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INTRODUCTION
The Norfolk Westside Transit Study, conducted by Hampton Roads Transit (HRT) in coordination with the
City of Norfolk, examined the potential for high-capacity transit (bus rapid transit, or BRT; light rail transit,
or LRT; and modern streetcar) on the west side of Norfolk that could create stronger and more convenient
connections between The Tide light rail system, Naval Station Norfolk (NSN), and other intermediate
destinations and activity centers. The study used a four-phase process shown in Figure 2 to identify a wide
range of potential alternatives and narrow them to a preferred alignment and mode for the corridor if
one was found to be feasible.
PROJECT STUDY AREA OVERVIEW
The project study area, shown in Figure 1, is bound by Willoughby Bay to the north, the Elizabeth River to
the west, the Eastern Branch of the Elizabeth River to the south, and the Sewells Point Branch of the
Norfolk Southern Railway, the Lafayette River, and Tidewater Drive to the east. The study area includes
key destinations in the city such as downtown Norfolk, NSN, Old Dominion University (ODU), Sentara
Norfolk General Hospital, Eastern Virginia Medical School, and Bon Secours DePaul Medical Center.
NSN, located at the northern end of the study area, is the largest destination in Norfolk. Peak period travel
to NSN is the cause of much of the congestion in the study area and the city. As the major employment
center, 60,000 to 70,000 people commute every day to work at NSN and the surrounding naval support
facilities. Currently, most commuters to NSN drive alone although several bus routes provide service to
and around the base. Military and civilian leaders have noted that the efficient movement of personnel
to and from NSN and the surrounding facilities is critical for regional military readiness and for maintaining
the ability to meet national military strategic demands.
Second to NSN, in terms of influence on travel patterns in the study area, is ODU. A rapidly growing, fouryear, state university, over 25,000 people travel to and from the campus on a daily basis. Approximately
12,000 students live off-campus in or near the project study area. ODU’s growth plans include $275 million
in expansion and construction that will be built in the study area in the next few years. These plans include
a new football stadium, a new five-story residential hall, and additional academic buildings.
Between downtown Norfolk, at the southern end of the study area, and NSN, much of the study area is
currently zoned for single family residential uses with multi-family and mixed-use zones near downtown,
ODU, and NSN. Norfolk International Terminals, adjacent to NSN, and Norfolk Southern’s Lamberts Point
Coal Terminal, closer to downtown Norfolk, are the two largest industrial uses in the study area.
Compared to the entire city of Norfolk, the study area has a slightly lower percentage of minority (nonwhite and/or Hispanic), low-income, senior citizens, and youth residents, while having a slightly higher
percentage of residents with limited English proficiency. The percentage of commuters using transit in the
study area is lower than the city as a whole, but non-single occupant vehicle (SOV) commuters are more
prevalent. Zero-car and one-car households are common throughout the study area, especially east of
downtown and throughout the southern portion of the study area.
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Figure 1 l Study Area Overview
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STUDY PROCESS
The Norfolk Westside Transit Study used a four-phase process, shown in Figure 2, to identify and screen
potential high-capacity transit (bus rapid transit, light rail transit, and modern streetcar) alternatives
between The Tide light rail system and NSN. The goal of the process was to identify a wide range of
potential alternatives and narrow them to a preferred alignment and mode if one was found to feasible.
The first phase looked broadly at the study area and its travel markets. This overview, along with
discussions with the public and stakeholders, was used to develop the purpose and need statement for
the project. The purpose and need is shown in Section 2, which includes the goals and objectives for the
project. Using the purpose and need as a foundation, the second phase of the study defined a broad range
of possible high-capacity transit options in the study area. These options, or alternatives, connected the
key destinations in the study area to The Tide light rail. During this phase, the alternatives were assessed
at a high level (Tier 1 screening) for how well they met the goals and objectives of the study as defined by
the purpose and need. At the end of the second phase, two potential alternative alignments remained.
Phase three of the process studied how the remaining alternatives would fit within Norfolk’s urban
environment (Tier 2 screening). As part of this phase, conceptual designs were developed for the BRT,
modern streetcar, and LRT modal options within each of the corridors, which considered potential
configurations for integrating high-capacity transit into Norfolk’s streets. The conceptual designs allowed
for more detailed analysis of the costs, benefits, and impacts of the alternatives relative to each other as
well as their potential to meet the purpose and need of the project.
Phase four, documented in this report, provides the basis for selection of the No Build alternative for the
Norfolk Westside Transit Study.
Throughout the course of the Norfolk Westside Transit Study, an ongoing public involvement effort was
undertaken to inform stakeholders and the public about the study’s progress and to solicit feedback at
major milestones. Details about the public involvement process for this study can be found in the Public
Involvement Report (Appendix A).
The Tier 1 screening process is described in Section 3. The results of the Tier 2 Analysis are in Section 4,
and the recommendations and next steps are documented in Section 6.2.
Figure 2 l Study and Process Timeline
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PURPOSE AND NEED
A critical component of every alternatives analysis study, such as the Norfolk Westside Transit Study, is
the statement of purpose and need. The statement of purpose and need is used as the basis for identifying
the range of potential alternatives and establishing the screening process. The purpose and need lays out
the case why a project should be considered for investment and provides the goals and objectives that
are used to measure how well the alternatives meet the project needs. For the Norfolk Westside Transit
Study, the Purpose and Need Statement was developed through consideration of existing and planned
future conditions, the transportation challenges in the study area, and discussions with the public and
stakeholders.
As part of this process, a series of small group meetings was held early in the study. The meetings, held at
the at the Slover Library in downtown Norfolk on May 2, 2017 and May 9, 2017, included representatives
from stakeholder groups representing business associations, civic leagues, and major institutions such as
ODU, the U.S. Navy, Sentara, and EVMS. Attendees at the stakeholder meetings had the opportunity to
propose corridors for analysis and discuss important factors the study team should consider. In addition to the
stakeholder meetings, a general public meeting was held on May 9, 2017 at the Slover Library to receive
public feedback on the initial potential alignments and other factors for project team to consider during
the study process.

2.1. PURPOSE AND NEED STATEMENT
The public, stakeholders, and the project team identified the purpose for making a high-capacity transit
investment on the west side of Norfolk was to increase mobility options for NSN employees, employees
within and traveling to the study area, residents, ODU students and employees, and visitors to and within
the study area. Further, the transit investment should improve access to existing and future development
and redevelopment in and around the study area.
Each of the specific needs is discussed below, followed by a set of goals related to each need.

2.1.1 NEED: ENHANCE MOBILITY AND ACCESS WITHIN THE STUDY AREA
THROUGH TRANSIT INVESTMENTS
Congestion on the west side of Norfolk was identified as a significant issue for both residents and daily
commuters. High automobile traffic volumes on local streets and highways (I-64/564, Hampton
Boulevard, and Terminal Boulevard) combined with security-related delays at the NSN gates create
significant delays during traditional commuting hours and extending into other parts of the day.
Congestion also affects the other key destinations in the corridor including ODU, Eastern Virginia Medical
Center, Sentara Norfolk General Hospital, Children’s Hospital of The King’s Daughters, and the Virginia
Zoo. Traffic volumes in the study area are projected to increase, making congestion a continuing quality
of life issue that has the potential to affect long-term military readiness in Hampton Roads.
In fiscal year 2017 HRT carried 14.6 million passengers, 86 percent of whom rode on HRT’s fixed-route bus
services. Route 20 (Downtown Norfolk Transfer Center – DNTC – Virginia Beach Oceanfront) and Route 1
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(DNTC – Pembroke East) both operate within the study area and are the two routes with the highest
ridership in the entire HRT system, accounting for over 16 percent of all bus riders, or two million
passenger trips annually. Other significant routes within the service area are Route 3 (DNTC – NSN), which
had the fourth highest ridership in the HRT system in fiscal year 2017 with over 600,000 riders, and Route
2 (DNTC – Hampton Boulevard – NSN) which carried over 230,000 passengers in fiscal year 2017.
In addition to the feedback received directly during the study process, the desire for additional transit
service in Hampton Roads was identified in the 2016 Connect Hampton Roads survey. This survey,
conducted by HRT, found that Norfolk residents have a high level of interest in increased mobility options
and mode choices. More than three-quarters of Norfolk respondents indicated that they support
increased public transit options and modes, increased public transit routes, and integration of transit into
major road, bridge, and tunnel projects. Many respondents also indicated that they believed an improved
public transit system would have a positive or very positive impact on local economic growth. Norfolk
respondents also indicated that they thought at least half of every dollar spent on transportation funding
should go to public transit. Additionally, 73 percent expressed interest in public transit but felt that the
existing service was not convenient or available near home or work.
The stated need to enhance mobility and access within the study area through transit investments is
captured in the following goals:
Goal 1: Improve service for existing transit users and attract new riders
 Improve transit quality and level of service within the corridor
 Increase the transit mode share within and along the corridor
 Increase transit ridership on the existing transit network
Goal 2: Improve access to key destinations in the west side of Norfolk
 Improve travel time reliability to destinations along the corridor
 Improve transit connectivity between key activity centers in the corridor
 Support access to employment throughout the corridor
Goal 3: Continue to support the efficiency of all transportation modes in the corridor
 Balance the mobility needs of all modes
 Provide safe, non-motorized connections to the transit system

2.1.2. NEED: ENCOURAGE DEVELOPMENT AND REDEVELOPMENT CONSISTENT
WITH THE CITY’S PLANS
Norfolk is an historic city on the water. For 400 years, the City has been a key part of America’s history,
commerce, and innovation. In 2015, the city had an estimated population of 245,500. Through a recent
visioning effort, Vision2100, and Norfolk Resilient City, the City’s resilience strategy, the city has developed
long-term strategies to address the challenges of climate change, sea level rise, infrastructure needs, and
population growth. During the stakeholder and public involvement process, it was recognized that a
potential transit investment that would connect the TIDE to NSN could encourage development and
redevelopment in areas of the city that are currently subject to nuisance flooding or may be affected by
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long-term climate change and sea-level rise trends. Minimizing impacts to flood-prone areas will be an
important factor as future infrastructure solutions are explored.
Despite the on-going concern with flooding, climate change, and sea-level rise, the City recognizes that it
must grow and adapt. Understanding this, the City has developed and adopted numerous plans for
growth that include portions of the study area. These plans seek to continue to encourage appropriate
development and strengthen existing neighborhoods.
The stated need to encourage development and redevelopment consistent with the City’s plans is
captured in the following goals:
Goal 4: Support development and mixed-use activity centers in the corridor while strengthening and
preserving existing neighborhoods
 Provide access to existing and planned development and redevelopment of commercial
areas, mixed-use, higher density residential, and educational institutions within the study
area
 Strengthen and preserve existing neighborhoods
Goal 5: Maximize resiliency of the corridor to changes in the natural environment
 Minimize impacts to environmentally sensitive areas
 Minimize capital investments in areas of low resiliency

2.1.3. NEED: MAKE FISCALLY RESPONSIBLE TRANSIT INVESTMENTS
To ensure the long-term viability of transit and transit-related infrastructure investments, it is critical to
make sound fiscal decisions related to both the capital (construction) costs and the continuing operating
and maintenance costs of future transit infrastructure. While no transit projects nation-wide pay 100%
of their capital and operating expenses through fares, investments need to reach certain costeffectiveness thresholds to be eligible for necessary federal construction grants. In addition, due to HRT’s
current cost allocation agreement, the City of Norfolk would also fund a significant portion of both the
capital and operating expenses of any project that results from this study. As such, as stewards of public
funds, the city needs to make long term capital and operating funding decisions that are in the best
interests of its citizens.
The following goal reflects this.
Goal 6: Invest in cost-effective transit infrastructure and solutions
 Make cost-effective, sustainable, and resilient capital investments
 Develop cost-effective and sustainable operating plans
 Leverage investment to attract private/public partnerships
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2.2. ALTERNATIVES CONSIDERED FOR TIER 1
Following the development of the purpose and need, fourteen alignment alternatives were identified in
early summer 2017 for the Tier 1 stage of the Norfolk Westside Transit Study. Each of the alternative
alignments would operate between points on (or near, in the case of a bus rapid transit alternative) the
Tide light rail system to an entrance gate adjacent to NSN. The alternatives are described in Table 1 and
shown in Figure 3 through Figure 7. The Conceptual (Tier 1) Definition of Fixed Guideway Options Report
(Appendix B) describes each of the alternatives in detail.
Portions of the alignments developed for the Tier 1 stage were based on alternatives from previous
studies. Other alternatives were brought forward during the public involvement process, identified by
stakeholders or project team members. Analysis was performed to identify locations within the study area
that had a high likelihood of supporting high-capacity transit. In addition, the Hampton Roads
Transportation Planning Organization (HRTPO) regional travel demand model was used to review the
major travel patterns within and through the study area.
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Table 1 l Alternative Summary Descriptions

Alternative

Route

Alternative 1

Fort Norfolk to NSN Gates 1 and 2 via Hampton Boulevard

Alternative 2

Fort Norfolk to NSN Gates 1 and 2 via Claremont Avenue, Elkhorn Avenue, and Hampton
Boulevard

Alternative 3

Fort Norfolk to NSN Gates 1 and 2 via Colley Avenue, Killam Avenue, 45th Street, and
Hampton Boulevard

Alternative 4

Fort Norfolk to NSN Gates 1 and 2 via Colley Avenue, Jamestown Crescent, and Hampton
Boulevard

Alternative 5

Downtown Norfolk to NSN Gates 1 and 2 via Duke Street, Llewellyn Avenue, W. 26th/W.
27th Street, and Hampton Boulevard

Alternative 6

Downtown Norfolk to NSN Gates 1 and 2 via Boush Street, Llewellyn Avenue, W. 26th/W.
27th Street, and Hampton Boulevard

Alternative 7

Downtown Norfolk to NSN Gates 1 and 2 via Monticello Avenue, W. 26th/W. 27th Street,
and Hampton Boulevard

Alternative 8

Downtown Norfolk to NSN Gates 1 and 2 via St. Paul’s Boulevard, Fenchurch Street,
Church Street, W. 26th/W. 27th Street, and Hampton Boulevard

Alternative 9

Downtown Norfolk to NSN Gates 1 and 2 via Monticello Avenue, Granby Street, Terminal
Boulevard, and Hampton Boulevard

Alternative 10

Downtown Norfolk to NSN Gate 4 via Monticello Avenue, Granby Street, and W. Bay
Avenue/W. Ocean Avenue

Alternative 11

Downtown Norfolk to NSN Gates 1 and 2 via Monticello Avenue, Granby Street, W. Little
Creek Road, and Hampton Boulevard

Alternative 12

Downtown Norfolk to NSN Gate 4 via St. Paul’s Boulevard, Fenchurch Street, Church
Street, Granby Street, and W. Bay Avenue/W. Ocean Avenue

Alternative 13

Enhanced bus service between downtown and NSN via Boush Street, Waterside Drive, St.
Paul’s Boulevard, City Hall Avenue, W. Olney Road, Colley Avenue, W. 21st Street, and
Hampton Boulevard

Alternative 14

Enhanced bus service between downtown and NSN via Boush Street, Waterside Drive,
City Hall Avenue, St. Paul’s Boulevard, Monticello Avenue, Granby Street, W. Little Creek
Road, and Hampton Boulevard
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Figure 3 l Alternatives 1-4

Figure 4 l Alternative 5-8

Figure 5 l Alternative 9-12
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Figure 6 l Alternative 13

Figure 7 l Alternative 14
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2.3. TRANSIT MODES UNDER CONSIDERATION
In addition to looking at potential transit routes, the Norfolk Westside Transit Study examined three
transit modes for each alternative route-- light rail transit, modern streetcar, and bus rapid transit. These
modes were chosen for their proven ability to efficiently carry large numbers of passengers. The general
characteristics of each mode is shown in Figure 8 and described in general on the following pages.
Figure 8 l Transit Modes Under Consideration
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2.3.1 TRANSIT VEHICLES
LIGHT RAIL TRANSIT VEHICLES (LRV)
All of the LRT alternatives would use the same (or similar) type of vehicle that is used for HRT’s existing
light rail service (Figure 8). Currently, HRT uses the Siemens S70 light rail vehicle (LRV). Vehicles from the
existing light rail fleet, along with any new vehicles, would be used to provide service on both the existing
TIDE alignment and any extension.
The current LRV are a 70 percent low-floor design and use low-level platforms (approximately 14 inches
above the top of rail) without steps between the entrances and part of the passenger cabin. Low-level
platforms meet the requirements of the Americans with Disabilities Act. The vehicles are powered by
electricity delivered through an overhead wire. Currently operated individually, the LRV have the
capability to be joined together to form a multiple-unit train. The vehicles are bi-directional (they do not
need to turn around at the end-of-line) and have a maximum capacity of approximately 230 passengers
(68 seated).
BUS RAPID TRANSIT VEHICLES
Since HRT does not currently operate any BRT service, the BRT alternatives are conceptually planned to
use high capacity 60-foot articulated buses (seen in many large cities around the country). Depending on
the seating configuration, 60-foot buses can carry as many as 100 seated and standing passengers. Unlike
light rail, BRT vehicles cannot be joined to increase capacity; instead, additional vehicles and/or higher
service frequencies would be required to meet very high demand. The vehicles used for the BRT
alternatives would be similar to what is shown in Figure 8. Like the LRV, the BRT vehicles would use a lowfloor design, without steps between the doors and passenger cabin, and the station platforms would be
coordinated with the vehicle design to allow for level boarding without the use of on-board ramps or
bridge plates. It is assumed that vehicles selected for a BRT alternative would be powered by diesel fuel.
Other types of buses such as the standard 40-foot bus may be considered if there is not sufficient demand
for 60-foot buses.
MODERN STREETCAR VEHICLES
Modern streetcars vehicles are usually smaller than light rail vehicles. They are narrower (approximately
8 feet wide compared to the 8 foot 6 inch light rail vehicle) and shorter (approximately 66 feet long
compared to a 90 foot long light rail vehicle). Modern streetcars are capable of negotiating curves with a
66 foot radius or smaller, which also is beneficial for reducing impacts in urban environments like Norfolk.
Modern streetcar vehicles have a smaller passenger capacity compared to light rail – approximately 115
total, with 30 seated passengers. Unlike light rail, modern streetcar vehicles usually do not have the ability
to be joined to create longer trains. The vehicles used for the modern streetcar alternatives would also be
similar to what is shown in Figure 8. Modern streetcar vehicles use electric motors for propulsion, similar
to light rail, and they also receive power through overhead wires.
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2.3.2 GUIDEWAY
Guideway can be loosely defined as the area where transit operates. Transit guideways can be fixed (not
easily moved) such as in the case the tracks for rail light rail and streetcar, exclusive (only transit can
operate) such as a bus-only lane, semi-exclusive (both cars and modern streetcars can operate in the same
lane), or any combination of the above. The sections below describe the guideway types under
consideration for the Westside Transit Study.
LIGHT RAIL TRANSIT/MODERN STREETCAR
The guideway for both LRT and modern streetcar would include two tracks made of continuously welded
steel rails. Each track is generally used for travel in a single direction, but crossover tracks are placed
strategically to allow trains to use the other track if necessary.
Tracks can be ballasted (the rails are affixed to concrete or timber cross ties that are held in place by stone
ballast), embedded in a concrete slab (such as a street-running segment of the alignment), or directly
affixed to concrete using special fasteners (mostly used on bridges).
The LRT guideway would be semi-exclusive to allow crossings for vehicles, bikes, and pedestrians at
designated locations. These locations would be determined during future phases of design. Lanes shared
with LRT, cars, trucks, and buses are not proposed under any of the LRT alternatives; however, they are
proposed for the modern streetcar alternatives. Where embedded/shared tracks are proposed, the
modern streetcar guideway would be delineated using pavement markings, curbs, or other physical
devices.
BUS RAPID TRANSIT
The planning assumption for this study was that the BRT alternatives would operate in an exclusive or
semi-exclusive guideway. The guideway would consist of a paved road designed for the higher loads
associated with the buses that would use it (i.e. concrete or specially-designed pavements suitable for
heavy vehicles). For exclusive lanes, signage, pavement markings, and other types of traffic markings
would be used to indicate the lane configuration. When the exclusive BRT lane is the right lane, adjacent
to the curb, automobiles and trucks would not be able to use the lane unless they were turning right at
intersections or driveway; these areas would be signed and marked similar to the Atlantic Avenue bus
lanes in Virginia Beach. Portions of the BRT system could also be located in existing lanes. In those areas,
the BRT vehicles would operate in mixed traffic like other buses today.

2.3.3 TRACTION POWER SYSTEM
Vehicles for the LRT and modern streetcar alternatives would be powered by an overhead contact system
(OCS) similar to what the TIDE uses today. A typical OCS includes support structures and overhead wires
for supplying electrical power to the vehicles. The support structures for the OCS would include single
poles with cantilevered bracket arms or multiple poles on either side of the tracks with support wires
strung across the tracks from which the contact wire would be suspended. For straight segments of track
(tangent), support poles would be required about every 80 to 100 feet. For curved segments, more
frequent pole spacing would be needed.
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In addition to the poles and wires, traction power substations (TPSS) would be needed to provide
electricity to power the LRT and modern streetcar vehicles through the OCS. TPSS do not generate
electricity; rather, they convert electricity from the commercial grid (Dominion Power) to the 750 volts
DC used to power the transit vehicles. TPSS need to be located between one- and two-miles apart along
the alternative alignments based on operational needs. The TPSS sites would be approximately 60 by 80
feet, and they would be designed to minimize impacts to surrounding properties. Conceptual TPSS site
locations have not been defined, but would need to be located during preliminary engineering and final
design. BRT vehicles use diesel engines or other propulsion systems that do not need a constant source
of electrical power.

2.3.4 TRAFFIC CONTROL
Controlling transit vehicles and other traffic on Norfolk’s streets is a critical component to efficiently
getting people to and from their destinations. Like traffic signals and signs used on our streets and
highways, each transit mode is controlled differently. The traffic control for each mode is described below.
LIGHT RAIL TRANSIT/MODERN STREETCAR
The method of controlling traffic at light rail and modern streetcar crossings of city streets would vary
depending on the location. In areas where LRT or modern streetcar would operate in the median of a
roadway, traffic signals would be used for controlling both LRT and other vehicles, sometimes in
conjunction with flashing lights and gates. Where appropriate, pedestrian signals, signs, and/or
channelized crossings with fences would be provided for safety. All warning devices, traffic signals, signs,
and pavement markings would be in conformance with the current version of the Manual on Uniform
Traffic Control Devices (MUTCD) and City of Norfolk standards.
BUS RAPID TRANSIT
In most areas, standard traffic signals would be used to control BRT vehicles on city streets. When
operating in mixed traffic, BRT vehicles would follow traffic signals and other devices as any other vehicle
on the roadway. Depending on traffic conditions and future design considerations, traffic signal
coordination, a form of passive prioritization, may be implemented or refined to prioritize bus rapid transit
vehicles. Another strategy is the application of transit signal priority (TSP), which facilitates the movement
of transit vehicles through traffic signals with minor adjustments in signal timing as a TSP-enabled BRT
vehicle approaches. All warning devices, traffic signals, signs, and pavement markings would be in
conformance with the current version of MUTCD and City of Norfolk standards.

2.3.5 STATIONS
Amenities for light rail, modern streetcar, and bus rapid transit stations would be similar to those currently
found along The Tide. Station designs would provide accommodations for the needs of all users, including
the elderly and persons with disabilities. The stations would be initially planned to accommodate one bus
rapid transit, modern streetcar, or light rail vehicle at a time. Light rail station locations could be designed
to allow for expansion in order to accommodate longer train sets depending on demand.
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For the purposes of this study, standard station services and amenities may include some or all of the
following:








Vicinity maps
Bicycle parking
Security cameras/Emergency call box
Canopies/Shelters/Benches
Security lighting
Trash receptacles
Ticket Vending Machines
Artwork

2.3.6 FARE COLLECTION AND PASSENGER INFORMATION SYSTEMS
While the details of the station designs do not need to be finalized during this phase of study, fare
collection for all alternatives and modes is assumed to be provided through off-vehicle payment using
ticket vending machines (Figure 9) similar to the TIDE. Passenger information signage (maps, schedules,
etc.) would also be provided at each platform. In addition, safety and security features at stations would
include lighting, emergency call boxes, and security cameras.
Figure 9 l HRT Ticket Vending Machines
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TIER 1 SCREENING
Tier 1 screening process used the goals and objectives in the purpose and need to screen the initial set of
14 alignment alternatives and select the two most promising alternatives for detailed analysis in Tier 2.
The public was invited to comment on the Tier 1 alternatives and the screening process at a public meeting
that was held on June 15, 2017 at the Lamberts Point Community Center. Fifty-one people attended.

3.1. TIER 1 SCREENING METHODOLOGY
The Tier 1 screening criteria was based on goals and objectives in the purpose and need statement
developed for the Norfolk Westside Transit Study. One or more evaluation criteria were developed for
each objective to determine how well the alternatives met the project’s needs and goals. The Tier 1
evaluation process used many different criteria that equalized the relative importance of each of the
project’s needs.
Data for the Tier 1 screening were obtained from a variety of sources including; census data, real estate
assessment data from the City of Norfolk, ridership information from HRT, and traffic data from the
Virginia Department of Transportation (VDOT). Other data sources include GIS data from the City of
Norfolk and other sources; general cost estimates using FTA and/or other cost data sources; local planning
studies and documents; and stakeholder and public feedback.

3.2. TIER 1 SCREENING RESULTS
A summary matrix of the Tier 1 screening process was developed to illustrate which of the alternatives
bet met the purpose and need of the project. Due to the level of analysis that was conducted for the Tier
1 screening, an easily understandable visual rating scale was used to summarize the comparison between
the alternatives relative to each other. The Tier 1 screening criteria and evaluation results are detailed in
the Tier 1 Screening Report (Appendix C), and a summary of the results by each goal is found in Figure 10.
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Figure 10 l Summary Results

17

3.2.1. ALIGNMENT ALTERNATIVES ADVANCED FOR FURTHER ANALYSIS
At the end of the Tier 1 screening process, the two alignment alternatives that best met the purpose and
need of the study relative to the other alternatives were selected for further analysis in the Tier 2 phase.
The selected alternatives were:
Alternative 7 (Monticello/Hampton) would connect many key destinations on the west side of Norfolk
including ODU, the Ghent neighborhood, and NSN. Alternative 7 (Monticello/Hampton) would connect
with The Tide at the intersection of Monticello Avenue and Charlotte Street, just north of the Monticello
Avenue station. The alternative would continue north along Monticello Avenue and would require a
bridge over or tunnel under the Norfolk Southern Railway tracks north of 22nd Street. The alternative
would split to a couplet with the west-bound/north-bound tracks traveling on W. 27th Street and the eastbound/south-bound tracks on W. 26th Street. The alternative would continue west to Hampton Boulevard.
It would then turn north on Hampton Boulevard, pass ODU, cross the Lafayette River and end at NSN near
Gates 1 and 2. The total length of this alternative is approximately 7.2 miles, as shown in Figure 12. Figure
11 describes the general characteristics of the area near the alternative.
Figure 11 l General Characteristics of Alternative 7 (Monticello/Hampton)
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Figure 12 l Alternative 7 (Monticello/Hampton) Map
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Alternative 12 (Church/Granby) would begin at the intersection of St. Paul’s Boulevard and Plume Street,
west of the Civic Plaza station. The alternative would go north on St. Paul’s Boulevard and turn east to
Fenchurch Street, and continue north on Church Street. Alternative 12 (Church/Granby) would require a
bridge over or tunnel under the Norfolk Southern Railway tracks north of 22nd Street. The alignment would
continue on Granby Street, past Wards Corner, until it reaches W. Bay Avenue and W. Ocean Avenue. The
alignment would turn west on W. Bay Avenue and W. Ocean Avenue one-way pair, then join together on
W. Bay Avenue to the end of the alignment at NSN Gate 4. This alternative is approximately 7.7 miles, as
shown in Figure 14. Figure 13 describes the area’s characteristics close to the alignment.
Figure 13 l General Characteristics of Alternative 12 (Church/Granby)
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Figure 14 l Alternative 12 (Church/Granby) Map
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DEFINIITION OF TIER 2 ALTERNATIVES
In the third phase of the study, the Tier 2 screening, Alternative 7 (Monticello/Hampton) and Alternative
12 (Church/Granby) were analyzed in additional detail to determine the potential benefits, costs,
ridership, and impacts for each. The Tier 2 analysis included an environmental screening, a review of the
ridership potential, assessment of both of the Granby Street and Hampton Boulevard bridges, capital cost
estimation, a needs assessment for the vehicle storage and maintenance facility, an examination of
existing and future traffic conditions, as well as impacts from coastal flooding, sea level rise, and potential
impacts from construction. Both of the alignment alternatives were evaluated for light rail transit (LRT),
bus rapid transit (BRT), and modern streetcar modes.
In addition to the two build alternatives, a no build alternative was also considered. Under the no build
alternative, none of the transit investments would be made and existing infrastructure would remain the
same. The no build alternative could be considered for selection if neither of the build alternatives meet
the purpose and need of the study after the Tier 2 screening.

4.1. TIER 2 ALTERNATIVE CONCEPTUAL DESIGNS
To fully understand how the alternatives would fit within the streets of the City of Norfolk, conceptual
designs were developed. These concept designs were prepared for LRT, BRT, and modern streetcar modes
for each alternative using aerial photography and GIS information from the City of Norfolk as the basemap.
A series of typical sections (drawings showing the general locations of the transit guideway, traffic lanes,
and sidewalks) were developed for each mode and applied along the alignments. Figure 15 through Figure
20 show the typical sections and their locations according to the LRT, BRT, and modern streetcar
conceptual designs.
The complete set of conceptual design drawings can be found in the Definition of Tier 2 Alternatives
(Appendix D).
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Figure 15 l Alternative 7 (Monticello/Hampton): LRT Conceptual Street Configuration
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Figure 16 l Alternative 12 (Church/Granby): LRT Conceptual Street Configuration
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Figure 17 l Alternative 7 (Monticello/Hampton): BRT Conceptual Street Configuration

25

Figure 18 l Alternative 12 (Church/Granby): BRT Conceptual Street Configuration
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Figure 19 l Alternative 7 (Monticello/Hampton): Modern Streetcar Conceptual Street Configuration
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Figure 20 l Alternative 12 (Church/Granby): Modern Streetcar Conceptual Street Configuration
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4.2. STATION LOCATIONS
As part of the conceptual design process, potential sites for transit stations were identified for each
alternative. Stations were located at major activity centers and near residential or commercial areas that
would be likely to support high capacity transit service light LRT, BRT, or modern streetcar. After
preliminary locations were identified, refinements were made based on the conceptual engineering and
discussions with HRT staff and other stakeholders. Further analysis, in future phases of study, may indicate
that more or fewer station locations or different locations may maximize the efficiency and effectiveness
of the alternatives.
Potential station locations for Alternative 7 (Monticello/Hampton) are shown in Table 2, and potential
station locations for Alternative 12 (Church/Granby) are shown in Table 3. For the purposes of this
alternatives analysis, the station locations shown in the table were the same for all modes.
Table 2 l Potential Alternative 7 (Monticello/Hampton) Station Locations

Station Name

General Location
LRT: Existing Tide Station

Monticello Avenue
BRT and Modern Streetcar: Near Monticello Avenue/Charlotte Street

Virginia Beach Boulevard

Monticello Avenue between Wilson Avenue and Virginia Beach Boulevard

18th Street

Monticello Avenue between E. 18th Street and E. 19th Street

Llewellyn Avenue

W. 26th Street (Southbound)/W. 27th Street (Northbound) between Llewellyn
Avenue and Debree Avenue

Colley Avenue

W. 26th Street (Southbound)/W. 27th Street (Northbound) between Colley
Avenue and Gosnold Avenue

Old Dominion University

Hampton Boulevard between W. 43rd Street and W. 45th Street

Bolling Avenue

Hampton Boulevard immediately south of Bolling Avenue

Little Creek Road

Hampton Boulevard between Baylor Place and W. Little Creek Road

Glenwood Park

Hampton Boulevard between Beechwood Avenue and Rogers Avenue

Naval Station Norfolk Gate 1
&2

Adjacent to Naval Station Norfolk Gates 1 and 2

Note: The Alternative 7 (Monticello/Hampton) BRT route would begin at the DNTC before stopping at the Monticello Avenue
BRT station.
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Table 3 l Alternative 12 (Church/Granby) Station Locations

Station Name

General Location
LRT: Existing Tide Station

Civic Plaza

Downtown Norfolk Transit Center

BRT and Modern Streetcar: Near St. Paul’s Boulevard/Plume
Street
LRT and Modern Streetcar: Fenchurch Street between Charlotte
Street and Mariner Street
BRT: Existing transit center

Virginia Beach Boulevard

Church Street between Virginia Beach Boulevard and E. Princess
Anne Road

18th Street

Church Street between E. 18th Street and B Avenue

26th Street

Church Street between E. 27th Street and E. 28th Street

Lafayette Park/Zoo

Granby Street between 37th Street and 38th Street

Willow Wood

Granby Street between Willow Wood Drive and Willow Grove
Court

Riverpoint

Granby Street between Beverly Avenue and Dumont Street

Thole Street

Granby Street between Seekel Street and Thole Street

Wards Corner

Elevated station located over Little Creek Road

Bayview

Granby Street immediately south of Bayview Boulevard

Naval Station Norfolk Gate 4

Adjacent to Naval Station Norfolk Gate 4
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TIER 2 ANALYSIS OF ALTERNATIVES
The Tier 2 analysis was documented in a series of technical reports and memoranda that are included as
appendices to this final report. These technical reports include an environmental analysis, assessment of
the ridership potential, assessment of both the Granby Street and Hampton Boulevard bridges, capital
cost estimation, a needs assessment for the vehicle storage and maintenance facility, an examination of
existing and future traffic conditions as well as impacts from coastal flooding, sea level rise, and potential
impacts from construction. A summary of the results of the Tier 2 analysis is included in the following
sections.

5.1. ENVIRONMENTAL ANALYSIS
The Tier 2 Environmental Analysis (Appendix E) examined the potential social and environmental impacts
of high capacity transit along Alternative 7 (Monticello/Hampton) and Alternative 12 (Church/Granby).
Analysis included impacts on demographics, community facilities, land use, historic resources,
environmental resources, and noise and vibration sensitive sites. The analysis used field reconnaissance
and publicly available data from the U.S. Census Bureau, the City of Norfolk, and the National Register of
Historic Places.

5.1.1 POTENTIAL DEMOGRAPHIC EFFECTS
The populations living in the immediate vicinity of a high-capacity transit line may experience improved
community vitality through potential direct and indirect effects such as improved access and mobility,
residential infill development nearby, growth in the employment base, and greater patronage of
businesses located in the area through the introduction of the high-capacity transit service. Another
potential indirect impact of the operation of high-capacity transit may be redevelopment in the form of
Transit-Oriented Development (TOD). TOD is characterized by more compact, walkable communities, with
increased transit ridership and reduced vehicular traffic. The potential for redevelopment and TOD is
highly dependent upon the type of high-capacity transit selected and national and local general economic
and real estate conditions. In favorable economic and real estate conditions, there is a potential for
displacement of existing residents and businesses if redevelopment were to occur. However, prior to the
selection of the type of high-capacity transit and an examination of the economic and real estate factors
in the study area, it is not possible to estimate the potential impact for redevelopment and displacement.
Figure 21 and Figure 22 on the following pages provides an overview of the demographics of the areas
surrounding each of the alternatives compared to the study area as whole.
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Figure 21| Alternative 7 (Monticello/Hampton) Demographics
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Figure 22| Alternative 12 (Church/Granby) Demographics
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5.1.2 COMMUNITY FACILITIES
Neither Alternative 7 (Monticello/Hampton) nor the Alternative 12 (Church/Granby) would impact the
ability to physically access any identified community resources. Further study is needed to ensure that
impacts from the operation of the new transit line do not impact the ability of the community resources
identified to operate.

5.1.3 POTENTIAL LAND USE EFFECTS
There are several governing documents and neighborhood plans that affect both existing and future land
use, growth, and development within the City of Norfolk. Table 4 summarizes each of these plans and
indicates how each alternative could help achieve the goals put forth in each plan. In general, both
Alternative 7 (Monticello/Hampton) and Alternative 12 (Church/Granby) support the development and
redevelopment goals included in these approved planning documents.

Table 4 l Effect of Alternatives on City of Norfolk Plans

Summary

Alternative 7 Impact
(Monticello/Hampton)

Alternative 12 Impact
(Church/Granby)

The plan supports redevelopment from
predominantly industrial and automobileoriented uses to higher intensity, mixed-use
development in many areas along the
proposed Monticello Avenue corridor. It
seeks to improve connections to major
employers and other activity centers. Transit
along Monticello and Hampton Boulevard
would support redevelopment and new
transit connections.

The plan supports redevelopment to
higher intensity, mixed-use land uses
in many areas including the Granby
Corridor, Riverview Village, Granby
Street/Little Creek Road, and Granby
Street from the railroad tracks to 29th
Street.
Alternative
12
(Church/Granby) would help support
such redevelopment along Granby
Street.

plaNorfolk2030
City’s General Plan to guide
decision
making
about
development
and
public
infrastructure. plaNorfolk2030
contains specific planning and
implementation goals for the
area between now and 2030. It
calls for the coordination of and
redevelopment effort with
planning for the extension of
light rail or other high-capacity
transit.
City of Norfolk Zoning Ordinance
The Zoning Ordinance regulates
the permitted form, function,
and uses of land within the
City’s boundaries. It includes
land use classifications that
permit
mixed-use,
higher
density, and transit-oriented
development along three Tide
light rail stations and includes
urban design guidelines.

The plan supports multiple modes of mobility, specifically developing within ¼ mile of
transit. It notes that transit accessibility is important downtown, and supports transit
oriented development around Norfolk. Alternative 7 (Monticello/Hampton) and
Alternative 12 (Church/Granby) would each help support these goals.
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Summary

Alternative 7 Impact
(Monticello/Hampton)

Alternative 12 Impact
(Church/Granby)

Central Hampton Boulevard Area Plan
This plan provides a long-range,
phased
implementation
framework to conserve the
existing development and to
optimize new development
opportunities in ways that
enhance it.

The study area comprises a series of
neighborhoods, the mixed-use University
Village, the Hampton Boulevard and Colley
Avenue commercial corridors, and the W.
26th Street industrial area. Alternative 7
(Monticello/Hampton) can help support
future development in this part of the city.

N/A

St. Paul’s Area Plan
This is a small area plan that
provides a long-range vision and
implementation strategy for
redeveloping the St. Paul Area
in downtown Norfolk. The plan
aims to create a pedestrianfriendly, mixed-use, and mixed
income community.

N/A

Alternative 12 (Church/Granby)
would
support
the
areas
development and walkability goals
while providing an additional transit
option to mixed income populations.
The City plans to remove three public
housing complexes in St. Paul’s and
replace them with mixed-income,
mixed-use communities.

A multi-modal mall with a two-way tram
and/or golf carts is proposed for W. 46th Street
(on the campus). This would cross Hampton
Boulevard and connect with proposed
Alternative
7
(Monticello/Hampton).
Alternative 7 (Monticello/Hampton) would
support multi-modal connections and the
transit-oriented environment envisioned in
the plan.

N/A

The plan promotes improving the bicycle and
pedestrian environment as well as
coordinating with local transit operators to
improve connections to and from NSN.
Alternative 7 (Monticello/Hampton) would
provide stronger transit options to this area
and can support a more walkable
environment.

Bicycle and pedestrian improvements
and coordinating with local transit
operators to improve connections to
and from NSN would be enhanced by
Alternative 12 (Church/Granby).

ODU Master Plan
It supports the future goals of
the university. The plan extends
20 years into the future and
covers building improvements
and relocations as well as
transportation related issues.

NTIA Master Transportation Plan
This plan proposes solutions to
long term transportation issues
at the Navy Triangle Influence
Area, including addressing
increased congestion with
short, mid, and long-term
projects.
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Summary

Alternative 7 Impact
(Monticello/Hampton)

Alternative 12 Impact
(Church/Granby)

Wards Corner Urban Development Area Study
This is a vision plan for Wards
Corner. The ongoing study is
exploring the area’s transition
to a more urban setting and
building on its role as a
transportation hub.

N/A

Wards Corner would be directly
served
by
Alternative
12
(Church/Granby) and the area would
become a transportation hub.
Alternative 12 (Church/Granby)
would
also
help
support
redevelopment
of
commercial
properties and encourage a walkable,
mixed-use environment.

Vision 2100
This study lays the groundwork
for
Norfolk’s
long-term
sustainability,
concentrating
development on higher ground
and identifying methods to
mitigate flooding impacts.

Much of Alternative 7 (Monticello/Hampton)
moves through areas that frequently flood,
which would affect future development in
the area.

Wards Corner is identified specifically
as an area that is not typically affected
by flooding and would be an
appropriate
location
for
redevelopment, and increased density
and intensification

OVERALL LAND USE EFFECTS
Both Alternative 7 (Monticello/Hampton) and Alternative 12 (Church/Granby) are consistent with
approved planning documents that govern land use and development decisions in the City of Norfolk. The
alignments would have limited short-term effect on existing land use because the west side of Norfolk is
already largely developed and includes the urbanized areas of the city, but they could bring significant
indirect effects over the long-term. A high-capacity transit extension from The Tide light rail system to
NSN could encourage longer-term redevelopment. Other factors, such as market demand, existing
property ownership and use, planned infrastructure modifications, and changing community vision and
needs, would also affect the nature and pace of any change in land use along or near the alternatives.
The communities adjacent to both Alternative 7 (Monticello/Hampton) and Alternative 12
(Church/Granby) have stable, established housing stock and commercial development leaving limited area
for new redevelopment. However, there are two vacant parcels near the southern portion of Alternative
7 (Monticello/Hampton) that have potential for transit-oriented development: the Cedar Grove surface
parking lot near the potential Virginia Beach Boulevard Station (although the property is encumbered with
environmental and contamination concerns) and the vacant land that was formerly the HRT Southside
Administrative Headquarters adjacent to the potential station identified at 18th Street. Soil borings and
other site assessments would need to be conducted to determine actual development opportunities.
Other possibilities for transit-oriented development in conjunction with land owners are the vacant
parcels on the east side of Hampton Boulevard at the ODU Station.
The greatest potential for redevelopment along Alternative 12 (Church/Granby), and to a less degree
Alternative 7 (Monticello/Hampton, would be the land within and around the St. Paul’s area. The St. Paul’s
area is envisioned as a mixed-use, mixed-income neighborhood. Three public housing communities that
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were built in the 1950’s and managed by the Norfolk Redevelopment and Housing Authority, Youngs
Terrace, Calvert Square, and Tidewater Gardens, are in the area. In June 2017, Norfolk Mayor Kenneth
Alexander announced a ten-year plan to demolish these public housing complexes and replace them with
mixed-income neighborhoods where parks, gardens, shops, and offices would join 1,800 to 2,000 new
homes, about a third of which would be set aside for people who receive rental assistance. This type of
transit-supportive development would likely affect the success of both the redevelopment and the
premium, fixed-guideway transit extension itself. Other opportunities for redevelopment adjacent to
Alternative 12 (Church/Granby) include Wards Corner based on the Wards Corner Urban Development
Area Study and for Alternative 7 (Monticello/Hampton), ODU based on the goals of its master plan.
As noted, both alternatives have limited land available for new redevelopment thus limiting any direct
short-term effects to the existing conditions. Major changes in land use are not expected to occur, though
the residential neighborhoods along both Alternative 7 (Monticello/Hampton) and Alternative 12
(Church/Granby) would benefit from increased transportation options throughout the City. There is the
potential for longer term redevelopment of existing buildings that may become more feasible through the
introduction of high-capacity transit to the area. Additionally, Air Installation Compatible Use Zone (AICUZ)
defines compatible uses in the vicinity of runways and would restrict certain types of development near
NSN. These AICUZ restrictions would limit new opportunities near the northern segments of both
alignments.
The potential direct land use effects are likely to occur due to temporary street closures and potential
partial property acquisition along localized areas of each alignment. Larger property acquisitions may be
required for the construction of a vehicle storage and maintenance facility, if necessary, and Park & Ride
lots. Locations for these have not yet been identified at this level of analysis.

5.1.4 POTENTIAL AESTHETIC EFFECTS
Alternative 7 (Monticello/Hampton) passes through five areas listed on the National Register of Historic
Places and adjacent to an individual building separately listed on the National Register. The addition of
fixed-guideway transit in these areas could create the potential for adverse effects to the characteristics
and unique qualities that made them eligible for listing on the National Register. W. 26th and W. 27th
Streets are currently used as an east-west, one-way pair to quickly move vehicles between Hampton
Boulevard and Tidewater Drive. However, their lower-density residential character could be affected by
the introduction of fixed-guideway transit. Also, the tree-lined median on Hampton Boulevard would be
removed to make room for a rail fixed guideway, which would affect current aesthetic conditions along
much of Alternative 7 (Monticello/Hampton)’s alignment.
Fixed-guideway transit has the potential to affect some segments of Alternative 12 (Church/Granby). The
addition of fixed-guideway transit on Fenchurch Street, a narrow, residential street, could create an
adverse visual effect because the viewsheds in this segment have been determined to be moderately to
highly sensitive. Fixed-guideway transit could change the visual presentation of both the Martin Luther
King, Jr. Memorial Monument and Plaza and could have an adverse effect on this sensitive viewshed.
Alternative 12 (Church/Granby) would travel adjacent to several parks and cemeteries, which could
change their visual quality and sight lines. Similar to Alternative 7 (Monticello/Hampton), the tree-lined
medians of both Church Street and Granby Street would be removed for a light rail transit extension,
which would impact the alignment’s current aesthetic conditions. A light rail or modern streetcar option
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would require a structure to be constructed near Wards Corner that would allow for travel over the
railroad tracks and the I-64 and I-564 overpasses. It could potentially be 5,000 feet in length and would
considerably change the visual environment. W. Ocean Avenue and W. Bay Avenue are narrow, one-way
residential streets with visually sensitive viewsheds; the addition of fixed-guideway transit to these streets
would substantially change their aesthetic conditions.

5.1.5 POTENTIAL EFFECTS TO HISTORIC DISTRICTS AND SITES
As shown in Figure 23, the number Figure 23| Historic Districts in Norfolk
of historic districts within one-half
mile of each alternative is the same:
12
(twelve).
Alternative
7
(Monticello/Hampton) has five
more historic sites/buildings than
Alternative 12 (Church/Granby). At
this conceptual level of analysis it is
not possible to predict the potential
specific effects construction would
have on any historic site or in a
historic district.
Implementation
of
either
Alternative 7 (Monticello/Hampton)
or Alternative 12 (Church/Granby)
could result in minimal physical
property takings; however, the
majority of the alternatives would
be constructed within existing right
of way, minimizing their impact to
the historic surroundings. The most
likely effects would be on the visual
character resulting from the construction of stations and/or overhead contact lines if light rail or modern
streetcar were chosen for either alternative.

5.1.6 POTENTIAL EFFECTS TO WATER RESOURCES
Within a 1,000-foot radius of the Alternative 7 (Monticello/Hampton) alignment, six percent of the total
area contains open water (Lafayette River) and one percent is wetlands. Within a 1,000-foot radius of the
Alternative 12 (Church/Granby) alignment, six percent of the total area contains open water (Lafayette
River) and two percent is wetlands. Both Alternatives would require a crossing of the Lafayette River.
Further study would be required to delineate the potential effects to wetlands and other water resources.
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5.1.7 NOISE AND VIBRATION
All of the transit modes and alternative under consideration would produce some amount of noise and
vibration. Noise sources include bus engine noise and the LRT and modern streetcar running over the
tracks. A key source of nuisance noise is ‘wheel squeal’, or the sound of the steel wheels on LRT and
modern streetcar vehicles running over the tracks in tight turns. This squeal could occur at locations along
Alternative 7 (Monticello/Hampton) that include the turn from Monticello Avenue to W. 27th Street, and
from W. 27th Street onto Hampton Boulevard and from Hampton Boulevard, to W. 26th Street, to
Monticello Avenue. For Alternative 12 (Church/Granby), the turn from Granby Street to W. Ocean Avenue
and the return to Granby Street from W. Bay Avenue could potentially have a greater noise and vibration
impact than would be likely at other locations along the alignment. Required warning devices including
whistles, horns, and bells, as well as increased traffic near proposed stations or along city streets could
increase noise and vibration.
The analysis completed for this study did not include the collection of quantifiable noise and vibration
measurements, and therefore did not allow for a comparison of existing and forecasted noise levels with
Federal Transit Administration (FTA) noise and vibration criteria. Instead, areas along Alternative 7
(Monticello/Hampton) and Alternative 12 (Church/Granby) that would be sensitive to adverse changes in
noise and vibration were identified. A summary of the number of potential noise sensitive receivers along
each alignment is in Figure 24. Those areas include some residential areas, hospitals, hotels, parks, historic
sites and districts, concert halls, schools, libraries, museums, theaters, churches, and cemeteries. In
general, areas that were primarily office or commercial in nature were not considered sensitive to
moderate increases in noise or vibration.
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Figure 24 l Noise Sensitive Receivers

5.2. RIDERSHIP
Ridership for Alternatives 7 (Monticello/Hampton) and 12 (Church/Granby) were estimated using the
Simplified Trips-On-Project Software (STOPS) application from the FTA. The model was calibrated to year
2015 observed ridership counts. For the Norfolk Westside Transit Study, this STOPS model was applied to
estimate opening year 2020 and future year 2040 ridership for the two route alternatives and three transit
modes. Additional detail can be found in the Ridership Results Report (Appendix F).
The STOPS model results for the Norfolk Westside Transit Study indicate that the two alignment
alternatives have the potential to attract between 2,500 to 3,400 boardings at the new stations in 2020
depending on the transit mode (LRT, BRT, or modern streetcar). In addition, the light rail alternatives
would generate an additional 1,600 to 1,800 boardings along the existing Tide system. In 2040, the
boardings would be higher, on the order of 2,800 to 3,800, depending on alternative and transit mode
due to population and employment growth in the region.

40

Figure 25 shows the total projected ridership in 2040 by mode for Alternatives 7 and 12 (Church/Granby).
Figure 25 l Alternative 7 (Monticello/Hampton) and Alternative 12 (Church/Granby) Ridership by Mode (2040)

5.3. CAPITAL AND OPERATING COSTS
Capital costs and operating and maintenance costs for each alternative and mode have been estimated
as part of the Tier 2 analysis. The estimating procedure and results are described in the following sections.

5.3.1 CAPITAL COSTS
Estimates of capital costs for each alternative and mode were developed from the conceptual design
plans. The conceptual design plans identified alignments with the proposed corridors, station-stop
locations, and bridge structures. Each alternative alignment and mode combination was divided into
segments that are represented by a common typical section. A cost per mile for roadway, track, systems,
and basic utilities for each typical section was then developed using unit costs from VDOT Statewide
Planning Level Cost Estimates as well as planning and construction-level unit costs obtained from other
recent similar projects in other cities. An initial cost per segment was then calculated by multiplying the
segment length by the typical section cost per mile. Costs for discrete elements such as stations,
maintenance facilities, or large utility facility relocations were then added to the segment costs to obtain
the total segment cost. In addition, replacement of the bridges over the Lafayette River on Hampton
Boulevard (Alternative 7 (Monticello/Hampton)) or Granby Street (Alternative 12 (Church/Granby)) would
be required according to a preliminary structural analysis that is available in the Assessment for Lafayette
River Bridges Technical Memorandum (Appendix G). Bridge replacement costs were considered in the
total cost for LRT and modern streetcar modes.
The segment costs for each alignment and mode were added together to get a subtotal. Contingency
costs, mobilization, engineering, and construction engineering and inspection costs were assumed to be
a percentage of the subtotals. These elements were added to the subtotal to get a base year (2018) total
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cost, which was then escalated to the assumed year of construction, 2024, at a rate of 2.5 percent per
year.
Figure 26 and Figure 27 show the total project costs for the LRT, BRT, and modern streetcar modes for
both alternatives. Additional detail regarding capital costs is in the BRT, Modern Streetcar and LRT Corridor
Project Cost Comparison Technical Memorandum (Appendix H).
Figure 26 l Alternative 7 (Monticello/Hampton) Capital Costs by Mode (2024)

Figure 27 l Alternative 12 (Church/Granby) Capital Costs by Mode (2024)
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5.3.2 OPERATING AND MAINTENANCE COSTS
Operating and maintenance costs have been estimated for each of the LRT, BRT, and modern streetcar
alternatives. The service plans that were developed for the ridership forecasting model were used to
determine the annual number of service hours for each mode and route. For LRT alternatives, the number
of service hours was multiplied by $350 per hour—HRT’s current (FY2018) budgeting assumption for LRT
operations costs. Service hours for BRT alternatives were multiplied by $99.84, which accounts for the
current (FY2018) HRT budget assumption for standard bus operations plus an additional cost for right of
way maintenance. Modern streetcar operating cost were estimated to be $250 per hour derived by using
the recently opened DC Streetcar operating assumptions of approximately $218.81 per hour (2009) and
adjusting them for inflation, length of the system, and number of vehicles.
LRT operating plans and costs assume that the system would operate with every other train departing
from Newtown Road being routed to either NSN or EVMC. For BRT and modern streetcar alternatives, the
year 2018 baseline operating cost of $10.3 million for the existing Tide LRT system (Newtown Road to
EVMC) was added to each build alternative to obtain a total estimated operating cost for fixed-guideway
transit in Norfolk.
Figure 28 shows the total operating costs for each alternative and mode, incorporating the baseline
operating cost for The Tide.

Figure 28 l Fixed Guideway System Operating Costs by Mode (2018)
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5.4. VEHICLE STORAGE AND MAINTENANCE NEEDS
A Vehicle Storage and Maintenance Needs Assessment Technical Memorandum (Appendix I) was
developed to identify, at a conceptual level, the facility requirements for servicing an expansion of the
LRT or BRT fleets, or a new maintenance facility to support modern streetcar vehicles. The analysis
examined the facility requirements based on the projected fleet sizes, which is listed by alternative and
mode in Figure 29.
The existing size, condition, and operations at the Tide maintenance facility and HRT’s Southside Bus
Operations and Maintenance Facility were considered as the basis for the analysis of the LRT and BRT
alternatives. The Needs Assessment found that the existing Tide maintenance facility on Brambleton
Avenue in Norfolk may have adequate yard capacity for storing the projected number of light rail vehicles
needed to support the LRT alternatives; however, a larger building would be required to support the
maintenance and administrative functions associated with an expanded system. Additional study would
be required to confirm the capacity of the existing LRT facility. The existing Southside Bus Operations
Maintenance Facility on 18th Street in Norfolk is not designed for parking or storage of 60-foot articulated
buses, and the maintenance facility would need to be modified to allow that type of vehicle to be serviced.
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Figure 29 l Projected Fleet Requirements by Alternative

Using planning-level guidelines, functional space requirements for new or modified maintenance shops
were identified. These guidelines were used to develop a set of overall space programs consisting of the
maintenance and operations facility buildings and exterior space for storage, site circulation, and other
needs. Two options were developed for expansion of the existing LRT maintenance facility. In one option,
a single repair position would be added by expanding one side of the existing building. The other option
would expand both ends of the maintenance building and rearrange vehicle placement within the facility
to create two new repair positions. One option was created for BRT based on modifying the existing HRT
Southside Bus Operations Maintenance Facility. A new standalone facility was assumed for modern
streetcar alternatives. Detailed descriptions about the assumptions made in developing the functional
space programs are in the Vehicle Storage and Maintenance Needs Assessment Technical Memorandum.
Capital cost estimates were developed for each of the maintenance facility options. These costs were
generated by multiplying the projected space needs for either existing facility expansions/improvements
or new standalone facilities with an estimated cost per square foot adjusted for the Hampton Roads area.
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Table 5 summarizes the LRT, BRT, and modern streetcar maintenance facility scenarios that were
considered.
Table 5 l Vehicle Storage and Maintenance Facility Capital Cost Summary (2018)

Approach Scenario

Preliminary Opinion of Facility Costs (2018 dollars)

LRT Alternatives
Use Existing Tide Facility Option A1
(Limited Expansion)

Use Existing Tide Facility Option B1
(Enhanced Expansion)

$1,318,000

$2,341,000

BRT Alternatives
Modify Existing Southside Maintenance
Facility for BRT

$3,447,000

Modern Streetcar Alternatives
Standalone Modern Streetcar VMSF

$11,957,000

1 Requires

additional study and design and may not be feasible. Additional costs (not determined in this study) would be required
if the existing vehicle storage and maintenance facility cannot be expanded.

5.5. TRAFFIC OPERATIONS
An intersection-level analysis was conducted for all the signalized and key unsignalized intersections in
the study area. The traffic analysis was based on two scenarios for each of the alternatives and modes: a
No Build (or baseline), where the transit alternative was not constructed, and a Build scenario as if the
transit alternative was operating. A separate build scenario analysis was conducted for each mode (LRT,
BRT, and modern streetcar) on both Alternative 7 (Monticello/Hampton) and 12 (Church/Granby).
Intersections were rated on their level of service (LOS) during the AM and PM peak periods using standard
traffic engineering techniques. Level of service measures how well an intersection performs on a scale of
A through F. An intersection operating at level of service A would experience very short delays, whereas
an intersection with a level of service of F would have considerable delays. Level of service D is generally
considered the least acceptable level of service in urban settings such as Norfolk. Details of the analysis,
background information, and the tools employed can be found in Tier 2 Traffic Analysis: Existing
Conditions (Appendix J) and Tier 2 Traffic Analysis: Future Conditions (Appendix K). The number of
intersections analyzed varied depending on the alternative alignment and the mode.
The traffic operations analysis found that most of the intersections in the study area will operate at a LOS
D or better in the future. However, the analysis found that both the No Build and Build scenarios have
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intersections that would operate at LOS E or F, below the acceptable standard. Table 6 identifies the
number of intersections operating at LOS E and F for each of the No Build and Build scenarios during the
AM and PM peak hours.
Table 6 l Number of Intersections Operating at Level of Service E and Level of Service F for the No Build and Build Scenarios

Alternative 7 (Monticello/Hampton)
AM

Alternative 12 (Church/Granby)

PM

AM

PM

Total
LOS E

LOS F

LOS E

LOS F

No-Build

2

1

1

0

LRT

2

1

4

Modern
Streetcar

0

1

BRT

1

1

Total
LOS E

LOS F

LOS E

LOS F

4

1

1

1

2

5

2

9

3

3

3

6

15

5

2

8

3

3

2

4

12

4

0

6

4

1

4

1

10

Figure 30 l Level of Service Criteria for Signalized and Unsignalized Intersections
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The traffic analysis found that the delay would increase for the Alternative 7 (Monticello/Hampton) build
scenarios most notably on Hampton Boulevard between 49th Street and Jamestown Crescent/Hanover
Avenue and at intersections nearest to downtown Norfolk (i.e., Monticello Avenue and Charlotte Street,
Monticello Avenue and Brambleton Avenue). The Alternative 7 (Monticello/Hampton) BRT scenario
shows only modest increases in delay as compared to the No Build (transit not constructed) alternative.
This is expected because the BRT alternative has fewer changes to the existing lanes and traffic signals
compared to LRT and modern streetcar.
For Alternative 12 (Church/Granby), the traffic analysis identified notable delays at intersections adjacent
to proposed transit stops, as compared to the No Build alternative. Transit stop locations influence
intersection delay by introducing a greater number of pedestrians crossing the street. The Alternative 12
(Church/Granby) LRT scenario would experience an increase in delay on Granby Street between 38th
Street/La Valette Avenue and Willow Wood Drive; for this stretch of the Alternative 12 (Church/Granby)
LRT scenario, more than 50 percent of its length would be reduced to a single lane of traffic in each
direction. The Alternative 12 (Church/Granby) BRT scenario experiences only modest increases in delay
as compared to the No Build alternative similar to Alternative 7 (Monticello/Hampton).

5.6. FLOODING AND RESILIENCY
Alternative 7 (Monticello/Hampton) and
Alternative 12 (Church/Granby) were
examined to identify the potential effects
of future coastal flooding and sea level
rise. HRT’s current design criteria restrict
construction in areas identified as 100year floodplains by the Federal Emergency
Management Agency (FEMA). In addition,
HRT’s current operating procedures for
rail transit restrict operations when there
is more than two inches of water over the
top of the rail. Bus service is suspended in
areas where local emergency responders
have found the area unsafe for motor
vehicles.

5.6.1 AREAS AFFECTED BY COASTAL FLOODING
Table 7 shows the lengths of Alternative 7 (Monticello/Hampton) and Alternative 12 (Church/Granby) as
they relate to FEMA’s 100-year floodplain for Norfolk. As shown in Table 7, significant lengths of the
alignment are prone to flooding based on this analysis. However, while FEMA does provide the water
surface elevation of anticipated flooding, actual flood depths can only be determined through a
comparison of the flood’s water surface elevation to the ground elevation at locations of interest. In
addition, FEMA does not identify the increased threat due to sea level rise or how long a flood event might
last.
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Table 7 l Length of Alignment in 1% Annual Chance of Occurrence (100-year) Floodplain (FEMA)

Total Track/Lane Length
of Alignment (miles) 1

Length in 100-year
floodplain (miles)

% in 100-year
floodplain

Alternative 7
(Monticello/Hampton)

8.6

1.71

20%

Alternative 12
(Church/Granby)

8.2

1.16

14%

Alternative

1

Total track/lane lengths are longer than alignment lengths in other report sections due to the one-way pairs on W. 26th/W. 27th
Street and W. Bay/W. Ocean Avenue that may have different impacts

While various measures exist to mitigate the impacts of flooding on transit operations, elevating the
guideway above the base flood elevation was assumed for this study . The final design elevations of the
guideway would need to consider the effect of sea level rise during the anticipated useful life
(approximately 50-80 years) of the project. In addition, the final guideway design would need to address
potential impacts on drainage patterns, and traffic and neighborhood connectivity caused by placing the
guideway on a berm, retained fill, or other solid vertical structure with intermittent crossings over long
distances.
Placing the guideway on a viaduct (bridge) through the
entire flood-prone area would limit the impact on the
floodplain and would allow for vehicular turn
movements. Bridges over roadways would need to
provide at least 16 foot 6 inches of clearance, and
bridges crossing over railroad tracks must have at least
23 feet of clearance. As a result, the horizontal limits of
the viaduct would need to be extended outside of the
flood-prone area to allow sufficient distance to bring the
guideway back to grade while maintaining the needed
clearances within the floodplain (at a six percent grade
it takes roughly 600-feet for the bottom of a bridge to
be 16 foot 6 inches over the roadway). It should be
noted that multiple bridges would be required for each
alternative, because the alignments cross through floodprone areas at several locations. Some potentially
flooded areas (W. 26th and W. 27th Streets / W. Bay and
W. Ocean Avenues) cannot be elevated without
significant impacts to residential neighborhoods and are
not included in the bridge lengths. The approximate location and lengths of each mitigation structure is
shown in the Impacts to Tier 2 Alternatives from Coastal Flooding and Sea Level Rise Technical
Memorandum (Appendix L). Some areas would not be able to be mitigated without significant impacts to
existing land use patterns or transportation infrastructure.
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5.5.2 AREAS AFFECTED BY SEA LEVEL RISE
Sea level rise would affect transit operations more significantly than coastal flooding. Unlike coastal
flooding, which ebbs and flows based on tidal cycles, sea level rise would cause areas along the Tier 2
alternatives to be permanently flooded. Table 8 shows the area of the alignments that would be impacted
under the various sea level rise scenarios.
Table 8 l Length of Alignment Inundated by Sea Level Rise

Alternative

Total Track/Lane
Length of Alignment
(miles)1

Length Permanently Inundated by Sea Level Rise
(miles) and % of total length

6 feet of sea
level rise
(2170)

1 foot of sea
level rise (2050)

3 feet of sea
level rise (2100)

.13

(1.5%)

1.44

(17%)

.094

(1.1%)

.32

(4%)

Alternative 7
(Monticello/Hampton)

8.6

.039

(.4%)

Alternative 12
(Church/Granby)

8.2

.086

(1%)

1

Total track/lane lengths are longer than alignment lengths in other report sections due to the one-way pairs on W. 26th/W. 27th
Street and W. Bay/W. Ocean Avenue that may have different impacts.

As with coastal flooding, at this phase of design, the only mitigation strategy to fully minimize the potential
for flood disruption and damage is to elevate the guideway in areas that are predicted to be permanently
inundated from sea level rise. The final guideway design will need to address potential impacts on
drainage patterns, and traffic and neighborhood connectivity caused by placing the guideway on a berm,
retained fill, or other solid vertical structure with intermittent crossings over long distances. Table 9 shows
the conceptual total length of structures that would be required to lift the guideway alternatives over
areas that would be potentially inundated by sea level rise.
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Table 9 l Conceptual Structure Length for Mitigation for Sea Level Rise

Alternative

Total Track/Lane
Length of Alignment
(miles)1

Conceptual length of structure to mitigate sea
level rise (miles) and % of total length

1 foot of sea
level rise (2050)

3 feet of sea
level rise (2100)

6 feet of sea
level rise
(2170)

Alternative 7
(Monticello/Hampton)

8.6

0
(0%)

.54
(6%)

1.81
(21%)

Alternative 12
(Church/Granby)

8.2

0
(0%)

0
(0%)

.73
(9%)

1

Total track/lane lengths are longer than alignment lengths in other reports due to the one-way pairs on W. 26th/W. 27th Street
and W. Bay/W. Ocean Avenue that may have different impacts.

5.7. POTENTIAL IMPACTS FROM CONSTRUCTION
Construction of a high capacity, fixed-guideway system along either of the alignments under consideration
would be complex and have impacts on the surrounding areas. The Potential Impacts from Construction
Technical Memorandum (Appendix M) summarized the possible effects of constructing LRT, BRT, and
modern streetcar along the Alternative 7 (Monticello/Hampton) and 12 (Church/Granby) alignments
based on the conceptual designs that have been prepared for the Norfolk Westside Transit Study. Because
of the limited scope of the design and types the available data (GIS-level), it was not possible to create a
comprehensive list of impacts at this time.

5.7.1 GENERAL CONSTRUCTION IMPACTS
Common activities associated with LRT, BRT, and modern streetcar construction that would occur
throughout a particular alignment are listed in Table 10, followed by a summary of some of the types of
construction impacts that would be encountered along with potential mitigation strategies.
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Table 10 l General Construction Activities

Step

Activities/Comments

Light Rail

Bus Rapid
Transit

Modern
Streetcar

Site preparation

Clearing of existing surface features may include
removal of landscaping, fencing, signs, or other
items that would be replaced at the end of
construction. This may also include the demolition
of existing adjacent buildings that would be in the
expanded right of way limits.







Roadway
widening/
relocation

Adjustment of travel lanes to accommodate new
exclusive guideway, addition/relocation of turn
lanes. This may include the full depth and partial
depth reconstruction of various roadway
segments.







Underground
utility/ drainage
relocation

Relocations of underground utilities such as water
and sewer lines, stormwater lines and inlets,
electric, gas, and communications lines in order to
accommodate the transit guideway or station
platforms. These utilities are often located under
travel lanes, in the roadway median, or along the
side of the road.







Aboveground
utility relocation

Relocations of utilities located above the surface.
Electric, telephone, and cable lines on poles along
the roadway would be affected by roadway
widening or sidewalk relocation. High voltage
electric transmission lines are also found at various
locations along the alignments, particularly near
the Norfolk Southern railroad crossings and near
NSN.







Trackwork and
underground
systems work

Includes installation of drainage structures, conduit
and vaults for both traction power and signal and
communication systems, concrete slabs for track
and platforms, and foundations for OCS poles and
traffic signal poles.
For embedded track, the track installation includes
placement of subgrade, base slabs, rail, and special
trackwork. For ballast track sections, it would
include placement of ballast curbs, underdrains,
subgrade, ballast, ties, rail, and special trackwork.
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Step

Activities/Comments

Light Rail

Bus Rapid
Transit

Modern
Streetcar

Traction power,
OCS, signaling,
and
communications
systems

OCS poles would be placed to hold the contact wire
that supplies power to the light rail vehicles or
modern streetcars. Traction power substations
would be installed. Depending on the design,
wayside signaling equipment and communications
equipment along the alignment would be installed.



Traffic signal
improvements

Installation of traffic signal improvements including
poles and equipment.







Station stops

Installation of station platforms and foundations,
sidewalks, shelters, lighting, furniture, fare
collection equipment, and signage. Some stations
may include Park & Ride lots or bus transfer areas.







Landscaping

Any required landscaping would be installed and
the site would be cleaned and prepared for
opening.
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Traffic
Short- and long-term closures of traffic lanes, sidewalks, or bicycle lanes would occur while work is
performed within the public right of way. A maintenance of traffic (MOT) plan would be developed during
advanced stages of the design in coordination with the City of Norfolk, the Navy, affected residents,
businesses, and stakeholders, such as ODU and the Port of Virginia. The goal of the MOT plan would be to
maintain access, to the greatest extent possible, to residences, businesses, community facilities, and
major institutions such as NSN while minimizing traffic impacts and providing a safe, efficient, and
effective work environment for construction. Alternatives 7 and 12 (Church/Granby) have several
locations where traffic impacts due to construction would be significant.
Noise and Vibration
Temporary increases in noise levels related to construction activities would occur throughout the corridor.
The construction contractor would be required to comply with City of Norfolk noise control ordinances
and any contract requirements regarding limitations on when and where work activities may take place.
Buildings that could be impacted due to construction activities would be identified during later phases of
design. Historic structures, hospitals, and scientific laboratories would be of particular concern. Pre- and
post-construction surveys may be completed to assess impacts from construction activities.
Air Quality
Construction activities may produce air pollutants from two types of sources: exhaust emissions from
construction equipment and fugitive dust emissions associated with the clearing and grading of
construction areas. The emissions associated with construction activities are of short-term duration and
would cease when the alternative is built. Contractors would be required to conform to all applicable local
and state air quality regulations during construction.
Water Quality
Potential water quality impacts are primarily associated with the transport of runoff containing sediment
and other contaminants to the stormwater and/or surface water systems such as local streams and the
Lafayette River. These types of impacts would be site specific, dependent upon the soil present, and
related to the duration and intensity of rainfall events. Contractors would be required to adhere to the
provisions of the Clean Water Act and other federal, state, and local guidelines. A stormwater pollution
prevention permit would be obtained prior to construction for ground-disturbing activities exceeding one
acre. Erosion and sediment (E&S) control plans would be required as part of the final design. The E&S
plans would identify the location of erosion and sediment control devices to be installed prior to
construction, such as silt fencing and/or inlet protection treatments, and other practices which the
contractor must follow throughout construction.
Business Impacts
Businesses located near work zones would be impacted during construction. Construction of tracks,
roadways, sidewalks, and utilities would require temporary closures and detours, thereby reducing the
amount of passing traffic and potential customers. Customer traffic may decrease as people tend to avoid
construction zones. While the maintenance of traffic plan would require access to be maintained to
existing properties, on-street parking may be impacted, and detours or changes to driveway entrances
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that make access difficult would discourage people from patronizing businesses. To reduce the impacts
to businesses, part of the stakeholder outreach prior to construction would include engaging owners along
the corridor to identify their concerns and potential mitigation strategies. Construction signage directing
vehicles to specific business entrances could be installed, and assistance could be provided by the city or
community business associations regarding additional advertising campaigns or other assistance that
could reduce the impact to businesses along the alignment.
Construction Staging
During construction, contractors would need adequate space to store materials and equipment. The
contractor would be responsible for identifying a suitable site for their purposes, in accordance with City
of Norfolk zoning requirements. The contractor would be responsible for providing security fencing
around the site as well as landscaping and maintaining required setbacks.

TIER 2 EVALUATION
To evaluate the feasibility of the LRT, BRT, and modern streetcar modes on the Alternative 7
(Monticello/Hampton) and Alternative 12 (Church/Granby) alignments, each was considered relative to
the purpose and need of the project. An alternative must meet the identified purpose and need of the
project in order to be recommended for further analysis as part of an environmental impact study. In the
event that none of the alternatives meet the project’s purpose and need, a No Build alternative could be
considered.
In April 2018, HRT presented the results of the Tier 2 analysis at two public meetings that took place at
the Hampton Roads Transit Southside Administrative Building and the Lamberts Point Community Center.
At these meetings, HRT explained how Alternative 7 (Monticello/Hampton) and Alternative 12
(Church/Granby) were analyzed for each of the modes, and the study team shared cost estimates,
ridership projections, and information regarding sea level rise, flooding, and traffic impacts.

6.1. COMPARISON OF TIER 2 ALTERNATIVES TO PURPOSE
AND NEED
NEED 1: ENHANCE MOBILITY AND ACCESS WITHIN THE STUDY AREA THROUGH
TRANSIT INVESTMENTS
For the purposes of this evaluation, the need of enhanced mobility and access with the study area could
be met with robust ridership demand coupled with a balanced impact to local streets and highways. NSN
and other destinations such as ODU on the west side of Norfolk are critical to the future growth and
development of both the City and the region. Increasing levels of congestion on the streets and highways
that provide access to these destinations have the potential to limit their ability to operate effectively and
provide critical local, regional, and national functions. Currently and for the predictable future, most
residents and commuters to NSN and other destinations in the study area will use automobiles as their
primary means of mobility. Because of this, the impacts to automobiles in terms of additional delays must
be balanced with the benefits of robust transit ridership.
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Vehicular traffic on the existing street network would be affected by implementing either Alternative 7
(Monticello/Hampton) or Alternative 12 (Church/Granby). LRT or modern streetcar alternatives in
exclusive lanes within existing street rights of way would affect roadway capacity by reducing the number
of available travel lanes. Modern streetcar and BRT alternatives that would operate in mixed traffic would
disrupt the flow of traffic within travel lanes and at stations. Turning movements across at-grade exclusive
lanes would be limited to signalized intersections, further restricting mobility of vehicles, pedestrians, and
bicycles along the alignments.
On the Alternative 7 (Monticello/Hampton) alignment, increases in delay for the build scenarios would be
notable on Hampton Boulevard between 49th Street and Jamestown Crescent/Hanover Avenue and at
intersections nearest to downtown Norfolk, including Monticello Avenue at Charlotte Street and
Monticello Avenue at Brambleton Avenue, as compared to the No Build alternative.
For the Alternative 12 (Church/Granby) alignment, increases in delay would be most notable at
intersections adjacent to proposed transit station stops because those locations would be expected to see
an increased frequency of pedestrian traffic signal phases. On this alignment, the LRT scenario traffic
operations would experience a disproportionate increase in delay on Granby Street between 38th
Street/La Valette Avenue and Willow Wood Drive. For more than half of this stretch of the alignment, the
two lanes in each direction that currently exists on Granby Street would be reduced to a single lane of
traffic in each direction.
There would be more intersections operating at level of service E or F associated with any of the LRT, BRT,
or modern streetcar alternatives compared to if nothing were constructed. For Alternative 7
(Monticello/Hampton), the No Build scenario would have four intersections operating at LOS E or F, while
LRT would have nine, streetcar would have eight, and BRT would have six. The impacts of the build
scenarios for Alternative 12 (Church/Granby) would be more severe: No Build would have five
intersections at LOS E or F, LRT would have 15, streetcar would have 12, and BRT would have 10.
While the alignments would serve NSN and major activity centers in the study corridor, the ridership
forecasting model projected that none of the modes would have robust ridership in the opening year
(assumed to be 2020 for modeling purposes) or in the forecast year (2040) compared to similar length
projects currently receiving federal construction grants. The LRT mode, which would have the highest
ridership for both alternatives, would only generate 5,325 weekday trips in 2040 on Alternative 7
(Monticello/Hampton) and 5,626 trips on Alternative 12 (Church/Granby). The modern streetcar and BRT
modes would have less than 4,000 trips at new stations in 2040.
Because the significant impacts to vehicular traffic are not balanced by robust ridership potential in
either the Alternative 7 (Monticello/Hampton) or Alternative 12 (Church/Granby) corridors, it has been
determined that none of the alignments or modes meet the need of enhancing mobility and access
within the study area.
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NEED 2: ENCOURAGE DEVELOPMENT AND REDEVELOPMENT CONSISTENT WITH
THE CITY’S PLANS
There are two city-wide plans that offer development guidelines for the west side of Norfolk:
plaNorfolk2030, the City’s comprehensive plan, and Vision 2100, the City’s resiliency plan. Similarly, the
City of Norfolk Zoning Ordinance regulates uses, forms, and functions of land throughout the city. Several
other area and neighborhood plans, including the Central Hampton Boulevard Area Plan and the Wards
Corner Urban Development Area Plan, are specific to the west side of Norfolk and include vision
statements and implementation steps to significantly change their area’s characteristics to create
pedestrian-friendly environments through Complete Streets techniques, while preserving or improving
roadway capacity and intersection levels of service.
For the purposes of this evaluation, an alternative was found to be consistent with the City’s plans if highcapacity transit was explicitly or implicitly included in the City’s key planning documents. As shown in
previous sections, implementation of high-capacity transit is consistent with the city-wide and local area
plans developed by the City of Norfolk for the west side of the city. Two plans in particular support the
expansion of fixed-guideway transit within the study area. Chapter Four (4) of plaNorfolk2030 is called
Providing Transportation Options. The second key issue in this section of the plan is “expanding light rail
transit within the City, as well as regionally, to serve activity centers and employment centers”, and
comments directly that “light rail extension to NSN is a priority within the City of Norfolk”. Also, part of
the St. Paul’s Area Plan’s vision statement is that St. Paul’s is “a place that is well connected to the
surrounding city, easily accessible by foot, bicycle, car, or transit” and specifically asks that the City
“explore the potential for light rail service within St. Paul’s in order to utilize the Church Street right of
way or St. Paul’s Boulevard for a northern extension of The Tide”.
The study area is already developed and includes the urbanized areas of the city. Short-term
redevelopment would not be expected, although existing neighborhoods would benefit from increased
access to transportation options. However, the addition of a fixed-guideway transit system would likely
encourage single-site redevelopment along the alternatives over the long term. There are a limited
number of areas near the Alternative 7 (Monticello/Hampton) and 12 (Church/Granby) corridors that
would have the potential for transit-oriented development, including the Cedar Grove parking lot, the
former HRT Southside Administrative Headquarters, and near ODU along Alternative 7
(Monticello/Hampton), and the St. Paul’s area and Wards Corner along Alternative 12 (Church/Granby).
Norfolk Resilient City is the City of Norfolk’s overall resiliency strategy aimed to mitigate risk to, and
protection from, catastrophic events. A goal of this strategy is to design the coastal community of the
future. This includes collectively creating a vision for the future. Vision 2100, the City’s resiliency
implementation plan is a product of this process and identifies where and how the City should make longterm investments for future growth. The City is also partnering with global experts to develop nextgeneration water management strategies.
As noted previously, the City of Norfolk is planning for a future of continued coastal flooding and sea level
rise. Vision 2100 aims to design the coastal community of the future that addresses these challenges.
Vision 2100 designates methods to protect or enhance the City through four area strategies:
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1. Areas home to key economic assets essential to the City’s future; including downtown Norfolk,
Lambert’s Point, ODU, and NSN. The plan states that land use policy and infrastructure
investments should be made in these areas to protect them. Most of the commercial, industrial,
and institutional areas on the west side of Norfolk falls into this category.
2. Areas meant to create new urban centers because they are at low risk of coastal flooding and
have great potential for high-density, mixed-use, and mixed-income development. Very little of
the west side study area falls into this category.
3. Areas where the City wants to establish neighborhoods of the future, where existing
neighborhoods are at less risk of coastal flooding and to encourage their future development.
Very little of the study area is in the category.
4. Areas that experience frequent flooding are discouraged from additional development. Most of
the residential areas of the west side fall into this category, including the neighborhoods of
Larchmont, Edgewater, RiverPoint, Belvedere, Algonquin, and Meadowbrook.
As described in previous sections, large portions of the study area have the potential for coastal flooding
and long-term inundation due to sea level rise. Flooded tracks and/or roadways would require transit
operations to be suspended, and repeated flooding events could introduce debris and other blockages to
rail system elements that must be cleared before service can be restored. As stated above, the City’s plans
do not encourage development in these areas—some of which could be transit supportive.
While HRT’s Manual of Design Criteria currently restricts construction of new facilities within 100-year
flood plains defined by FEMA, the effects of flooding could be mitigated by elevating the guideway on fill
or a viaduct through flood prone areas. This strategy has the potential to be disruptive to traffic operations
and may result in significant impacts to surrounding neighborhoods. The City of Norfolk, along with the
US Army Corps of Engineers and other stakeholders, is actively developing plans for addressing flooding
issues on a long-term basis.
The alternatives under consideration are consistent with some of the City’s plans for the west side of
Norfolk. However, since all of the high-capacity transit alternatives have the potential to encourage
development in areas that are prone to flooding, there is a potential conflict with the Vision 2100 plan
absent other larger mitigation efforts. In addition, if one of the alternatives were developed further,
the impacts related to elevating the guideway in flood-prone areas could result in conflicts with
established plans or the City’s future resiliency efforts.
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NEED 3: MAKE FISCALLY RESPONSIBLE TRANSIT INVESTMENTS
The funding for any high-capacity transit system would consist of local, state, and federal sources.
Figure 31 lists the forecasted number of trips and estimated costs for Alternative 7
(Monticello/Hampton) LRT, Alternative 12 (Church/Granby) LRT, and three peer light rail projects.
Figure 31 l Light Rail Project Ridership and Cost Comparison
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For the purposes of this evaluation, an alternative would be found to be a fiscally responsible transit
investment if its capital and operating costs relative to its ridership potential could reasonably expect to
receive federal funds through the Federal Transit Administration’s capital investment (or similar) grant
program. As shown in
Figure 31, the costs and ridership for any of the alternatives do not compare favorably to other similar
LRT projects that have recently been approved to receive federal funding. The federal funding sources are
limited and highly competitive, and none of the Tier 2 Norfolk Westside Transit Study alignment
alternatives would be competitive for LRT or modern streetcar. Neither of the BRT alternatives would be
eligible for federal capital funding because they do not meet the minimum threshold of 50 percent
exclusive guideway.
In addition to the capital costs, ongoing expenditures would be required to operate and maintain any new
fixed guideway service that would be implemented. A large portion of this funding would need to be from
the City of Norfolk in accordance with HRT’s Cost Allocation Agreement. In 2018, the estimated operations
and maintenance cost for the existing Tide LRT system between Newtown Road and EVMC is
approximately $10.3 million per year. LRT alternatives would increase the annual operating cost by $6.1
million for Alternative 12 (Church/Granby) and $8.5 million for Alternative 7 (Monticello/Hampton). For
BRT, there would be a $1.6 million increase in operating costs for both alternatives. There would be a $5.3
million increase in operating costs for streetcar Alternative 12 (Church/Granby) and $5.5 million for
Alternative 7 (Monticello/Hampton).
Because the criteria for federal transit capital investment funding would not be met, none of the
alternatives and modes would meet the project’s need of making fiscally responsible transit
investments. Furthermore, the substantial annual investment from the City of Norfolk that would be
required to support operations and maintenance would not be fiscally responsible considering the
projected ridership for any of the alternatives and modes.
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6.2. CONCLUSIONS AND NEXT STEPS
The Norfolk Westside Transit Study was initiated as part of a larger effort to improve transit services to
NSN. Following the 2015 Naval Station Norfolk Transit Extension Study and guidance from FTA, a series of
potential high-capacity alignment alternatives and transit modes were evaluated that would connect The
Tide to NSN through the west side of Norfolk. After a year of analysis, the study has determined that based
on the limited ridership potential, high capital and operating costs, potential impacts to traffic and
mobility throughout the corridor, and significant challenges related to flooding and resiliency, a new highcapacity transit alternative on the west side of the city of Norfolk is not feasible. Based on this conclusion,
HRT is recommending that the City adopt a No Build alternative for the west side of the City of Norfolk.
While a high-capacity transit alternative has been found not to be feasible given the current transit
funding environment on the west side of Norfolk, congestion and mobility challenges remain in the study
area. HRT will continue to work with the City of Norfolk to examine other ways to enhance transit access
on the west side of the city, particularly along Colley Avenue, Hampton Boulevard, and Granby Street.
ODU, the Navy, and other stakeholders in the area will be engaged in an effort to improve transit services
connecting the university, neighborhoods, and major employment and activity centers throughout the
corridor.
There continues to be an urgent need to provide high-capacity transit services to serve the 60,000 to
70,000 military personnel and civilians who work at NSN. To that end, HRT and the City of Norfolk,
together with their partners at the Virginia Department of Rail and Public Transportation and FTA, are
preparing to initiate an analysis of alternative alignments to serve the naval base via the east side of the
City of Norfolk. This analysis will be a two-year study to look at the feasibility and environmental impacts
of a high-capacity transit extension connecting The Tide to NSN. This study is expected to begin in the fall
of 2018.
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