miles 0 1.1 0 0 0 1.1
Bus Routes Miles 0 7.5 0 5.6 0 13.1
Bus Stops Count 0 13 0 3 0 16
* Nuisance event is tidal elevation +3° ** Major event is the 1% annual chance flood event

Measure stormwater runoff reduction measures taken through the City’s On-site Parcel Retention

Program by documenting an increase in the number of participating River Star and Bay Star
homes.

Baseline: There are 65 homes in the program as of October 2015 (20 Bay Star Homes and 45
River Star homes).

Change expected: 20% increase

Tracking period: annually.

Method of measurement: Number of homes certified in the program.

Measure the change in number of people affected by coastal flooding in the Target Area.
Baseline: Population in structures that flood in the Target Area in 2015 equals 4,333.

Change expected: All 4,333 people escape flooding from the 1% annual chance flood event.

Method of measurement: Total population of Target Area divided by total square feet (SF) of
structures in the Target Area gives a percentage of people per SF. Applied this percentage to
total SF of structures that flood in the 1% annual chance coastal flood event to identify
population experiencing risk reduction.

Tracking period: Project useful life.
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Norfolk Environmental Metric 1

Measure an increase in the land area of wetland and/or shoreline restoration projects.

Baseline: Currently, there are 14.73 acres of wetlands and 1,216.54 linear feet of detached
marshes in the Target Area.

Change expected: Project will add approxmately 70 acres of constructed wetlands; 3,400 linear
feet of protected coastal wetlands. The project will also add 51,600SF (1.18 acres) of rain
gardens, 2.9 acres of sports fields for retention, 11.5 acres of Waterfront Parks, 11.7 acres of
Manicured Parks, 10.8 acres of waterfront promenade, and 5 acres of water street park.

Method of measurement: The City’s annual flyover photos and VIMS inventory comparisons
will quantify area of additional wetlands and shoreline restoration.

Tracking period: annual.

Norfolk Environmental Metric 2

Measure a reduction in Total Maximum Daily Loads (TMDVLs) pollutant loads from the Target
Area.

Baseline: The numbers below are from 2009 imagery, the City’s baseline for TMDL
calculations: Nitrogen Pollutant Load- 6,885 Ibs/yr, Required Reduction- 557 lbs/yr;
Phosphorous Pollutant Load- 1,040 Ibs/yr, Required Reduction- 123 lbs/yr; Sediment Pollutant
Load- 380,774 Ibs/yr, Required Reduction- 72,438 Ibs/yr.

Change expected: Nitrogen Pollutant Reduction — 2,502.98 1bs/yr; Phosphorous Pollutant
Reduction — 159.80 1bs/yr; Sediment Pollutant Reduction —204,032.9 Ibs/yr

Method of measurement: GIS data, loading of the Bay TMDL pollutants, based on impervious
and turf cover. In the Target Area, there are approximately 314 acres of managed turf and 495
acres of impervious cover. Loads from forest, water, and wetlands are not required nor included.

Tracking period: annually

Norfolk Environmental Metric 3

Measure an increase in the number of trees and canopy added to the Target Area Baseline: 3,022
(trees) 35 (canopy).

Change expected: Additional 2,224 trees.

Method of measurement: GIS database (see Table below).

Tracking period: Project completion.

Norfolk Social Value Metric 1

Measure an increase in length of bicycle paths/lanes.

Baseline: Target Area contains 1.1 miles.

Change expected: Project includes approx. 8.6 miles of new bike/ pedestrian trails.
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Method of measurement: GIS modeling.

Tracking period: every 5 years.

Measure reduction in social vulnerability over time. The Social Vulnerability Index (SoVI)
developed by the University of South Carolina’s Hazards & Vulnerability Research Institute
(HVRI) is developed by compiling census block socioeconomic and demographic data to
construct an index of social vulnerability to environmental hazards. HVRI explains: “Social
vulnerability is represented as the social, economic, demographic, and housing characteristics
that influence a community’s ability to respond to, cope with, recover from, and adapt to
environmental hazards.”!!! After project completion, Norfolk will demonstrate a reduction in
social vulnerability over time by analyzing the SoVI after each new dataset published by the U.S.
Census Bureau. Baseline: Using the most recent SoVI for the Target Area (based upon American
Community Survey [ACS] 2010 data), the social vulnerability index Census Tract average for
the Target Area is determined to be high (2.76.) This index considers 6 components: race and
poverty, wealth, age, rural/class, ethnicity and small renter households.

Change expected: A reduction over time in the SoVI number by at least 1.0 points; it is expected
that the proposed project will ultimately lower vulnerability to flood threat especially for LMI
and other vulnerable populations in the target area.

Method of measurement: Publication of the SoVI after each issuance of US Census/ACS data
release.

Tracking period: Approximately every 3- 5 years.

Measure the improvement of walkability for the areas impacted by the project. The walkability
of a neighborhood offers proven health benefits for its residents and fosters community activities.
“Walk Score” provides walkability scores worldwide to quantify walkability down to the parcel
level.

Baseline: The Chesterfield Heights neighborhood, which includes Chesterfield Heights and
Grandy Village, has a baseline walk score of 17, placing it as 73 out of 74 Norfolk
neighborhoods assessed by Walk Score. The Brambleton neighborhood, which includes South
Brambleton and minor extents of the project are adjacent to Tidewater drive, has a baseline walk
score of 52. The Tidewater-Young Park neighborhood, which includes the Harbor Park area and
project proposed areas of St. Paul’s has a walk score of 74.

Change expected: Increased walkability in all three neighborhoods-- Chesterfield Heights,
Brambleton, and Tidewater-Young Park to a score of 40, 60, and 77, respectively.

Method of measurement: Information available at the neighborhood level by Walk Score was
used to measure the baseline of the project areas. As of September 28, 2015 the walk scores were
obtained from WalkScore.com.

111 Hazards & Vulnerability Research Institute, FAQ, http://artsandsciences.sc.edu/geog/hvri/fag. 9-25-15
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Tracking period: Upon completion of the project and updating of the Walk Score system (within
one year of project completion).

Norfolk Economic Value Metric 1

Measure the increase in employment opportunities in the Target Areas over time after project
completion.
Baseline: Currently there are 3,086 jobs located in the Target Area.

Change expected: Incremental increase over time of number of jobs in Target Area.

Method of measurement: Count number of jobs added in Target Area by using data from the
American Community Survey.

Tracking period: Every three years or as often as the US Census makes the ACS data available.

Norfolk Economic Value Metric 2

Measure number of replacement public households in the target area.

Baseline: 928 units of aged, poor quality affordable housing in Tidewater Gardens and Calvert
Square.

Change expected: Replace all 928 aged, poor quality housing with 928 new housing units
constructed to higher resilience standards through a combination of onsite (Tidewater Gardens
and Calvert Square) and off-site development and increase the number of affordable units
throughout Norfolk by an additional 1825 units through a combination of private sector, non-
profit, and NHRA funding.

Method of measurement: Records maintained by the Norfolk Housing Redevelopment Authority.

Tracking period: Ten years.
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Publicly Funded Resiliency Actions Post-Irene

Hurricane Irene spurred a renewed interest in SLR in Norfolk, and City leadership responded
with increased involvement in state and regional opportunities to assess and incorporate SLR
into planning growth and resiliency actions. Norfolk also invested or committed to the following
post-Irene resiliency actions, either through grants or City revenues, totaling over $34 million.

1.

Development and implementation of the 2015 Dutch Dialogues: Through their Dutch
connection (see Exhibit G narrative), the City spent time and travel costs over a period of
several years to bring about the June 2015 Dutch Dialogues event, which was a regional,
state, and international multi-day design workshop to create innovative resilience
solutions to regional flooding issues. Toward this effort, the City spent approximately
$100,000 in in-kind, logistics, and staff time expenses. If the City were to pay for time
and travel expenses of all Dutch experts who came for free, it would be an additional
$250,000, as estimated by the Dutch Embassy. This consensus became the basis for the
Phase 1 NDRC projects and application.

In 2013, the Mayor’s Commission on Poverty Reduction was charged with examining the
causes and impacts of poverty in Norfolk, and with developing a plan to reduce poverty
for future generations. Recommendations to reduce and de-concentrate poverty carry an
implementation cost of $3.9 million; some of the actions include addressing flooding in
poor neighborhoods.

In 2014, Norfolk was selected as one of the first 33 cities to participate in the Rockefeller
Foundation’s “100 Resilient Cities” program, which allowed the City to hire its first
Chief Resiliency Officer and to pursue a portfolio of resiliency measures in programs,
projects, and policies. The 100 Resilient Cities program committed to a $1 million grant
over two years in support of this effort. The City committed an additional $187,866 over
the same period.

The City of Norfolk has set aside $1.3 million in the Affordable Housing Trust Fund to
help improve low-income housing within the area. Additionally, the Center for
Community Change stated in their Housing Trust Fund Progress Report that according to
their survey, an average of $6.50 is contributed in leverage for every $1 committed by the
Affordable Housing Trust Fund. Although this may be the case, for the purposes of this
analysis, the project team only applied the $1.3 million set aside.

Funding for the National Fish and Wildlife Foundation Sandy Grant for the development
of a Green Infrastructure Plan and Network for the Lafayette River Watershed (project
budget of $4.64 million) was accepted by the City Council in August 2015. The City
approved the use of $257.343 in City funding as project match.

Norfolk is presently conducting a review of all City codes to analyze deficiencies and
find areas for strengthening construction and zoning against flooding hazards. They are
rewriting the zoning code ordinance, which will be guided by a resilience framework
being developed in cooperation with 100 Resilient Cities, the American Planning
Association, the Urban Land Institute, and others for SLR adaptation. The estimated cost
of this effort is $564,715; this work is expected to be completed in 2017.

The USACE will be constructing a 2015/2016 Beach Nourishment Project; initial cost is
estimated at $18.4 million. The City’s initial cost share will be $5.5 million. Estimated
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nine-year period re-nourishment costs are $7.5 million, with the City’s matching share
(29%) of $2.2 million. The main purpose of this project is to reduce coastal storm
damage by extending the berm of the beach for wave attenuation during storms. City
funding is approved; project start date is 2016.

8. New funds aimed at economic and community revitalization: the City’s approved FY
2016 budget embraces the creation of several unique programs that will be entirely
capitalized with Community Development Block Grant (CDBG) funds and other federal
resources. The investment in these programs in FY 2016 will be a total of $2 million for
revitalization and reinvestment of catalytic redevelopment sites and neighborhood
commercial districts, assistance to small businesses and women minority-owned
businesses. This also includes the Norfolk Innovation fund — focused on providing
financing for firms in the fields of technology, sustainability and resiliency, healthcare,
entrepreneurship.

9. Norfolk has created a citywide flooding reserve account funded by Storm Water Fees that
was increased in 2013 by an additional $1.00. Each fiscal year this reserve account brings
in approximately $1,315,200 for neighborhood flood reduction, stormwater-quality
improvement, stormwater facilities improvement, and maintenance of waterfront
structures (such as bulkheads).

For the fiscal years post-Irene (FY 2013, FY 2014, FY 2015, and FY 2016), the City has
allocated a total of $14,000,000 as follows:

Neighborhood flood reduction $5,800,000
Stormwater quality improvement $3,800,000
Stormwater facilities improvement $2,400,000
Stormwater waterfront structures $2,000,000

Projects included in these activities are listed in the Appendices of the BCA report.
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Existing Conditions

Norfolk is the historic, urban, financial, and cultural core of the Hampton Roads metropolitan
area, named for the large natural harbor of the same name located at the mouth of Chesapeake
Bay. The city is partially bordered to the south and west by the Elizabeth River and to the north
by the Chesapeake Bay. It also shares land borders with the independent cities of Chesapeake
and Portsmouth to the south and Virginia Beach to the east.

The Target Area of this NDRC Application includes two watersheds to the east of Downtown
Norfolk—the Newton’s Creek Watershed and Ohio Creek Watershed—with particular emphasis
on the waterfront neighborhoods of Harbor Park, South Brambleton, Chesterfield Heights, and
the St. Paul’s Area, as shown in Figure I11.1 and Figure 111.2 below.
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Vulnerable Populations

Certain populations are particularly vulnerable during disasters due to social, economic, and
educational factors that can exacerbate disaster recovery and resilience. The statistics presented
below were derived from two primary resources: the United States Department of Urban and
Housing Development’s (HUD) analysis of Low and Moderate Income Summary Data (LMISD)
and the US Census Bureau American Community Survey (ACS) data. Because the most recent
HUD LMISD data relies on ACS 2006-2010 figures, analysts only used this data for low to
moderate income (LMI) population percentage determination. All other figures were developed
from the most recent 2009-2013 ACS data to provide the most up-to-date analysis.

Social Vulnerability
In the Mayor’s 2014 “Plan to Reduce Poverty,” the following statistics are cited for the City:

“Norfolk’s poverty level has historically been nearly double Virginia’s overall average. The U.S.
Census Bureau reported that from 2008-2012, 18.2% of individuals (27.7% of children) in Norfolk
experienced poverty, versus 11.1% of individuals (14.6% of children) across the state as a whole.
Compared to neighboring Hampton Roads localities, Norfolk has a high poverty rate. While
poverty is a significant problem across the region, it is especially concentrated in the City of
Norfolk.” (Page 8)

“In Norfolk, poverty and race are linked, with high levels of poverty among minorities. A given
Norfolk resident experiencing poverty is most likely to be black: 58% of the city’s 40,000
individuals living in poverty are black, constituting 24% of all blacks living in Norfolk. Although
they constitute a much smaller percentage of Norfolk’s population, other minority groups—such
as Native Americans—experience disproportionately high poverty rates.” (Page 10)

Racial and ethnic minorities comprise an estimated 96% of the population in Newton’s Creek
Watershed and 91% in Ohio Creek Watershed project areas.!

! United States Census Bureau. American Community Survey 5 Year Estimates.
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emergency instructions in a timely manner. Those with mental challenges can become
overwhelmed and experience lasting impacts from the disruption of daily routine, changes in

transportation options, and costs associated with recovery.
Economic Vulnerability

An estimated 86% of the Target Area population is considered LMI.

HUD defines a family of four earning $56,700 or less as low
income in the Virginia Beach-Norfolk-Newport News Metropolitan
area.” The median household income is $22,306 in Newton’s Creek
Watershed and $28,556 in Ohio Creek Watershed project areas.®

Low-income households face increased challenges in post-disaster
situations, as they have fewer financial resources to recover after
disasters. Furthermore, these households have fewer options for
transportation and accommodation during or after disasters, and are
less able to recover from lost income if they are unable to travel to
work or their workplace is also impacted.

Analysts used the U.S. Census Bureau-based Longitudinal
Employer-Household Dynamics (LEHD) Origin-Destination
Employment Statistics (LODES) dataset to estimate the number of

2 HUD User. http://www.huduser.gov/portal/datasets/il/il2015/2015summary.odn
3 Ibid.
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jobs currently available in the Target Area, the earnings and demographic data of workers, and
the general location of residences of those workers.

Based on the LODES analysis, 97% of the jobs in the Target Area are held by people living

outside and commuting to the Target Area. Transportation links are critical for this population as

they travel from areas such as Virginia Beach, other areas of Norfolk, Chesapeake, Portsmouth,

Hampton City, Newport News, and Suffolk into the Target Area every day for work.*

e 32% of the jobs in the Target Area earn less than $1,250 a month

e 38.4% of the jobs in the Target Area are held by those with a high school degree or less

e 46.5% of the outflowing jobs make less than $1,250 a month while only 37.4% of the
inflowing jobs make $1,250 or less; of the interior flow, 69% makes less than $1,250 a
month

A majority (58%) of Norfolk’s housing units are renter occupied, and 29% of households are
considered severely rent-burdened, paying greater than 50% of their income towards housing
costs.® Despite Norfolk’s ongoing efforts to reduce this burden (see Affordable Housing below),
there continues to be an urgent need for affordable housing in the area.

Educational Vulnerability

“Norfolk adults living in poverty, in large part, do not have the education required for most job
openings within the city or the region: only 2.7% of Norfolk citizens with a bachelor’s degree or
higher are unemployed, compared to 9.8% of residents with some college or an associate’s degree,
11.7% of high school graduates, and 17.8% of persons with less than a high school education.”®

Residents with low English proficiency may also not be able to access up-to-date emergency
communications and may struggle to respond to evacuation measures. Residents with limited
education have more limited job opportunities, typically earn lower incomes, and may have less
access to clear information about hazards and preparedness.

Approximately 10% of the residents in the Target Area have low English proficiency, and 15%
of residents have less than a high school education.’

4 The LODES Data for Norfolk are located here.

5100 Resilient Cities Norfolk SWOT Analysis, July 2015

6 Mayor’s 2014 “Norfolk Plan to Reduce Poverty,” pp. 14

7'US Census Bureau, American Community Survey 5-year estimates
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Environmental Conditions

The Hampton Roads region, initially settled more than 400 years ago, is located to the south and
the west of Chesapeake Bay’s mouth in the southeastern corner of Virginia. The southern part of
this region includes the urbanized cities of Portsmouth, Virginia Beach, Chesapeake, and
Norfolk—the urban core of “the Southside.” Norfolk is surrounded by several different water
bodies, including the Elizabeth River, James River and Chesapeake Bay, and their main
tributaries. As the city is low-lying, nearly all of the city is less than 15 feet above sea level.1°
The Target Area is comprised of 1.8 square miles, extending eastward of downtown Norfolk, and
is located on the northern shoreline of the Eastern Branch of the Elizabeth River. This area
includes lowlands and coastal formations, as well as areas of wetlands.

Air Quality

The Clean Air Act, which was last amended in 1990, requires the United States Environmental
Protection Agency (USEPA) to set National Ambient Air Quality Standards (NAAQS) for
pollutants considered harmful to public health and the environment. There are two types of
national ambient air quality standards; Primary standards provide public health protection, and
Secondary standards provide protection against decreased visibility and damage to animals,
crops, vegetation, and buildings. USEPA has set National Ambient Air Quality Standards for six
principal pollutants, which are called criteria pollutants.!!

Each year, the Virginia Department of Environmental Quality Office of Air Quality Monitoring
releases a report of air quality levels around the state. This report outlines the results of testing
for criteria pollutants. The latest report is from 2013. Norfolk is one of the state’s testing areas
for criteria pollutants, which are particle pollution (PM2.5 and PM10), carbon monoxide, sulfur
dioxide, nitrogen dioxide, ozone, and lead.

PM2.5, PM10, carbon monoxide, sulfur dioxide, and nitrogen dioxide levels in Norfolk were
below Primary and Secondary NAAQS in 2013. Ozone and lead air quality standards for Norfolk
are not given. Nevertheless, for the period from 2011 to 2013, only the counties of Fairfax and
Arlington exceeded the ozone air quality standards in the state. Norfolk is a “Maintenance Area”
for ozone, which means that it had formerly not attained the standard, but is now recognized by
USEPA as meeting the NAAQS. A Maintenance Area must have an approved “maintenance
plan” to meet and maintain air quality standards. Lead levels were below the Primary and
Secondary NAAQS for the four testing sites in Virginia outside Norfolk.!2

In early 2015, the General Assembly of Virginia was in talks to join the Regional Greenhouse
Gas Initiative that establishes a regional CO- electric power sector cap and trade program, as
well as the Commonwealth Resilience Fund—a revolving fund to serve as a consistent revenue
stream to assist counties, cities, and towns in the Hampton Roads region with the implementation
of efforts to combat SLR and recurrent flooding. The bill also provides economic development
assistance for families, businesses, and localities in Southwest Virginia to offset negative
economic impacts associated with reduced fossil fuel production.*® The bill will be considered in

10 Briefing Book Tidewater District Norfolk. pp. 15.

11 United States Environmental Protection Agency. National Ambient Air Quality Standards (NAAQS).
http://www.epa.gov/ttn/naaqgs/criteria.html

12 Commonwealth of Virginia Department of Environmental Quality. Virginia Ambien Air Monitoring 2013 Data Report.
http://www.deq.virginia.gov/Portals/0/DEQ/Air/AirMonitoring/Annual_Report_2013.pdf

8 Virginia’s Legislative Information System. HB 2205 Regional Greenhouse Gas Initiative; Commonwealth Resilience Fund
established. http:/lis.virginia.gov/cgi-bin/legp604.exe?151+sum+HB2205
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the next session. On January 27, 2015, Norfolk passed Resolution No. 1609 supporting this
legislation, requesting that the Commonwealth participate in the Regional Greenhouse Gas
Initiative for the protection of coastal flooding, due to an increase in recurrent flooding in the
city.

Water Quality

Norfolk’s Department of Ultilities is the second largest waterworks in the Commonwealth of
Virginia. As a regional water purveyor, Norfolk provides top-quality drinking water to 850,000
customers in Norfolk, Virginia Beach, parts of Chesapeake, and to the U.S. Navy. In addition to
water, the Department of Utilities also provides wastewater-collection service to approximately
240,000 residents in Norfolk.'*

The City of Norfolk obtains its raw (untreated) water from eight reservoirs, two rivers, and four
deep wells. From these sources, raw water is pumped to one of the Department of Utilities’ two
water-treatment plants, where it is filtered and disinfected. The City meets or exceeds USEPA
standards for all regulated substances, and is well below the national level for secondary and
unregulated but monitored substances, according to its 2015 Water Quality Report.

From the Dutch Dialogues Briefing Book (Page 22):

“Norfolk’s existing municipal separate storm sewer system (MS4) is managed by the Norfolk
Public Works Stormwater Division. This system consists of 349 miles of pipe, 137 miles of ditches,
13 storm water ponds, and 10 storm water pump stations. The newest portions of the system have
been sized to accommodate a 10-year storm event while portions constructed before the 1950s
have capacity for a 2-year storm. Extra capacity is needed to handle the additional backwater
flows caused by storm surges or high tide, which may occur concurrently. This could be
accomplished by either increasing the capacities of most of the storm drain piping or by a number
of retention strategies throughout the City.

Although much of the storm drain system design was intended to accommodate 2-year (50%
annual probability of occurrence) or 10-year (10% annual probability of occurrence events)
design events, those systems were designed for tail water elevations as had been measured at the
Sewells Point tide gauge. As part of the Fugro Atlantic flooding studies, tide gauges were installed
in many of the principle drainages within the City. The gauge measurements indicate that with the
exception of the drainages on the northern perimeter of the city that empty into Chesapeake Bay,
the water level elevations in the watersheds are higher than those measured at Sewells Point.
While the differences between those water level elevations and the water level elevation at Sewells
Point depend on many factors, in general the water level elevations in the drainages throughout
most of Norfolk are 0.5-ft +/-0.2 ft above the water levels at Sewells Point.

While those differences are small, the landscape is flat. The lack of gradient implies that the small
difference in tailwater elevation increases the annual % probability of occurrence of a specific
water level within the drainages. A 0.5-ft difference (above that measured at Sewells Point)
approximately doubles the annual probability of occurrence. Thus a system intended to serve a 2-
year flood event (50% annual probability of occurrence) is in reality capable of serving a 1-year
design event (100% annual probability of occurrence). Similarly, a system intended to serve a 10-

14 On 9-21-15: http://iwww.norfolk.gov/utilities/
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year flood event (10% annual probability of occurrence) is in reality capable of serving a 5-year
design event (20% annual probability of occurrence). While Norfolk has made significant
investments to expand and improve its storm water infrastructure, the age and size of the systems,
coupled with limited available funding resources, has created a significant backlog of high priority
storm water projects.”

Wastewater-treatment plants for the City’s effluent are operated by the Hampton Roads
Sanitation District, although the wastewater system is maintained by the City’s Division of
Wastewater, Department of Utilities.

Brownfields and Contaminated Sites

As a strategic harbor, Norfolk has a legacy of industrial contamination that reflects its long
history of naval operations, shipbuilding, and maritime trade. Environmental toxins are linked to
numerous environmental and health risks. According to the USEPA, contaminated sediments are
a significant environmental problem, impairing the use of many water bodies and contributing to
the over 3,200 fish consumption advisories that have been issued nationwide. Volatile chemicals
in buried wastes and/or contaminated groundwater can emit vapors that may migrate through
subsurface solids and into air spaces of overlying buildings. Volatile organic compounds
(VOCs)—such as those used in paints, solvents, disinfectants, and stored fuels—can cause
cancer in animals; some are suspected or known to cause cancer in humans.®®

According to the Virginia Department of Environmental Quality, there are 880 registered
petroleum-storage tanks and 1,100 registered petroleum releases (64 of them open) in Norfolk.®
There are five sites in the City that have completed the (Brownfield) Voluntary Remediation
Program and six that are planned sites for the program as of June 2015.1” There are two
superfund sites on the USEPA’s National Priorities List (NPL) located within Norfolk. The NPL
is the list of national priorities among the known releases or threatened releases of hazardous
substances, pollutants, or contaminants throughout the United States. No superfund sites are
located in the Target Area, although sites of concern have been identified by the USEPA,
including the Sewells Point Naval Complex and the Naval Amphibious Base Little Creek.

The Norfolk Naval Base — Sewells Point Naval Complex site had contamination of concern in
groundwater, sediment, soil, subsurface soil, surface soil, and surface water. Some of the
contaminants of concern include base neutral acids, dioxins/dibenzofurans, inorganics, metals,
polycyclic aromatic hydrocarbons, polychlorinated biphenyls (PCBs), pesticides, and VOCs. In
2010, physical construction of the remedies was completed. The site has not undergone post-
construction; therefore, full remediation has not been achieved at the site.!8

The second site is the Naval Amphibious Base Little Creek, located in the Tidewater region of
Virginia, near the mouth of the Chesapeake Bay. Wastes that have been generated and disposed
at the Little Creek facility include pesticides, paints, solvents, inorganics, heavy metals, PCBs,
mixed municipal wastes, nickel plating baths, chromic acid, silver cyanide, copper cyanide,

15 EPA Chemicals and Toxics Resources: http://www2.epa.gov/learn-issues/chemicals-and-toxics-resources
http://www.deq.virginia.gov/Programs/LandProtectionRevitalization/PetroleumProgram/FilesForms.aspx#petdbf
Yhttp://www.deq.virginia.gov/Programs/LandProtectionRevitalization/RemediationProgram/VoluntaryRemediationProgram/Pu
blicinformation.aspx

18 http://cumulis.epa.gov/supercpad/cursites/csitinfo.cfm?id=0302858
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lacquer, lacquer stripper, per-chloro-ethylene sludge, soap, dyes, and degreasers. The most
updated information from the USEPA is from 2012 and states that the site is still under
cleanup.®®

Chemical-Storage Facilities
There are no chemical-storage facilities located in the Target Area.
Environmentally Sensitive Areas

The NOAA Office of Response and Restoration maintains Environmental Sensitivity Index maps
that characterize coastal environments and wildlife based on their sensitivity to spilled oil. These
maps are useful for understanding environmental sensitivity in a coastal region such as Norfolk.
Figure 111.4 shows the map as it looks currently for the city. The red lines represent highly
sensitive salt and brackish water marshes in sheltered tidal flats. This type of ecosystem is found
in the Lafayette River and Little Creek, in the northern section of the city.

Marshes are defined as wetlands frequently or continually inundated with water, and
characterized by emergent soft-stemmed vegetation adapted to saturated soil conditions. Tidal
marshes serve many important functions. They provide vital food and habitat for clams, crabs,
and juvenile fish, as well as offering shelter and nesting sites for several species of migratory
waterfowl.?% The tidal marshes in Norfolk serve as habitat for threatened and endangered species,
including the Great egret, Peregrine falcon, Yellow crowned night heron, Green sea turtle,
Kemps Ridley sea turtle, Leatherback sea turtle, Loggerhead sea turtle, and Atlantic sturgeon.?
Tidal marshes also buffer stormy seas,

slow shoreline erosion, and are able to ;‘:‘\

absorb excess nutrients before they -

reach the oceans and estuaries.

Therefore, this sensitive ecosystem is \
vital to the control of flooding in ﬂa

Norfolk. -
. . . f s 'R P |
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Figure 111.4 Sensitive Environment Areas in Norfolk (Target
Area outlined in orange)

19 http://www.epa.gov/reg3hwmd/npl/VA5170022482.htm

20 hitp://water.epa.gov/type/wetlands/marsh.cfm
2Inttp://geoplatform.maps.arcgis.com/home/webmap/viewer.html?webmap=6¢c427fb5d07745368ac8a22738659775
22 hitp://media.wix.com/ugd/8de0fd 2142235a562444d9858cadelb5d25al1l.pdf on 9-22-15
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Branch, in the vicinity of Harbor Park stadium. This site has the potential to jump-start interest in
the larger restoration of the Eastern Branch and demonstrate many aspects of this plan, from
public outreach to habitat restoration and water quality improvements.”

Land Use

Since Jamestown was settled in 1607, the region developed an economy that is based on its ties
to the water. The natural shelter provided by protected harbors with deep water access has
attracted commercial shipping activities, as well as national military activity.?

The downtown has a broad range of higher intensity uses; traditional character is present
throughout the Target Area with a grid street pattern, smaller lots, and variety of uses within
close proximity to one another.?*

Before the Civil War, the area was home to scattered farms and plantations. Post-Civil War, the
city expanded into the Harbor Park, South Brambleton, and St. Paul’s Area. Expansion into
Chesterfield Heights began in 1904 when the community was platted and the first development
began in 1914.2° Prior to man-made alteration, the shoreline consisted of numerous creeks and
tributaries of the Eastern Branch, as well as wetlands. Harbor Park during the early history of the
city was low-lying wetlands with a large tributary of the Elizabeth River running north towards
Tidewater Drive,? and development in the St. Paul’s Area was built on former creek beds. Many
of the tributaries and creeks were filled over the past 150 years with debris from fires and storms
that devastated the city or to eradicate mosquitos following outbreaks of yellow fever in the
1850s. Now, 10 to 12% of the city is composed of filled lands,?” and the former creeks and
wetlands are the lowest-lying areas of the city today and have the most severe flooding. The
predominant land uses in the Target Area are residential, industrial, and commercial, as shown in
Figure 111.5 below.

The St. Paul’s Area is bounded by the Norfolk Southern Railroad on the north, Tidewater Drive
on the east, 1-264 on the south, and Monticello Avenue on the west. Most of the area was
originally drainage and tributaries of the former Newton’s Creek. By the 1920s, all of the
tributaries, creeks, and wetlands within the St. Paul’s Area had been filled. The area has had
many uses over the history or Norfolk, and since the 1950s, the area has mostly been low-income
housing, warehouses, commercial development, and vacant land.

Harbor Park is bounded by 1-264 on the north and west, Norfolk Southern Rail Road on the east,
and the waterfront on the south. The entire area used to belong to Newton’s Creek before 1900
when most of these former water areas were filled in. The area flourished as the city’s location
for rail terminal and yards, warehousing, and other high intensity development, but such uses
declined in the mid-twentieth century, coincident with the construction of 1-264 in the 1950s and
1960s, which further isolated the waterfront. In recent years, the Harbor Park baseball stadium
and light rail station have been built here.

South Brambleton is bordered by the Elizabeth River to the south, Norfolk Southern Railroad on
the west, and Route 168 (East Brambleton / Campostella) on the north and east. Currently, the

2 Briefing Book Tidewater District. Page 8.

2 PlaNorfolk. pp. 46.

% Briefing Book Tidewater District.

2% Briefing Book Tidewater District. pp. 35.

27 Briefing Book Tidewater District Norfolk. pp. 16.
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South Brambleton shoreline is dominated by industrial uses. These areas present a challenge, as
the City must protect the shoreline and continue functionality of current land uses.

Chesterfield Heights is bounded by the Campostella Road Bridge to the west, 1-264 on the north,
the Elizabeth River on the south, and a second rail line to the east. Chesterfield Heights has
primarily 1920s residential single-family homes on the northern shore of the Elizabeth River, a
tidal estuary with impaired water.?® The outlet of the former Ohio Creek Watershed is west of the
neighborhood, and degraded wetlands are present in this portion of the neighborhood.?® Flooding
in the low-lying areas in the west restricts residential access to and from this direction during
storms.

The selected Target Area serves as a perfect template for Norfolk to demonstrate the success of
the proposed solutions. This area is unique in many ways and the variation of both the
populations and land uses contained within will provide an enormous opportunity to determine
the framework for replicability across the city as a whole.
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Figure I11.5 Primary Land Uses in the Target Area

28 Dutch Dialogues Briefing Book. pp. 60.
2 Dutch Dialogue Virginia: Life at Sea Level. August 17, 2015. pp. 8.
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Cultural Resources and Critical Assets

The character of Norfolk is exemplified in its vibrant downtown, which is home to roadways
lined with historic commercial and industrial buildings, the Attucks Theatre, numerous historic
and culturally significant churches, and the local historic district of East Freemason.* In fact, the
neighborhoods surrounding downtown Norfolk include four of the City’s five historic districts.!
The Chesterfield Heights neighborhood was added to the National Historic Register in 2003, and
has 404 buildings contributing to its status as a National Historic District. The protection of
historical and cultural resources from the force of nature will ensure a resilient tourism industry
contributing to the resiliency of the overall economy. Figure 111.8 on the following page
identifies the landmarks and cultural assets of the Target Area.

Parks

The City of Norfolk Parks system includes 2 festival parks, 3 beach parks, 6 community parks,
12 dog parks, 17 community centers with active park amenities, and 71 neighborhood parks. The
community parks are 10 acres in size or larger, and support larger events and athletic activities.
Park programming draws from a larger geographical area and on-site parking is available.
Neighborhood parks are usually 10 acres or less and provide some type of recreational
component or a green area. Primary park users are from within nearby neighborhoods.*?

Harbor Park is the only park located within the Target Area (excluding the Future Expansion
Zone) and is a baseball stadium for the Norfolk Tides, a minor league team. The park is located
along the shore of the Elizabeth River. As noted above, the park is not easily accessible by
walking and is rarely used to full capacity. Figure 111.9 indicates parks and recreation centers
both near and within the Target Area.

30 PlaNorfolk 2030. The General Plan of the City of Norfolk. June 2015. pp 11-2
31 Norfolk Baseline Economic Study Report, July 2015
32 http://www.norfolk.gov/rpos/parks.asp
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Transportation

Mass transportation in the city includes the Tide Light Rail system, buses, ferries, and paratransit
services. The Tide Light Rail opened in August 2011 and runs through the Target Area parallel
to 1-264, with a stop in Harbor Park and a terminal downtown. The system extends 7.4 miles
from the Eastern Virginia Medical Center complex east through downtown Norfolk to Newtown
Road at the border of Virginia Beach. It is currently served by 11 stations and four park-and-ride
lots. Due to the existing layout of the system, the Tide is extremely vulnerable to flooding, and
service has been halted on several occasions either due to high tides or significant storm events.
Figure 111.10 below indicates the current Light Rail infrastructure. The Tide is the only rail
transit in the region and carries more than 120,000 passengers monthly.3® Because many of these
passengers are employed within the area, the system is relied upon as a critical service to get
these passengers to and from their workplaces.

Figure 111.10 The Tide Light Rail Route

Government

Figure 111.11 identifies the locations of government buildings within the Target Area.3*
Figure 111.12 illustrates the distribution of emergency services in the same area.

33 Hampton Roads Transit, Ridership trends, July 2015. http://gohrt.com/public-records/Operations-
Documents/Ridership/2015/July-2015-Presentation-Ridership.pdf
34 Regional Background for Norfolk NDRC Grant Application Input
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Growth Trends
Economy and Employment

The majority of jobs in Norfolk are in service industry (including healthcare), federal civilian,
and military employment sectors.®® The military, the Port of Virginia, and tourism are the three
main drivers of the Hampton Roads economy. The federal government currently creates about
45% of gross regional product. Naval Station Norfolk, the largest naval complex in the world,
supports the readiness of the United States’ Atlantic fleet. The military provides direct
employment to more than 44,000 people in the City of Norfolk,% and these jobs pay 30% more
than average wages in the region.®” The U.S. Navy’s large presence anchors a significant
maritime and defense industry cluster, which includes ancillary industries, such as shipbuilding.
The Hampton Roads Planning District Commission (HRPDC) estimates that military contracts in
the region support 55,000 direct and 49,000 indirect and induced jobs.3® The Port of Virginia is
another significant economic asset, handling 11% of East Coast foreign trade by value. The port
drives ancillary industry growth, notably in transportation, shipbuilding, and freight. Many
multi-national maritime companies maintain North American headquarters in Norfolk.%

The challenge of rising water and recurrent flooding in Hampton Roads is made more difficult
by the state of the region’s economic health. Though the 2008 recession did not impact the
Hampton Roads area to the extent that many others experienced, rebounding has been slow and
steady. The reductions in military spending and sequestration have substantially and adversely
affected the local economy. Norfolk has experienced consistent job losses since 2004, losing
22,666 jobs between 2001 and 2014, of which 60% were government jobs.*°

PlaNorfolk 2030 looks to drive economic development and create new capabilities, new
companies, and new businesses in clusters including Maritime and Transportation Business,
Technology Business, Retail and Commercial Business, and Finance and Business Services.

“Most of these industries (will) play a major role in Norfolk’s development, especially Maritime
and Transportation, while others, such as Technology Business Cluster, will assist Norfolk in the
future. %

35 PlaNorfolk 2030. The General Plan of the City of Norfolk. June 2015. pp. 5-2

36 Hampton Roads Planning District Commission, Economic Impact of the Department of Defense in Hampton Roads, 2013, pp.
33

37 Norfolk Baseline Economic Study Report, July 2015, pp. 27

38 Ibid.

% Ibid, pp. 28

“0 |bid, pp. 38

41 PlaNorfolk 2030. The General Plan of the City of Norfolk. June 2015. pp. 5-2
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Stormwater Management Risk

Norfolk experiences frequent flooding due to rain.
Residents are accustomed to annual events that
produce hazards and inconveniences due to road
conditions and other flooding-induced safety issues.

Norfolk is an older colonial city with some original
historical infrastructure dating back to the 1800s.
Infrastructure improvements were most recently
performed in the 1950s due to rapid urbanization.
That upgraded infrastructure is currently
approaching the end of its serviceable life and is due
for upgrades. Early stormwater system designs did
not consider future development or tidal impacts.

ﬂq 4-‘7_. —

Figure 111.13 July 2015 Rain-driven
flooding on E. Brambleton Avenue in
Newton’s Creek Area in proximity to
assisted housing communities of Calvert
Square and Tidewater Gardens

The existing municipal stormwater system is
separate from the sewer system and is managed by
the Norfolk Public Works Stormwater Division. The
portions of the system designed before the 1950s
was sized to accommodate a 2-year storm; the
newer portions were designed to accommodate a 10-year storm event. Stormwater in Harbor
Park is managed by an underground collection and conveyance pipe network that discharges
stormwater directly into the Elizabeth River or to a series of concrete-lined ditch systems under
the elevated section of 1-264. The concrete-lined ditches discharge to a waterway near the
Norfolk Southern railroad tracks.

No part of the system was designed to handle the additional backwater flows caused by storm
surges or high tide, which may occur concurrently.*? Figure 111.14 demonstrates current normal
flows in the Newton’s Creek Watershed and the flooding issues that can occur at high tide when
flows are blocked.

42 Briefing Book Tidewater District. pp. 22.
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.......................................

Figure 111.14 Schematic Comparison of Stormwater Flows and Potential Flooding in the St.
Paul’s Area and Harbor Park during Regular and High Tide Scenarios

With recent increases in flooding incidents, projected SLR, the continuation of land subsidence
due to fill settlement, elevation below 15 feet, undersized underground stormwater systems, and
the prevalence of impervious surfaces, the flooding situation is only expected to worsen in the
future.
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Coastal Flood Risk

With about 144 miles of shoreline and being
almost completely surrounded by bodies of
water (including bays, rivers, and tidal creeks),
Norfolk is at greater risk for coastal flooding
than other parts of Virginia.** The Hampton
Roads metropolitan region, and the Target Area
in particular, are at risk of inundation from
coastal storms, a risk that is being exacerbated
by SLR. The Hampton Roads area of the
Virginia coast is experiencing SLR at nearly
twice the global average due to local land
subsidence, glacial rebound, and ocean
circulation dynamics.** Intermediate projections
from the USACE and NOAA are at around 2.5
feet for the area by 2065 (see Figure 111.17).%°
Already within the City of Norfolk, the historic
waterfront neighborhood of The Hague (just
northwest of the Target Area) experiences street
flooding during high tide, a phenomenon that
used to occur only during storm surge events.
The area now experiences more than 100 hours
of street flooding per year, as opposed to less

Figure 111.15 October 1, 2015 flooding
from rainfall and high tide of 6.5 ft in
Tidewater Gardens community of the St.
Paul’s Area

than 50 hours per year between 1930 and 1990.%° The neighborhoods in the Target Area are built
on low-lying coastal land and, in some areas, filled wetlands, and are vulnerable to coastal
flooding from rising sea levels as well as coastal storm surge.

The majority of the St. Paul’s Area (Newton’s Creek Watershed) is within the 100-year
floodplain (AE Zone - Elevation 7.6 feet). The current development in this area was built on the
former creek with the flood risk areas reflecting the old creek bed (see Figure 111.15). A large
portion of Tidewater Drive drains to this area, causing existing stormwater systems to back up
and making it unable to handle the load of an abnormal rain event. This causes significant
flooding on Tidewater Drive and within the Tidewater Gardens public housing, with the entrance
to downtown from Tidewater Drive having at least one lane flooded during these events.
Upgrades to the existing stormwater system have been made but are unable to fully address this

problem.*’

43 Phase 1 — Attachments-ATT401237-ExhibitDNeed.pdf (pg. 26 of Phase 1 Application)
44 Atkinson et al, Sea level Rise and Flooding Risk in Virginia, Sea Grant Law and Policy Journal, Vol. 5 No. 2. pp. 6, 2013
45 USACE and NOAA curves obtained from http://www.corpsclimate.us/ccaceslcurves.cfm.

46 Atkinson et al, Sea level Rise and Flooding Risk in Virginia, Sea Grant Law and Policy Journal, Vol. 5 No. 2., 2013

47 Saint Paul’s Area Plan, pp. 29
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Figure 111.18 Sea Level Rise Predictions from USACE and NOAA Nearest Target Area, Sewell’s
Point and Chesapeake Bay Bridge Tunnel
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Lack of Neighborhood Connectivity

In addition to flood risk reduction, a key issue to be addressed by the proposed activities is to
improve mobility and connectivity of the targeted waterfront neighborhoods, which have
suffered decades of urban renewal and disinvestment and are physically disconnected from the
surrouding city by highways and vacant land.

Figure 111.19 below shows two aerial images of downtown Norfolk (in the background) and the
St. Paul’s Area (in the foreground). The image on the left was taken in 1950, and the image on
the right is from today. The historic Saint Mary’s Church is used as a reference point in both
images. Note particularly the extent of urban clearance that has taken place over time for the
construction of 1-264, the Harbor Park stadium and parking areas, and the Tidewater Gardens
public housing development, in the lower right.

Figure 111.19 Norfolk Target Area in 1950 and Today (note the images are at different altitudes)

The St. Paul’s Area—including the public housing developments of Tidewater Gardens, Calvert
Square, and Young Terrace—is cut off physically and psychologically from downtown and the
waterfront. Figure 111.20 below shows many of the key spatial discontinuities in the Target
Avrea; areas are separated by highways, with few cross-connections, and there are large amounts
of low-performing open space, mostly parking lots, large grassy areas and vacant land, notably
along the waterfront.
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Figure 111.21 Chesterfield Heights

Similarly, the neighborhood of Chesterfield Heights, in the Ohio Creek Watershed, is cut off
from the rest of Norfolk by 1-264.

From the “St. Paul’s Area Plan” published by the City in 2012, we find this description of the
problem in the Newton’s Creek Watershed Target Area (Pages 7-14):
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“The current character of St. Paul’s is defined by an auto-oriented access pattern created by the
urban renewal efforts in the 1940s, 1950s and 1960s. Those efforts promoted a new development
and access pattern to replace the blighted buildings and network of streets and blocks that had
developed prior to World War II. The new public housing in and around St. Paul’s filled an
important need for affordable family housing after the war, and the widened streets and new
highway connections along and across the Elizabeth River dramatically improved regional access
by car.”

“Today, many of the aspects originally seen as improvements register as major obstacles, making
St. Paul’s isolated and unattractive for new private-sector investment. Issues created by current
development patterns include:

Challenge 1: Current development patterns block St. Paul’s potential community and
economic value.

“Key land uses, including housing, offices and shopping, are separated from each other on large
“superblocks.” This physical isolation of land uses severely limits the interrelationships among
activities that are a uniquely valuable advantage of urban settings. Lack of connection limits
choice among different types of housing, jobs, transportation, retail and other services.

“The superblock layout of Tidewater Gardens undermines its intent as a residential neighborhood.
As in many public housing developments of its day, design of the site and buildings compromises
a sense of address, feelings of safety, and the ability of residents to make use of outdoor spaces.
The front doors of most units face an internal walking path, not a street. These internal paths lack
visibility from traffic and buildings, as well as the critical mass of pedestrians that creates the
perception of safety. Open areas between buildings lack definition between private and shared
areas, and thus generate little sense of ownership or stewardship on the part of residents, which
in turn means these areas get less use and maintenance than they might.

“St. Paul’s auto-oriented development pattern leaves it a generic place with little defining quality,
in the same way that many suburban development locations lack definition. It lacks the uniqueness
and amenities needed to create a more focused market position, key to attracting higher-value
urban commercial and housing demand. Businesses in St. Paul’s tend to lack an inherent
connection to Downtown. Reliance on surface parking. Development with greater economic and
community value would come only with higher densities, mixed-uses, improved walkability and
transit access that together free up current parking lots to be replaced with buildings and parks.”

Challenge 2: Physical separation from the surrounding area creates both real and perceived
barriers

“Broad arterial roads on three sides (St. Paul’s Boulevard, Brambleton Avenue and Tidewater
Drive) and elevated highways on the remaining side (I-264 and Berkley Bridge ramps) physically
isolate St. Paul’s. Tidewater Gardens residents cited this band of high-traffic roads among the top
five most disliked physical characteristics in a 2006 resident survey. The heavy traffic — much of
it funneled toward Interstate and bridge access — and its associated noise, pollution, hazard to
children, and interruption of convenient walking routes— significantly compromises resident
quality of life.

“These same roads surrounding St. Paul’s offer a poor walking environment because they were
designed for vehicles, not people. Crosswalks can be very long where multiple turn lanes occur,
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and this coupled with short signal durations and heavy traffic makes it hard for even able-bodied
people to cross the street in the time provided.

“The lack of a traditional street grid within and around St. Paul’s is unwelcoming, disorienting,
and provides a poor setting for development. “Superblocks” in St. Paul’s (especially the U.S.
Postal Service distribution facility and portions of Tidewater Gardens) make St. Paul’s difficult to
access... and ... there are missing elements in St. Paul’s internal street network. Many streets lack
street trees and sidewalks.

“The poor walking environment, both within and surrounding St. Paul’s, limits pedestrian access
to current and future transit options. Access to transit depends on reasonable walking conditions
between transit stops and destinations — conditions generally not present today. One critically
needed pedestrian improvement connection is between Tidewater Park Elementary School and the
rest of St. Paul’s. The walking path linking the school with Charlotte Street and most of Tidewater
Gardens has poor visibility from streets and buildings, and is susceptible to flooding.”

Challenge 3: Lack of economic diversity

“Income segregation further isolates St. Paul’s. The 618-unit Tidewater Gardens public housing
development is the only housing in St. Paul’s. All residents have incomes at or below 40% of Area
Median Income. Added to the approximately 1,000 public housing units nearby at the Young
Terrace and Calvert Square public housing developments, this marks St. Paul’s as a place of

poverty.”

Other challenges noted within the St. Paul’s Area Plan (similar throughout the entire Target

Area) include:

e The physical condition and layout of the Tidewater Gardens public housing community calls
for its replacement. This facility is more than 60 years old and lacks modern-day amenities
and appropriate parking for residents.

e Stormwater flooding is a chronic threat to safety and property. The neighborhood suffers
chronic stormwater flooding problems.

e Real and perceived crime acts as a deterrent to potential investment. Many residents of
Tidewater Gardens have cited crime as a major issue in the St. Paul’s Area.

e Thereis a lack of neighborhood-serving retail. The predominant retail in the St. Paul’s Area
is fast-food restaurants.

e There is a lack of recreation accessible to all segments of the community.

e There is a high unemployment rate and lack of job skills in current Tidewater Gardens
residents.

e There is a lack of adequate, suitably located parking to serve the needs of the current
development.
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Affordable Housing Need

Housing prices in the Hampton Roads region have been growing faster than state and national
averages since approximately 2005, with above-average growth throughout the recession and
recovery. This can be attributed in part to a strong employment base in the military assets in the
region, as well as innovation in the public and private sectors, including health care and local
government.

But the supply of new affordable housing has not kept pace with demand; as of the development
of the 2012-2016 HUD Consolidated Plan, waitlists for public housing totaled more than 1,800
families, while the waitlist for housing assistance vouchers exceeded 8,300.%® Housing
production has shifted towards multi-family, mixed-use, and otherwise higher density housing in
recent decades as noted in the Briefing Book prepared for the City’s 2015 Dutch Dialogues
event: “Between 1992 and 2011, 42.1% of the building permits were for single-family detached
units, far less than current composition of the housing stock (79.2% low density). This shift away
from single-family detached housing illustrates Norfolk’s increasing market strength in the area
of urban living, which is unique in the region and may represent a shift away from the
suburbanization that the region has experienced over the past several decades.”*®

—_——
-
- -

-
- -
i Y
3 -

- Jidewater-Gardens !71 oo
/ ) >

Sy b WS : o N
Figure 111.22 Subsidized Housing in the St. Paul’s Area

The existing housing stock that is affordable is also at risk. PlaNorfolk 2030 notes that,
“Deterioration of older housing is a direct threat to the stability of many of Norfolk’s low income
neighborhoods ... exacerbated by absentee landlords and limited financial resources available to
residents for maintenance and repairs.”*° Recurrent flooding also adds to the deterioration of
these aging housing units, as poor ground saturation and intermittent flooding of structures
brings a host of damages—mold, the slow disintegration of foundation components that were not
constructed of flood-resistant materials, and other structural elements that may be compromised

48 100 Resilient Cities Norfolk SWOT Analysis, July 2015, pp. 43
49 Dutch Dialogues Briefing Book, pp. 73.
%0 plaNorfolk 2030, pp. 7-1
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due to land subsidence or the constant presence of high
water tables from SLR. A six-page report of the
structural and infrastructure deficiencies in the
Tidewater Gardens complex, for example, was
presented by the Norfolk Housing Redevelopment
Authority in 2010, describing additional problems—
such as erosion, severe drainage issues, poor soils, and
accessibility challenges—that are all exacerbated by
the recurrent flooding.>!

The St. Paul’s Area in the Target Area is home to three
subsidized housing “super-blocks”—a total of 1,673
public housing units in the developments of Tidewater
Gardens, Young Terrace and Calvert Square. The
vision of the St. Paul’s Area Plan (published in 2012)
was incorporated into PlaNorfolk 2030. As a way of
de-concentrating poverty is this area, the City plans to
create a more economically revitalized neighborhood
by 1) demolishing these aging structures, some of
which are more than 60 years old, in great need of
repair, or updating (for example, they utilize antiquated
heating systems); 2) replacing the housing with a careful blend of mixed-use, mixed-income
development; 3) addressing economic segregation by opening up connections to other areas of
the City including the downtown; and 4) investing in resources for safe, healthy, and rewarding
living, such as updated and green stormwater infrastructure techniques to reduce flooding on the
site and in adjacent areas.

Figure 111.23 Tidewater Gardens Area
within the Current 100-Year
Floodplain

The Expanded St. Paul’s Area / Tidewater Gardens Transformation Plan outlines the City’s goals
to redevelop the Tidewater Gardens public housing complex (within the St. Paul’s Area) in this
manner, and forms a portion of the proposed project.

A share of the Target Area is located in a state enterprise zone, which designates areas eligible
for various state and local incentives, such as grants, tax and fee relief, and free professional
specialists and training support.>?

As part of the Norfolk Coastal Adaptation and Community Transformation Plan, the community
proposes to begin taking steps towards realizing the vision developed within the St. Paul’s Area
Plan by focusing on the redevelopment of a large portion of the Tidewater Gardens area. This
initial catalyst project will ultimately help to spur the long-term goal of housing redevelopment
and mixed income neighborhoods in the area.

Tidewater Gardens is within the 100-year floodplain with flood-induced problems that will be
augmented with SLR, encompassing the entire development. The demolition and relocating of
residents in this community is the first planned phase of the City’s housing replacement strategy.

51 Letter dated November 6, 2010 from Vanasse Hangen Brustlin, Inc. to the Norfolk Housing Redevelopment Authority.
52 Dutch Dialogues Briefing Book, pp. 8
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Economic Risk

The Hampton Roads region has a unique interdependency with the military. The region is home
to the largest concentration of U.S. defense facilities in the world, as well as the third-largest
commercial port on the East Coast. Nearly a quarter of the nation’s active-duty military
personnel are stationed in the region, and a third of the U.S. naval ship-building and repair
capacity is housed there. The world’s largest navy base, the Norfolk Naval Station, and its
companion Naval Air Station are located in the northwestern quadrant of Norfolk. The Navy’s
Little Creek Amphibious Base is located on the Chesapeake Bay shoreline between Norfolk and
Virginia Beach. Norfolk also is home to the North Atlantic Treat Organization’s (NATO’s)
Allied Command Transformation, the only NATO headquarters on United States soil. The
Norfolk Naval Shipyard, which pre-dates the Civil War, and the Portsmouth Naval Hospital are
within the City of Portsmouth.>® Figure 111.23 below indicates various military and critical
infrastructure institutions in the Hampton Roads region.

The Federal Government currently creates about 45% of gross regional product, mostly in
defense-related spending and supporting activities.>* The 100 Resilient Cities Norfolk Strengths,
Weaknesses, Opportunities, and Threats (SWOT) analysis noted that much of the area’s
economy is derived from sectors (like the military) over which there is no local control, and
which provides little or no property tax revenue. The SWOT identified as potential threats the
undiversified economic base, lack of connections between creative businesses and legacy
industries, as well as untapped potential connecting skilled workers leaving the military with
local businesses and entrepreneurship.>®

The recurrence of flooding in the Target Area continues to adversely affect the area. Structures
are aging and deteriorating due to flooding. Because of the consistent business interruptions
(e.g., inaccessible streets, flooded interiors, and even power outages), new commercial interests
have been known to look elsewhere, and the primary type of business remaining in the area is
fast food restaurants. Without the proposed project, the Target Area will continue to experience
the economic stresses of recurrent flooding, and will be less resilient against shocks.

Figure 111.24 Critical Economic Risks within the Hampton Roads Region

53 Ibid.
54 Ibid. pp. 10
55100 Resilient Cities Norfolk SWOT Analysis, pp. 46.
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Environmental Risk

The Eastern Branch of the Elizabeth River—which runs parallel to the Target Area and is the
discharge point for both the Ohio Creek Watershed and Newton’s Creek Watershed—has been
called the “lost branch” by the Elizabeth River project due to its low visibility and accessibility
to Hampton Roads residents.*® The “State of the Elizabeth River” scorecard of 2014 gave the
Eastern Branch a score of D, indicating an urgent need to address its environmental quality
issues. The Eastern Branch and its tributaries suffer from high levels of bacteria, low levels of
dissolved oxygen, and high levels of river-bottom contaminants—all important metrics of
estuarine health.®’
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Figure 111.25 Health Scores of the Elizabeth River Branches, 2014. Virginia Dept. of
Environmental Quality (Target Area Watersheds Outlined In orange)

The Elizabeth River has lost 50% of its tidal wetlands since 1945.% Wetlands act like a sponge,
soaking up stormwater and dampening storm surges. By trapping polluted runoff, wetlands help
slow of the flow of nutrients, sediment, and chemical contaminants into rivers, streams, and the
Chesapeake Bay. Hundreds of species of fish, birds, mammals, and invertebrates depend on
wetlands. However, shoreline development and deterioration, as well as SLR, pose major threats
to these critical habitats. Development along the shoreline blocks the creation of further wetland
habitat and creates excess sediment, and SLR floods wetlands with saltwater, destroying plants
faster than they can migrate to higher ground.®® Urbanized areas contribute significantly to
stormwater runoff; urban runoff is responsible for an estimated 15% of phosphorous, 14% of
nitrogen, and 9% of sediment loads in the Chesapeake Bay.%°

% Eastern Branch Environmental Restoration Strategy, The Elizabeth River Project, November 2014, pp. 7

57 State of the Elizabeth River Scorecard, 2014. Virginia Department of Environmental Quality

% NOAA Living Shorelines Proposal, the Elizabeth River Project

%9 The Chesapeake Bay Program, Wetlands Overview: http://www.chesapeakebay.net/issues/issue/wetlands

60 Storm Water Management and the Chesapeake Bay, 2001. Chesapeake Bay Program: http://www.chesapeakebay.net
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Hurricane Irene Damage, 2011

The City of Norfolk was impacted by Hurricane Irene in August 2011, causing significant
damage to public assets, including water/wastewater, public safety, and transporation facilities,
as well as creating large amounts of debris. These impacts were experienced throughout Norfolk,
including the Target Area. According to the National Weather Service (NWS), Hurricane Irene
was upgraded to a Category 1 storm before making landfall with wind gusts of 63 miles per hour
measured at the Norfolk Naval Station. Further, the NWS reported a mean lower low water
(MLLW) measurement of 7.54 feet at Sewell’s Point with the city reporting 7.63 feet at the same
location, meaning that the average height of the lowest tide recorded during landfall of the storm
was 7.63 feet below the peak surge height. Damage experienced throughout Norfolk was related
to high wind and storm surge.

FEMA project worksheets were developed for damaged assets throughout the city amounting to
approximately $3.2 million. A significant portion of these project worksheets resulted from
debris-removal costs followed by emergency protective measures for water and wastewater
utilities, as well as police and fire services. Recovery from Hurricane Irene is ongoing, with
many open Project Worksheets.

As part of this proposal, analysts also modeled the impacts of Irene and associated damages. This
step was necessary to accurately characterize and estimate quantitative impacts as disaster
damages are recovered in a variety of ways, including Public Assistance, Individual Assistance,
and Private Insurers. These damage information sources are not always coordinated to represent
total impact. Costs that were modeled include those associated with damage to buildings,
contents, and inventory, as well as relocation costs, mental stress and lost productivity impacts,
and impacts to the economy. To run the model, analysts used an Irene inundation map provided
by the City of Norfolk and overlaid this information on an inventory of all structures within the
Target Area. The estimated flood depth was calculated at each impacted struture location and
physical damages were estimated using USACE depth damage functions (DDF).

Impacts to individuals that may be quantified include relocation, mental stress, and lost
productivity; these include costs associated with displacement and psychological impacts related
to personal experience with flooding of homes. The model estimates that 4,500 people in the
Target Area were directly affected by Irene’s floodwater, with approximately 1,000 individuals
requiring shelter. This equates to approximately $39 million in costs associated with impacts to
individuals, as well as restoration of structures, contents, and inventory. Economic impacts as a
result of business interruption were also modeled for Hurricane Irene. Impacts to Target Area
businesses were identified and run through economic modeling software to estimate impacts to
economic relationships throughout the Virginia Beach-Norfolk-Newport News MSA. Modeled
economic impacts are expected to have been over $37 million, for total modeled impacts
inflicted by Hurricane Irene over $76 million. Please refer to Direct Physical Damages, Human
Impacts, and Economic Losses Avoided in Part IV. Benefits Included in the Benefit Cost
Ratio for complete methodologies.
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Table 111.1 Hurricane Irene Modeled Loss Results

Estimated Costs Ne\vxlt;tlé’rzhce fjeek w;?eif:; Total
Building $3,764,724 $1,498,272 $5,262,995
Contents $10,679,459 $1,730,558 $12,410,017
Inventory $1,181,968 $43,610 $1,225,578
Relocation $335,254 $111,887 $447,142
Mental Stress $11,511,627 $670,869 $12,182,496
Lost Productivity $7,068,542 $411,937 $7,480,479
Economic Impacts®? $33,013,497 $4,339,195 $37,352,692
Total $67,555,071 $8,806,328 $76,361,399

Hurricane Joaquin Damage, 2015

Though a lesser storm than Hurricane Irene, the most recent impact to the City of Norfolk came
in early October 2015 as Hurricane Joaquin made its way up the Eastern Seaboard. While exact
damages have not yet been calculated, it is known that significant flooding damages occurred, as
much of the area had already experienced a significant amount of rainfall lasting several days
just before the impacts of the hurricane were felt. According to the NWS, Hurricane Joaquin was
a Category 2 storm as it veered away from the Eastern Seaboard toward Bermuda. Although
wind did not play a significant role in the damages from the storm, heavy rains continued to pour
across the state and within the Target Area. Figure 111.26 provides visuals of the impacts of
Hurricane Joaquin within the Target Area.

Hurricane Isabel Damage, 2003

Hurricane Isabel impacted the City of Norfolk in September 2003, resulting in significant debris,
power outages, and other damage from high winds and storm surge. Impacts from this storm
were felt throughout the Hampton Roads area. Storm surge was reported on Fisherman’s Island
in excess of 4 feet. Approximately 200,000 cubic yards of debris were collected by the City of
Norfolk following Hurricane Isabel.

61 Economic impacts are modeled using IMPLAN software, following the methodology provided in the Economic Losses Avoided
section of Part V. Benefits Included in the Benefit Cost Ratio. Impacts are based on damages to structures in the Target Area,
and economic effects of those damages are modeled throughout the Virginia Beach-Norfolk-Newport News MSA.
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Figure 111.26 Hurricane Joaquin Impacts in the Target Area
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Risks of Inaction

Population in Norfolk, Virginia is projected to increase steadily over the next three decades.%?
Based on the risks identified above, it is likely that this increase will not be experienced within
the Target Area.

The narrative below indicates the potential impact on the Target Area if the proposed projects are
not implemented. Three scenarios are detailed at the 5-, 20-, and 50-year scale. Table 111.2
displays the potential monetary impact for each scenario if the projects are not implemented.
These values account for direct physical damages to structures, relocation costs, casualties,
mental stress and anxiety costs, lost productivity, critical facility loss of service, and economic
loss.

It is important to note that inherent benefits derived from the development of the Target Area
projects such as environmental benefits and recreational benefits are not included in these
figures. The proposed projects within the Target Area not only ensure the costs in Table I11.2 are
saved andare able to be invested into the community in other ways, but also offer a multitude of
secondary and tertiary benefits. For example, the addition of a park may help to increase area
property values, but may also increase the health of the localpopulation who use the park for
recreation. Other benefits can include a decrease in carbon emissions, a reduction in stormwater
treatment costs, and a reduction in impervious surfaces. Without the installation of the proposed
projects in the Target Area, these benefits will not be realized and the populations in the area will
continue to be disadvantaged. Part IV provides in-depth methodologies of how these benefits
were determined for the project’s useful life, and how the BCR was developed.

Table I11.2 Costs of Non-Implementation by Watershed at the 5-, 20-, and 50-Year Scenario

Scenario Newton’s Creek Ohio Creek Total
Watershed Watershed

S5-Year $60,227,543 $9,918,822 $70,146,365

20-Year $155,614,810 $25,628,069 $181,242,879

50-Year $202,718,296 $33,385,501 $236,103,797

5-Year Scenario

Even within the 5-year scenario, without action the residents in the Target Area would be subject
to increased difficulties in adapting to and recovering from future disasters. The Target Area
suffers from increasing vulnerability to flooding, which has been progressively more disruptive
to regional transportation connectivity and undermines commercial and military activities.
Moreover, area structures continue to age, deteriorating both from flooding and from extended
use beyond the structure’s intended life. Low-income housing facilities have been identified as
particularly susceptible. In recent years, there has been an increased unwillingness to invest in a

62 Weldon Cooper Center for Public Service, University of Virginia, Total Population Projections for Virginia and its Localities,
2020-2040. http://www.coopercenter.org/sites/default/files/node/13/Locality%20Projected%20Total%20Population,%202020-
2040_0.pdf
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region that floods with growing frequency; without this investment, the region will continue to
worsen and become even more vulnerable.

Because of consistent business interruptions (e.g., inaccessible streets, flooded interiors, and
even power outages), new commercial interests are looking elsewhere. If present conditions
persist without action, it is likely that economic disinvestment would begin to take place in the
unprotected Target Area.

Additionally, without project implementation, vulnerable populations will remain disconnected
from other areas of the city and continue to be limited in their opportunities to both live and work
in the Hampton Roads Region. The proposed projects also identify the need for a catalyst to
better and safer options for living and working arrangements that directly benefit LMI
populations. Without the proposed projects in both watersheds, these residents will continue to
experience an unfair and unequal disadvantage.

20-Year Scenario

As the population in Norfolk and specifically the Target Area continues to grow, so will the need
for new homes, roads, and economic development; without careful consideration and planning
focused on mitigating risks, future development may increase flood risk and further jeopardize
the safety of residents. Without innovative coastal and stormwater solutions, Norfolk’s
increasing population may result in expanded impervious areas with consequential augmented
damages from flooding events.

Research and modeling indicated that Hurricane Irene reached a 17-year recurrence interval. We
can assume that within a 20-year period, a similar storm may impact the Target Area and the
entire city, resulting in similar or worse (due to increased population) damages. Furthermore, the
frequency and magnitude of coastal surge inundation in the Target Area is anticipated to increase
in the future as sea levels rise. This would put residents at greater risk to the impacts of future
disasters including damage to almost all properties in the Target Area. If action is not taken,
residents in the Target Area will suffer the cycle of disasetr and recovery time and time again.
Not only will vulnerable populations be subject to more difficult conditions, but they may
become weaker against future shocks and stresses under current and anticipated climate changes.
The proposed alternative can transform this area into a resilient community that recovers quickly
and becomes stronger after each disaster-- the resilience dividend.

As mentioned above, economic impacts would begin to be felt even within the 5-year timeframe
and would only be exacerbated when extended out to the 20-year scenario. Without the proposed
projects, the Target Area will continue to experience the economic stresses of recurrent flooding,
and will be less resilient against shocks. Local economic development will be greatly hampered,
commercial and military investment will wane, and any interest by outside investors will fade, if
not entirely dissipate. Blight will increase throughout the region as investment pulls out and low-
income populations continue to exist in an urban resource desert.

Additional impacts of inaction may include continued degradation of low-income
neighborhoods, a sustained lack of connectivity options, persistent decay of pre-existing
stormwater management infrastructure ultimately leading to more frequent flooding, and an
increase in the total LMI populations in both watersheds as a result of declining property values.
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50-Year Scenario

The frequency and magnitude of coastal surge inundating the Target Area is anticipated to
increase in the future as sea levels rise. Under the 50-year scenario, projected SLR would be
fully realized and severe damages would occur to almost all properties in the Target Area. Of
particular note, the Target Area and Norfolk as a whole could lose a total of 411 historic
properties between the two watersheds identified. Without the added protective flood and
improved stormwater measures, the city may continue to have difficulty in appropriately
responding to and recovering from flood events.

The economy in general would experience a substantial decline as area investment might by now
be completely gone. The overall economic model of the Target Area would rely solely on the
military and tourism industries, both of which would likely slow as degrading infrastructure and
lack of investment would make the region less attractive. Without the ability to diversify the
economic base, the Target Area would become less resilient.

Overtime, due to a lack of new jobs, absence of quality housing options, poor connectivity to
other areas in the region, continued threat of coastal and stormwater flooding, and disinterest in
future investment; there is potential for a substantial migration of the population to other more
resilient areas. LMI households, however, may not be able to afford to leave, rendering them
especially vulnerable to storms.
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Introduction

The methodologies included in Attachment F are intended to provide sufficient detail to the
reader to understand the research and processes developed to arrive at the identified benefit cost
ratios (BCAs) that represent the analysis results. Each of the Target Area projects identified
within the application will not only provide those populations directly impacted a significant
amount of benefits but also those indirectly impacted. In other words, these projects will carry
benefits far beyond the immediate Target Areas into the community, region, and even the state as
a whole. In order to gain an understanding of the various projects being instituted and the
numerous geographies being impacted, the Norfolk Key Intervention Sites Infographic found in
the Overview will help to visualize the scope and scale of the projects. An additional BCA
Results Infographic also found within the Overview helps to provide a quick understanding of
the benefits derived from each of the projects, as well as a brief snapshot of the calculations
developed throughout Attachment F.

The methodologies have been broken down into a series of compartments based upon the
benefits being realized. The first section focuses on the direct physical structural damages
including impacts to critical facilities during the design storm event. The second section
discusses the benefits derived from avoiding human impacts such as displacement, relocation
costs, mental health and anxiety, shelter needs, and even casualties. The section immediately
following will look at calculated environmental benefits discussing the added value of
provisioning services, regulating services, supporting services, and cultural services. Fourth,
Attachment F will focus on social benefits derived from the Target Areas project
implementation including recreation, aesthetic, and general health benefits. The Methodologies
section will also focus heavily on identified economic benefits including added economic output
and employment compensation. Table I'V.1 displays an overview of the benefits calculated and
included into each of the Target Area’s benefit cost ratio.

Although there are a significant amount of quantitative benefits, there are also numerous
qualitative benefits as well including reduction in Urban Heat Island (UHI) affect, direct benefits
to and from affordable housing to the local economy, the economic and social benefits associated
with maintaining historic structures and the Chesterfield Heights historic district, benefits
associated with stormwater management due to project installation, and others.

It is important to note that although the proposed projects are not considered final, the
circumstances surrounding the Natural Disaster Resilience Competition (NDRC) require that
each Target Area and the projects contained within be evaluated for cost-effectiveness.
Therefore, the benefits established above operate under the assumption that each project has been
finalized. The applicant recognizes that as project design continues to move forward, benefits
and costs are liable to change.
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Table 1V.1 Overview of Benefits

Benefit Benefit Description
Catego Calculated
gory
Structures / Analysts applied USACE depth-damage functions
Buildings (DDFs) to vulnerable structures, critical/essential
. . Critical / facilities, and modes of transport in the benefitting area.

Direct Physical | pegential The DDFs consider the type of structure/asset, structure

Damages Facilities or contents replacement value, and expected flood depth
Transportation within the structure to determine the dollar value of

contents or structure damage.

Displacement /

Relocation Natural disasters threaten or cause direct impact to
Mental Health / | structures but can also seriously harm health, social, and
Stress / Anxiety | economic resources, which lead to psychological
Human Impacts | Shelter Needs distress. Methodologies to calculate expected losses
Lost avoided for Human Impacts are a product of flood depth
Productivity and damage to people’s homes.
Casualties
gzgre?tt;onal Social benefits are based on added recreational and
] community gathering space. There are health cost
Social Value ieal;[lh Beneﬁts reductions and willingness to pay values associated with
B:;te gttslc these amentities.
Provisioning
;Zg&f;smg ]‘Environment‘al benefits are gained heavily frqm the
‘ . implementation of the projects, which are designed to
Environmental Serv1ce§ incorporate expansion of park spaces/wetlands, provide
Benefits gupportlng connectivity between neighborhoods and the waterfront,
Cfl\t]:;i and offer aesthetically pleasing public gathering spaces.
Services
New
B ) EITE :i(;i/gment Economic gaips are based on the ad@ition of new retail
conomic and commercial space and expected job growth and
Revitalization gcegzgrtriic gains as a result.
Output
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Sensitivity Analysis

As is inherent to any model, there are many uncertainties owing to approximations, limitations of
existing data, and simplifications that can have a negative impact on model results. This
uncertainty imposes a limit on the confidence of the model outputs and the results produced. A
sensitivity analysis can capture the margin of error.

The analysts varied the discount rate and upper/lower bounds for each of the potential benefits
within the Target Area to determine the potential level of error calculated in the overall BCR.
The higher the discount rate, the greater the reduction in the present value of the benefits accrued
over time. Likewise, the higher and lower the estimated boundaries that are used during analysis,
the higher and lower the resulting benefits will be for those calculated.

High/Medium/Low Projection Approach

It is difficult to place a commonly accepted value on many of the benefits within the BCR
whether it be because research indicates that the values naturally vary, because measuring the
inherent value of a specific benefit can be done in multiple ways, or because a methodology may
not be readily available. In developing the overall BCR of the Norfolk Coastal Adaptation and
Community Transformation Plan, analysts were required to use varying methodologies which led
to the use of higher and lower valuations. High, medium, and low estimated benefits are used in
consideration of assumptions and uncertainties, as well as to illustrate the range of benefits.
Medium estimates provide favorable assumptions and represent the scenario found to be the
most reasonable.

For the purposes of the Norfolk Coastal Adaptation and Community Transformation Plan,
uncertainties were realized for the economic revitalization benefits and several social benefits
including recreational benefits, health benefits, and aesthetic benefits, and solutions were
developed. Table 1.4 below indicates these uncertain variables and the solutions proposed to
account for sensitivities in the data. Table 1.5 and Table 1.6 provide the resulting benefits of this
analysis.

*The table below reflects Economic Revitalization estimates for Newton’s Creek Watershed only.
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Table 1V.2 Summary of Uncertain Variables, Newton’s Creek Watershed

Project

Secondary

Benefit Benefit Uncertain Variables Solution
Research and design indicated that there Low Estimate:
could be a significant variation in the 584,000 sq. ft.
Economic Economic redeyelopment of the St. Paul’s Area Medium Estimate:
Benefit Revitalization® within the Newton’s Creek Watershed. 2,644,833 sq. ft.
Therefore, analysts developed low, . .
. ; . . High Estimate:
medium, and high density scenarios to
. ; . 3,048,643 sq. ft.
illustrate potential variations.
The high, medium, and low estimated Low Estimate: FEMA
recreation benefits account for varying Standard Value of
methods and population growth. The low | Recreation for Natural
estimated benefits were determined using | Space
a standard FEMA value for the Medium Estimate:
recreational value of natural space. The 2010 Population Size
medium and high estimated benefits were | and Outdoor Activity
determined using a method that uses the Days Survey
Social Recreation | size of the population and survey data
Benefit Benefits regarding outdoor based recreation rather
than the size of the natural space. It was
possible to account for population growth | High Estimate:2020
using this method, therefore the high Population Projection
estimated benefits capture the recreational | and Outdoor Activity
benefit for the projected population in Days Survey
2020, while the medium estimated
benefits account for the population in
2010.
A factor used in calculating health Low Estimate: 11,840
benefits includes the size of the total pop.
population. To account for future Medium Estimate:
Social Health populat.ion growth, high, medium,‘ and 13,183 total pop.
Benefit Benefits low estimated benefits are determined
using the population in 2013, the . .
. . High Estimate: 13,630
projected population in 2020, and the total
projected population in 2040, otal pop-
respectively.
High, medium, and low estimated benefits | Low Estimate: 5
were calculated to account for uncertainty | percent
related to the increase in property value Medium Estimate: 10
Social Aesthetic due to aesthetic improvements and flood | percent
Benefit Benefits risk reduction. Because literature suggests

a range of property value increase,
anywhere from 3-20%, are range of
estimated property value increase is used.

High Estimate: 20
percent
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Discount Rates

Another important factor in considering sensitivity in the BCR analysis was the use of varying
discount rates. All proposed projects are required to analyze the future benefits on a net present
value basis. This is done by annualizing the project’s benefits based on the known discount rate
and project life. By keeping all other variables the same and only altering the discount rate, one
is able to see the impact of the discount rate on the project’s economic feasibility. In the case of
the Norfolk Coastal Adaptation and Community Transformation Plan, the analysts used the HUD
NDRC Phase 2 NOFA mandated discount rate of 7% found within the Office of Management
and Budget (OMB) Circular A-94: Guidelines and Discount Rates for Benefit-Cost Analysis of
Federal Programs.!

Sources of literature, such as the article Discount Rate published by the Association of State
Floodplain Managers, makes clear the uncertainty surrounding discount rates. The OMB Circular
A-94 goes so far as to state, “Significant changes in this rate will be reflected in future updates of
this Circular.?” While the OMB regularly reviews and updates the discount rate for budgeting
purposes, there is no evidence within OMB Circular A-94 that the discount rate has been
adjusted or reviewed for public investment purposes. According to the OMB website, the last
update to the Circular was performed on October 29, 1992, approximately 23 years ago. The
previous version of the OMB was submitted in 1972 with a discount rate of 10%, indicating that
after a 20 year period it was deemed necessary to lower the discount rate to reflect pricing more
accurately.

Additionally, it is important to note that hazard mitigation projects and projects benefiting both
social and cultural aspects of a community typically span longer than a public investment
project. This is presented clearly in the FEMA PUL table where the majority of the projects
extend to at least 50 years.? It should be mentioned here that all projects within the Target Area
extend to at least 50 years on the FEMA PUL table. Furthermore, it should be noted that the
intent of this competition is to also analyze the social aspects of the projects instituted and the
OMB makes it clear that the current discount rate policy views government as a separate entity
of society while a social discount rate attempts to account for the effect of public policies on
society.* A social discount rate differs from the OMB Circular mandated rate in that they are
typically very low. In fact, the Government Accountability Office (GAO) recommends the use of
“very low” discount rates when analyzing policies with large intergenerational effects involving
human life.’> Appendix C of OMB Circular A-94 (revised in January 2015), states the 30-year
interest rate is 1.4% for “Programs with durations longer than 30 years...”® This means a 1.4%
discount rate is in accordance with GAO guidance.

For projects of this scale, the National Center for Environmental Decision-Making Research
suggests that a valid intergenerational discount rate should be between 1.5 to 3%.” Therefore, in

! OMB Circular A-94, Section 8.b.1 (1992), https://www.whitehouse.gov/omb/circulars_a094#8

2 OMB Circular A-94, Section 8.b.1 (1992), https://www.whitehouse.gov/omb/circulars_a094#8

3 FEMA BCA Reference Guide, Appendix D (2009). http://www.fema.gov/media-library-data/20130726-1736-25045-
7076/bca_reference guide.pdf

4 Kohyama, Hiroyuki (2006). http://www.law.harvard.edu/faculty/hjackson/DiscountRates 29.pdf

> GAO Discount Rate Policy (1991).http://archive.gao.gov/f0102/144181.pdf

® Web page. Located at: https://www.whitehouse.gov/sites/default/files/omb/memoranda/2015/m-15-05.pdf

7 National Center for Environmental Decision-Making Research Presentation Module 4.
http://www.ncedr.org/tools/othertools/costbenefit/module4.htm
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order to adjust for sensitivity throughout the analysis, the project team applied the higher 3%
discount rate to display the effect of change in discount and adjust for sensitivity. Table 1.5 and
Table 1.6 display results for the social and economic revitalization benefits at the 3% and 7%
discount rate.

Table IV.3 Net Present Value of Social Benefits High/Medium/Low Variation with a 3% and 7%
Discount Rate

Social Benefits
7 Percent Discount Rate
Low Medium High
Newton's Creek Watershed $62,714,882 $381,228,857 $490,737,636
Ohio Creek Watershed $19,866,453 $92,275,509 $127,017,782
Total $82,581,335 $473,504,366 $617,755,418
3 Percent Discount Rate
Low Medium High
Newton's Creek Watershed $91,604,568 $749,832,298 $898,597,422
Ohio Creek Watershed $27,728,088 $171,824,139 $216,296,981
Total $119,332,656 $921,656,437 $1,114,894,403

Table IV.4 Net Present Value of Economic Revitalization Benefits High/Medium/Low Variation
with a 3% and 7% Discount Rate

Economic Revitalization
7 Percent Discount Rate

Low Medium High
Newton's Creek Watershed $794,676,506 $1,140,711,899 $2,011,513,141
Ohio Creek Watershed $3,427,415 $3,427,415 $3,427,415
Total $798,103,921 $1,144,139,315 $2,014,940,556

3 Percent Discount Rate

Low Medium High
Newton's Creek Watershed $1,798,985,014 $2,548,046,078 $4,415,146,652
Ohio Creek Watershed $6,389,987 $6,389,987 $6,389,987
Total $1,805,375,001 $2,554,436,065 $4,421,536,639

Future Economic Revitalization

7 Percent Discount Rate

Low Medium High
Newton's Creek Watershed $15,606,004 $57,762,618 $166,562,337
3 Percent Discount Rate
Low Medium High
Newton's Creek Watershed $49,130,565 $185,137,208 $543,836,212
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Hazard Scenarios
Coastal Storms and Flooding

The City of Norfolk evaluated risk under three sets of storm surge flood scenarios in addition to

Hurricane Irene (Figure I'V.1.1.1). These scenarios are based on the probability that a given
flood elevation will be equaled or exceeded in any particular year.

The three sets of storm surge flood scenarios were estimated:
Estimated storm surge at present conditions
Estimated storm surge given sea level rise (SLR)

Estimated storm surge given SLR and including conceptual flood mitigation measures.

Future Growth Area
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Figure 1V.1.1.1 Estimated Flood Depth - Hurricane Irene

Estimated SLR over the useful life of the project (50 years) was estimated as an increase of 2.5
ft. based on projections by the Virginia Institute of Marine Science (VIMS)! and are presented in
Figure IV.1.1.2. Each set of scenarios includes flood elevations for the 10%, 2%, and 1% annual
chance coastal flood events based on FEMA’s December 16, 2014 Revised Flood Insurance
Study (510104V000B) and associated Flood Insurance Rate Maps (FIRMs). Estimated wave

1 Virginia Institute of Marine Science (VIMS), 2013. Recurrent Flooding Study for Tidewater Virginia (SJR 76, 2012)
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action (approximately 0.5 ft. in the vicinity of the study area and based on the 1% annual chance
event) was added to the stillwater elevation of each flood elevation. This approach has been
selected for its consistency with current FEMA Benefit Cost Analysis Guidance.

Analysts developed a series of

inundation maps to visualize each flood

scenario. Inundation maps showing the
extent of flooding during the 1% annual Estimates based on VIMs projections (2013)
chance and 1% annual chance plus 2.5

ft. of SLR scenarios are shown on

Figure IV.1.1.3 and Figure IV.1.1.4,

respectively. Inundation maps showing

the estimated depth of flooding given the

1% annual chance plus 2.5 ft. of SLR 8 1
with the proposed Target Area

improvements for each scenario are
shown on Figure IV.1.1.5 and IV.1.1.6.

— highest

. . high
Analysts evaluated grade elevations with =

Light Detection and Ranging (LiDAR)
data collected in 2013 and compared
these grade elevations to expected flood
elevations to determine the extent of
flooding under each scenario.

31 2.5ftsIR

Sea Level Rise (feet)

= historical

Engineers evaluated flood extents for
connectivity to the actual source of
flooding, and all areas not expected to :
flood due to disconnection from the o ° AP
flood source were removed. Flood ’
elevations associated with their Figure IV.1.1.2 Sea Level Rise Scenarios
appropriate scenarios can be graphed and

used to interpolate probabilities of historical flood events as well.

Figure IV.1.1.7 provides an interpolation of the data presented in Table I'V.1.1.1 for the
Hurricane Irene event within the Target Area both with and without consideration of SLR.

Based on the regression analysis, the Hurricane Irene elevation of 5.94 feet North American
Vertical Datum of 1988 (NAVDS88) would have a 5.9% chance of being repeated without
consideration of SLR and would be likely to occur almost annually when SLR is included. The
Proposed Project would protect the area to the 1% annual chance flood event plus SLR, plus
freeboard. This equates to just above the 0.34% annual chance flood event (Figure 1V.1.1.7).
The elevations required to meet this level of protection vary throughout the Target Area based on
topography and flood elevation.
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Figure IV.1.1.3 /.1.1.3 Estimated Flood Extent of 1% Annual Chance of Occurrence under Present
Conditions

Figure IV.1.1.4 Estimated Flood Extent of 1% Annual Chance of Occurrence Given 2.5 Feet of
Sea Level Rise
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Figure 1V.1.1.6 Estimated Flood Extent of 1% Annual Chance Given 2.5 Feet of SLR and
Proposed Improvements
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Figure IV.1.1.7 Hurricane Irene Interpolation With and Without SLR at Project Area.

Table 1V.1.1.1 FEMA-Projected Coastal Surge With and Without SLR?

Elevation (ft. NAVD)
Event Present Condition Sea Level Rise

Coastal Surge | Wave Action | Coastal Surge | Wave Action
10 % 5.5 6 8 8.5
20, 6.9 7.4 94 9.9
1% 7.6 8.1 10.1 10.6
02 % 8.9 94 11.4 11.9
Irene (5.9%) 5.94

2 FEMA (2014). Flood Insurance Study, City of Norfolk, Virginia FIS#510104V000B
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Direct Physical Damages - Buildings

The proposed project will significantly reduce the risk of direct physical damage due to
stormwater and coastal flood events. Direct physical damages to buildings are based on impacts
to structure, contents, and inventory. Structural damage is damage that applies to real property,
contents damage is damage that applies to personal property, and inventory damage is damage
that applies to materials and goods held or sold by a business.

This section provides an overview of the existing building conditions in the City of Norfolk;
outlines the approach taken to refine Norfolk’s Real Estate Assessor data; identifies the
methodology used to estimate direct physical damages using depth damage functions; documents
assumptions and uncertainties; and provides an overview of the results for modeled coastal and
stormwater inundation scenarios in the Target Area.

An initial flood exposure analysis shows that approximately 1,373 structures are estimated to
benefit from the implementation of the proposed projects at the proposed coastal level of
protection discussed in Part II Project Description. The majority of these structures are also
potentially vulnerable to stormwater flooding due to the low and relatively flat topography of the
Target Area and outdated stormwater management system. Figure IV.1.2.1 identifies the total
exposure of properties within the Target Area, as well as a breakdown of exposure within each
watershed. A detailed breakdown of the structures included in the exposure analysis is provided
here. The methodology used to calculate building, content, and inventory replacement values is
provided in this section.

Data Sources

This subsection provides insight into the process analysts used to develop the Norfolk Coastal
Adaptation and Community Transformation Plan structure inventory, necessary for the
calculation of direct physical damages expected to be avoided by the proposed projects. Prior to
the calculation of damages, the structure inventory had to be evaluated and modified to ensure
accuracy of the results. The following sources were used to develop both the structure inventory
and direct physical damages:

e City of Norfolk 2015 Real Estate Data. Provided information for each of the
structures present within the Target Areas.

e City of Norfolk 2015 Parcel Boundaries. Analysts used this GIS layer to
determine the outline of parcels within the Target Areas.

e 2013 City of Norfolk Light Detection and Ranging (LiDAR) Data. Provided
grade elevations for the structures in the dataset and a Building 3D

e Federal Emergency Management Agency (FEMA) Hazus Default Building
Replacement Values. A dollar value per square foot used to determine the total
building replacement value for each structure record.

e U.S. Army Corps of Engineers (USACE) West Shore Lake Pontchartrain
Hurricane and Storm Damage Risk Reduction Study, Contents to Structure Ratio
Values (2014). A ratio applied to the building replacement value to determine the
contents replacement value for each structure record.

Attachment F Benefit Cost Analysis IV.1.2.1
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¢ Federal Emergency Management Agency (FEMA) Hazus Default Inventory
Values (2006). A dollar value per square foot used to determine the inventory
replacement value for commercial and industrial structure records.

e Modeled 10%, 2%, 1%, and 0.2% Inundation Depth Data with Sea Level
Rise (2015). Modeled by the analysts, these GIS raster files with flood elevations
were used to determine the depth of flooding in each structure. A description of
this data set is provided in the Hazard Analysis Section.
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Residential Properties
Total - $ 446,739,955.48
BRV - $ 274,607,944 .64
CRV-%$172,132,010.83
IRV-%0

Total Exposure

Total Structures — 1,320
Total Replacement Value - $ 1,079,918,206.08
Building Replacement Value - $ 646,721,387.32
Content Replacement Value - $ 424,348,180.12
Inventory Replacement Value - $ 8,848,638.64

City Owned Properties
Total - $ 287,602,974.83
BRV - $ 185,550,306.34
CRV - $ 102,052,668.49
IRV-%0

Newton’s Creek Exposure

Total Structures — 843

Total Replacement Value - $ 834,198,610.41
Building Replacement Value - $ 509,352,425.57
Content Replacement Value - $ 318,003,189.84
Inventory Replacement Value - $ 6,842,995.00

Commercial Properties
Total - $ 143,058,521.81
BRV - $ 91,264,528.27
CRV - $ 49,282,845.27
IRV-$%2511,148.27

Ohio Creek Exposure

Total Structures — 477

Total Replacement Value - $ 245,719,595.67
Building Replacement Value - $ 137,368,961.74
Content Replacement Value - $ 106,344,990.28
Inventory Replacement Value - $ 2,005,643.64

Industrial Properties
Total - $ 104,226,906.68
BRV - $ 31,885,803.35
CRV - $66,003,612.94
IRV -$6,337,490.38

Other Properties
Total - $ 98,289,847.29
BRV - $63,412,804.70
CRV - $ 34,877,042.59
IRV-%0

Figure 1V.1.2.1 Norfolk Proposed Project Total Study Area, Total Exposure by Building Occupancy Type, 100-Year with 2.5 Ft. of
Sea Level Rise, 2015
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Detailed Approach
Developing the Structure Inventory

In order to determine direct damages, the analysts were first required to develop a structure
inventory of buildings within the Target Area. The following steps were used to develop the
inventory:

1. Gather Real Estate Data. Analysts pulled relevant information in the Real Estate data. A
basic description of the type of information, the name(s) of relevant fields, and a
description of how the data was analyzed is provided below:

e Parcel Number - [Routing_number] parcel number that relates to the parcel data
layer in GIS.

e Owner Name — [Owner1] name of the current owner.

e Property Address — [prop_street] the address for the property including street
number and name.

e Property Class Description — [property class], [PropClassDesc] coded value for
the property zoning type and description. The property class information was used
to relate the correct damage estimate to specific structures.

e Building Square Footage — [finish_living_area], [Area] the finish_living_area
contains the square footage for residential structures including some apartments.
The Area field contains square footage for non-residential structures and the
majority of apartments. This data was used as part of the cost estimation for each
structure.

e Number of Stories — [story height] the number of stories for a given structure.
The information is used to determine the appropriate damage estimate for each
structure.

e Basement — [crawl code], [bsmnt fin area] the crawl code field contains the type
of crawl space. The bsmnt fin area shows the number of square feet in a
basement when present. These data were used to determine the elevation of the
first floor living space.

2. Analyze City of Norfolk parcel information. The parcel information was included in a
larger set of data layers provided by the City. A basic description of the type of
information, the name(s) of relevant fields, and a description of how the data was
analyzed is provided below:

e Parcel Number — [GPIN] parcel number that relates to the real estate data set.

e Parcel Latitude and Longitude — the central point of each parcel was created
using GIS analyses tools to create the latitude and longitude coordinates of each
parcel.

3. Examine LiDAR Data and Layers derived from Data. The LiDAR information was
provided by the City of Norfolk and covers all areas of the city. It contains the processed
ground elevation information and a polygon layer called Building 3D. The ground
elevation information is a raster data set. The Building 3D layer is a polygon layer
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derived from the LiDAR data and contains building footprints. Two data files were
present:

e Buildings_3D - Generated from the 2013 LiDAR dataset containing building base
and top elevations

e Buildings - Information had a higher degree of accuracy with regard to building
footprints, but used an older LiDAR data set to apply elevations.

Since analysts wanted to maintain the elevation information stored in the Buildings 3D polygon
file, this file served as the primary analysis layer. Analysts developed centroids from this layer
and made the following adjustments to the dataset. Duplicate points representing the same
building were deleted. The data point with the lowest base elevation was retained in most cases.
If the difference between the base and top elevation was high, the point with the largest
difference was retained.

4. Determine Data Gaps and Remediate Needs. Structure data was captured using the three
data sets mentioned above and merged together in ArcGIS. Each data set was evaluated
for accuracy and completeness. Where data gaps were identified, analysist developed a
methodology to remedy the gap in information.

5. Structure Footprint Development and Identification. Determining the location of a
structure is important to obtain the grade and flood elevation for use in the analysis. Since
analysts wanted to maintain the elevation information stored in the Buildings 3D
polygon file, this file served as the primary analysis layer. Analysts developed centroids
from this layer and made the following adjustments to the dataset. Duplicate points
representing the same building were deleted. The data point with the lowest base
elevation was retained in most cases. If the difference between the base and top elevation
was high, the point with the largest difference was retained.

Points representing multiple buildings were copied and placed into each Building layer polygon.
In residential areas where the Buildings layer does not have an equivalent 3D_Buildings center
point, the values were left null. In areas where it was clear that the structure was a shed or
outbuilding, and there was no equivalent 3D Building center point, the value was left null.

6. Structure Square Footage. In determining building square footages, the “finished living
area” was used for residential structures and the total building “area” was used for non-
residential and apartment buildings. For structures where these two fields contained a null
value, an average square footage of the property class was calculated and applied to the
record.

7. Structure First Floor Elevation. A base grade elevation of the parcel was determined
using the 2013 LiDAR data set provided by the City of Norfolk for comparison. In order
to determine the structure’s grade elevation, the value contained in the 3D Buildings
layer field under the “base building elevation” was used. This information was compared
to the parcel centroid elevation, and if a significant difference between the two was
identified, the value defaulted to the 2013 LiDAR.

Identifying the type of foundation for each structure is important to determine the first floor
elevation (FFE). The City of Norfolk Real Estate data includes a field indicating the presence or
absence of a basement and the presence or absence of a crawlspace. Based on this information,
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the following foundation elevations in Table IV.1.2.1 were added to the grade elevations of the
parcel centroid to determine the FFE. Elevation above grade values were obtained from FEMA’s
Hazus Loss Estimation Software.

Table 1V.1.2.1 Foundation Type and Elevation above Grade

Foundation Type Elevation Above Grade (Feet)
Crawl Space 3
Slab 1
Basement 0

Source: FEMA Hazus 2.1 Technical Manual

8. Number of Stories. Number of stories is necessary to determine the correct depth damage
function appropriate for each structure as described in the following section. To
determine the number of stories for each structure, the building height and was divided
by an estimated story height of 10 feet. While several records contained a “number of
stories” attribute in the Real Estate dataset, many of the records had a null value. In order
to establish a building height for the null records, the difference between the
3D Buildings layer “base building elevation” and “building top elevation” was used if
appropriate.

In the case that multiple points existed, the lowest and highest points were retained, and the
difference between these two values was estimated to be the building elevation. In cases where a
building height and number of stories value were absent an average building height by structure
occupancy type was applied to the structure record.

Calculating Direct Physical Damages

Damage to buildings, contents, and inventory are estimated using the depth of flooding and
application of a depth-damage function (DDF) associated with the building occupancy type.
Flood DDFs are in the form of depth-damage curves, relating depth of flooding (in feet), as
measured from the top of the first finished floor, to damage expressed as a percent of the total
replacement cost. DDFs are unique for building, contents, and inventory. For each structure, a
building occupancy code based on structure use and appropriate damage function is assigned,
and modeled flood elevations (1-foot increments) are used to determine the associated flood
damages. The percent flood damage is multiplied by the total replacement value (building,
contents, and inventory) for each structure to produce an estimate of the total dollar loss.

Direct physical damage is calculated using a library of readily available DDFs extracted from
FEMA'’s Hazus software. DDFs are developed from a variety of sources including the following:

- Federal Insurance and Mitigation - USACE New Orleans District
Administration (FIMA) FIA; - USACE New York District
- USACE Chicago District

- USACE Philadelphia District
- USACE Galveston District
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Each source provided specific DDFs which were applied to each structure record based on
building occupancy type. Figure IV.1.2.2 provides an example depth damage relationship for an
Average Light Industrial Structure from the USACE Galveston District.

ESTIMATED LEVEL OF DAMAGE (%)
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= Structural Content Inventory

Figure 1V.1.2.2 Structural, Content, and Inventory Damage from Inundation, USACE Galveston
Average Light Industrial Use

Once the structure inventory was developed, analysts then 