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FIGURE 1-1: STUDY AREA
|
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The Winooski Avenue Transportation Study is a transportation ol 65t 2 A
corridor study of Winooski Avenue as the City of Burlington ‘ .
looks to create multimodal Complete Street routes throughout s 3 :
the City.

As shown in , Winooski Avenue stretches nearly two

miles from Riverside Avenue in the Old North End to the )
Howard Street and St. Paul Street intersection in the South End.

The corridor serves as the principal north-south connection

through the heart of the City. It provides both access and

mobility for residents, employees, visitors, and business users.

O0SKILAVE . ..

This study follows a 2015 technical analysis of Winooski
Avenue and Union Street that provided understanding of the
vehicular traffic operational implications of five alternative traffic
reconfigurations. Of the five reconfigurations analyzed,
Complete Streets improvements that maintain two-way vehicle
travel while better serving all modes on Winooski Avenue would

be the least disruptive to existing vehicle traffic in the downtown
study area.
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A C o mpelSwedets are corridors that
provide safe, inviting, and convenient
travel for all users of all ages and
abilities 0 including motorists,
pedestrians, bicyclists, and public
transportation rider g

City of Burlington Public Works Complete Streets




WHY ARE WE STUDYING

WINOOSKI| AVENUE?

il

It is an important and heavily used corridor featuring
diverse land uses, but a comprehensive corridor study
has not yet been conducted.

It is a geographic gateway to the City but does not feel
that way.

Its multimodal facilities are inconsistent and not intuitive
to use.

Seven of the 20 priority intersections identified in
planBTV Walk Bike are along Winooski Avenue.

16% of bicycle crashes and 17% of pedestrian crashes
in the City in the past five years were along Winooski
Avenue. Six VTrans High Crash Locations occur along
the corridor 1 four intersections and two segments.

Earlier transportation plans identified that reconnecting
Pine St, St. Paul would create additional opportunities
for changes to Winooski Avenue.

planBTV Walk Bike calls for protected bike lane(s) the
entire length of the corridor in its 5-year action plan, but
a course of action and a holistic understanding of how to
approach that goal have not yet been investigated.

CORRIDOR VISION

Traveling along and across Winooski Avenue will be safe,
inviting, and convenient for people of all ages and abilities
using any mode of transportation. Walking and bicycling will be
viable and enjoyable ways to travel this corridor. Improvements
will increase demand for active transportation and other options

to personal vehicle use. Businesses along and near Winooski

Avenue will flourish with an activated streetscape and

convenient access. The mobility and parking needs of property

owners and residents will be balanced with the mobility and

parking needs of the greater transportation system. The street

will support or be adaptable to projected changes to the
transportation system and land use.

STUDY OUTCOMES

Identify how Winooski Avenue can become a Complete
Street, providing fAsaf e,
al | users of all ages and
Streets Guidance)

Study the feasibility of and implementation options for
low-stress bicycle facilities along the entire corridor in
the long-term. (planBTV Walk Bike page 82)

Design Winooski Avenue as a self-enforcing 25-mph
street. (planBTV Walk Bike page 74)

Study alternatives and make recommendations to
improve safety at the seven priority intersections along
Winooski Avenue identified in planBTV Walk Bike.
(planBTV Walk Bike page 76-79)

Study Wi nooski Avenueobs
streets and the street network as a whole in terms of
integration of transportation modes, connectivity,
capacity, and safety. Develop alternatives accordingly to
improve these elements as best as possible.
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Over the past two decades, segments and intersections of
Winooski Avenue have been examined as part of various
standalone studies and included in numerous larger plans.
Relevant studies and plans have been reviewed to inform this
transportation study to learn from past analyses and ensure
consistency with guidelines set forth by public agencies.

STUDIES

Four studies of intersections or segments along Winooski
Avenue were reviewed and are summarized below.

Winooski-Howard-St. Paul Intersection Scoping Study

City of Burlington, 2018

Description: Study of alternatives to improve bicycle and
pedestrian mobility and safety at this five-way intersection in the
South End.

Conclusions: The final recommendation was to construct a
new signal system with pedestrian push buttons, an accessible
crosswalk of South Winooski Ave, and curb extensions. In the
short term, do a semi-permanent quick build project, and in the
medium term, construct an accessible pedestrian crossing of S.
Winooski Ave.

Winooski Avenue Circulation Study Technical Assessment

CCRPC, 2017

Description: This is the technical assessment of five traffic
circulation reconfigurations for Winooski Avenue (and
consequently Union Street). It used three performance
measures: delay, level of service, and queue length.

Conclusions: The Complete Street reconfiguration was found
to have the least impact on surrounding traffic and allows for
two-way bicycle facilities along the entire corridor. It involves
keeping vehicle directionality the same, converting the four-lane
segment between Pearl and Main Streets to three lanes (a
northbound lane, southbound lane, and center turn lane), and
removing parking in some corridor segments.

N. Winooski Ave & Archibald Street Intersection:
Pedestrian Safety and Mobility Evaluation

CCRPC, 2011

Description: A technical study of pedestrian improvements at
this skew intersection in the Old North End.

Conclusions: Five options were offered, with the conclusion
that all are viable but corner radii reduction (Option E) was
recommended for further exploration since it provides a cost-
effective solution without creating significant vehicular or
maintenance restrictions. These improvements have been
implemented, including pedestrian push buttons and accessible
crosswalks.

South Winooski Avenue Lane Reduction

CCRPC, 2002

Description: Studied a 4-to-3 lane conversion between Main
Street and Pearl Street.

Conclusions: The study concluded that the conversion would
work well and reduce crashes between College and Pearl
Streets. Between College and Main Streets, lane reduction was
not recommended; it would significantly increase delays unless
the green signal time was changed, which may then impact
east-west travel on Main Street.



Downtown One-Way to Two-Way Conversion Memo

City of Burlington, 2000

Description: Traffic model and operational study identifying
hourly flow changes for converting one-way streets to two-way.
Discussed pros and cons of one-way vs. two-way streets. Study
focused on South Winooski and South Union.

Conclusions: The study concluded that the two-way
conversion would work reasonably well. Largest change in
vehicle delay would occur at Union / Main Street intersection.
South Winooski would see overall flows increase with a
northbound option introduced. Street widths limit opportunity to
provide two-way vehicle flow, on-street parking, and bike lanes.

PLANS

Various public agencies have put forth plans relevant to
Winooski Ave in recent years, including the City of Burlington,
Green Mountain Transit, the Chittenden County Regional
Planning Commission, and VTrans. These plans are
summarized below.

Great Streets Downtown Standards

NextGen Transit Plan

GMT, Ongoing

Description: This plan will help identify ways to better match
transit service with current needs, make service simpler, more
direct, faster, and more convenient. It will also better integrate
urban and rural services.

Relevant Guidance and Sections: Three service improvement
scenarios have been developed
Chittenden County. All scenarios include a mix of revised route
alignments and schedule changes.

Major themes guiding the scenario development:
1 Simplified service
Core network of major local routes
More evening service

1

1

1 Better weekend service

T Minimum service frequencies
1

One-seat ride between Downtown Burlington and the
Airport

planBTV Walk Bike

City of Burlington, Draft Status

Descriptiont:A set of standards to
having a vibrant, walkable and sustainable downtown.

Relevant Guidance and Sections: Great Streets standards
apply to downtown, which is defined as a 6 x 6 block grid

bounded by Pearl, Maple, Battery, and Union Streets. Chapter 2

includes existing conditions and design considerations of
downtown streets, and Chapter 3 recommends street types of
each street segment.

City of Burlington, 2017

s u p pREFCTIPIGH, PEPBTY Walk Bk identfep walkiggand,

bicycling infrastructure issues and priorities in Burlington. It
identifies opportunities from pilot projects to long-term visions.

Relevant Guidance and Sections: Many sections of this plan
are relevant to Winooski Avenue. They are identified by section
and page number below.

1 Engineering Action Plan (pages 67-72)
I Slow Zone Priorities (page 74)

f

or



Priority intersections for safety upgrades (pages 76-79) Description: A planning effort to categorize state roads into
high, moderate, and low use/priority corridors based on current

Proposed long-term network (page 82) A

and potential bicycle use.
Priority Action List for Sub-Area 2 (page 106) _ _ _ _ _
Relevant Guidance and Sections: The entire Winooski

Project lists for years 2-5 in Sub-Area 2 (page 108) and Avenue corridor is listed as a High Use / High Priority route.
Sub-Area 3 (page 131) (and following pages for details)

=A =2 =2 =1

Downtown Parking and Transportation Management Plan

1 Improvement Concepts (North Winooski Avenue

Protected Bike Lane Concepts on pages 117-118, South City of Burlington, 2015
Winooski Avenue Bikeway Concept on page 121, and Description: A parking management plan for downtown with
South Winooski Avenue + Bank Street Intersection parking occupancies, observations, and management
Upgrade Concepts on pages 122-124) proposals.

I Vision Zero elements (pages 140-144) Relevant Guidance and Sections:

1 Winter Cycling Action Plan (pages 145-148) 1 Future land use and parking demands.

1 Bicycle Parking Action Plan (pages 150-152) Recommendations based on summary of existing

) _ _ demand and supply. (See Section 3: Future Demand)
Regional Active Transportation Plan

I Recommendations for future governance and

CCRPC, 2017 management of parking data, collection, and analysis
Description: Supports the regional ECOS Plan and was (See Section 5: Parking and Transportation
developed in coordination with other concurrent local, regional Management District)

and state planning efforts. Includes a series of proposed
infrastructure and non-infrastructure recommendations
organized ar ound fddeatibni encourdgément,
enforcement, engineering, and evaluation. City of Burlington, 2013

planBTV Downtown & Waterfront

Relevant Guidance and Sections: See page 1 for important

. : ) . . _ Description: A comprehensive land use and development plan
points and issues identified during the development of this plan. P P P P

focused on Burlingtonébés Downtown a
Winooski Ave is identified as a High Priority corridor in the

Relevant Guidance and Sections:
Proposed Regional Active Transportation Network. (page 2)

VTrans On-Road Bicycle Plan Phase 1 T fProvide an integrated transpor
y the Top 5 List of priorities the public wanted in this plan.
VTrans, 2016 (page 43, ABurlington Valueso)



T Not es t s$treetscapetcieated by the private realm
is as important as any of the elements or provisions
found in a conventional complete street package. (page
68, efinels i n Detail 0)

9 Connections through the former Town Center Mall were
identified to reconnect Pine Street and St. Paul Street to
repair the street grid and provide relief to Battery Street
and South Winooski Street. (pages 110-111)

1 No specific section of the plan dedicated to Winooski
Avenue.

Transportation Plan for the City of Burlington: Moving
Forward Together

City of Burlington, 2011

Description: The initiation of a o6living visiond for transportation
in the City. Creates a multimodal perspective and starts to

define priorities for specific facilities i setting up Complete

Streets, Great Streets, and modal focused streets.

Relevant Guidance and Sections:

9 Street types within the City (Figure 2, page 7). Winooski
Avenue between Pearl and Main Streets is specified as
a Complete Street. North and south of this, Winooski
Avenue is classified as a bicycle street.

1 Complete Street design guidance (page 8)

91 Defines indicators of progress toward goals of the plan
(page 11)



3.0 LAND USE FIGURE 3-1: CITY ZONING DISTRICTS

Winooski Avenue is one the few north-south streets within the
City of Burlington and is unique given the variety and location of
land uses along the corridor. The corridor has mixed-use and
residential land uses along its length, with the mixed-use
segment between Pearl Street and Main Street part of

Burl i ngtonos .Koorgendra zemes arecevident:

9 Far north: Neighborhood Mixed Use (commercial and
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Figure3-1shows Burlingtonds zoning d

Dual transportation purposes emerge for the corridor: providing
regional access to the core of the City and providing local

access for the residential and various commercial land uses
located along the corridor.
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the need for localized parking or placemaking (i.e., residents, . EE s - 3
loading zones, parklets).

Land use is the fundamental input when looking at the character
and role that a transportation facility must take on. The future
alternatives to be developed must appreciate that tension and
attempt to find balance between competing needs.



3.1 HOUSING AND EMPLOYMENT FIGURE 3-2: HOUSING DENSITY AND LOCATIONS (2015)

Analyzing housing and employment can bring out patterns and
relationships at the root of travel demand. Proximity between
housing and employment can support walking and biking and
other active modes as well as indicate where parking may be in
demand.

The housing and employment data are shown by density in

each transportation analysis zone (TAZ), geographic
boundaries that are the basis of
model.

The residential zones (Figure 3-2) along the corridor i north of
Pearl Street and south of Main Street i are consistent with the
rest of the City, with an average density of up to 16 households
per acre.

ﬂ:’
© SWYIMS

The employment density (Figure 3-3) is close to an inverse of
the household density, with the downtown core providing most
of the employment.

olovenon

The curb cut density map (Figure 3-4) shows a correlation
between the residential density and the number of curb cuts.
This data is particularly important when considering on-street
parking, types of bicycle facilities, and number of conflict points
along lengths of the corridor.
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FIGURE 3-3: EMPLOYMENT DENSITY AND LOCATIONS

FIGURE 3-4: CURB CUT (DRIVEWAY) DENSITY
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4.0 MULTIMODAL
INFRASTRUCTURE

Four corridors serve the primary north-south movement through
Burlington: Battery Street/St. Paul Street/North Champlain
Street, Winooski Avenue, Willard Street, and Prospect Street.
Aside from Winooski Avenue, these corridors provide two-way
mobility for vehicles and pedestrians along their lengths. None
of these corridors provide bicycle facilities along their entire
lengths.

Wi noosKki Avenueols

: . On-street parking is
is 29 feet south of King Street and 36

inextricably linked to

transit T and how the corridor is and is not currently meeting the
needs of these modes and user groups. Integration of modes,
an important aspect of transportation planning included in both
planBTV Walk Bike and the Regional Active Transportation
Plan, is discussed at the end of this section.

FIGURE 4-1: CROSS-SECTION OVERVIEW

to 43 feet north of King Street. It has
six distinct cross-sections, as shown
in Figure 4-1, with differences in the
presence, type, and directionality of

multimodal infrastructure
and connectivity due to
the space it consumes in
the public right of way,
and safety issues such

PEARL

travel lanes, bicycle facilities, and on-
street parking. Sidewalks are on both
sides of the street (outside of the
paved width), but all other cross-
section elements are inconsistent.

as Adooringo
occur when car doors

are opened as a bicyclist
is passing. Parking is
discussed in Section 6.0.

The inconsistency of travel lanes and

bicycle facilities may make bicycling less desirable and both
modes more confusing and less efficient. At intersections,
changes from one cross-section to another may cause
additional confusion, which may lead to unexpected turning
movements and crashes.

The following sub-sections dive into the primary modes used
along Winooski Avenue i walking, bicycling, driving, and riding

! pavement width is the distance between curbs including parking and
travel lanes; excluding sidewalks and green belts.
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The City of Burlingtond planBTV Walk Bike is an instrumental
document that has set a bold and visionary mode share target
for the City. Changing travel behavior is challenging and
requires significant effort sustained over time.

planBTV Walk Bike includes of a number of actions that would
bring about this change, with Winooski Avenue being an
important place to see these actions occur. Burlington has
made significant investments in walking and biking
infrastructure since 2000 with results evident in the changes in
mode share.

I In 2000, car modes were nearly 75%, walking nearly
17%, bus riding nearly 4%, and biking just over 1%.

1 As of 2013, car modes were approximately 64%, bus
riding at 5.2%, and active modes at 25%.

9 The future combined mode share goals in 2026 for
biking, walking, and bus riding are nearly double those
reported in 2000.

To help the City meet its stated mode share goals, the Winooski

Avenue Transportation Study must identify the challenges and
find solutions to encourage more trips to be made by non-car
modes.

11

FIGURE 4-2: BURLINGTON'S MODE SHARE: PAST, PRESENT,
AND FUTURE GOAL

2000*

Journey to work

E>fEp

2013

2026 Mode Share Goal

Source: planBTV Walk Bike



4.1 WALKING

Walking is a fundamental mode of transportation, and ensuring
that safe and accessible pedestrian facilities are present
throughout the corridor is essential.

Winooski Avenue has continuous and consistent sidewalks
along the length of the corridor. The standard five-foot wide
sidewalk is the predominate facility type, with a handful of
locations having slightly wider facilities.

Throughout most of the corridor, the sidewalks are buffered
from travel lanes by a green belt at least five-feet wide. There is
no green belt between Pearl Street and Main Street except on
the east side north of Bank Street, though some areas along
this stretch have street trees in the sidewalk. Generally, areas
with wider sidewalks do not have a green belt; one positive
aspect is exchanged for another due to space constraints.

-

’ D,

Wide sidewalk with street trees outside City Market, adjacent to four lanes of
traffic on Winooski Avenue

12

All signalized intersections in the study corridor have pedestrian
push buttons and a walk phase except for the southern terminus
at Howard Street. Some signals in the downtown core (Pearl
Street to Main Street) have the pedestrian walk phase called
during every signal
person pushes the button or not.

Typical sidewalk along Winooski Avenue outside of the downtown core

Pedestrian Volumes

Pedestrian volume data is available from turning movement
counts at major intersections along Winooski Avenue and
shown in Figure 4-3.

phase (fArecall



FIGURE 4-3: HOURY PEDESTRIAN VOLUMES AT MAJOR
INTERSECTIONS
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— Riverside North Pearl Main Howard
This chart shows how different locations along Winooski
Avenue have different pedestrian demands, both in overall

volume and time of day.

I The Howard Street intersection in the mostly residential
South End has a relatively steady pedestrian volume and
lower pedestrian volume relative to the other
intersections along the corridor.

9 The North Street intersection has mid-range volumes
that wax and wane throughout the day.

i The Pearl Street and Riverside Avenue intersections
(both in mixed-use areas) have increasing pedestrian
volumes as the day progresses, with peaks at commuting
times and lunch time.

I Main Street has a clear peak volume at midday and has
the highest total daily volume of these five intersections.
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There are sidewalk areas along Winooski Avenue with physical
signs of high demand and inadequate facilities, such as areas
with trampled grass right next to the sidewalk. This was
observed in several locations along the corridor, as shown in
Figure 4-4.

FIGURE 4-4: INADEQUATE SIDEWALK WIDTH ON WINOOSKI
AVENUE

Left: North of Pearl Street, looking south. Right: North Winooski Avenue.

Rating Pedestrian Facilities

Factors that impact the experience of people using pedestrian
infrastructure include demand (number of users), the width of
the facilities, surface conditions, the distance and type of buffer
between pedestrian facilities and the roadway, the comfort and
exposure of adjacent land uses, and the speed and volume of
adjacent vehicular traffic. At intersections, accessible curb cuts,
tactile ramps, and signal phasing are basic infrastructure that
should be present throughout the corridor.
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A rating system to determine pedestrian quality of service was
created as part of this study, the results of which are shown in
Figure 4-5. Pedestrian volume data is not available except at
major intersections along the study corridor, so the system is

based on physical elements and adjacent land use rather than a
density based on area and demand.

Metrics used in the proposed pedestrian quality of service
system are:

9 Ratio of buffer width (including green belt, bike lanes,
and parking lanes) and number of travel lanes

91 Buffer type (e.g. green belt, concrete)

9 Street tree density

Percent of block immediately adjacent to large parking
lot

1 Sidewalk width lacking (generalizes that the entire

segment between Main and Pearl Streets should be five
feet wider)

1 Longest curb cut

FIGURE 4-5: PEDESTRIAN QUALITY OF SERVICE ALONG
WINOOSKI AVENUE (PROPOSED)
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BICYCLING

Bicycling is gaining popularity as a form of transportation i not
just recreation i around the country and in Burlington. For many
people, it is a primary way to move around town, whether due to
its affordability, its convenience, or its health, social, or
environmental benefits.

Why are walking and biking important for
Burlington?

Excerpt from planBTV
AiFirst, peopl e care abo
infrastructure and no comprehensive plan in
place, census data shows that more Burlington
residents are getting to work by bike or on foot.
Second, safer walking and biking conditions will
improve the quality of life for everyone. A growing
body of data from around the country documents
that growth in walking and biking brings a host of
environmental and economic benefits tied to
reduced traffic congestion, reduced vehicle
emissions, lower road maintenance costs,
savings in healthcare costs, increased
independence for those who can't drive, and
more. o

As a primary north-south corridor through Burlington that links
neighborhoods and provides access to many businesses,
homes, and services, and with its relatively flat terrain, Winooski
Avenue is a desirable corridor to ride a bicycle. However, the
inconsistency of bicycle facilities, segments and driveways with
high vehicle volumes, and challenging intersections may result
in people avoiding bicycling or feeling unsafe bicycling along
parts of the corridor.

Bicycle facilities along Winooski Avenue include:
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9 Shared lane markings
(Asharrowso) b
Riverside Avenue and Union
Street/Decatur Street

1 A wide southbound bicycle
lane between Union
Street/Decatur Street and
Pearl Street

shar.-row noun /sharo/

1. The Shared-Lane Marking indicating
where a cyclist has the right to ride.

1 No bicycle infrastructure between Pearl Street and
Maple Street

9 Northbound (contra-flow) and southbound bicycle lanes
between Maple Street and Howard Street

At intersections along Winooski Avenue, there are no
designated bicycle facilities, such as crossing markings, pocket
bike lanes (between the right turn lane and the through lane), or
bike boxes. Treatments like these could be considered at the
larger intersections.

Rating Bicycle Facilities

The primary factors that make a roadway better or worse for
bicycling include the bicycle facility type and the roadway
context Roadways are firatedo for
level of stress bicyclists may experience based on these
factors.

For example, a roadway with high motor vehicle speeds and
volumes would be a high-stress roadway to a person riding a
bicycle, while a quiet residential street would be low-stress. On
the quiet residential street, there may be no need for bicycle
facilities, but on the more heavily trafficked street, bike lanes or
protected bike lanes may be necessary to reach a low-stress
environment for people riding bicycles.

bi

cyc



Factors that impact the stress level of people bicycling can
include:

1 Vehicle traffic speed and volume.
1 Heavy vehicle (truck) volumes

1 Separation of bicycle facilities from vehicular traffici by
distance or a physical buffer

1 Presence of on-street parking
91 Driveway density
1 Pavement condition

At intersections, well-designed marked transitions can guide
bicyclists and motorists through turns and through movements.

Bicycle Level of Traffic Stress (LTS)? is one method used to
fratedbicycle facilities based on roadway context. The following
are descriptions of each of the four traffic stress levels.

I LTS 1: Presenting little traffic stress and demanding little
attention from cyclists, and attractive enough for a
relaxing bike ride. Suitable for almost all cyclists,
including children trained to safely cross intersections.
Strong separation from all except low speed, low volume
traffic. Simple crossings.

I LTS 2: Presenting little traffic stress and therefore
suitable to most adult cyclists but demanding more
attention than might be expected from children. Except in
low speed / low volume traffic situations, cyclists have
their own place to ride that keeps them from having to
interact with traffic except at formal crossings. Physical

2 http://ftransweb.sjsu.edu/sites/default/files/1005-low-stress-bicycling-
network-connectivity.pdf
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separation from higher speed and multilane traffic.
Crossings that are easy for an adult to negotiate.

LTS 3: More traffic stress than
LTS 2, yet markedly less than
the stress of integrating with
multilane traffic, and therefore
welcome to many people
currently riding bikes in
American cities. Crossings
may be longer or across
higher-speed roads than
allowed by LTS 2, but are still
considered acceptably safe to
most adult pedestrians.

In a region that
experiences snow and
freezing weather in
winter, pavement
condition and striping
condition i both of
which experience
seasonal wear and tear
T are particularly
important factors.

I LTS 4: Alevel of stress beyond LTS3. Involves
interaction with higher speed traffic or close proximity to
high speed traffic. (note: not applicable to Winooski
Avenue)

The LTS system has a series of tables that can be used to
determine the appropriate LTS for a given roadway segment,
based on the number of travel lanes, bicycle lane width (or sum
of bike lane width and parking lane width if next to a parking
lane), prevailing speed, and amount of bike lane blockage (such
as high parking turnover).

Using these criteria tables alone, the LTS for segments along
Winooski Avenue ranges from LTS 1 to LTS 3, which do not
intuitively match the LTS descriptions above. This mismatch
may be a result of several things:
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Although on-road northbound bicycling is not permitted between Pearl Street

and Decatur Street, many people bike northbound eitherii' s al moni ngo i n t
southbound bike lane or against traffic in the travel lane.
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Bike Sharing

Greenride Bikeshare launched in Burlington, Winooski and
South Burlington in April 2018 with the first phase of a multi-
year rollout. The Greenride system is currently a hub-based
bikeshare model. With 17 hubs in Phase 1 with another 30 hubs
planned in Phases 2 and 3, Greenride will provide a high level
of coverage throughout Burlington and adjacent communities.

Bike sharing is an innovative transportation program, ideal for
short distance, point-to-point trips providing users the ability to
pick up a bicycle at any self-serve bike station and return it to
any other bike station | ocated

W area.
Users can access the system through low-cost subscriptions Greenride Bikeshare hub at 237 North Winooski Avenue
ranging from a few dollars for one day use to annual
memberships. FIGURE 4-7: GREENRIDE BIKESHARE HUBS IN BURLINGTON
(PHASE 1)
The Greenride system is hub-based, requiring users to end their P NETIS) T e R N
trip at a hub. While the technology of the bikes may eventually (55)
allow it to evolve into a 6dockl @, = curre
z 2!
design as it results in an additional $5 fee when locked away 1 ® : %
from a hub. :,j North St G CENTENNIAL
One hub is located immediately on the study corridor at 237 i L52)
North Winooski Avenue, a building with 28 apartments and a i D ol
yoga studio. Another two hubs are located nearby on Church i o o 5 Sl
Street. A map of existing Greenride hubs in Burlington is shown @ (5] () lattralSrea iy
in Figure 4-7. e >
3 @
2 Lt @
£ ©
@ Burlington Country Club @ University Mall o
Google @ @

o Champlain College

Miller Center at
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4.3 DRIVING

Although the proportion of people using different modes of
transportation has shifted in recent years resulting in a reduction
in driving, it remains the predominant mode choice. In addition,
many people who use other forms of transportation also drive at
least occasionally. Most of the right of way along Winooski

Avenue is designated for vehicles, whether in the form of travel
lanes or parking.

Vehicle Volumes

Winooski Avenue is an important driving route to and through
the core of Burlington. Figure 4-8 shows that the majority of the
cor r i ddaeress andextd Burlington via Riverside
Avenue, Colchester Avenue, and Main Street. Union Street is

an important parallel street due to its function with Winooski
Avenue as a one-way travel pair.

Along Winooski Avenue, the highest traffic volumes occur within
the four-lane section between Pearl Street and Main Street with

an average annual daily traffic around 11,000 vehicles (Figure
4-9).
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FIGURE 4-8: TRAVEL PATTERNS OF VEHICLES ACCESSING
WINOOSKI AVENUE

2
=)

$§ond tug
'3
g 5wy
3/ 3/ oy

g/

%

RIVERSIDEA

A

s/

PROSPECT HILL

5
vt 2 E
ORTH ST Z
=
‘ @ -
z g WeRy 15 i ie
3 3l LR
%z g ‘ LOOMI )
= m
o U g \ =
I K<l z l BROOKESAV | L(
£ © o — \ \
3 me ‘;? = e
5 e 5 ADSIT CT 6 |\
= &8 | B i 5|
PEARL
o
EERRY 2 BUELL = =
5 fo l; =
3 £ |2 erADLEY ‘ 2 |2
o _XZ \"‘ | Y“’—:
Iz 2 i 2
— 3

 ——
— i)

|

1

CEDAR LN k*
l I | _JUNIPER TERR
-vs! 2 5‘
Legend KINGSLAND TERR g\ e ¢ §
| Z A
. - 5 z
Winooski Corridor Travel Patterns RUOES = E Fo
2
Motorized Traffic o ‘ | la
{c( =
— 0-285
— 286 - 907

/.
\ ’/
@— 908 - 2000 \e—
3
| /
@ 000 - 4500 (CATHERINE

@500 - 10000 \ /
= /

Source: CCRPC Regional Traffic Model

This map is based on a &elect linkéanalysis. The volumes shown only include
vehicles that drive on Winooski Avenue as part of their trips.



FIGURE 4-9: DAILY TRAFFIC VOLUMES (2016)
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Rating Driving Facilities

Vehicle infrastructure can be rated using the level of service
(LOS) system at intersections, which is based on the average
delay experienced by motorists during the peak hour of an
average day. It runs on a scale from A (lowest delay) to F
(highest delay). Delay is impacted by vehicle volumes, number
of lanes (including turn lanes), traffic control type (e.g.,
signalized, unsignalized, and roundabout) and signal phasing.

In urban areas such as the project location, higher LOS ratings
(signifying lower delay) are not necessarily desirable. The
CCRPC and the City of Burlington generally aim for LOS D, and
LOS E can even be acceptable. Within local permit applications
the City can determine acceptable levels of congestion. The
City does not have a formally adopted congestion policy or

guidance on when to use alternatives to the VTrans policy
during statewide Act 250 permitting.

Figure 4-10 and Figure 4-11 show the LOS and queues at key
intersections along the study corridor and pertinent adjacent
streets during the weekday AM and PM peak hour, respectively.

The midday peak hour was not evaluated, though it should be

noted that congestion can be observed in the downtown core
during midday.



FIGURE 4-10: INTERSECTION LEVEL OF SERVICE AND QUEUES
IN AM PEAK HOUR

FIGURE 4-11: INTERSECTION LEVEL OF SERVICE AND QUEUES
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The traffic operations summarized in the above graphics
provide a limited view of traffic operations within the study
corridor itself.

The standard methodology (based on the Highway Capacity
Manual) has limitations when conditions outside of the study,
such as the frequent long queues along Main Street, impact the
operations along Winooski Avenue. Queues can often extend
from the fAjughandl eo at Main
westerly down the hill along Main Street and affect the ability for
vehicles to exit Winooski Avenue onto Main Street.

Str

The delay shown is averaged for a full hour of analysis, which
doesndt expl ighorttpérigds of tnte®where f or
average delays are much longer.

Even with these limitations, the modeling of operations within
the corridor are valuable insights into how changes in lane
allocation, turn lanes, driveways, as well as future traffic
demands may change relative to the current conditions.
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About the Traffic Model

The traffic model that vehicle volume and LOS data in this report
is based on is implemented in
program. It was originally developed as a subarea focus area
from the CCRPC regional travel demand model.

The Winooski Avenue Traffic Microsimulation Model includes
detailed information on roadway classifications, speeds,
geometrics, intersection controls, signal timings, and traffic
volumes. The phase 1 Winooski Study included an assessment

of existing conditions and several possible future configurations.
Extent of traffic analysis model:

DE AVEN UE figy ‘e 0*
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City of Burlington Traffic Signal Engineer David Garen

Midday queuing along Winooski Ave (looking north from Bank Street

intersection)
Signal Timing

Nine intersections along the corridor are controlled by traffic
signals. All of these signals are actuated by detecting vehicles,
bicyclists, or pedestrians.

The traffic signals along Winooski Avenue are coordinated
between Cherry Street and Main Street. The afternoon peak
hour has cycle lengths of 90 seconds, and 70 seconds in the
morning and mid-day. The Pearl Street signal runs in isolation.

North Street, Peal Street, and Archibald Street signals have
exclusive pedestrian phases during the signal cycle, giving
pedestrians fully protected crossings with no vehicle movement.
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Car Sharing

Car sharing allows people to rent cars for short periods of time,
which can make it possible for members to own fewer personal
vehicles. This service is available in Burlington through
CarShare Vermont, which offers monthly and yearly
memberships to access its fleet of vehicles parked in
neighborhoods around the City, as well as one in Winooski.

One pod is immediately on the study corridor at 258 North
Winooski Avenue (Silversmith Commons), and six other pods
within a quarter-mile walk from Winooski Avenue. These pods
are all in high demand due to the high density of both residential
and business user groups along Winooski Avenue and in
downtown Burlington.

For car sharing to work efficiently and meet the needs of a
community, it needs convenient, multimodal access to its pods
and safe, accessible locations for pods.

CarShare Vermont Facts:

1 65 percent of members chose to get rid of a vehicle or
not to replace a vehicle when joining.

9 87 percent of members are zero- or one-car households.
1 The average trip length is 3.5 hours.

1 One carshare car replaces 15 privately owned cars, and
can serve 60 people in a neighborhood.

1 Members use cars for a range of purposes, but mostly for

grocery shopping, running errands, going to meetings,
and socializing.
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FIGURE 4-12: CAR SHARE POD LOCATIONS

Delivery Vehicles

Non-residential land uses often require use of commercial
delivery vehicles and benefit from dedicated loading zones. The
City of Burlington Public Works Commission controls the
placement and regulation of loading zones. Zones identified by
a loading zone sign prohibit non-commercial vehicles, or those
with a loading zone permit or coupon, from using the space.

Loading zones typically are an underutilized reserved space.
There may be opportunities to identify land uses or work with
specific property owners to identify shared uses for loading
zones or identify specific time of day requirements to limit
commercial deliveries outside of peak hours or conducted
outside of periods of high parking demand.



An example of a shared use arrangement may be to identify
loading zones also designated for on-demand mobility (i.e.,
Uber, Lyft) use. The City has already designated some loading
zones available to all outside of the delivery times. An example
on the corridor is the loading zone in front of the Butch + Babe®
restaurant.

Locations such as in front of the eating and entertainment
establishments just north of Pearl Street have high levels of on-
demand mobility demand as well as the need for a loading
zone. The two uses seldom overlap.

Loading zone on WinooskiAve nue at Sam6s Wood Furnit

Avenue

Shared Mobility

Transportation network companies (TNCs) such as Uber and
Lyft have evolved by creating new technologies to provide on-

3 https://www.sevendaysvt.com/vermont/uber-has-sped-to-the-top-of-
burlingtons-ride-for-hire-heap/Content?0id=9196614
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demand car travel options. Traditional taxi companies have
started using similar phone-based travel technology. TNCs and
taxi companies not only provide car travel without the need to
own a personal vehicle, but they also provide employment for
the drivers. The vehicle-for-hire companies pay 25 cents per trip
to the City of Burlington. From November 2016 through
September 2017 there were 427,8283 vehicle-for-hire trips
originating in Burlington.

On-demand delivery is starting to become more visible in
Burlington. Mr. Delivery and Uber Eats are two example delivery
services from restaurants that add to the already established
and growing trend of grocery store deliveries from Price
Chopper and Hannaford. All of these services substitute an
individual need for travel with an often more efficient delivery
service combining several orders in one vehicle.

Both Uber and Lyft are experimenting with contracts with health
providers to enable on-demand mobility for patients who may
have limited travel options.

The on-demand economy, combined with the market
penetration of smart phones, has increased the number of
goods and services that can be procured and delivered rather
than requiring an individual to travel.

Most of these services requires an individual to have a smart
Bhone and have a bank acscount or credit card. The City must
ensure that rellable travel options remain viable for those that
may not have access to these on-demand services.



4.4 TAKING TRANSIT

Green Mountain Transit (GMT) is a transit system like few
others. It is a medium-sized system whose core services are
focused on a small city and urban area, but one that has also
grown rapidly over the past 15 years to provide service
throughout much of northern and central Vermont.

Ridership and Connectivity

The Downtown Transit Center located on St. Paul Street
between Cherry and Pearl Streets is the hub of the GMT local
system. Buses traveling to and from here require travel across,
if not on, Winooski Avenue.

Figure 4-13 shows the local routes in Burlington that travel
along or across Winooski Avenue. No existing route travels
exclusively along Winooski Avenue.

Ridership data for the bus stops along Winooski Avenue, in the
form of total boardings and alightings in one day, is shown in
Figure 4-14. The places of high bus demand correlate with
areas of high employment and mixed-use land development.
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FIGURE 4-13: GMT LOCAL BUS ROUTES
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FIGURE 4-14: GMT BUS STOP DEMAND (2017)
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NextGen Plan

GMT is finalizing the NextGen Transit Plan, the first

comprehensive evaluation of the complete transit system as it

exists today. Each route is evaluated, a market analysis is
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conducted, and the public is engaged through meetings and
surveys to develop recommendations to the GMT system.

Revisions to the bus routes appear to increase bus service

along Winooski Avenue, particularly between Pearl Street and
Riverside Avenue.

Route 8: City Loop

‘ﬂ

30 minute service during weekdays, 60 minute service on
weekends

6am to 7pm weekdays, 7am to 7pm Sat, 8:30am to 7pm
Sunday

Route 9: Riverside/WinooskKi

1

30 minute service during day and 30 to 60 minute service
at night. 6am to 11pm weekdays.

30 to 60 minute service on Saturday. 7am to 9pm
Saturday. No Sunday

Route 2: Essex-Shelburne via Downtown Burlington

1
1

1
1

Major Urban Local route

20 minute service during day and 30 to 60 minute service
at night

30 to 60 minute service on weekends

Service until 11pm weekdays

The recommended routes are shown in



Bus Stop Infrastructure

Bus stop infrastructure varies along the corridor, with most
stops consisting of a simple static sign and an informal waiting
area on the sidewalk or greenbelt.

Table 4-1 shows a generalized concept of the type of amenities
that should be at bus stops. A review of the bus stops along the
corridor found that few of the standard amenities are present,
and high demand spots are particularly deficient.

Table 4-2 shows the amenities found at bus stops along
Winooski Avenue.
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TABLE 4-1: CONCEPT BUS STOP AMENITIES

LOCAL STOP

LOCAL STOP

AMENITY <40 > 40 e
BOARDINGS BOARDINGS
Lighting X X
Static sign X R
Dynamic sign X X
Shelter X X
Seating X X
Trash/Recycling X X
TABLE 4-2: BUS STOP AMENITIES ON WINOOSKI AVENUE
Schedule/ Trash/ .
Stop Shelter Bench Map Recycling Lighting
Community Health Center No No Yes No No
Opp. Community Health Center No No Yes No No
No. Winooski Ave @ Archibald St Yes In Shelter Yes No In Shelter
No. Union St @ No. Winooski Ave Yes In Shelter Yes No In Shelter
North St @ N Winooski Ave No No No No No
North St @ N. Winooski Ave No No No No No
No. Winooski Ave @ Grant St No No No No No
No. Winooski Ave @ Pearl St No No No No No
Pearl St @ N Winooski Ave No No No No Yes
S. Winooski Ave @ Bank St No No No No No
College St @ S Winooski Ave No No No No No
Main St @ S. Winooski No No No No No
S. Winooski Ave @ King St No No No No No
S. Winooski Ave @ Maple St No No No No No
Maple St @ S. Winooski Ave No No No No No
Howard and Caroline Sts No No No No No

Source: RSG

Stops in bold font have more than 40 boardings a day. N o i red means that
this amenity is not present but should be due according to Table 4-1.

Bicycle parking is another frequent amenity to improve modal
integration. While no bus stop appears to have bike parking
immediately proximate, very often, there are bicycle parking



spaces available within a few hundred feet. See Figure 4-16 for
an integration of bike parking, bus stops, and carshare pods.

GMT is currently in the process of formalizing its own bus stop
guidelines.

¥

Archibald Street bus stop with shelter

Bank Street bus stop: no schedule or map, and trampled grass is evidence of
high demand.
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INTEGRATION OF MODES

Integration of modes was identified as a goal in both planBTV
Walk Bike and the Regional Active Transportation Plan. The

I Land use site development polices can support transit,

walking, and bicycling and encourage shared auto use.

shows the locations of CarShare Vermont pods,

following points identify practical applications and meanings
behind this concept:

1 Safety for one mode supports safety for all modes.

9 Intersections are where all modes meet and cross each
other.

1 Higher vehicle volumes negatively affect comfort and
safety of other users, namely pedestrians and bicyclists.

1 A good transit system needs good pedestrian
infrastructure. Beyond accessible sidewalks, this means
lighting, shelters, and benches. Bikeshare and car share

locations near transit support a systematic option to
driving.

1 Placing bus stops, bikeshare hubs, and carshare pods
close to each other allows each mode to support each
ot herdés use.

9 Bicycling and vehicles benefit from quality pavement
conditions. Both modes have safety risks associated
with ruts, poor lane markings, and insufficient drainage.

9 Using the public right of way for access and enjoyment
of adjacent land versus is often at odds with using the
space to facilitate through traffic. Integration of modes
builds a platform for discussing and identifying solutions.

91 Certain types of on-street parking spaces could be
shared with each other. One example is sharing loading

zones with ride hailing drop-off/pick up since these uses
occur at different times of day.
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secure bicycle parking, and GMT bus stops in Burlington, as

well as bike parking along Winooski Avenue.

FIGURE 4-16: SHARED MOBILITY AND TRANSIT
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High crash locations (HCLs) are defined as intersections or

| segments where the actual average crash rate exceeds the

_ _ _ statewide average crash rate for a similar roadway facility.
While Section 4.0 gllscussed many of the factors that affecF These are shown in
comfort and perceived safety for each mode of transportation,
safety can also be evaluated in depth based on historical crash FIGURE 5-1: HIGH CRASH LOCATIONS (HCLS)
data. & %{é’ o z 0
z & RIVERSIDEAV 2
CRASH HISTORY . Fai? 4
2 g 2
o &'\’) q: ARCHIBTL?, 5
. . . . . & = %, , g
Crash history is the primary metric used for understanding road ' \““"”6 Gl o \ jef% & é ——
. L . S *© 8 3 5 & z
safety and determining logical improvements. The following K% 5“‘0% %’@1 23 i & e 5 e
. . : . 2 VR : - 2 v
charts and information are based on a five-year window of crash Y \:i ! = - w““’“; H w8
data* along Winooski Avenue, between January 1, 2013 and %’%ﬁ 3 ?é 3 b g
H 1 \ z iy g
December 31, 2017. Crashes reviewed include crashes at LN R H - 8 cranr g TR
- - . - 3 w D; E
intersections along Winooski Avenue that may have occurred L, gnowaos% g § 2 osrcr 5
on the cross streets. Note that any plan or study attempts to use s g 0 0 -~
the most current available data at that time, which may result in o | o= I - ‘é 2
.. . . g @ z & Y z
some variations in the analysis between this study and past o w § o g e 3 el
studies. iR s I g
. . . é AIN -
Winooski Avenue Crashes Relative to Local and State %F oy ® '
- JACKSON CT
Data KING f'(':\ g | ‘
3 | MAPLE
e 1
Crashes along Winooski Avenue account for: & z SNPER TERR
(= ADAMS 8 ‘ 2 5
. . = Z | G RI é &
1 10% of all crashes in Burlington 2 A B s R 2
% @ eprucE - B
.. . . > 2 =
1 9% of injury crashes in Burlington % onepL B - B lg
Legend RELEAY 2 b
0 . . . -‘; @ BAYVIEW 8 ‘;
1 16% of bicycle crashes in Burlington ——HCL Segments 2012-2016 2 5 \& 3 8
_ _ _ @mSH{CL Intersections 20122016 & N W 3
1 17% of pedestrian crashes in Burlington E]

4 Obtained via the VTrans Public Crash Data Query Tool, a database
that includes crash data from both local and state police.

http://apps.vtrans.vermont.gov/CrashPublicQueryTool
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High Crash Locations can help identify points of interest, but Figure 5-3 is a heat map that provides an overview of all

they donét always tell the full gashesaongWnooski AvenaenTd feur-lane segnerst e g me n t
between Pearl Street and Main Street has the highest number between Pearl Street and Main Street
of crashes along Winooski Avenue, yet does not meet the has experienced the highest number of | ¢ map is a
requirements to be an HCL. crashes along the corridor. helpful visualization
The two segment HCLs (north of North Street and south of King Figure 5-4 is a heat map of just bicycle  tool to quickly
Street) are located along roadway segments with many curb and pedestrian crashes along identify areas or
cuts (see Figure 3-4) which introduce turning traffic and a higher Winooski Avenue. Hot spots are locations with
number of conflict points. centered at intersections, where greater or lower

. : bicyclists and vehicles must navigate intensities.
Crashes Along Winooski Avenue lane chan wurni ; q

ges, turning movements, an

Excluding crashes recorded as being in parking lots, 54% of each other. The busier and larger intersections along the four-
crashes along Winooski Avenue occurred at intersections, 4% lane segment have the highest number of bicycle and
occurred at driveways, and 40% occurred away from driveways pedestrian crashes.
or intersections. Crash location type is summarized in Figure All maps and crash details are summaries of the VTrans crash
52, data between January 1, 2013 and December 31, 2017.

FIGURE 5-2: CRASH LOCATION TYPES ALONG WINOOSKI
AVENUE (NOT INCLUDING PARKING LOTS)

14% of intersection
crashes resulted in injury

= |[ntersection
Not at an Intersection
= Driveway

Other - See Narrative

Source: VTrans Public Crash Data Query Tool
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FIGURE 5-3: HEAT MAP OF ALL CRASHES ALONG WINOOSKI
AVENUE

FIGURE 5-4: HEAT MAP OF BICYCLE AND PEDESTRIAN
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Details of crash types along Winooski Avenue are shown in The intersection crash data indicate that congestion and lane

Figure 5-5. configurations are the two most likely contributors to crashes;

congestion can lead to rear end crashes, and various lane
configurations can result in

FIGURE 5-5: COLLISION TYPES AT INTERSECTIONS

60 sideswipes. Most intersection
crashes occurred between
50 Pearl Street and Main Street.
City Market and Marketplace
I Garage have similar numbers
40 of crashes as street
intersections.
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Source: VTrans Public Crash Data Query Tool

AUNnkn®Mom refer smdadrked asdSecssNatratived i n t he
crash database. Narratives were not reviewed at this time.
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Injury crashes by mode at each intersection are shown in Figure

5-6.

FIGURE 5-6: INJURIES AT INTERSECTIONS BY MODE

O P N W M 01 O N

B,
fy

m Bicycle Injuries Pedestrian Injuries

m Non Bike-Ped Injuries

Source: VTrans Public Crash Data Query Tool

67% of injury crashes (excluding those in
parking lots) occurred at intersections.

Bank Street, Main Street, and Pearl Street had the highest total
number of injury crashes.

Note regarding City Market data: There were an additional 62

crashes at City Market that
the VTrans data. Parking lot crashes are assumed to be within
the parking lot and not at the intersection of the roadway, but
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A bicyclist and vehicles navigate the City Market driveway at
Winooski Avenue.

some may actually be at the roadway. The data has not been
evaluated to this level of detail.
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SPEEDS

Vehicle speed is relevant to the safety of all modes of
transportation. Vehicle speeds along Winooski Avenue appear

tobeconsi stent wi spkedlintitef25cnph.r i dor & s

The 85" percentile speed i the speed at which 85% of drivers
drive at or below 1 is a common metric used in speed studies
rather than average or median (50" percentile) speed. This
metric was found based on speed data collected at three
locations along the corridor, described below and shown in
Figure 5-7.

1 Between Archibald Street and Decatur Street (Union
Street) on North Winooski Avenue, where there are two
travel lanes. This location is also along a high crash
location segment. 85" percentile speed, 2018:

1 Between Bank Street and Cherry Street on South
Winooski Avenue, where there are four lanes. 85"
percentile speed, 2018:

i1 Between Adams Street and EIm Terrace on South
Winooski Avenue, where there is one southbound travel
lane. This location is also along a high crash location
segment. 85" percentile speed, 2014:

planBTV Walk Bike identifies priority streets for speed control.
The plan recommends making Winooski Avenue a Corridor
Slow Zone, to be designed for C25 mph. If a 20 mph speed limit
is determined to be desirable along parts or all of Winooski
Avenue, the roadway design should be re-evaluated for
encouraging lower speeds than existing.
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FIGURE 5-7: SPEED STUDY OBSERVATIONS

Source: RSG

Corridor Slow Zone Streets
(planBTV Walk Bike)

Corridor Slow Zone streets are categorized as such
because they generally move higher volumes of
traffic and connect multiple neighborhoods, provide
a link to neighboring municipalities, feature a higher
intensity of land use, and may have a crash history
suggesting the need to control speeds. In these
locations, street design should encourage a
maximum speed of 25mph.







































