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1 Needs Evaluation & Diagnosis
1.1 Introduction
A segment of the U.S. Route 11 (Euclid Avenue) corridor in the City of Bristol, Virginia was selected for
study under the Multimodal Project Pipeline (Project Pipeline), a performance-based planning program
to identify cost-effective solutions to multimodal transportation needs in Virginia. Through this planning
process, projects and solutions may be considered for funding through programs, including SMART
SCALE, revenue sharing, interstate funding, and others. Visit the Project Pipeline webpage for
additional information: vaprojectpipeline.org.
This study focuses on concepts targeting identified needs including safety improvement, pedestrian and
bicycle infrastructure along the corridor, and transit access. The objectives of Project Pipeline are shown
in Figure 1.

Figure 1: Project Pipeline Objectives

1.2 Methodology
The Project Pipeline study process consists of three phases, further detailed in  Figure 2:

· Phase I: Problem Diagnosis and Alternative Brainstorming.
· Phase II: Alternative Evaluation and Sketch-Level Analysis.
· Phase III: Investment Strategy and Cost Estimate.

Figure 2: Study Phase Methods and Solution
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1.3 Study Background
The Virginia Department of Transportation (VDOT) working in conjunction with City of Bristol staff have
identified the need to address operational and safety concerns along the U.S. Route 11 (Euclid
Avenue) corridor from Vance Street to Commonwealth Avenue. U.S. Route 11 serves as a primary
transportation corridor for the City of Bristol with an AADT of 12,000 vehicles per day (vpd), and it
continues to accommodate a wide array of weekly users with varying trip purposes. In addition to
serving these regular design volumes, this segment acts as a critical detour route in the event of
closures along a seven-mile segment of Interstate 81, which is the Interstate with the highest incident-
related delay in Virginia. Additionally, U.S. Route 11 is listed as a Corridor of Statewide Significance
(CoSS) as part of Virginia’s “Crescent Corridor”.
A study work group (SWG) was formed for this Project Pipeline Study to capture input from local
stakeholders and shape the development of potential improvements. The SWG provided local and
institutional knowledge of the corridor; reviewed study methodologies; provided input on key
assumptions; and reviewed and approved proposed improvements developed through the study
process. The SWG included members representing the following organizations:

· Virginia Department of Transportation (VDOT).
· Office of Intermodal Planning and Investment (OIPI).
· City of Bristol.
· Bristol Tennessee/Virginia Urban Area Metropolitan Planning Organization (MPO).
· Mount Rogers Planning District Commission (MRPDC).
· Department of Rail and Public Transportation (DRPT).
· Michael Baker.
· Kimley-Horn.
· T3 Design.

The study area comprises approximately 0.6 miles of U.S. Route 11 (Euclid Avenue) and includes
signalized intersections at three cross streets: Vance Street; Bob Morrison Boulevard and the Euclid
Avenue Shopping Center driveway; and Commonwealth Avenue (State Route 381 to the west and
U.S. Routes 11E, 19, and 421 to the east). Figure 3 shows the study intersections and corridor limits.

U.S. Route 11 is a four-lane divided arterial with a 35-mph posted speed limit within the study area.
U.S. Route 11 and Commonwealth Avenue are both classified as “Other Principal Arterial.” Vance
Street and Bob Morrison Boulevard are both classified as “Major Collector.” South of Commonwealth
Avenue, Euclid Avenue is specifically designated as U.S. Route 11W. North of Commonwealth Avenue,
Euclid Avenue continues as U.S. Route 11 proper and is classified as a “Minor Arterial.”

The study segment of U.S. Route 11 is concurrently designated as U.S. Route 421. It should be noted
that multiple overlapping north-south routes in the study network have conflicting directional
designations. In accordance with the designation of U.S. Route 11, this report discusses Euclid Avenue
as a north-south corridor.

The U.S. Route 11 corridor is primarily commercial, with connections to residential areas. The Euclid
Avenue Shopping Center, Food City, and various other commercial uses are significant traffic
generators along the corridor. Interstate 81 runs parallel to U.S. Route 11 approximately one mile to
the northwest and serves as the primary interregional access to the southwest, north, and east. From
the study area, Interstate 81 is accessed to the southwest via U.S. Route 421 (Exit 1) and to the
northeast via State Route 381/Interstate 381 (Exit 3). Residential neighborhoods can be accessed by
way of numerous streets that intersect the main U.S. Route 11 corridor.
Nearby transit services include the West Bristol/Mall Route, with the Food City bus stop and the
Commonwealth Avenue & Lawrence Avenue bus stop. Euclid Avenue features a bikeway north of the
study corridor.
A framework document was developed prior to commencing the study and outlined the methods and
assumptions. The framework document was signed by the agencies in the SWG and is provided in
Appendix A.

1.4 VTrans Needs
Project Pipeline focuses on solutions to the identified VTrans Mid-Term needs with a performance-
based planning approach. The VTrans Mid-Term needs for this corridor were identified from a data-
informed process and are listed in Table 1.

Table 1: U.S. Route 11 VTrans Identified Needs
VTrans Identified Needs

Need Priority
Bicycle Access Very High

Safety Improvement Very High
Pedestrian Access High

Transit Access High
Transportation Demand Management Low

Capacity Preservation None
Congestion Mitigation None
IEDA (UDA) Access None

Pedestrian Safety Improvement None
Rail On-time Performance None

Reliability None
Transit Access for Equity Emphasis Areas None
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Figure 3: Project Study Area
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U.S. Route 11 (Euclid Avenue) in Bristol was selected as a Project Pipeline study location due to the
presence of overlapping VTrans needs. The project team took the following steps to confirm and
evaluate the VTrans needs identified in the study area:

· Reviewed the Project Pipeline Data Dashboard to identify issues and trends in the study area.
· Conducted a field review of the study area to observe issues and document existing conditions.
· Collected traffic counts at the study area intersections.
· Reviewed relevant studies and plans near the study area to inform the alternative development.
· Conducted detailed Existing Conditions and No-Build Conditions traffic operation analyses

using Synchro and SimTraffic.

1.5 High-Level Needs Diagnosis
The Data Dashboard was developed by OIPI and VDOT to centralize data collection and leverage big
data sources to streamline VTrans needs and problem diagnosis across all Project Pipeline studies as
well as identifying the core issues and patterns identified in the Framework Document.

The Data Dashboard contains performance measures including VDOT crash data, travel time index
data, level of travel time reliability (LOTTR) data, speed data, and StreetLight analytics data for each
study area. The study team confirmed the VTrans identified needs of safety improvements, bicycle
access, pedestrian access, and transit access. The results of this analysis are summarized in the
Phase 1 summary sheets in Appendix B.

1.5.1 Safety and Access Management Needs
A review of existing crash data from 2015 through 2019 validated the very high need for safety
improvements at the three study intersections, as depicted visually in Figure 4.
The highest intensity of the three was the intersection with Commonwealth Avenue, where the crash
cluster also extended along the intersection approaches to the east, west, and particularly to the south.
Table 2 lists the crashes at each intersection by severity as classified by the KABCO scale, where K
represents any crash involving a fatal injury, A represents any crash involving suspected serious injury
only, B represents any crash involving suspected minor injury only, and C represents any crash
involving possible injury only. For the high-level analysis, crashes involving property damage only
(represented by O) were not analyzed.

Figure 4: Study Area Crash Hotspots (2015-2019 Data)

Table 2: Study Intersection Crashes by Severity (2015-2019 Data)

Intersection on U.S. Route 11 (Euclid Avenue) Crashes by Severity
K A B C Total

Commonwealth Avenue 0 7 10 15 32
Bob Morrison Boulevard 0 0 3 4 7

Vance Street 0 0 2 0 2
Total 0 7 15 19 41

Potential contributing issues initially identified from the crash patterns included a lack of exclusive
right-turn lanes on many approaches, failure of left-turning motorists to yield to oncoming traffic, and
an excessive number of commercial access driveways within close proximity to each intersection.
Consistent with the results of the crash review, access-point density throughout the corridor was noted
to be very high, with many accesses too close to intersections. Poor access management is likely to
contribute to both safety and operational deficiencies.
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1.5.2 Multimodal Needs
The study area’s very high need for bicycle access was demonstrated by a lack of any bikeways in the
corridor despite a segment of bikeway further north on Euclid Avenue. Additionally, two crashes at the
intersection of U.S. Route 11 and Commonwealth Avenue involved bicyclists.
The high need for pedestrian access could be seen in disconnected sidewalks in the study area and a
lack of any crosswalks at the intersection of U.S. Route 11 and Bob Morrison Boulevard/Euclid Avenue
Shopping Center driveway, despite the presence of a traffic signal. Additionally, at the intersection of
U.S. Route 11 and Commonwealth Avenue, there is no pedestrian crossing on the southern leg, there
is an outdated crossing on the northern leg, and there are no pedestrian push buttons; the crash
history showed one crash involving a pedestrian. Finally, some of the existing crosswalk markings in
the corridor are faded. While some bus service is available near the corridor, the route’s hours and
destinations are limited, and headways are generally 60 minutes.
Transportation demand management was found to be a lower priority given the nature of the area.
Missing services included regional and local commuter programs, transportation network companies,
and micromobility services.

1.6 Detailed Needs Validation
Both safety and operational conditions in the study corridor were analyzed in the existing year of 2021;
operational conditions were also analyzed in the project design year of 2045.

1.6.1  Existing Conditions Analysis
The study team conducted a multifaceted analysis of the existing conditions of the study corridor,
which included previous studies review, safety analysis, access management review, and traffic
operations analysis using Synchro. The results of the existing conditions analysis were presented to
the SWG during a Stakeholders Meeting held on October 14, 2021.

Demographics and Land Use
There are numerous types of land uses within the vicinity of the study area including restaurants, gas
stations, pharmacies, schools, retail shops and the Euclid Avenue Shopping Center, whose driveway is
aligned directly opposite Bob Morrison Boulevard. Immediately adjacent to the intersection of U.S.
Route 11 and Commonwealth Avenue, there is a gas station in the southwest quadrant, a former
pharmacy parcel being developed into a gas station to the southeast, an ASM Agricultural Services
store (formerly Southern States) to the northwest, and a shopping/retail services plaza to the
northeast.

Relevant Studies, Plans, and Projects

Information for the following studies, plans, and projects was collected and reviewed to identify
previous or ongoing recommendations in and adjacent to the study area:

· City of Bristol – Traffic Signal Improvement Project – HSIP project – UPC 110873 (Bob Morrison
Blvd).

· Bristol Virginia Transit Development Plan (FY 2016-2021).

Safety Analysis
A detailed analysis of crashes (from 2015 to 2019) in the study area identified a number of patterns
and issues. A total of 100 crashes occurred during the five-year study period. Of all intersection
crashes, 80% were rear-end or angle collisions (70% at Vance Street, 75% at Commonwealth Avenue,
and 95% at Bob Morrison Boulevard). There were 3 head-on crashes, 7 same-direction sideswipe
crashes, 2 fixed-object (off-road) crashes, 1 pedestrian crash, and 2 crashes involving bicyclists, all of
which occurred at Commonwealth Avenue. The only back-into crash occurred at Bob Morrison
Boulevard. At Commonwealth Avenue, 35% of angle crashes involved vehicles exiting or entering the
closely spaced commercial driveways.
Crash types at each study intersection are summarized in Table 3. The final crash analysis resulted in
recommendations for improvements to be included in the Phase 1 concepts, which are discussed in
Section 2.1 .

Table 3: Study Intersection Crashes by Type (2015-2019 Data)
Crashes by Type

Intersection on
U.S. Route 11

(Euclid
Avenue)

Rear
End Angle Head-On

Sideswipe
Same

Direction

Sideswipe
Opposite
Direction

Fixed
Object –
Off Road

Pedestrian Backed
Into Other

Commonwealth
Avenue 33 17 3 7 2 2 1 0 0

Bob Morrison
Boulevard 12 9 0 0 0 0 0 1 0

Vance
Street 6 3 0 0 2 0 0 0 2

Total 51 29 3 7 4 2 1 1 2
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Traffic Data
The existing lane geometry and control type at each study intersection is depicted in  Figure 5.
In order to analyze the operational needs of intersections in the corridor, a 12-hour turning movement
count (TMC) was collected at each study intersection on a typical weekday in June 2021. These
counts were then supplemented with another 12-hour TMC collected in October 2021 at the
intersection of U.S. Route 11 and Commonwealth Avenue to adjust for school traffic patterns in the
area. The recorded vehicular volumes were balanced conservatively between adjacent study
intersections. Because data from the Virginia COVID-19 Traffic Trend Tool showed that adjacent
corridors had higher volumes in October 2021 than in years prior to the pandemic, no COVID-19
volume adjustments were needed.
Final adjusted vehicular volumes for the 2021 Existing condition are shown in  Figure 6. Heavy-vehicle
percentages and peak hour factors for the vehicular volumes are shown in  Figure 7. Pedestrian
volumes recorded at the study intersections are shown in Figure 8; no bicycles were counted.
The full set of traffic count data collected for the study can be found in Appendix C-1. Additional detail
on the volume development process is provided in Appendix D.

Synchro and SimTraffic Operational Analysis

At the direction of the City of Bristol, the two intersections of U.S. Route 11 with Vance Street and U.S.
Route 11 with Bob Morrison Boulevard/Euclid Avenue Shopping Center Driveway were not carried
forward for detailed operational analysis. However, for reference, volume projections for all
intersections are included throughout the report.

Control delay (seconds per vehicle) and the corresponding level of service (LOS) were selected as
measures of effectiveness (MOEs) to quantitatively report the performance of each study intersection;
also used as an MOE was maximum queue length (feet). Synchro and SimTraffic were used to
quantify the delay and the queue lengths, respectively.

Intersection LOS is a qualitative measure that describes a driver’s perception of the operating
conditions. LOS ratings range from A to F. LOS A indicates little or no congestion and LOS F indicates
severe congestion, unstable traffic flow, and/or stop-and-go conditions. Table 4 summarizes the LOS
corresponding to the delay at signalized intersections as specified in the Highway Capacity Manual
(HCM), calculated as the lost travel time experienced by vehicles waiting at a traffic signal.

Table 4: Level of Service Criteria

Level of Service Signalized Intersection Control Delay
(seconds/vehicle)

A ≤ 10.0
B > 10.0 to 20.0
C > 20.0 to 35.0
D > 35.0 to 55.0
E > 55.0 to 80.0
F ≥ 80.0

HCM 6th Edition methodology was used for the signalized intersection of U.S. Route 11 and
Commonwealth Avenue. The SimTraffic model (which still includes all three original study intersections
in order to reflect contextual operations) was calibrated to match observed field conditions; ten
randomly seeded runs were then averaged and validated using the VDOT Sample Size Determination
Tool. Signal timings in the model were based upon existing timing parameters, which are provided in
Appendix C-2.
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Figure 5: 2021 Existing Lane Geometry and Intersection Control Type
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Figure 6: 2021 Existing Peak Hour Vehicular Volumes
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Figure 7: 2021 Existing Heavy-Vehicle Percentages and Intersection Peak Hour Factors
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Figure 8: 2021 Existing 12-Hour Pedestrian Volumes
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The Synchro results indicate that the intersection currently operates at an LOS C in both the AM and
PM peak hours. Additionally, all individual movements operate at an LOS of C or better in both peaks,
with the exception of the eastbound left turn from Commonwealth Avenue onto U.S. Route 11, which
operates at LOS D in the PM peak.

Table 5 presents the delay and LOS for the 2021 Existing analysis.
Table 5: Delay/LOS Results for 2021 Existing Conditions

Intersection Roadway Approach/
Movement

AM Peak PM Peak
Delay

(veh/sec) LOS Delay
(veh/sec) LOS

Euclid Ave
(US 11W/421 and US 11/19)

and
Commonwealth Ave

(US 11E/19/421 and VA 381)

Euclid Ave
(US 11W/421)

NBL 20.3 C 22.6 C
NBT 25.3 C 31.1 C
NBR 17.5 B 19.0 B
NB Overall 21.9 C 25.2 C

Euclid Ave
(US 11/19)

SBL 21.5 C 22.1 C
SBT 28.4 C 30.3 C
SBR 28.5 C 30.4 C
SB Overall 27.2 C 28.8 C

Commonwealth Ave
(US 11E/19/421)

WBL 28.2 C 32.1 C
WBT 17.2 B 21.4 C
WBR 17.2 B 21.4 C
WB Overall 18.9 B 24.5 C

Commonwealth Ave
(VA 381)

EBL 33.1 C 35.0 D
EBT 20.1 C 24.9 C
EBR 20.2 C 24.9 C
EB Overall 20.7 C 25.3 C

Intersection Overall 21.4 C 25.5 C

Table 6 presents maximum queue length results for the 2021 Existing analysis.
Table 6: Maximum Queue Results Summary for 2021 Existing Conditions

Intersection Roadway Lane
Group

Maximum Queue Length (ft) Storage
Length

(ft)AM PM

Euclid Ave
(US 11W/421 and US

11/19)
and

Commonwealth Ave
(US 11E/19/421 and

VA 381)

Euclid Ave
(US 11W/421)

NBL 108 214 465 1

NBT 144 274 760 1

NBR 52 96 760 1

Euclid Ave
(US 11/19)

SBL 105 109 110
SBT/R 163 / 140 245 / 145 350

Commonwealth Ave
(US 11E/19/421)

WBL 66 / 82 159 / 202 276 2

WBT/R 186 / 171 245 / 242 340

Commonwealth Ave
(VA 381)

EBL 83 138 150
EBT 193 / 162 271 / 226 345
EBR 58 106 285

1: Excludes cross-section of at-grade rail crossing
2: Two-lane equivalent of 160’ full-width dual lanes plus 155’ taper from full-width single lane

The queue analysis indicates that existing turn bays and distance from each upstream intersection will
accommodate all maximum queue lengths. However, northbound left and through queues on U.S.
Route 11 approaching Commonwealth Avenue do extend beyond the at-grade rail crossing of the
approach in the PM peak as highlighted in the table.
Detailed results for the 2021 Existing scenario are provided in Appendix E-1.
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1.6.2 Transit, Rail, and TDM Analysis
With support from DRPT, the study team reviewed existing rail infrastructure, park-and-ride locations,
and public transit routes in the study area. Potential improvements were then identified with the goal of
better accommodating the future traffic demand through alternative modes of travel such as rail and
public transit. Currently there is no existing rail infrastructure. There is one park-and-ride location three
miles from the study area. Bristol Virginia Transit operates the West Bristol Route (M-F, 7:00 AM – 6:00
PM), which uses a flag-stop system; the route served 671 riders monthly in 2021 and 1549 riders pre-
pandemic in 2019. The Phase 2 analysis resulted in the project idea to add striped crosswalks on the
south side of the intersection of U.S. Route 11 and Commonwealth Avenue. A summary of the analysis
is provided in Appendix E-2.
1.6.3 No-Build Conditions Operational Analysis
Based on data from the Bristol Region Travel Demand Model Projections, vehicular volumes at the
intersections of U.S. Route 11 with Bob Morrison Boulevard and with Vance Street were grown to the
horizon year of 2045 using an annual background growth rate 0.5%, while volumes at the intersection
with Commonwealth Avenue were grown by 1%. The volumes were then balanced between
intersections. In addition to background growth, trips expected to be generated by a proposed gas
station with convenience store and car wash at the study intersection were calculated and added to
the future background volumes to produce the future 2045 No-Build volumes. While a majority of gas
station trips are typically assumed to be pass-by, all site trips in this study were treated as new primary
trips in order to conservatively estimate future demand. The traffic projection methodology and
recommendations were approved by VDOT, and the City and a copy of the traffic projection
memorandum submitted to VDOT and the City is provided in Appendix D. Final adjusted vehicular
volumes for the 2045 No-Build condition are shown in Figure 9; heavy-vehicle percentages and peak
hour factors are shown in Figure 10.

Synchro and SimTraffic were used to quantify the level of service (LOS) and the queue lengths,
respectively, for the 2045 No-Build scenario. The 2021 Existing Conditions Synchro models were used
as a basis to develop the No-Build models for the AM and PM peak hour conditions. The models were
updated with the projected 2045 No-Build traffic volumes. Signal timings were optimized based on the
City’s policy of optimizing signal timings along a corridor for the capacity improvements, and HCM 6 th

Edition reports were used for the signalized study intersection.

The analysis results indicate that the intersection as a whole can be expected to continue to operate at
LOS C in the AM peak but will degrade to LOS D in the PM peak. All individual movements operate at
LOS C or better in the AM peak and at LOS D or better in the PM peak. Table 7 presents the delay
and LOS for the 2045 No-Build analysis.

Table 7: Delay/LOS Results for 2045 No-Build Conditions

Intersection Roadway Approach/
Movement

AM Peak PM Peak
Delay

(veh/sec) LOS Delay
(veh/sec) LOS

Euclid Ave
(US 11W/421 and US 11/19)

and
Commonwealth Ave

(US 11E/19/421 and VA 381)

Euclid Ave
(US 11W/421)

NBL 21.5 C 27.3 C
NBT 30.2 C 40.2 D
NBR 18.0 B 21.5 C
NB Overall 25.2 C 31.8 C

Euclid Ave
(US 11/19)

SBL 22.2 C 29.8 C
SBT 30.7 C 38.1 D
SBR 30.8 C 38.2 D
SB Overall 29.3 C 36.6 D

Commonwealth Ave
(US 11E/19/421)

WBL 28.7 C 47.4 D
WBT 24.1 C 34.7 C
WBR 24.2 C 34.7 C
WB Overall 24.9 C 38.4 D

Commonwealth Ave
(VA 381)

EBL 30.9 C 52.3 D
EBT 22.2 C 34.3 C
EBR 22.4 C 34.0 C
EB Overall 23.3 C 36.1 D

Intersection Overall 25.0 C 35.9 D
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Figure 9: 2045 Peak Hour Vehicular Volume
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Figure 10: 2045 Future Heavy-Vehicle Percentages and Intersection Peak Hour Factors
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Table 8 presents maximum queue length results for the 2045 No-Build analysis.
Table 8: Maximum Queue Results Summary for 2045 No-Build Conditions

Intersection Roadway Lane
Group

Maximum Queue Length (ft) Storage
Length

(ft)AM PM

Euclid Ave
(US 11W/421 and US

11/19)
and

Commonwealth Ave
(US 11E/19/421 and VA

381)

Euclid Ave
(US 11W/421)

NBL 152 339 465 1

NBT 279 456 760 1

NBR 77 174 760 1

Euclid Ave
(US 11/19)

SBL 109 109 110
SBT/R 183 / 147 379 / 145 350

Commonwealth Ave
(US 11E/19/421)

WBL 103 / 124 260 / 276 276 2

WBT/R 231 / 233 495 / 468 340

Commonwealth Ave
(VA 381)

EBL 149 150 150
EBT 208 / 179 415 / 364 345
EBR 94 272 285

1: Excludes cross-section of at-grade rail crossing
2: Two-lane equivalent of 160’ full-width dual lanes plus 155’ taper from full-width single lane

While all existing turn bays and distances from each upstream intersection will continue to
accommodate maximum queues in the AM peak, multiple movements will begin to exceed available
storage in the PM peak: the southbound dedicated through lane on U.S. Route 11, the westbound
through and through/right lanes on Commonwealth Avenue, and the eastbound through lanes on
Commonwealth Avenue. Additionally, the northbound left and through queues on U.S. Route 11 will
continue to extend beyond the at-grade rail crossing in the PM peak and will also begin to do so in the
AM peak, while the northbound right-turn queue will begin to extend beyond the crossing in the PM
peak.

Detailed results for the 2045 No-Build condition analysis are provided in Appendix F.
The operational analysis indicates that, even after including conservative trip generation from the
proposed gas station with convenience store and car wash, the intersection delay and LOS conditions
are still well within the acceptable range in both peak hours in 2045. This validates the identified
project priorities, which did not include a focus on reducing congestion.
Maximum queue lengths for three through movements are shown to extend beyond available link
lengths; however, none of these queue overflows could be considered critical failures. All of the
upstream intersections that are, at times, impacted by queues are with minor, unsignalized cross
streets. Queuing across the at-grade rail crossing was also observed in the 2021 Existing analysis and
has not been identified as an existing causation of crash patterns; the crossing is gated, and the traffic
signal features railroad preemption functionality.
Although it is not feasible to address all potential future operational issues in the scope of this project,
the proposed access management improvements can be expected to reduce the interference between
driveway movements and future queues on the roadway. As the preferred alternative is analyzed, the
2045 No-Build operational analysis will provide a baseline for comparison to ensure that the proposed
safety improvements will not degrade operations under the 2045 Build scenario.
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2 Alternatives Development &
Refinement
Following the diagnosis of the study area’s needs, alternatives for improvements to the corridor were
proposed, screened, presented, and refined over two phases of development.

2.1 Phase 1 Alternative Development
Because Safety Improvement was identified as the study corridor’s highest-priority need, the
development of alternatives was driven by recommendations from the safety analysis discussed in
Section 1.6.1. The recommended pedestrian-related project from the transit analysis discussed in
Section 1.6.2 was also incorporated. Proposed improvements were developed in an attempt to be
more consistent with VDOT’s access management design standards, which are summarized in  Table
9.

Table 9: VDOT Access Management Design Standards – Intersections and Median Crossovers

Functional
Classification Design Speed

Minimum Spacing (Distance) in Feet
Type 1

(Signalized)
Type 2

(Unsignalized/
Full Crossover)

Type 3
(Full Access/
Directional
Crossover)

Type 4
(Partial Access)

Principal
Arterial

£ 30 mph
35 to 45 mph
³ 50 mph

1,050
1,320
2,640

880
1,050
1,320

440
565
750

250
305
495

Minor
Arterial

£ 30 mph
35 to 45 mph
³ 50 mph

880
1,050
1,320

660
660

1,050

355
470
555

200
250
425

Collector
£ 30 mph

35 to 45 mph
³ 50 mph

660
660

1,050

440
440
660

225
335
445

200
250
360

Local
Street

No commercial entrance shall be allowed within the functional area of an intersection without prior
approval from the Engineer at the Residency or District. For commercial entrances on local streets
(not individual private entrance driveways to homes), a spacing distance of 50 feet between
entrance radii is specified to assure a minimum separation between such entrances.
No commercial entrance shall be within 115 feet minimum measured from the outer edge of the
inscribed circle of a Roundabout, without prior approval from the Engineer at the Residency or
District. If an entrance is approved within the 115 feet of the outer edge of the inscribed circle it shall
be “Right-In, Right-Out” Only (115’ feet minimum is based on the stopping sight distance for 20
mph).

Source: Appendix F of VDOT Road Design Manual, revised June 2022

At the intersection of U.S. Route 11 and Commonwealth Avenue potential improvements, summarized
in Figure 11, included installing a new dedicated right-turn lane on the westbound approach of
Commonwealth Avenue; optimizing signal timings; installing a pedestrian crosswalk and signal heads
across the southern leg of U.S. Route 11; and consolidating and modifying accesses located within
100 feet of the intersection as follows:

· Closing the median at the full-access future gas station driveway on the northern leg of U.S.
Route 11: this would include combining the two separate southbound left-turn lanes on this
approach into a single continuous lane serving the signalized intersection, installing a new right-
in/right-out future gas station driveway on Vernon Street east of U.S. Route 11, and adding a
new southbound left-turn lane approaching Vernon Street.

· Closing the southernmost shopping/retail services plaza and future gas station driveways on
the northern leg of U.S. Route 11.

· Closing the ASM Agricultural Services (formerly known as Southern States) driveway and the
median at the gas station driveway on the southern leg of U.S. Route 11.

· Closing the westernmost gas station and future gas station driveways on the eastern leg of
Commonwealth Avenue.

· Closing the easternmost shopping/retail services plaza and ASM Agricultural Services
driveways on the western leg of Commonwealth Avenue.

Figure 11: Potential Improvements at U.S. Route 11 and Commonwealth Avenue
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At the intersection of U.S. Route 11 and Bob Morrison Boulevard, a proposed improvement,
summarized in Figure 12, was to install a dedicated right-turn lane on the northbound approach of
U.S. Route 11, which would include reducing lane and sidewalk widths on the approach and relocating
the Krystal Restaurant driveway 60 feet to the south. Signal timings would also be optimized.

Figure 12: Potential Improvements at U.S. Route 11 and Bob Morrison Boulevard

At the intersection of U.S. Route 11 and Vance Street, potential improvements were to install a
dedicated right-turn lane on the northbound and southbound approach of U.S. Route 11 by removing
the existing parking lanes and reducing lane widths, to consolidate accesses located within 100 feet of
the intersection (closing the Saint Tikhon Church driveway on U.S. Route 11 and the Euclid Village
driveway closest to the intersection on U.S. Route 11 and on Vance Street), to extend each median on
U.S. Route 11 to the stop bar, to refurbish crosswalk markings, and to evaluate a hybrid roundabout for
the intersection as summarized in Figure 13 and Figure 14.
Another potential improvement throughout the corridor was to implement a road diet to provide one
through lane in each direction, a bike lane in each direction, and dedicated turn lanes. Exploration of
the implementation of transportation demand management (TDM) services and the establishment of a
new park-and-ride lot was also recommended.

Figure 13: Potential Improvements at U.S. Route 11 and Vance Street

Figure 14: Potential Hybrid Roundabout at U.S. Route 11 and Vance Street
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2.2 Phase 2 Concept Refinement
For Phase 2, at the direction of the City of Bristol, the scope and study area were refined to focus on
the intersection of U.S. Route 11 and Commonwealth Avenue, the location with the greatest crash
history and most potential for improvement. The concept alternatives were presented to the SWG, as
further detailed in Section 3.1 . A MetroQuest survey was conducted, the results of which are
discussed in Section 3.2 . Based on stakeholder and public feedback, the concept originally proposed
for the intersection at Commonwealth Avenue was significantly modified:
· The addition of a dedicated westbound right-turn lane on Commonwealth Avenue was eliminated

because the City did not approve of ROW acquisition for this improvement; under an already
approved plan, the developer of the proposed gas station in the southeast quadrant will consolidate
the accesses on the eastern leg.

· The scope of access consolidation on intersection approaches was adjusted to maintain access as
needed:

o The closure of the median at the full-access future gas station driveway on the northern leg
of U.S. Route 11 was eliminated; however, the southbound left-turn lanes would still be
combined, with the continuous turn lane serving both the signal and southbound site
ingress. The proposed site driveway on Vernon Street and accompanying left-turn lane onto
Vernon Street were also both eliminated.

o The southernmost future gas station driveway on the northern leg of U.S. Route 11 would
be converted to right-in-only as part of site redevelopment rather than being completely
closed by the project.

o The ASM Agricultural Services (formerly known as Southern States) driveway on the
southern leg of U.S. Route 11 would remain open as a right-in/right-out driveway following
the closure of the median.

o The westernmost future gas station driveway on the eastern leg of Commonwealth Avenue
would still be closed, but as part of site redevelopment work rather than during the project.

· Additions to the scope included:
o Adjustment of the existing westbound left-turn lane and median on Commonwealth Avenue

approaching Lawrence Avenue to provide access from the mainline to the ASM Agricultural
Services driveway. Profile correction of the northern shopping/retail services plaza driveway
on U.S. Route 11, as well as vertical sidewalk adjustment immediately to the north of this
driveway.

o Accessible pedestrian ramp and signal equipment upgrades on all corners.
o The conversion of existing northbound and southbound protected/permissive left-turn

signals on U.S. Route 11 from 5-section “doghouse” heads to flashing yellow arrow (FYA)
heads.

· Upgrade all vehicular signal heads to high-visibility retroreflective backplates.

The resulting concept was carried forward for detailed analysis and can be seen in Figure 15 and in
Appendix G-2.

2.2.1 Build Conditions Safety Analysis
In order to assess the proposed safety improvements at the Commonwealth Avenue intersection, a
predictive crash analysis was performed by applying VDOT-approved SMART SCALE crash
modification factors (CMFs) to the existing number of target crashes. Because several safety
improvements are proposed, multiple CMFs are applicable; however, applying multiple CMFs has the
potential to overstate the total crash reduction since some improvements may overlap in preventing
the same existing crashes. Therefore, consistent with the methodology used during the SMART
SCALE scoring process, each applicable reduction in the crash metric was calculated independently,
with only the largest single reduction selected as the result. This results in a conservative estimate of
the total crash reduction created by the project, given that the diverse set of other proposed
improvements are likely to reduce other crashes at the intersection.
Equivalent property damage only (EPDO) is a measure of effectiveness correlating to the cumulative
societal cost of all recorded crashes at a location, taking into account both severity and frequency. The
SMART SCALE conversion factor is 85 for a fatality crash (K) or serious-injury crash (A); 10 for a
minor-injury crash (B); and 5 for a possible-injury crash (C). The CMFs used for SMART SCALE are
applied only to fatal and injury (FI) crashes; therefore, property-damage-only (O) crashes are excluded
from the calculation of EPDO (FI Only).
The results of the safety analysis indicate that the largest predicted EPDO reduction was driven by
access management. This improvement includes closure of the median on the southern leg of U.S.
Route 11, which limits one commercial driveway on each side of the roadway to right-in/right-out
access only. While the project includes additional access management improvements, the analysis
focused on this leg as the median closure is the most significant. This change would be expected to
prevent 29% of crashes on the southern leg, which reduces EPDO crashes by 36 per five years. The
flashing yellow arrow upgrade targets crashes with a lower existing rate of injury: 67% of southbound
left-turn crashes and 100% of northbound left-turn crashes are property damage only, resulting in an
EPDO reduction of only 2.5 per five years. The results of the analysis are presented in  Table 10.
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Table 10: Projected EPDO Reductions at U.S. Route 11 and Commonwealth Avenue

Targeted
Approach

Type of
Improvement Proposed Improvement

Existing 5-Year Targeted
Crashes by Severity EPDO

(FI
Only)

Projected Impact

K A B C O CMF
Applied

EPDO
Reduction

US 11 NB
Access

Management
Close median at ASM

Agricultural Services/gas
station driveways

0 1 3 2 12 125 0.71 36

Traffic Signal
Operations

Replace existing left-turn heads
with Flashing Yellow Arrow 0 0 0 0 5 0 0.75 0

US 11 SB Traffic Signal
Operations

Replace existing left-turn heads
with Flashing Yellow Arrow 0 0 1 0 2 10 0.75 2.5

2.2.2 Build Conditions Operational Analysis
The proposed project modifications were implemented in the traffic analysis model in order to create
the 2045 Build network. Traffic volumes for Design Year 2045 were previously developed for the 2045
No-Build analysis as described in Section 1.6.2. Volumes are not assumed to change as a result of
the improvements; therefore, the same volumes were used for 2045 Build analysis.
Synchro and SimTraffic were again used to quantify the level of service (LOS) and the queue lengths,
respectively, for the signalized intersection in the 2045 Build network. As in the 2021 Existing and 2045
No-Build analyses, HCM 6th Edition reports were used at all of these locations, and ten randomly
seeded simulation runs were averaged and statistically validated. As part of the Build improvements,
signal timings were optimized within existing cycle lengths using Synchro.
The analysis results indicate that, identical to the 2045 No-Build scenario, the intersection as a whole
can be expected to operate at LOS C in the AM peak and at LOS D in the PM peak, with all individual
movements operating at LOS C or better in the AM peak and at LOS D or better in the PM peak. The
proposed safety improvements have no discernable impact on operations, with all movements
experiencing the exact same amount of delay as in the No-Build analysis.
Table 11 presents the delay and LOS for the 2045 Build analysis.

Table 11: Delay/LOS Results for 2045 Build Conditions

Intersection Roadway Approach/
Movement

AM Peak PM Peak
Delay

(veh/sec) LOS Delay
(veh/sec) LOS

Euclid Ave
(US 11W/421 and US 11/19)

and
Commonwealth Ave

(US 11E/19/421 and VA 381)

Euclid Ave
(US 11W/421)

NBL 21.5 C 27.3 C
NBT 30.2 C 40.2 D
NBR 18.0 B 21.5 C
NB Overall 25.2 C 31.8 C

Euclid Ave
(US 11/19)

SBL 22.2 C 29.8 C
SBT 30.7 C 38.1 D
SBR 30.8 C 38.2 D
SB Overall 29.3 C 36.6 D

Commonwealth Ave
(US 11E/19/421)

WBL 28.7 C 47.4 D
WBT 24.1 C 34.7 C
WBR 24.2 C 34.7 C
WB Overall 24.9 C 38.4 D

Commonwealth Ave
(VA 381)

EBL 30.9 C 52.3 D
EBT 22.2 C 34.3 C
EBR 22.4 C 34.0 C
EB Overall 23.3 C 36.1 D

Intersection Overall 25.0 C 35.9 D

Table 12 presents maximum queue length results for the 2045 Build analysis.
Table 12: Maximum Queue Results Summary for 2045 Build Conditions

Intersection Roadway Lane
Group

Maximum Queue Length (ft) Storage
Length

(ft)AM PM

Euclid Ave
(US 11W/421 and US

11/19)
and

Commonwealth Ave
(US 11E/19/421 and VA

381)

Euclid Ave
(US 11W/421)

NBL 140 381 465 1

NBT 250 549 760 1

NBR 72 222 760 1

Euclid Ave
(US 11/19)

SBL 79 226 305
SBT/R 211 / 145 355 / 145 350

Commonwealth Ave
(US 11E/19/421)

WBL 98 / 131 253 / 276 276 2

WBT/R 238 / 253 487 / 467 340

Commonwealth Ave
(VA 381)

EBL 130 133 150
EBT 232 / 189 401 / 374 345
EBR 78 285 285

1: Excludes cross-section of at-grade rail crossing
2: Two-lane equivalent of 160’ full-width dual lanes plus 155’ taper from full-width single lane
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The queue analysis for the Build scenario shows that, as in the No-Build scenario, maximum queues
for the southbound through lane, westbound through and through/right lanes, and eastbound through
lanes all continue to exceed available storage between intersections in the PM peak. Again, queues on
the northbound approach of U.S. Route 11 will extend beyond the at-grade rail crossing in the left and
through lanes in the AM peak, and in all lanes in the PM peak. Although there is no significant change
in the movements that exceed storage, the lengthened southbound left-turn lane does increase the
buffer between the maximum queue and the beginning of the turn lane.
Detailed results for the 2045 Build condition analysis are provided in Appendix H.
The safety improvements have no impact upon the calculated delay or LOS as compared to the No-
Build scenario. All upstream intersections that are, at times, impacted by queues are with minor,
unsignalized cross streets. Queuing across the rail crossing was also observed in the 2021 Existing
analysis and has not been identified as an existing crash problem; the crossing is gated, and the traffic
signal features railroad preemption functionality.

The operational analysis confirms that the proposed safety-driven improvements will not degrade
operations or introduce new operational issues. The lengthened southbound left-turn lane increases
the buffer between the maximum queue and the beginning of the turn lane in both peak hours.
Furthermore, the access management improvements can be expected to reduce interference between
driveway movements and future queues on the roadway.

2.3 Preferred Alternative Selection
As detailed in Section 2.2 , only one overall intersection concept improvement was evaluated under
the Phase 2 analysis. Input from the public involvement process and SWG helped the study team to
solidify the preferred alternative prior to final analysis. Because the safety analysis verified that the
proposed improvements can be expected to significantly reduce existing crash problems, and the
operational analysis found that the intersection delay and queuing should not be negatively impacted
by the project in Design Year 2045, the preferred alternative was carried forward into final design.
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Figure 15: Preferred Alternative
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3 Public & Stakeholder Outreach &
Feedback
In each stage of the alternatives development process, feedback from stakeholders and from the
general public was collected, evaluated, and applied to improve the proposed concepts.

3.1 Stakeholder Coordination
A Phase 1 overview of the study area, its needs, and preliminary proposed improvements was
presented to stakeholders in October 2021. Subsequently, the concept screening presentation was
shared with the SWG in February 2022; this presentation is provided in Appendix G-1.

3.2 Public Involvement
A MetroQuest survey was conducted over the 14-day period from January 31 to February 14, 2022,
collecting responses from 205 participants.
The survey asked participants initially about their day-to-day trips’ purposes and what mode of
transport is typically used. The survey results to these daily trips questions are presented in Figure 16.
On the usual purpose of their trips in the area, a 70% majority responded that they identify themselves
as residents. Regarding other preferred modes of travel, 39% responded that they prefer to drive while
24% answered “walking.”

Figure 16: Daily Trips Public Involvement

The survey then asked participants about their opinion regarding the study corridor traffic and safety
conditions. The results of these traffic and safety related questions are summarized in Figure 17.

Figure 17: Traffic Operational and Safety Concerns Public Involvement

The survey results showed that 36% and 28% of participants characterized the study corridor traffic
congestion and safety conditions as “poor,” respectively. For bicycle/pedestrian accommodations, 54%
ranked it as “poor” and 16% answered “none present.”
The greatest concern about the corridor (with any number of selections allowed) was
“Congestion/Operations” with 22% of votes, followed by “Heavy Vehicle Traffic” at 16%.

70%

15%

15%

What is your usual trip purpose to/from
area?

Resident

Employee

Visitor

24%

18%

12%1%6%

39%

What other modes of travel would you
prefer?

Walking

Biking

Transit

Carpool/Vanpool

Taxi/Ride Service

Prefer to Drive

9%

55%

36%

Traffic Congestion

Great

Ok

Poor

11%

61%

28%

Safety Concerns

Great

Ok

Poor

6%

24%

54%

16%

Bicycle/Pedestrian
Accommodations

Great

Ok

Poor

None
Present

22%

14%

10%16%

6%

12%

5%

15%

What specific problems/concerns do you have about this study corridor?
(Check all that apply)

Congestion/Operations

Safety/Crashes

Road Condition

Heavy Vehicle Traffic

Speed Limit/Travel Speeds

Bicycle/Pedestrian Accommodations

Transit Service Coverage

Future Growth/Economic Development
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Next, participants were asked about desired future investments and their opinion on different potential
multimodal improvements as shown in Figure 18.

Figure 18: Potential Multimodal Improvements Public Involvement

Regarding desired future investments along the study corridor (with up to three selections allowed),
27% of votes went to “Improve Traffic Operations,” followed by “Safety Improvements” at 18%.
When asked whether bicycle and pedestrian facilities should be included in potential improvement
projects, 51% said to include if it makes sense, while 38% said this should be a priority.
When asked about the use of transit services if they were increased, a 57% majority said they would
not use these services, with 36% saying they would use it “sometimes/maybe.” Regarding park-and-
ride lots, 60% answered that they would not use these lots if they were available.
Lastly, the survey asked for participants’ input regarding each element of the proposed improvements
at the intersection of U.S. Route 11 and Commonwealth Avenue, to be rated as “Strongly Dislike,”
“Dislike,” “Neutral,” “Like,” or “Strongly Like”:

· The addition of the westbound right-turn lane on Commonwealth Avenue received 74%
approval, with only 6% disapproval.

· The addition of the southbound left-turn lane on U.S. Route 11 received 76% approval, with
only 6% disapproval.

· The access management measures received 59% approval, with 23% disapproval.
· Finally, the pedestrian improvements received 80% approval, with only 6% disapproval.

Detailed results of the MetroQuest survey, including individual comments, are provided in Appendix
G-3.

27%

18%
13%4%

2%

11%

14%

11%

Where would you like to see investments made to improve the study
corridor in the future
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Safety Improvements
Bicycle/Pedestrian Facilities
Transit Facilities
Park and Ride Facilities
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Innovative Intersection Designs
Access Management Strategies

38%
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11%
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No, it adds to
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costs/impacts

7%

36%57%
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transit facilities?

Yes,
frequently

Sometimes
/Maybe

No

8%

32%
60%

Would you use park and
ride lots if they were
available in this area?

Yes,
frequently

Sometimes/
Maybe

No
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4 Investment Strategy
This study should be used as a planning tool to achieve the next steps of planning, programming,
designing, and constructing the identified safety improvements at the study intersection. To build upon
the efforts of this study, VDOT Bristol District should continue to coordinate with the City of Bristol and
other stakeholders. As further developments are made along the U.S. Route 11 corridor regarding
transit, pedestrian access, and vehicle usage, the stakeholders should reevaluate the proposed
improvements from this study.
Improvement projects should be prioritized on a local and regional level. Prior to submitting funding
applications, the applicant must have one of the following:

1. Inclusion or proven consistency with the Constrained Long-Range Transportation Plan (CLRP).
2. Resolution of support from governing body.

Once one of these criteria has been met, funding may be applied for. Recommended funding sources
are discussed in Section 4.5 .

4.1 Preferred Alternative
Throughout the study process, proposed improvements were presented for stakeholder and public
engagement, refined based on feedback, and analyzed in detail to verify that they met both safety and
operational needs. As of the completion of this report, the concept plan displayed in Appendix G-2 is
the final recommended preferred alternative. This conceptual design was developed in MicroStation in
accordance with the following applicable guidelines:

· A Policy on Geometric Design of Highways and Streets (AASHTO 2018).
· VDOT Road Design Manual (Issued January 2005, Revised June 2022).
· VDOT Road and Bridge Standards (VDOT 2016, latest revisions).
· Manual on Uniform Traffic Control Devices (MUTCD 2009).
· 2011 Virginia Supplement to the MUTCD.

Design criteria and guidance from these documents were applied to roadways within the project limits
based on functional classification and roadway design speeds.

4.2 Planning-Level Cost Estimates
A refined planning-level cost estimate was developed for the project. A $676,000 preliminary
engineering (PE) final design cost was estimated. Construction (CN) costs were estimated using the
2022 version of the VDOT Cost Estimating Manual, 3-month district averages, statewide averages,
and recent VDOT bid tabs (excluding pavement contracts). The Right of Way and Utility Relocation
cost was estimated to be $770,000. In addition, the construction cost included an additional 45-percent
contingency of the base construction cost, 26-percent for construction engineering and inspection

(CEI), and annual escalation based on the inflation rates from SMART Portal. The resulting total
construction project estimate was $3,464,000. The cost breakdown is provided in Table 13.

Table 13: Cost Breakdown
Phase Description Budget

Preliminary Engineering $676,000
Right of Way and Utility Relocation $770,000

Construction (with CEI) $2,018,000
Total Project Budget $3,464,000

4.3 Schedule Estimates
A schedule estimate was developed for the proposed project based on the complexity and type of
work. The estimated schedule totals 49 months with each individual phase estimated as follows:

· Preliminary Engineering: September 2025 – October 2027
· Right of Way and Utility Relocation: October 2027 – December 2028
· Construction: December 2028 – October 2029

4.4 Project Risks
An analysis of potential project risks was completed as part of the study.
Roadway design risks include property impacts resulting from the correction of the U.S. Route 11
shopping/retail services plaza driveway profile (required tie-out footprint has not been identified); the
potential for drain inlets at curbs to require relocation; additional structural load on mast arms from the
new signal heads; WB-67 access to the ASM Agricultural Services property; and overlay limits
adjacent to sawcut sections. Traffic design risks include exceeding capacity of existing traffic or lighting
handholes or conduit; and the potential for handholes adjacent to curb ramp or sidewalk upgrades to
require adjustment.
Right-of-way risks include perceived access change to the ASM Agricultural Services and gas station
properties (the median closure on the southern leg of U.S. Route 11 prevents direct egress from ASM
Agricultural Services to westbound Commonwealth Ave); temporary construction easements crossing
right-of-way at the back of sidewalk for the majority of the project limits; and the location of the
pedestal pole on the southeast corner (an existing easement is assumed).
Utility risks include potential for conflict between signal conduit trenching and existing underground
utilities. Existing utility information was not obtained during concept development; however, sanitary
sewer markings were observed during the field visit. Construction risks include access impacts during
driveway construction, and railroad coordination with potential queue spillback. Coordination will be
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required with construction of the proposed gas station with convenience store and car wash on the
northeast quadrant, including the development’s proposed changes to access.

4.5 Possible Funding Sources
The development of this study and the preferred alternative were conducted in accordance with
eligibility criteria for SMART SCALE, a program that allocates funding from the construction District
Grants Program (DGP) and High-Priority Projects Program (HPPP) to transportation projects. SMART
SCALE uses a scoring process that evaluates, scores, and ranks project applications based on six
measures: congestion mitigation, economic development, accessibility, safety, environmental quality,
and land use.
Another possible source of funding is the Highway Safety Improvement Program (HSIP), a program
that provides funding for improvements that correct or improve safety on a section of roadway or
intersection with a high incidence of crashes. The recommended improvements were projected to
significantly reduce crash metrics at the intersection of U.S. Route 11 at Commonwealth Avenue and
could potentially qualify for HSIP funding.
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