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1.0 EXECUTIVE SUMMARY 

This study involves a 2 mile section of the US Route 5 corridor in Hartford, Vermont. It extends from 
the US 5/Arboretum Lane intersection northerly to the US 5/Highland Avenue intersection as 
shown in Figure 1 on page 4. This study does not address issues associated with the US 5/US 4 
intersection, as this is the subject of another VTrans study and it does not include the US 5/Sykes 
Mountain Avenue intersection, as its reconstruction into a roundabout is scheduled to start in 
2020. This study solicited stakeholder and public input, compiled and analyzed existing conditions, 
established corridor needs, evaluated solutions to address these needs and determined the 
preferred improvements along the corridor.  

Based on stakeholder and public input, the more significant needs identified along this corridor 
include: 

• Address safety concerns in the project area, primarily at the US 5/VT 14 intersection 

• Provide for safe and efficient bicycle and pedestrian travel through the corridor. 

• Address congestion issues in the project area, primarily at the US 5/I-91 interchange ramps 
and the US 5/Veterans Drive intersection. 

After seeking input from stakeholders, the public and internal VTrans staff, the following are the 
preferred short term improvements for the corridor. 

• Continue the four Town of Hartford ongoing projects along this corridor that will contribute 
to the corridor improvements: US5/Sykes Mtn Avenue Roundabout (2020-2021): Hartford 
STP 0113(15)S; Sykes Mountain Avenue Sidewalk (2020-2021): Hartford STP EH09(15);US 5 
Sidewalk – Arboretum Lane to Ballardvale Drive: Hartford STP E10(18); US 5 Sidewalk – 
Ballardvale Drive to Sykes Mountain Avenue: Hartford BP 14(4). 

• In conjunction with the VTrans VT Route 14 Hartford Class 1 Resurfacing/Hartford STP 
PC21(4) project which  is currently programed for the 2021 construction season 
incorporate the following along VT Route 14:  

o Replace the existing traffic signal equipment at US5/VT 14 and VT14/Bridge/Pine 
Street intersections 

o Reconfigure the US 5 Northbound right turn lane at VT 14 to a more acute angle to 
address existing rear-end crash pattern. 

o Replace overhead signs at US 5/VT 14 and the VT 14/Bridge/Pine Street 
intersection with ground mounted signs. 

o Convert the existing VT 14 Eastbound left turn lane at the VT 14/Bridge/Pine Street 
intersection to a combined through and left turn lane. 
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• In conjunction with the VTrans US 5 Hartland - Wilder Resurfacing, which is anticipated to 
be part of the 2022-2023 VTrans Resurfacing program, incorporate the following along US 
Route 5:  

o For the US Route 5 corridor convert the existing four lane section to two lanes, one 
in each direction, and provide buffered bike lanes in the existing right hand lanes 
from Highland Avenue to I-89. 

o At the Highland Avenue and VT 14 intersections reconfigure the US 5 approach 
lanes to accommodate the buffered bike lane. 

o At the US 5/North Main Street intersection replace the existing traffic signal; add a 
North Main Street approach crosswalk with a pedestrian signal; reconfigure the 
approach lanes to accommodate the buffered bike lanes; and realign the North 
Main street approach right turn to be more acute. 

o At the I-91 Northbound Off Ramp reconfigure the intersection to a T-type 
intersection with a 2 lane ramp approach; widen I-91 Northbound Off Ramp to 2 
lanes for 400 feet; remove the existing I-91 Northbound Off Ramp to Sykes 
Mountain Avenue; provide lane markings compatible with proposed roundabout 
at Sykes Mountain Avenue; and provide a crosswalk at the I-91 Northbound Off 
Ramp off ramp. 

o At the I-91 Southbound Off Ramp widen the off ramp to 2 lanes for 200 feet; 
realign the  US 5 southbound thru lane through the intersection to minimize the 
existing lane shift; provide channelization with yield condition for US 5 Southbound 
right turns; and maintain one US 5 Southbound thru lane from Sykes Mountain 
Avenue to Southbound ramp. 

o From Ballardvale Drive to Veteran’s Drive continue US 5 bike lanes with pavement 
markings and signs through Veterans Drive. 

This study also established preferred long term improvements so as they can be considered for 
programming by VTrans for future funding.  These preferred long term improvements are as 
follows:  

• At the US 5/I-91 Northbound Ramps realign the I-91 Northbound On Ramp to intersect US 5 
opposite the I-91 Northbound Off Ramp; reconfigure medians to reflect new alignment, 
install a traffic signal at this intersection; and coordinate its operation with adjacent 
signals. 

• At the US 5/I-91 Southbound Ramps install a traffic signal at this intersection and 
coordinate its operation with adjacent signals. 

Composite plans of these improvements are in Appendix A . The Town of Hartford Selectboard 
and management of the VTrans Project Delivery Bureau approved these preferred improvements 
and these approvals are documented in Appendix D. 
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2.0 INTRODUCTION  
In response to numerous public concerns and safety issues along the US Route 5 corridor in 
Hartford Vermont, the Vermont Agency of Transportation met with Town staff in March of 2018. It 
was determined that although the corridor has some developing improvement projects and 
studies, there would be a benefit to have a study look at the whole corridor and provide a 
cohesive plan.  The product is this Project Definition Report that identifies issues and concerns 
through data collection and public input, provides a project purpose and need and develops 
and evaluates alternative improvement strategies leading to the selection of preferred 
improvements and/or alternatives. 

The process includes working closely with a stakeholder group made up of Town staff, Two Rivers 
Ottaquchee Regional Commission (TRORC) staff, and others, and soliciting public input on 
alternative solutions.  Advisory committee members for this project are listed below.  

Town of Hartford Staff  Hannah Tyler, Brannon Godfrey, Matt Osborn, Lori Hirshfield 
  VTrans Staff   Erin Parizo 
 TRORC Staff   Rita Seto 
 
This group is charged with guiding the scoping process and providing input. VTrans will propose 
the preferred improvements after coordination with these stakeholders. 
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3.0 PROJECT BACKGROUND 
The US Route 5 corridor in Hartford Vermont is a principal arterial that is a state owned and 
maintained highway. It was largely reconstructed in the late 1960’s in conjunction with the I-89 
and I-91 construction. Much of it was constructed as a divided four lane highway. The area from 
Arboretum Road to Highland Avenue includes 12 intersections and the I-91 interchange. Over the 
years, safety, condition, and capacity issues have evolved as changes in land use, increases in 
traffic volumes, increases in pedestrian and bicycle activity, and the introduction of transit routes 
occurred.  

Figure 1 - Project Study Area 

 

3.1 STUDY REVIEW AND CURRENT INITIATIVES 

Several studies and plans have been developed for this area that considered traffic and 
pedestrian concerns. The most recent studies were reviewed in the preparation of this scoping 
study and are listed below. 

 Hartford Master Plan 2014 

 Hartford Pedestrian and Bicycle Plan 2009 
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Some progress has been made in recent years to address some of corridor issues. The known 
current initiatives are as follows: 

• Sykes Mountain Avenue reconstruction of a roundabout at the US 5 and Sykes Avenue 
intersection. 

• US 5 sidewalk and bike lanes from Arboretum Road to Sykes Avenue. 

• US 5 and I-91 Northbound off ramp intersection reconfiguration. 

• US 5 and US 4 intersection roadway safety audit and project definition study for 
intersection improvements. 

• US 5 and VT 14 intersection roadway safety audit. 

This study considers and coordinates with the current initiatives underway.  

3.1.1 Hartford Master Plan 2014 

The Town typically updates its master plan on a five year cycle and it is currently going through its 
2019 Town Plan Update, so their 2014 plan is the most recent adopted plan. During the fall of 
2002, the Town undertook a series of community meetings to solicit input from the public 
regarding the update of the Town Master Plan. The public participation process also included a 
focus group discussion on transportation issues that reiterated the above recommendations and 
added the following: 

• Improve specific intersections. 

• Improve intersection signal controls and lower speed limits. 

• Develop a Bicycle/Pedestrian Master Plan and ensure adequate maintenance of existing 
pedestrian and bicycle facilities while encouraging/requiring developers to implement 
pedestrian/bicycle facilities. 

• Ensure adequate design standards for new development. 

• Re-examine parking requirements 
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3.1.2 Hartford Pedestrian and Bicycle Plan 2009 

This Plan was developed by a group of citizen planners committed to improving walking and 
bicycling in the Town of Hartford. The Committee was challenged between proposing small‐scale 
inexpensive improvement projects versus larger‐scale more expensive projects. While the 
inexpensive and easy projects can be repeated many times over, the impacts remain relatively 
small. The large‐scale projects are expensive, difficult to implement, and time‐consuming, but 
they are a significant long‐term solution. In the end, the consensus was that both strategies 
needed to be proposed in this Plan. The following are the plan’s pertinent recommendations. 

• RECOMMENDATION #5: Construct facilities as outlined 
in the Pedestrian and Bicycle prioritization map and 
table. Focus on engineering full segments so that 
smaller‐scale incremental improvements can be 
constructed as adjacent properties develop and/or 
construction funds become available. 

• RECOMMENDATION #6: Preserve or enhance public 
rights‐of‐way to provide sufficient room for pedestrian 
and bicycle facilities along all arterial and collector 
streets located within the Town’s designated 
development area. 

• RECOMMENDATION #12: Retrofit existing State 
controlled roadways to accommodate bicyclists. In 
White River Junction and the other villages, bicyclists 
should share the travel lane with vehicles. Along road 
segments with slower speeds (35 mph and lower), 
there should be a minimum 11 foot travel lane and 3 
foot shoulders. Along road segments with 40 mph speed limits and higher, the standard 
bicycle lane (4‐6 foot shoulders) is necessary – even when the wider road profiles could 
result in higher traffic speeds. The highest priority for retrofitting roads with bicycle lanes is 
US Route 4 (east‐west connector) and US Route 5 (Connecticut River Scenic Byway). 

  

Figure 2 -  Pedestrian and Bicycle 
Plan 
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The committee reviewed many of the top priority roads in the town and ranked them for bicycle 
and pedestrian improvements. The top priorities are not the entire list of Town priorities, but a list of 
projects that can be realistically addressed over the next 20‐30 years. The ranking depends on 
creating planning priority scores in the first step, ensuring every village receives a ranked project 
in the second step, and then comparing walking and bicycling experiences for the last step. This 
ranking included the following projects in this project area and their ranking out of the 31 projects 
identified. 

Table 1 - Prioritization of Projects in Project Area 

Rank Road Name Description Existing 
Sidewalk 

Existing 
Bike 

Facility 

Recommendation 

2 N Hartland Rd VA Cutoff to Sykes 
Mtn. Ave. 

No No Ped/ Bicycle 

8 N Main St Sykes Mountain Ave 
to Bridge (US 5) 

Yes No Bicycle 

14 N Main St Woodstock Road to N 
Main St (US 5) Bridge 

Yes No Bicycle 

 

3.1.3 Sykes Mountain Avenue Reconstruction 

This project involves the reconstruction of the US 5 and Sykes Mountain Avenue intersection into a 
roundabout along with other roadway improvements and another roundabout along Sykes 
Mountain Avenue. Currently, this project is in the right-of-way acquisition phase and scheduled 
for construction beginning in 2020. For this study it is assumed this project will be completed and 
any proposed improvements should be compatible with this construction. Specific items to 
consider for this study include: 

• Bicycle accommodations including the addition of bicycle ramps and paths at the 
roundabout. 

• One travel lane exiting the roundabout on US 5 northbound and southbound. 

• Two travel lanes entering the roundabout on US 5 northbound and southbound.  
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3.1.4 US 5 Sidewalk and Bike Lanes 

The Town is utilizing a VTrans Bicycle Pedestrian Grant to pursue construction of a 5-foot wide 
sidewalk along US 5 from Arboretum Lane to Ballardvale Drive. This includes providing 4-foot wide 
shoulders/bike lanes on both sides of US 5. This provides an important connection with Ballardvale 
Drive hotels and the Upper Valley Aquatic Center and contributes to a portion of the priority 
number 2 project mentioned in the Pedestrian and Bicycle Plan. The project is in the Right-of-Way 
acquisition phase and is scheduled for construction in 2019 or 2020. 

The Town has a second VTrans Bicycle Pedestrian Grant to design and construct a 5-foot wide 
sidewalk along US 5 from Ballardvale Drive to Sykes Mountain Avenue. Conceptual plans have 
been developed, but further development of the project is pending resolution of the proposed 
improvements and funding at the I-91 Northbound Off Ramp and US 5 intersection. 

3.1.5 US 5 and US 4 Intersection Scoping 

VTrans is conducting a separate scoping process that is evaluating potential improvements at the 
US 5 and US 4 intersection. The scoping is building off a VTrans Roadway Safety Audit (RSA) 
conducted in October 2016. This RSA highlighted the crash pattern involving left turns off US 4 
eastbound to US 5 northbound and proposed potential improvements to be considered in the 
VTrans scoping. This scoping process will be coordinated with this project to provide a 
compatible solution. 

3.1.6 US 5 and VT 14 Intersection Roadway Safety Audit 

In April of 2018, VTrans conducted an RSA process for the US 5 and VT 14 intersection. The RSA 
provided the following most significant concerns: 

• A Crash Pattern Between a US 5 Northbound Left Turning Vehicle and a US 5 Southbound 
Vehicle 

• Significant Crash Pattern Involving Rear-End Crashes Between Two US 5 Northbound Right 
Turning Vehicles onto Maple Street eastbound 

• Significant Crash Pattern at Coop Food Between a Left Turning Vehicle into the Parking 
Lot and a Westbound Vehicle. 

• People unfamiliar with the characteristics of the traffic signal and who are trying to make 
a left from VT 14 (heading east) to US 5 going north on a green light do not realize that 
they have to yield to oncoming traffic which often cannot be seen due to vehicles in the 
left turn lane (from US 4 to US 5 south). 
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The RSA considered short term and long term solutions to address these concerns and concluded 
the following: 

• Short term improvements are inhibited since the VTrans’ signal group (TSMO) indicated 
that the age of the traffic signal infrastructure along with the conduits’ overall condition 
preclude short term improvements to the signal such as adding a flashing yellow phase 
and that there are no feasible improvements that can be made without the full 
replacement of all signal infrastructure at the intersection  

• For US 5 Northbound approach long term improvements include: 

o Convert the left turning phase from permitted on green ball to flashing yellow 
permitted. 

o Evaluate permitted protected or protected only left turn phasing. 

o Evaluate the conversion of the signals from being mounted on pedestals to mast 
arms on all approaches. 

o Evaluate the construction of a roundabout. A roundabout would reduce 
congestion by facilitating turning and crossing maneuvers and would reduce 
crashes. 

• For the VT 14 Eastbound approach long term improvements include: 

o Convert the left turning phase from permitted on green ball to flashing yellow 
permitted 

• For the VT 14 Eastbound approach long term improvements include: 

o Evaluate the possibility of signalizing the ramp. 

o Evaluate the reconfiguration of the slip lane by reducing the angle of the slip lane 
to provide a better line of sight for turning traffic. 

o Evaluate the construction of a roundabout. 

For the purpose of this study it is important to note that Advance Transit, the local transit 
company, will be eliminating the bus stop that they call Cota & Cota (which is located on the 
southbound side of US 5 just north of the intersection) as soon as spring 2018. The transit company 
explained that the buildup of left turning traffic from US 5 south to VT 14 going east is so high in the 
afternoon that their bus, after making the stop, cannot transition into the left turn lane. 
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4.0 EXISTING CONDITIONS 

4.1 ROADWAY CHARACTERISTICS 

Most of US 5 in this project area was reconstructed in 1967 with a full depth of new subbase and 
pavement, new drainage system, and in some areas water and sewer utilities. It was constructed 
as a curbed four lane roadway (two 12-foot lanes in each direction) that are separated by a 
landscaped median (16 feet wide). South of the I-91 interchange the roadway tapers from a four 
lane to two lane section with no median. There is no existing sidewalk from Arboretum Lane to 
Sykes Mountain Avenue but one is planned. A 5-foot wide sidewalk exists along the eastern side 
from Sykes Mountain Avenue to North Main street and across the White River Bridge. From VT 14 
intersection northward along US 5 there is a sidewalk on both sides. A typical section is shown in 
figure below. Bicyclists using this area typically either ride on the 5-foot wide sidewalk or assume a 
lane on the roadway. 

Figure 3 - Existing Typical Section 

 

The roadway is bordered by primarily commercial development. It is most concentrated outside 
the limited access limits for the I-91 interchange. The median extends the full length of the project 
area and restricts some left turns. Restricted US 5 left turns are accommodated by a northbound 
U-turn at Airport Road and a southbound U-turn jug handle just south of the US 4 intersection. A 
jug handle is a type of ramp, or slip road, which allows drivers to change directions without 
disruptive stops or direct left turns.  

The current posted speed is 35 mph from Arboretum Lane to Airport Road. It changes to 40 mph 
north of the Airport Road intersection and is reduced to 30 mph on the US 5 approach to North 
Main Street and remains 30 mph northward for the remaining project area.   

US 5 is a principal arterial, owned and maintained by the State of Vermont. From the I-91 
interchange to North Main Street, US 5 is part of the National Highway System.  
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4.2 INTERSECTION CHARACTERISTICS 

4.2.1 US 5 / VA Cutoff Road 

The US 5/ VA Cutoff road intersection is a 
state-controlled, T-type unsignalized 
intersection. All approaches are single 
lanes. AM and PM peak hour volumes 
based on 2018 VTrans 12 hour turning 
movement counts are shown in Figure 4.  
Based on field observations and public 
input the following are considerations 
when determining and evaluating 
improvements: 

• VA Cutoff Road queues occur 
mostly in the afternoon peak as 
VA employees egress in PM using 
the VA Cutoff Road and it shows 
in the traffic count volumes 

• Corner site distance on the VA 
Cutoff Road is good to the right 
but more difficult to see to the 
left. Some traffic accelerates around the corner. Posted speed is 35 mph.  

• Jake’s, on the corner, closed as of November 2018. Pumps do detour thru traffic and is not 
an ideal location for them. Whatever goes in after Jakes will drive the intersection. 

• This is a primary route for the Town’s Emergency response vehicles as their facility is on VA 
Cutoff Road. 

• Pedestrians walk recreationally during day, not always using paths built on campus. No 
pedestrian path or sidewalks along VA Cutoff or US Route 5, but US Route 5 sidewalk is 
planned. 

• VA Shifts: 24 hour shifts but most common are staggered shifts that start 7, 7:30, and 8 am. 
Peak departures are from 3:25 pm to 5 pm. In addition to VA staff, VA facility users include 
medical students, contractors, visitors, and patients. 

• Transit service: Advance Transit drops off at the VA in the morning and afternoon. Also, VA 
has its own shuttles that service Vermont and 4 contiguous counties in New Hampshire, 
plus Manchester, and Boston. 

• Delivery trucks to VA use VA Cutoff Road entrance to the back of the VA 

Figure 4 - US5/VA Cutoff Road Intersection (Google, 
2015) 

AM Peak: 
8:30 to 9:30 
 
PM Peak: 
4:00 to 5:00 
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4.2.2 US 5/ Veterans Drive/Dunkin Donuts 

The US 5/Veteran’s Drive intersection is 
a state-controlled, four-way 
unsignalized intersection. The east 
approach was recently reconstructed 
with the redevelopment of the parcel 
into a Dunkin Donuts and is not 
depicted in the available aerial photo 
used in Figure 5.  The US 5 Northbound 
(NB) and the Veterans Drive approach 
are single lanes while the US 5 
Southbound (SB) approach includes 2 
lanes, and a combined thru and right 
turn lane and an exclusive left turn lane 
into Dunkin Donuts. The Dunkin Donuts 
approach includes two exiting lanes 
and one entry lane. There are currently 
no crosswalks at the intersection. A 
sidewalk on the east side of US 5 and 
bike lanes are planned in future project 
as previously mentioned.  AM and PM 
peak hour volumes are based on 2018 
VTrans 12 hour turning movement 
counts, which are post Dunkin Donuts 
development are shown in Figure 5. 
Based on field observations and public 
input, the following are considerations 
when determining and evaluating 
improvements: 
 

• VA traffic tends to exit using the VA Cutoff Road and not using Veteran’s Drive due to 
limited sight distance and limited traffic gaps.  

• Removing the I-91 SB on-ramp slip lane causes US 5 Northbound left turns onto I-91 SB On 
Ramp traffic to back-up. In the afternoon, this turning traffic backs up on US 5, in front of 
Bobs, Dunkin Donuts, and past Veterans Drive.  

• Dunkin Donuts operations has complicated intersection. Advance Transit stops at Dunkin 
Donuts.  

• There are no pedestrian facilities. Some VA visitors, new staff and clients do come from 
nearby hotels. Behind Dunkin Donuts, there are five hotels. Difficult to cross US 5. There are 
many reports of near misses.  People like to walk down to DD on break. Sometimes they 
walk past the intersections either way to get away from turning traffic.  

Figure 5  - US 5/Veterans Drive Intersection(Google, 2015 prior 
to Dunkin Donuts) 

AM Peak Hr: 
7:15 to 8:15 
 
PM Peak Hr: 
4:00 to 5:00 
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• A new VA security fence also impacts pedestrians. The fence channels walkers to 
entrances, while they used to be able to walk anywhere across campus. 

• People also drop cars off for service, then walk to VA. 

• A crosswalk may have impact on traffic. Some VA staff have suggested an elevated, 
heated crosswalk. 

• Queueing/congestion: Northbound US 5 left turning into Veterans Drive, do not pull to the 
left as there is no dedicated left turn lane and traffic backs behind them. There is now a 
left turn lane into DD.  

• Hartford Police Department (HPD) indicated: Challenging intersection with no ped 
crashes, but increased motor vehicle crashes. To access DD, there is a shallow driveway 
and vehicles need to turn wide, into one of exiting lanes. Lanes don’t work with space for 
entrance and an island is in the way. There is no opportunity to use hotel entrance or 
Ballardvale Drive, as it is privately owned, and has concrete barriers. Area needs access 
management and maybe a traffic signal. With DD redevelopment, four-way intersection 
was constructed but needs work. 

• VA patients tend to be older Vietnam vets, with different driving habits, cautious.  

• Traffic signal at Sykes Mountain Ave (SMA) causes breaks in traffic. Roundabout may 
make traffic continuous and amplify issues.  

• Limited sight distance from Veterans Drive approach looking east.   
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4.2.3 US 5/Ballardvale Drive/Winsor Drive 

The US 5/Ballardvale Drive/Winsor Drive 
intersection is a four-way unsignalized 
intersection. The lane geometry and 
the AM and PM peak hour volumes 
based on 2018 VTrans 12 hour turning 
movement counts are shown in Figure 
6. There are currently no crosswalks at 
the intersection. A sidewalk on the 
east side of US 5 and bike lanes are 
planned in future project as previously 
mentioned. Based on field 
observations and public input, the 
following are considerations when 
determining and evaluating 
improvements: 

• VA staff/visitors park on narrow 
Winsor Drive, blocking traffic, 
and then cut through bushes to 
access VA and avoid 
Veteran’s Drive. VA has a 
program to install fencing 
around facility and this will 
address issue. 

• Winsor has low traffic volumes 
with 5 or 6 residents. During 
wintertime when exiting Winsor Dr, it is hard to stop due to steep grade. 

• Ballardvale Drive is an entrance to hotels and a gas station. During nighttime, it is hard to 
see when turning onto Ballardvale. May need lighting. 

• Old Howard Johnson restaurant is a vacant building used for aquatic center swim meet 
overflow parking plus other downtown overflow parking.  

 

 

Figure 6  - US 5/Ballardvale Drive/Winsor Drive Intersection 
(Google 2015) 

AM Peak Hr: 
7:15 to 8:15 
 
PM Peak Hr: 
4:00 to 5:00 
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4.2.4 US 5/I-91 Southbound Off Ramp and On Ramp 

The US 5/I-91 Southbound Off Ramp 
and On Ramp intersection is a state-
controlled, T-type unsignalized 
intersection. The AM and PM peak 
hour volumes based on 2018 VTrans 
12 hour turning movement counts are 
shown in Figure 7. The lane geometry 
was changed in 2017 with the 
replacement of the I-91 overpass 
bridges. This change is not reflected 
in the Figure. The I-91 Southbound On 
Ramp was closed off and the one US 
5 SB lane was changed to two lanes, 
a thru lane and a right turn lane. This 
was done without widening and 
provides an offset for the southbound 
thru lane through the intersection. 
There are currently no crosswalks at 
the intersection. A sidewalk on the 
east side of US 5 and bike lanes are 
planned in a future project as 
previously mentioned.  Based on field 
observations and public input the following are considerations when determining and evaluating 
improvements: 

• US 5 Northbound left turns queue beyond Ballardvale. This is due to the removal of the 
separate SB On Ramp and now northbound left turns yield to southbound thrus and rights. 

• Exiting I-91 SB Off Ramp, left turn onto US 5 North is difficult with limited traffic gaps. Some 
vehicles turn right and make a U-turn.  

• US 5 SB right lane becomes exclusive right turn lane and requires thru traffic to weave.  

• During the bridge replacement, the temporary signal worked well. It provided breaks in 
traffic. Many thought it made sense to make permanent. Taking away ramp and taking 
away signal, confuses things. For US 5 SB right turn lane a yield sign was placed, then 
removed because it didn’t work.  

• Some people avoid intersection during peak periods and may use Wilder exit instead. 

• Making a NB left turn to ramp can be hard at night as lane striping and lighting is poor.  

 

Figure 7  - US 5/I-91 Southbound Off Ramp and On Ramp 
Intersection (Google 2015) 

AM Peak: 
7:15 to 8:15 
 
PM Peak: 
3:45 to 4:45 
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4.2.5 US 5/I-91 Northbound Off Ramp and On Ramp 

The US 5/I-91 Northbound Off Ramp 
and On Ramp intersections are 
separate T-type unsignalized 
intersection. The lane geometry and 
the AM and PM peak hour volumes 
based on 2018 VTrans 12 hour turning 
movement counts are shown in Figure 
8. The I-91 On Ramp has no identified 
significant operation and safety issues. 
There are currently no crosswalks at 
the intersection. A sidewalk on the 
east side of US 5 and bike lanes are 
planned in a future project as 
previously mentioned.  Based on field 
observations and public input the 
following are considerations when 
determining and evaluating 
improvements: 

• Crossing the I-91slip ramp is 
problematic for pedestrians.  

• The I-91 Off ramp forms the right lane and acts as a thru and right turn lane, into Sykes 
Mountain Avenue. It is difficult for US 5 NB traffic to enter the short right lane.  

• Queues back up onto I-91. With slippery weather there are crashes resulting. 

• Off ramp geometry encourages high speeds.  

• If people aren’t familiar with the area, turning left onto US 5 SB and heading towards the 
VA, they’re often in the wrong lane and need to weave from the right turn lane into the 
through lane. 

• I-89 bridges between Hartford/Lebanon will be in construction in future and will likely 
impact this exit.  

The I-91 On Ramp has no identified significant operation or safety issues. 

4.2.6 US 5/Sykes Mountain Avenue 

This intersection is currently a four-way signalized intersection planned to be improved with a 
modern roundabout. Therefore, existing issues and potential improvements are not part of this 
study. Proposed improvements will consider the roundabout design and they should be 
compatible with its configuration and operation. 

Figure 8  - US 5/I-91 Northbound Off Ramp and On Ramp 
Intersection (Google 2015) 

AM Peak: 
7:15 to 8:15 
 
PM Peak: 
4:00 to 5:00 
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4.2.7 US 5/Airport Road 

This intersection is a four way unsignalized intersection. The lane geometry is shown in the 
adjacent figure. It includes a US 5 NB U-turn operation to address the left turn restriction by the 
existing median. Based on field observations and public input, the following are considerations 
when determining and evaluating improvements: 

• Exiting Airport Road and turning left 
turn on US 5, you need to quickly get 
into far hand lane, to position for 
getting on the interstate. Certain 
times of day are challenging. 

• Hartford Department of Public Works 
(HDPW) is located on Airport Road 
and their trucks use the intersection. 
There is confusion created by 
adjacent gas station access. 

• There is a US 5 NB U-turn operation 
provided. Full size school buses have 
hard time making U-turn movement. 
If a bus fuels at Evans (most do at 
Evans or Mobil), going back to 
interstate isn’t easy.  

• If exiting plaza across street, and 
going straight to Airport Rd, or to US 
5, there are bullfighting traffic 
interactions. 

• Bikes/pedestrians: North along US 5 there are not many cyclists. There is no shoulder and it 
is uncomfortable when on-road. Consider increasing shoulder or providing bike facility. 
Can use Sykes to get downtown. Could look at how to better sign bike routes. It has been 
a challenge to locate bike signage. 

4.2.8 US 5/US 4 

Given the past concerns at this intersection, VTrans has completed a Roadway Safety Audit (RSA) 
for the intersection. Based on the RSA results, VTrans has initiated a separate project definition 
process to develop and evaluate alternative improvements. The project improvements 
recommended by both projects will be compatible. 

  

Figure 9 – US 5/Airport Road Intersection (Google 
2015) 
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4.2.9 US 5/North Main Street 

This intersection is a three-way T-type signalized intersection. The lane geometry and the AM and 
PM peak hour volumes based on 2018 VTrans 12 hour turning movement counts are shown in the 
adjacent figure. There are sidewalks on three approaches and there are no crosswalks. 
Overhead signs provide lane designations and direction. Based on field observations and public 
input the following are considerations when determining and evaluating improvements: 

• Currently there are two US 5 NB left turn lanes and their use depends on where traffic is 
going on the other side of the bridge. If going east on US 4/Co-op, use right lane. If 
continuing on US 5, use left lane. 

• Modernizing Traffic Signal System would be good. Right turn across bridge, should have 
green arrow. 

• With current bridge construction the bridge and US 5 NB left turn lane is down to one NB  
lane. There does not appear to be a queuing issue during peak periods. 

• There is no crosswalk or connection of the west side US 5 sidewalk to bridge sidewalk. 
Need to consider traffic impacts of adding a crosswalk. 

  Figure 10  - US 5/North Main Street Road Intersection (Google 2015) 

AM Peak Hr: 
9:00 to 10:00 
 
PM Peak Hr: 
4:15 to 5:15 
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4.2.10 US 5/VT 14 

This is a four way signalized intersection. The lane geometry and the AM and PM peak hour 
volumes based on 2018 VTrans 12 hour turning movement counts are shown in the adjacent 
figure. There are sidewalks on all approaches, and crosswalks on two approaches and a slip 
ramp. Most signal heads are lower level post mounted, except for the VT 14 Westbound (WB) 
approach signal heads, which are mast arm mounted. There are protected left turn phases and 
signal head arrows for US 5 SB and VT 14 Eastbound (EB). There are protected pedestrian crossing 
signal phases and actuated pedestrian signals on these approaches as well. Overhead sign 
structures on all approaches provide lane designations and route markers. There is a planned 
2020 VTrans Resurfacing project on VT 14 through this intersection that will be coordinated with 
proposed improvements from this project definition process. Based on field observations and 
public input the following are considerations when determining and evaluating improvements: 

Figure 11 -  US 5/VT 14 Intersection (Google 2015) 

AM Peak Hr: 
8:30 to 9:30 
 
PM Peak Hr: 
4:15 to 5:15 
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• This intersection is a High Crash Location and the results of a VTrans RSA are in section 
3.1.6. 

• For US 5 southbound left turns, long queues develop in the peak periods. 

• Pedestrians jay walk across US 5 north of the intersection where there is a bus stop and 
avoid using crossing at the intersection. 

• For VT 14 Eastbound traffic, it is difficult to see oncoming through traffic when making a 
left turn onto US 5, because that traffic is obstructed by opposing left turning vehicles 
waiting on red arrow. 

• It is confusing for US 5 Northbound traffic turning left onto VT 14, there is no protected left 
turn arrow and they need to yield to US 5 Southbound through traffic. 
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4.2.11 VT 14/Bridge Street/Pine Street 

This intersection is a four-way signalized intersection. The lane geometry and the AM and PM 
peak hour volumes based on 2018 VTrans 12 hour turning movement counts are shown in the 
following figure. The protected pedestrian crossing signals have been abandoned and the signal 
dates back to the late 1960’s.  All signal heads are post mounted and there are no protected 
turning movements. Based on field observations and public input the following are considerations 
when determining and evaluating improvements: 

• This is an old traffic signal and should be replaced. 

• The overhead signs should be removed and replaced with low level signs. 

• VT 14 Eastbound traffic turning left onto Pine Street do not have a protected left turn 
arrow and have difficulty turning with limited gaps in VT 14 Westbound traffic. 

• Traffic operations may benefit by coordinating the signal operation with US 5/VT 14 signal.  

 
Figure 12 - VT 14/ Bridge St/Pine St Intersection (Google 2015) 

 

AM Peak Hr: 
7:15 to 8:15 
 
PM Peak Hr: 
4:00 to 5:00 
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4.2.12 US 5/Highland Avenue/Worcester Avenue 

This intersection is a four way signalized intersection. The lane geometry and the AM and PM peak 
hour volumes based on 2018 VTrans 12 hour turning movement counts are shown in the following 
figure. This signal is coordinated with the signal at the adjacent Highland Avenue and Hanover 
Street intersection. There are protected pedestrian crossing signal phases and actuated 
pedestrian signals on two approaches. This area of US 5 and the intersection was reconstructed in 
2009.  

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

Based on field observations and public input the following are considerations when determining 
and evaluating improvements: 

• There is no signal coordination with the Highland Avenue/Hanover Street intersection and 
the US 5 Southbound right turns onto Highland Avenue queue back from the Highland 
Avenue/Hanover Street signal and blocks US 5 Southbound through traffic. 

Figure 13 – US 5/ Highland Ave Intersection (Google 2015) 

AM Peak Hr: 
7:15 to 8:15 
 
PM Peak Hr: 
4:30 to 5:30 
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• The pedestrian phases are exclusive, meaning all traffic approaches remain red during 
the phase and the duration of the pedestrian phase seems greater than needed.  

• Highland Avenue left turns do not have a protected phase and are required to yield to 
Worcester Avenue through traffic. These left turns queue back into the Highland 
Avenue/Hanover Street intersection. 

4.3 TRANSIT OPERATIONS 

Advance Transit operates a free transit service in the project area. They are a not-for-profit 
charitable organization and have two routes, the Green Route and the Orange Route that 
service the project area. Their route map can be seen here. The Green Route travels US 5 for VT 
14 northward and includes stops on US 5 approximately 300 feet north of the VT 14 intersection.  

The Orange Route travels US 5 from the Veterans Drive to the North Main Street intersection. This 
route includes US Route 5 northbound stops at: VA Outpatient Entrance, Ballardvale Drive, Airport 
Road, and the Bugbee Center at the US 5/North Main St Intersection. 

  

https://advancetransit.com/service-map/
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4.4  TRAFFIC VOLUMES 

Traffic volume data including Annual Average Daily Traffic (AADT) values and Peak Hourly 
Volumes for the study area were collected from VTrans. 2017 AADT values for the study area road 
segments are displayed in Table 1. The segment of US Route 5 between the I-91 NB exit ramps 
and Sykes Mountain Avenue has the highest volume, over twice as high as the volume of US 
Route 5 south of the VA Cutoff Road. The volumes along VT 14, east of US 5, are also high for the 
project study area, with an impact on the relationship between the two VT 14 study intersections. 

Table 2 - 2017 AADT Volumes 

Route Location AADT 

US 5 

Arboretum Ln to VA Cutoff Rd 5,200 
VA Cutoff Rd to Veterans Dr 6,300 
Veterans Dr to I-91 SB Ramps 10,000 

I-91 SB Ramps to I-91 NB Ramps 11,500 
I-91 NB Ramps to Sykes Mtn Ave 13,000 

Sykes Mtn Ave to Airport Dr 8,700 
Airport Dr to US 4 / Woodstock Rd 9,100 
US 4 / Woodstock Rd to N Main St 8,600 

N Main St to VT 14 6,800 
VT 14 to Highland Ave 6,900 

Highland Ave to Bugbee St 6,600 

VT 14 
Union St to US 5 4,500 

US 5 to Pine St / Bridge St 11,400 
Pine St / Bridge St to Prospect St 11,900 

    
Existing weekday commuter peak hour traffic conditions for the study area were determined 
using the latest available data. Traffic volume data are collected periodically by VTrans at 
intersections in the region. Collected data used to establish existing conditions include counts by 
VTrans from 2016, 2017, and 2018. 

Figures 14 and 15 displays balanced existing AM and PM turning movement counts for the study 
area intersections. 
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Figure 14 - Existing AM Peak Hour Volumes 
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Figure 15 - Existing PM Peak Hour Volumes 
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5.0 INTERSECTION OPERATIONS 

Intersection and roadway operating levels of service (LOS) have been calculated for the study 
area intersections based on the traffic volume, geometry and traffic control type previously 
mentioned. The results of these calculations, which are intended to quantify intersection 
operations, are presented in Table 3. 

5.1 LEVELS OF SERVICE 

5.1.1 Level of Service Criteria 

Level of service (LOS) is a term used to describe the quality of the traffic flow on a roadway 
facility at a particular point in time. It is an aggregate measure of travel delay, travel speed, 
congestion, driver discomfort, convenience, and safety based on a comparison of roadway 
system capacity to roadway system travel demand. Operating levels of service are reported on a 
scale of A to F, with A representing the best operating conditions with little or no delay to 
motorists, and F representing the worst operating conditions with long delays and traffic demands 
sometimes exceeding roadway capacity. 

Intersection operating levels of service are calculated in accordance with procedures defined in 
the Highway Capacity Manual, published by the Transportation Research Board. For unsignalized 
and signalized intersections, the operating level of service is based on travel delays. Delays can 
be measured in the field but generally are calculated as a function of the following: traffic 
volume; peaking characteristic of traffic flow; percentage of heavy vehicles in the traffic stream; 
type of traffic control; number of travel lanes and lane use; intersection approach grades; and 
pedestrian activity. Through this analysis, volume-to-capacity ratios can be calculated for 
individual movements or for the intersection as a whole. A volume-to-capacity ratio of 1.0 
indicates that a movement or intersection is operating at its theoretical capacity. The specific 
delay criteria applied per the 2010 Highway Capacity Manual to determine operating levels of 
service are summarized in Table 3.  

Table 3 - Intersection Level of Service Criteria 

 Average Delay per Vehicle (Seconds) 
Level of Service Signalized Intersections Unsignalized Intersections 

A ≤10.0 ≤10.0 
B 10.1 to 20.0 10.1 to 15.0 
C 20.1 to 35.0 15.1 to 25.0 
D 35.1 to 55.0 25.1 to 35.0 
E 55.1 to 80.0 35.1 to 50.0 
F1 >80.0 >50.0 

1Level of Service F is also assigned if the volume-to-capacity ratio exceeds 1.0 for a specific movement or lane group. For approach-
based and intersection assessments, LOS is defined solely by delay. (Source: HCM 2010 Highway Capacity Manual, Transportation 
Research Board, National Academy of Sciences, Washington, DC, 2010.) 
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5.1.2 Calculated Operating Levels of Service 

The intersection peak hour operating levels of service were calculated using 2010 Highway 
Capacity Manual methods as applied by the Synchro software package. Analysis results for 
existing conditions are reported in Table 4, for estimated 2018 balanced network volumes. The 
Veterans Drive intersection is close to capacity during the PM peak period. Capacity analysis 
worksheets are presented in Appendix F. 

Table 4 - Existing Intersection Capacity Analysis Results 

1 LOS= Level of Service 
2 Delay = Average delay expressed in seconds per vehicle  

3 V/C = Volume-to-capacity ratio for critical movements  

For the US5/Airport Road intersection, there were no VTrans turning movement counts available.  
A 40 minute count (3:50 pm to 4:30 pm) in November of 2018 was performed to obtain sense of 
the intersection traffic volumes. The count was prorated to an hourly volume which indicated 72 
vehicles per hour (equal between left and right turns) on the Airport Road approach with 390 
Southbound and 380 Northbound vehicles on US 5. With these relatively low volumes and no 
indication of capacity issues, a 12-hour turning movement count and a capacity analysis was not 
performed.  

 Existing (2018) 
 Control Condition Peak 

Hour LOS1 Delay2 V/C3 
VA Cutoff Rd / 
US 5 Stop EB approach from VA Cutoff 

Rd 
AM B 15.0 0.27 
PM C 21.0 0.52 

Veterans Dr / 
Dunkin Donuts Stop EB approach from Veterans 

Dr 
AM D 30.3 0.24 
PM F 97.5 0.97 

Winsor Dr / 
Ballardvale Dr Stop Left turn from Ballardvale Dr 

AM D 28.5 0.12 
PM D 34.8 0.11 

I-91 SB Ramps / 
US 5 Stop EB approach from off ramp 

AM D 34.1 0.64 
PM E 49.6 0.66 

I-91 NB Off 
Ramp LT / US 5 Stop Left turn from off ramp 

AM E 48.4 0.90 
PM D 26.5 0.58 

I-91 NB On 
Ramp / US 5 Free Left turn onto ramp 

 AM A 8.5 0.07 
PM A 9.7 0.09 

I-91 NB Off 
Ramp RT / US 5 Free Not calculable 

AM - - - 
PM - - - 

N. Main St /  
US 5 Signal Overall 

AM A 9.8 0.37 
PM B 10.1 0.46 

VT Route 14 / 
US 5 Signal Overall 

AM C 33.4 0.66 
PM D 46.5 0.75 

Highland Ave / 
Worcester Ave Signal Overall 

AM B 12.7 0.47 
PM B 10.1 0.39 

VT Route 14 / 
Pine St /  
Bridge St 

Signal Overall 
AM A 8.0 0.52 
PM A 9.9 0.56 
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5.2 SIGNAL WARRANT ANALYSIS 

A signal warrant analysis following the 2009 Manual on Uniform Traffic Control Devices (MUTCD) 
procedure was performed on the unsignalized intersections. The summary of the full signal 
warrant analysis, contained in the Appendix G, is in the following table. 

Table 5 - Signal Warrant Summary 

US 5 
Location 

Signal 
Warrants 
Satisfied 

Change to satisfy            
Future Conditions Signal 

Warrants 

Changes to              
not satisfy 

Future Conditions 
Signal Warrants 

 

Notes 

VA Cutoff None 

To meet Warrant 1B: 
On US 5 need 25% volume 
increase or 85th % speed greater 
than 40 mph. 
To meet Warrant 3 on VA Cutoff 
need 15 add’l vehicles 

NA 
Addition of right turn 
lane on VA Cutoff 
would reduce delay.  

Veterans 
Drive None 

To meet Warrant 1B: 
On US 5 need 20% volume 
increase or 85th % speed greater 
than 40 mph. 
To meet Warrant 3 on Veterans 
Dr. need 13 add’l vehicles 

NA 

Light volume right 
turns from Veterans 
Drive. 
 
 

Ballardvale 
Drive None 

To meet Warrant 1B: 
On US 5: 25% volume increase or 
85th % speed greater than 40 mph 

NA 

Right turns from 
existing separate right 
turn lane on 
Ballardvale Drive not 
included in warrants 
analysis. 

I-91 SB 
Ramps 1A, 1B, 2,3 NA Right turn lane on 

ramp  

I-91 NB 
Ramps 1A, 1B, 2,3 NA NA 

Right turns from 
existing separate right 
turn lane on from 
Ramp not critical to 
warrants analysis. 

Airport Road None 
To meet Warrant 1B need 
25% volume increase on US 5 and 
Airport Road 

Peak Hour left turn 
prohibition from 
Airport Road or right 
turn lane on Airport 
Road. 

12–hour turning 
movement count not 
available. 

 

5.3 CRASH HISTORY 

The crash history for the study area was investigated using the VTrans crash database. VTrans 
keeps records of reported crashes by milepost along State and Federal Aid highways in Vermont. 
General Yearly Summaries can be requested from VTrans for given roadway segments. The 
summaries note the location (mile marker), date, time of day, weather conditions, contributing 
circumstances and severity for reported crashes. Crash data for 2013 through 2017 were 
reviewed for US Route 5 between mile marker 2.51 (VA Cutoff Rd) and mile marker 4.46 (Hebard 
Ave). 
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Table 6 provides a summary of the crash data. The project corridor had 146 crashes reported 
over a five-year period (2013-2017), mostly in the vicinity of intersections. The most prominent 
crash types were rear-end collisions, representing over one third of crashes. Only one head-on 
collision occurred. Most crashes were observed during the midday and afternoon commuter 
peak hours. Almost two-thirds of crashes occurred during clear weather conditions and less than 
15 percent occurred during snow and ice conditions. Twenty percent of crashes involved injuries, 
and none involved a fatality. 
 
VA Cutoff Road to Winsor Drive: The corridor segment from VA Cutoff Road to Winsor Drive had 13 
crashes reported from 2013 to 2017. About half of those crashes were rear-end collisions. Crashes 
were evenly observed among the morning peak, midday, and evening peak periods. Most 
crashes involved property damage only, with a couple involving personal injury. 
 
I-91 Ramps: The segment containing the I-91 interchange ramps had 14 crashes reported from 
2013 to 2017. Half of those crashes were broadside collisions. All crashes in this segment occurred 
outside of the morning and evening peak periods. Only one of the crashes resulted in injury. 
 
Sykes Mountain Avenue to Airport Drive: The corridor segment containing Sykes Mountain Avenue 
and Airport Drive had 40 crashes, with only seven of those occurring around Airport Drive. As 
noted previously, the intersection with Sykes Mountain Ave will be reconstructed into a 
roundabout, which would be expected to reduce the occurrence of crashes. Almost half of the 
crashes in this segment were rear-end collisions, with the other crashes distributed among the 
remaining crash types, although no head-on collisions occurred. Five of the crashes occurred 
between 4pm and 5pm, while the remainder happened outside of the morning and evening 
peak periods. Twenty percent of crashes resulted in personal injury. 

US 4 / Woodstock Road: The intersection of US 5 / US 4 / Woodstock Road, which is part of another 
VTrans scoping effort, had 12 crashes reported from 2013 to 2017. A third of those crashes were 
rear-end collisions, with the remainder being angle, broadside, and sideswipe collisions. Half of 
those crashes were observed during the midday period and a third of crashes were observed 
during the evening peak period. A third of crashes involved personal injury. 

North Main Street to Highland Avenue: The corridor segment from the intersection of US 5 / North 
Main Street to Highland Avenue had 67 crashes reported from 2013 to 2017. Crashes were 
clustered around the three signalized intersections along that segment, with 52 of those 
associated with the intersection of VT 14 / US 5. Angle collisions and rear-end collisions each 
made up about a third of crashes. This segment had the only head-on collision reported along 
the corridor. The other crashes were about evenly distributed among the remaining crash types. 
Over half of crashes were observed during the midday period, with another fifth of crashes 
observed during the evening peak period. About 20 percent of crashes involved personal injury. 

 
Almost a quarter of crashes along the corridor were associated with the intersection of Sykes 
Mountain Ave / US 5. That intersection is being addressed as part of another project. Over one 
third of all crashes along the corridor occurred in the vicinity of the intersection of VT 14 / US 5. 
That intersection is ranked 6th on the State list of intersection high crash locations and was 
addressed in the previously mentioned roadway safety audit (RSA). Recommendations from that 
RSA to mitigate observed crash patterns are being evaluated as part of this project. 
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Table 6 - Crash Summary Data 2013-2017 

Year VA Cutoff to 
Winsor Dr 

I-91 Ramps Sykes Mtn Ave 
to Airport Dr 

US 4 / 
Woodstock Rd 

N Main St to 
Highland Ave 

Total 
Crashes 

2013 3 3 10 3 15 34 

2014 2 4 10 3 15 34 

2015 4 1 8 1 14 28 

2016 1 0 5 1 6 13 

2017 3 6 7 4 17 37 

Total 13 14 40 12 67 146 

Type       

Angle 2 2 4 3 20 29 

Broadside 1 7 4 2 6 20 

Rear-end 6 3 18 4 22 53 

Head-on 0 0 0 0 1 1 

Single Vehicle 2 0 4 1 5 12 

Sideswipe 0 1 8 2 7 20 

Unknown-other 2 1 2 0 6 11 

Total 13 14 40 12 67 146 

Severity       

Property Damage 11 13 32 8 53 117 

Personal Injury 2 1 8 4 14 29 

Fatality 0 0 0 0 0 0 

Other 0 0 0 0 0 0 

Total 13 14 40 12 67 146 
Weather       

Clear 8 10 30 8 39 95 

Cloudy 2 3 4 1 9 19 

Rain 1 0 0 1 4 6 

Snow/Ice 1 0 4 2 12 19 

Fog 0 0 0 0 0 0 

Unknown 1 1 2 0 3 7 
Total 13 14 40 12 67 146 

Time of Day       

7:00AM to 9:00AM 4 0 0 1 6 12 

9:00AM to 4:00PM 5 12 29 6 37 91 

4:00PM to 6:00PM 4 0 5 4 15 28 

6:00PM to 7:00AM 0 2 6 1 9 15 

Unknown 0 0 0 0 0 0 

Total 13 14 40 12 67 146 
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5.3.1 High Crash Locations 

High Crash Locations 

VTrans maintains a listing of High Crash Locations (HCL) within the state. A 0.3 mile highway 
segment or intersection must have at least 5 crashes over a 5-year period and the actual crash 
rate (number of crashes per million vehicles) must exceed a critical crash rate to be classified as 
an HCL. The critical crash rate is based on the average crash rate for similar highways. 

The VTrans High Crash Report: Sections and Intersections 2012-2016 lists two intersections and 
three roadway sections as HCLs within the project study area. These are summarized in Table 7. 

Table 7 - US 5 Corridor High Crash Locations 2012-2016 

 Cross 
Streets 

HCL 
No. 

Mile 
Marker AADT Crashes Fatalities Injuries 

Actual/ 
Critical 
Ratio 

Severity 
Index 

In
te

rs
ec

tio
ns

 Sykes Mtn 
Ave 86 3.050 – 

3.080 15,206 23 0 4 1.121 $25,217 

VT Rte 14 6 4.060 – 
4.160 14,328 63 1 8 2.426 $44,913 

Se
gm

en
ts

  

Arboretum 
Ln / VA 
Cutoff 

154 2.261 – 
2.561 5,383 12 0 1 1.899 $17,733 

Jasmin Ln / 
I91 NB 
Ramps 

257 2.661 – 
2.961 9,045 15 0 3 1.604 $26,740 

Woodstock 
Rd (US4) / 

Round 
House Rd 

616 3.461 – 
3.761 8,346 10 0 5 1.137 $51,030 

Note: Woodstock Rd (US4) / Round House Rd segment is part of the separate VTrans Scoping Effort 

5.4 NATURAL RESOURCES 

VTrans conducted a preliminary review of the natural resources present within the project area.  
This included desk research on the following: Stormwater permits, identified and characterized 
wetlands, streams, rare, threatened, or endangered (RTE) species, wildlife habitat, agricultural 
land, 4(f) and 6(f) public lands, and hazardous waste sites. Following is a summary of the findings. 



US ROUTE 5 IMPROVEMENTS STUDY, ARBORETUM LANE TO HIGHLAND AVENUE  

April 16, 2020 33 
 

Archaeological Resources. VTrans conducted preliminary desk review of the site and neighboring 
resources consulting the VDHP Environmental Predictive Model, the Online Resource Center 
(ORC), historic maps such as Beers and Wallings, and additional documentation on the history of 
Hartford and the construction of US-5. Due to an undefined scope, the assumed APE was 50m 
from the surrounding roadways. Much of the area consists of dense urbanization, with consistent 
industrialization to surrounding natural environments. This proves consistent throughout the history 
of Hartford and White River Junction according to details from historic maps that depict similar 
circumstances in certain locations within the potential area of effect (APE). A visual analysis of 
the immediate roadway identifies drainage slopes, and soils that appear manipulated and 
disrupted as a result of persistent construction and development projects both state and privately 
funded; in fact, this project proposed by VTrans overlaps with multiple alternative VTrans 
nominated projects established to improve the condition of the roadway and/or neighboring 
structures. Therefore, it is predicted the soils surrounding the immediate roadway contain heavy 
disturbances that exempt most of the project area and APE from archaeological consideration 
at this time. 
 
However, a distinguished area located near the southern end of the project contains evidence 
supporting archaeological potential. Class 2 wetlands neighbor this area, along with apparent 
natural, undisturbed areas (a Figure is in Appendix E). Should the scope of the project exceed the 
predicted APE, a new assessment of archaeological impacts will be required 
 
Historic Preservation Resources. Multiple historic resources (Figure 1) were identified within the 
surrounding environment of the project Area of Potential Effect (APE) included the following: 
Hartford High School; Wright Tomb; 66 Barnes Ave Residence; and, Terraces Historic District 
 
A full description and a map depicting their location is in Appendix E.  
 
Wetlands and Watercourses. There is one small wetland complex south of I-89, east of US 5 and 
adjacent to Arboretum Lane at the southern end of the project area. There is one larger wetland 
north of I-89 and east of US Route 5 opposite the VA Cutoff Road and extends behind the Motel 
6.   There are two small unnamed streams and the White River within the project corridor. See the 
maps in the appendix for blue lines showing streams. Riparian areas along each of these streams 
should be protected or enhanced if impacts are anticipated. 
 
Agricultural Soils: There are several areas mapped as prime agricultural soil along the project 
area. These include the large wetland behind Motel 6 and an area along the southern bank of 
the white river. A map with these areas is in Appendix E. 
 
Wildlife Habitat.  The larger wetland complex is likely home to wildlife and impacts should be 
minimized. Each stream, especially the White River, likely provides habitat for aquatic organisms 
and terrestrial wildlife along the riparian corridor. Larger structures installed on the smaller streams 
where they cross US Route 5 streams would improve aquatic organism passage and terrestrial 
wildlife movement. Maintaining a healthy riparian area along the White River would help ensure 
terrestrial wildlife movement along the stream. 
 
Rare, Threatened and Endangered Species. The project area is within the historic range of the 
state endangered Fowler’s toad. It is unlikely that this project will impact this species, although 
further coordination will be required with Vermont Fish & Wildlife Department. The project is also 
within the known range the of the federally threatened northern long-eared bat. No restrictions 
from this species are anticipated. 
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Stormwater and Water Quality.  Based the review of existing imagery and mapping (ANR Natural 
Resource Atlas, VTrans Operational Stormwater Permits & VTrans Corridor Needs) and a field visit 
on 2/8/18, there are three stormwater permits near the proposed site area and effort to avoid 
impacting these permits should be made. These permits involve the Town’s Sykes Mountain Ave 
roundabout project, the Ryder Truck Rental at the US 5/Sykes Mountain Avenue intersection and 
the Fairfield Inn and Suites off Ballardvale Drive.  
 
The western section of the corridor is in the Ottauquechee-Black-CT Direct region and the eastern 
section of the corridor is in the White Region. The Connecticut River is listed as an impaired water 
due to altered flow from the Wilder Dam. This should not be a concern for this project and no 
specific treatment is required for discharges to this receiving water. The White River is listed as a 
stressed water due to elevated bacteria levels. The pollutant has been identified as E.Coli 
however, the sources are unknown. Should stormwater treatment be required in areas where the 
White River is identified as the receiving water treatment options with bacteria removal 
efficiencies should be evaluated. This project site is not within an MS4 area. 
 
Public Lands. The project area does include public recreation lands (a Section 4(f) resource) or 
public lands developed with Land and Water Conservation Funds (a Section 6(f) resource).  
 
Hazardous Waste Sites. The ANR mapping program indicates multiple sites adjacent to the 
project area although no mapping was provided.  
 
Development Soils.  The entire region is designated and coordination will be needed regarding 
VT LRS for this site. 
 
USDA-Forest Service Lands. None identified. 
 
Scenic Highway/Byway. None identified 
 
ACT 250. There are multiple sites with ACT 250 permits adjacent to the project area and will need 
to be considered.  
 
FEMA Floodplains. There are floodplains associated with the White River and its limtis are depicted 
on ANR mapping. 
 
Flood Hazard Area/River Corridor:  There is Flood Hazard Area and River Corridor associated with 
the White River and will require FHARC coordination/permit; see ANR map. 
 
US Coast Guard. None identified. 
 
Lakes and Ponds: None identified. 
 
Environmental Justice: None identified. 
 
Source Protection Area: This area is not a water source protection area. 
 
Public Water Sources/ Private Wells: There are several private wells in the area. 
 
Other: Public sewer covers much of the project area. 
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6.0 PURPOSE AND NEED STATEMENT 
The following statement was developed based on the existing conditions assessment, public 
input, and project advisory committee discussions. 

Purpose: The purpose of this project is to develop transportation system improvements that 
enhances the safety for all users; reduces traffic congestion and facilitates mobility for people 
and goods; and improve the bicycle and pedestrian network and its connectivity. 

Need:  

1.  Improve safety for all users in the project area. 

• There is a need to address High Crash Locations (HCL) in the project area. Based 
on the most recent VTrans HCL report, there are 2 identified HCL intersections and 
3 identified HCL segments within the project corridor.  The most significant of these 
is the US5/VT 14 intersection which is ranked number 6 in the report and the 2 
segments at the southern end of the corridor, Arboretum Ln to VA Cutoff (ranked 
#154) and Veteran’s to I-91 NB Ramps (ranked #257). The second HCL intersection 
is the US5/Sykes Mountain Avenue intersection which is currently planned to be 
converted to a modern roundabout. 

• There is a need to provide for safe and efficient bicycle and pedestrian travel 
through the corridor. There are no on-road or off-road bicycle facilities along the 
corridor. Much of the corridor has 2-foot shoulders and a 5-foot wide sidewalk. The 
I-91 interchange does have a planned sidewalk on the east side but it is 
problematic crossing the I-91 NB off ramp. Marked US 5 pedestrian crossings do not 
exist at US5/Veteran’s Drive or the US 5/North Main Street intersections. 

2. Reduce traffic congestion and facilitate mobility for people and goods. 

• There is a need for roadway improvements to reduce congestion and improve 
efficiency of the highway system in the project area. Currently the queues and 
delays are experienced at Veteran’s Drive, I-91 SB Off Ramp, and I-91 SB Off-
Ramp, VT 14 and Highland Avenue intersections. Levels of service are “D” or below 
in the AM and/or PM peak hour. 

3. Improve bicycle and pedestrian network and connectivity.  

• There is a need to develop bicycle facilities that would establish a connection to 
destinations along the corridor such as the Veteran’s Administration hospital, Sykes 
Mountain Avenue growth area, the historic downtown and the school facilities at 
Highland Avenue. For much of the corridor there are 2-foot shoulders and no off-
road bicycle facility.  

• There is a need to develop pedestrian facilities that would complete connections 
in the existing sidewalk network. Much of the project corridor has or plans to a 
have a 5-foot sidewalk at least on one side. A marked US 5 pedestrian crossing 
does not exist in the area of Veteran’s Drive or North Main Street.   
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7.0 FUTURE CONDITIONS 

7.1 FUTURE TRAFFIC VOLUMES 

Roadway and traffic conditions in the study area were projected to a future design year of 2040. 
Existing traffic volumes were increased by 10 percent. This growth rate was obtained from the 
2017 VTrans Red Book which compiles and analyzes traffic volume data collected by VTrans. The 
VTrans recommended growth factor to increase 2018 volumes to 2040 is 1.10. Intersection 
operations were then analyzed for the future travel demands. The resulting 2040 AM and PM 
peak hour traffic flow networks are shown in Figure 16 and Figure 17.   
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Figure 16 - 2040 AM Peak Hour Traffic Volumes 
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Figure 17 - 2040 PM Peak Hour Traffic Volumes 



US ROUTE 5 IMPROVEMENTS STUDY, ARBORETUM LANE TO HIGHLAND AVENUE  

April 16, 2020 39 
 

7.2 FUTURE TRAFFIC OPERATIONS 

The traffic operations analysis conducted for existing traffic conditions were repeated for the 
future conditions based on the traffic growth assumptions described above. The analysis 
examined the 11 intersections. As shown in Table 7 below, new traffic growth will increase 
utilization (V/C) during both the AM and PM peak hours for each of the intersections. New traffic 
growth will result in several intersections being over capacity (V/C >1), including: Veterans Drive, 
I-91 SB Ramps, and I-91 NB Off Ramp. 
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Table 8 - Future Intersection Capacity Analysis Results 

1 LOS= Level of Service 
2 Delay = Average delay expressed in seconds per vehicle  

3 V/C = Volume-to-capacity ratio for critical movements  
 

 
Existing (2018) 

Future (2040)  
No Action 

 Control Condition Peak 
Hour LOS1 Delay2 V/C3 LOS1 Delay2 V/C3 

US 5 Intersections 

VA Cutoff Rd 

 
Stop EB approach from VA Cutoff 

Rd 
AM B 15.0 0.27 C 16.8 0.33 
PM C 21.0 0.52 D 27.1 0.63 

Veterans Dr / Dunkin Donuts 

 
Stop EB approach from Veterans 

Dr 
AM D 30.3 0.24 E 40.5 0.33 
PM F 97.5 0.97 F >60 1.24 

Winsor Dr / Ballardvale Dr 
 

Stop Left turn from Ballardvale Dr 
AM D 28.5 0.12 D 34.1 0.14 
PM D 34.8 0.11 E 42.5 0.14 

I-91 SB Ramps 

 
Stop EB approach from off ramp 

AM D 34.1 0.64 F 59.9 0.83 
PM E 49.6 0.66 F >60 1.62 

I-91 NB Off Ramp LT 

 
Stop Left turn from off ramp 

AM E 48.4 0.90 F 90.4 1.06 
PM D 26.5 0.58 E 36.3 0.70 

I-91 NB On Ramp 

 
Free Left turn onto ramp 

 AM A 8.5 0.07 A 8.6 0.08 
PM A 9.7 0.09 A 9.7 0.11 

I-91 NB Off Ramp RT 

 
Free Not calculable 

AM - - - - - - 
PM - - - - - - 

N. Main St 

 
Signal Overall 

AM A 9.8 0.37 A 9.7 0.39 
PM B 10.1 0.46 B 10.6 0.51 

VT Route 14 

 
Signal Overall 

AM C 33.4 0.66 D 40.3 0.72 
PM D 47.3 0.75 D 47.5 0.86 

Highland Ave / Worcester Ave 

 
Signal Overall 

AM C 28.1 0.41 C 29.5 0.46 
PM B 10.1 0.29 B 10.4 0.32 

Additional Intersections 

VT Route 14 / Pine St / Bridge St 

 
Signal Overall 

AM A 8.0 0.52 A 8.8 0.57 
PM A 9.9 0.56 B 10.7 0.60 
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8.0 ALTERNATIVES 
To assist with the evaluation and selection of alternatives, this 2-mile corridor was divided into the 
following segments: 

• US 5 Segment 1: Arboretum Lane to Ballardvale Drive 

• US 5 Segment 2: Ballardvale Drive to Sykes Mountain Avenue 

• US 5 Segment 3: Airport Road to North Main Street 

• US 5 Segment 4: North Main Street to Highland Avenue 

• VT 14/Bridge/Pine Street Intersection 

Alternatives for each of these areas included No Action, short term improvements that may be 
accomplished in less than 5 years once funding is in place, and long term alternatives that may 
take more than 5 years to accomplish once funding is in place. Some of the short term 
improvements that occur within the width of the existing roadway could be implemented with 
corridor paving projects as appropriate.   

8.1 US 5 SEGMENT 1: ARBORETUM LANE TO BALLARDVALE DRIVE 

8.1.1 No Action   

For the No Action alternative, the existing transportation facilities in the project area remain as 
they exist today. With this alternative, the operation of the US 5/Veterans Drive/Dunkin Donuts 
intersection will continue to be problematic for the Veterans Drive approach as shown on the 
table below. Currently, the US 5/VA Cutoff Road intersection does not meet signal warrants and 
will need about 25% growth on the VA Cutoff Road to achieve a traffic volume to meet the peak 
hour signal warrant. The US 5/Veterans Drive/Dunkin Donuts intersection falls short of the peak 
hour signal warrant by approximately 10 vehicles on Veterans Drive, but the addition of a signal 
would likely redirect VA traffic exiting via the VA Cutoff Road to Veterans Drive, thereby meeting 
a signal warrant. 

Table 9 - US 5 Segment 1 Intersection Capacity Analysis Results 

 
Existing (2018) 

Future (2040)  
No Action 

 Control Condition Peak 
Hour LOS 

Delay 
(sec) V/C LOS 

Delay 
(sec) V/C 

US 5 Intersections 

VA Cutoff Rd 
 

Stop EB approach from VA 
Cutoff Rd 

AM B 15.0 0.27 C 16.8 0.33 
PM C 21.0 0.52 D 27.1 0.63 

Veterans Dr / Dunkin Donuts 
 Stop EB approach from 

Veterans Dr 
AM D 30.3 0.24 E 40.5 0.33 
PM F 97.5 0.97 F >60 1.24 
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8.1.2 Short Term Improvements 

The Veterans Drive corner sight distance looking north, and the Winsor Drive corner sight distance 
looking south, can be improved by removing some existing trees and grading the existing slope. 
Based on property lines shown in the Hartford STP EH10(18) sidewalk plans, this work can be done 
within the existing highway right-of-way. 

There is a separate project being developed by the Town that will address some of the 
pedestrian and bicycle concerns in the area. This improvement includes a 5-foot concrete 
sidewalk along the east side of US 5 from Arboretum Drive to Ballardvale Drive and 4 foot or 
greater wide shoulders for bicycles. This project has progressed to right-of-way acquisition phase.  

This area is also experiencing some redevelopment of the adjacent commercial properties. As 
this redevelopment occurs, access management should be considered in the permitting process. 
One candidate may be the Irving Station at the corner of US 5 and the VA Cutoff Road. This 
facility was recently closed and may be proposed for redevelopment in the future.  

One redevelopment that occurred in 2017, was the Dunkin Donuts opposite Veterans Drive. 
During discussion with stakeholders it was pointed out that turning right out of Dunkin Donuts often 
requires vehicles to cross into the oncoming US 5 southbound left turn lane. Reconfiguring the 
Dunkin Donuts drive and parking area to provide an adequate right turn radius is needed. Since 
this development was granted a State Highway Access and Work Permit by VTrans, this 
reconfiguration could be pursued under the restrictions and conditions of that permit. 

As indicated by the intersection capacity analysis, the traffic operations are problematic, 
primarily during the PM peak period, as vehicles are exiting Veterans Drive and seeking to turn left 
onto US 5 northbound. It is suspected that many exiting the Veterans Administration Hospital (VA) 
are taking the rear exit and using the VA Cutoff Road and based on 2018 traffic counts signal 
warrants are not met.  Travel Demand Management (TDM) may be part of the solution for this 
peak hour issue. TDM provides travelers with choices to help manage transportation demand, 
with the potential to reduce overall travel demand for single-occupancy vehicle (SOV) use. 
When implemented sustainably and successfully, TDM can reduce or delay the total need for 
capacity expansion. TDM practices include: 

• Transit/shuttle service management - Transit service available to a site, personal security, 
route and scheduling information, and coordination with traveler information service. The 
VA currently has several shuttle systems serving the facility and VA staff are provided an 
incentive to use them. 

• Alternative work schedules - Four 10-hour days per week, staggered hours, flexible hours.  
The VA currently uses 3 staggered daytime work shifts.  (7am - 3:30 pm, 7:30 am - 4:00 pm 
and 8 am - 4:30 pm) 
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• Quality Pedestrian Movement – Availability of pedestrian facilities that are integrated 
within the overall transportation network and accommodate or even promote non-
motorized travel. Within the facility there are pedestrian connections but limited 
connections beyond the facility. This will improve with the Town’s US 5 sidewalk project 
which will promote walking and the need for a US 5 pedestrian crossing.  

• Traveler information - Pre-trip, near pre-trip, and in route information provided to the 
traveler via roadside, in-vehicle or personal communication devices for the current travel 
conditions, trip planning services, tourism, special events, and parking information. This is 
available on the statewide 911 system. 

• Parking Management - Parking information, variable pricing, routing to available parking. 
The VA facility has numerous designated staff parking areas that are free. Expanding one 
of the parking areas to a parking deck is being discussed. 

• Ride-matching Program – Carpools, vanpool programs, preferred parking, transit or 
parking subsidies. Ride share is promoted but no incentive is provided.  

• On-Site Travel Coordinator – Staff and services focused on travel services and demand 
management strategies. Current VA facility staff serve this function. 

• Amenities on site - Bicycle racks, showers, automated teller machines, vanpool or carpool 
park, local shuttle service, infrastructure for teleworking. There are bicycle racks at the 
facility but currently not well used. 

• Telecommuting Options – Work environment that supports employer-employee 
relationship from remote sites with consideration of accessibility, accountability, and 
productivity. There is limited opportunity for this since this is a patient facility that requires 
on-site service. 

• Commercial deliveries management – Most deliveries occur during the non-peak hours 
and utilize both the VA Cutoff Road and Veterans Drive. 

Based on this, there is limited opportunity to significantly reduce peak hour volumes with TDM, but 
as developments occur at the VA facility, additional programs should be considered.  

Temporary signals using wood poles and guys were discussed as a potential short term alternative 
but were discarded. Utility relocation and right-of-way acquisition needs make the signal 
installation likely a long term alternative. 

  



US ROUTE 5 IMPROVEMENTS STUDY, ARBORETUM LANE TO HIGHLAND AVENUE  

April 16, 2020 44 
 

8.1.3 Long Term Alternatives 

The two long term alternatives evaluated were as follows: 

• Alternative LT1 – US 5/VA Cutoff Road Intersection Signal 

• Alternative LT2 – US 5/Veterans Drive Intersection Signal 

8.1.3.1  LT1 – US 5/VA Cutoff Road Intersection Signal 
 
This alternative adds a signal at the US 5/VA Cutoff Road Intersection and changes the access at 
Veterans Drive to one-way in, or right-in and right-out only. This would require all Veterans Drive 
traffic that desires to travel north on US 5, such as to access I-91 and I-89, to use the northern 
Veterans Administration Hospital (VA) exit at the VA Cutoff Road. This change in operations would 
shift approximately 200 vehicles exiting the VA in the PM peak from Veterans Drive to the VA 
Cutoff Road. The results of a capacity analysis for the intersections under this alternative is in the 
following table. Intersection capacity is greatly improved for both the Veterans Drive and VA 
Cutoff Road intersections. 

Table 10 - LT1 Future Intersection Capacity Analysis Results 

 
This alternative changes the circulation within the VA facility and requires all exiting traffic to use 
the rear exit onto the VA Cutoff Road. Based on discussions with VA staff, this recirculation 
increases traffic on internal roadways that have conflicts and safety concerns.  It also requires all 
delivery trucks to exit via the VA Cutoff Road and that circulation is impractical with the existing 
internal roadways. Improvements or additional circulation roadways will be required to 
accommodate this alternative.  

  

Intersection 
Future (2040) 

Peak 
Hour LOS 

Delay 
 (sec) V/C 

Queue Length 
95th (FT) 

 
 

VA Cutoff Rd 
Signal 

AM A 9.0 0.43 122 NBT, 102 SBT 

PM B 16.4 0.65 209 EBL, 132 NBT, 184 SBT 

Veterans Dr / Dunkin 
Donuts 

RT in / RT out 

AM B 11.1 0.02 -- / -- 

PM B 11.3 0.03 -- / -- 
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As indicated in the figure below, this alternative does not require any geometry changes or 
addition of lanes. Right-of-way acquisition and communication line relocation may be needed 
for the signal installation. There is a wetland on the east side of US 5 that should be avoided. 
Permitting is anticipated to be limited to a Construction General Permit. 

Figure 18 - Alternative LT 1 – US 5/ VA Cutoff Road Intersection Signal 
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8.1.3.2 LT2 – US5/Veterans Drive Signal 

This alternative adds a signal at the US 5/Veterans Drive Intersection, retains the current access 
operations at Veterans Drive and includes the Dunkin Donuts driveway. Adding a signal does 
provide the opportunity to include a US 5 pedestrian crosswalk that connects the VA hospital 
sidewalk system to Dunkin Donuts and the Town’s eventual eastside sidewalk. The results of a 
capacity analysis for the intersections under this alternative are as follows: 

Table 11 - LT2 Future Intersection Capacity Analysis Results 

 
The capacity analysis indicates the greatest queues will occur on US 5 approaches and will block 
adjacent Jasmin Lane but would not extend into the US 5/Ballardvale/Winsor intersection. As 
indicated in the figure below, this alternative proposes “Do Not Block Intersection” signs and 
markings at Jasmin Lane and does not require any geometry changes or addition of lanes. A 
traffic simulation of this alternative in combination with signals at the I-91 ramps does not indicate 
any traffic operation issue as the closest intersection is approximately 600 feet away. Right-of-way 
acquisition and aerial line relocation may be needed for the signal installation. Permitting is 
anticipated to be limited to a Construction General Permit. 

Figure 19 - Alternative LT 2 – US 5/ Veterans Drive Intersection Signal 

 

Intersection 
Future (2040) 

Peak 
Hour LOS 

Delay 
 (sec) V/C 

Queue Length 
95th (FT) 

 
 

VA Cutoff Rd 
Stop Control 

 

AM A 9.0 0.43 122 NBT, 102 SBT 

PM B 16.4 0.65 209 EBL, 132 NBT, 184 SBT 

Veterans Dr / Dunkin 
Donuts 
Signal 

AM A 6.5 0.47 126 SBT 

PM A 9.9 0.58 183 NBT, 172 SBT 
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8.1.4 Alternatives Evaluation 

Below is an alternative evaluation matrix that provides a comparison of alternatives. One of the 
major differences is LT 1- US 5/VA Cutoff Road signal alternative requires improvements to the 
circulation roadways within the VA facility. The extent, cost and impact of these improvements 
are not known at this time and their cost is not reflected in the project construction cost in the 
matrix below. One benefit of a signal at Veterans Drive is that it provides a protected pedestrian 
crosswalk linking the VA to a proposed sidewalk on the east side of US 5 and to Dunkin Donuts 
and adjacent hotels and properties. The sidewalk installation does impact the new Dunkin Donuts 
parking. Its installation requires to Dunkin Donuts driveway stop bar to be relocated more than 10 
feet from its present location and removes 4 parking spaces to provide a space for queued 
vehicles. 

Table 12 - LT1 and LT2 Alternatives Evaluation Matrix 

CRITERIA No Action LT1 – US 5/VA 
Cutoff Rd. Signal 

LT2-US 5/Veterans 
Dr. Signal 

Project Construction 
Costs $0 $300,000 $400,000 

Complete a missing 
pedestrian link 

No 
 

Some 
 

Yes 
 

Complete a missing 
bike link No 

Yes 
 

Yes 
 

Traffic Operations Remains LOS F LOS A LOS A 

Safety No Improvement Improved Improved 

Right-of-way None Minor Minor 

Environmental  None Impact Unlikely Impact Unlikely 

Cultural      
Resources No Impact Impact Unlikely Impact Unlikely 

Utilities/ Drainage None Communication 
line relocation 

Aerial line 
relocation 

Stormwater No Change Minor Change/ No 
Permit 

Minor Change/ No 
Permit 

Adjacent Properties No Impact High Impact Some Impact 
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8.2 US 5 SEGMENT 2: BALLARDVALE TO SYKES MOUNTAIN AVENUE  

8.2.1 No Action Alternative 

For the No Action alternative, the existing transportation facilities in this area remain as they exist 
today. With this alternative, the operations of the US 5 / I-91 Southbound Off-Ramp/On-Ramp 
intersection and US 5 / I-91 Northbound Off-Ramp/On-Ramp intersection will continue to be 
problematic. As shown on the table below, delay and queues will continue on the I-91 ramps. 
These intersections currently meet signal warrants. The capacity analysis at the US 5 / Ballardvale / 
Winsor intersection indicates the existing operations are adequate, signal warrants are not 
currently met, and no improvements are proposed.   

Table 13 - US 5 Segment 2 No Action Intersection Capacity Analysis Results 

 
  

 
Existing (2018) 

Future (2040)  
No Action 

 Control Condition Peak 
Hour LOS 

Delay  

(sec) V/C LOS Delay V/C 
US 5 Intersections – No Action  

Winsor Dr / Ballardvale Dr 
 

Stop Left turn from 
Ballardvale Dr 

AM D 28.5 0.12 D 34.1 0.14 
PM D 34.8 0.11 E 42.5 0.14 

I-91 SB Ramps 

 
Stop EB approach from 

off ramp 
AM D 34.1 0.64 F 59.9 0.83 
PM E 49.6 0.66 F >60 1.62 

I-91 NB Off Ramp LT 

 
Stop Left turn from off 

ramp 
AM E 48.4 0.90 F 90.4 1.06 
PM D 26.5 0.58 E 36.3 0.70 

I-91 NB On Ramp 

 
Free Left turn onto ramp 

AM A 8.5 0.07 A 8.6 0.08 
PM A 9.7 0.09 A 9.7 0.11 
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8.2.2  Short Term Improvements 

Although short term improvements are not expected to completely address the capacity or 
operation issues, the following improvements will assist to address them. 

• Widen the I-91 Southbound Off-ramp to two lanes, a left and right turn lane. Interestingly, 
with a left and right turn lane and using the most recent turning movement counts the 
intersection technically would no longer meet signal warrants.  It is anticipated with 
improvements, including a future signal, users who are currently avoiding this intersection 
by using other exits, would use it and volumes would meet signal warrants. 

• Merge the US 5 Southbound right lane into a single thru lane after the I-91 Northbound On-
Ramp, then mark and sign US 5 Southbound to include a right turn lane onto the I-91 
Southbound On-Ramp. This will promote southbound thru vehicles to be in the left lane.  

• Realign the US 5 Southbound thru lane at the I-91 Southbound Off-Ramp to soften the 
current lane shift across the intersection and provide better direction to US 5 southbound 
thru and right turn traffic. 

• Create a T-intersection at the I-91 Northbound off ramp, requiring all northbound off ramp 
traffic to yield to US 5 vehicles and pedestrians crossing the ramp. This would require 
widening the ramp to two lanes up to 400 feet from the intersection. 

• Provide bike lanes with crossing markings and signs.  

• Continue to develop and construct the Town’s sidewalk project connecting Ballardvale 
Drive to Sykes Mountain Avenue. 

• Continue to develop and construct the roundabout at US 5/Sykes Mountain Avenue 
intersection. 

The lane improvements described above can primarily be accomplished with pavement 
markings and signs. Some localized widening and edge of pavement relocation is needed for 
the I-91 Southbound Off ramp, the US 5 Southbound right turn lane and the T-intersection at the I-
91 Northbound off ramp.  These improvements are shown in the long term alternative figure. 
There is no right-of-way acquisition or utility relocation anticipated with these improvements. 
Permitting is anticipated to be limited to a Construction General Permit.  

The construction cost of the US 5/I-91 Off-Ramp and On-Ramp intersection and the US 5/I-91 
Northbound Off-Ramp intersection improvements is approximately $400,000. 

An alternative that restricted I-91 Northbound Off-Ramp vehicles to right turns only and thereby 
eliminating the need for a signal was considered. This requires the existing ramp traffic that is 
turning left and destined for US 5 southbound to turn right from the Northbound I-91 Off-Ramp 
and make a U-Turn at the Sykes Mountain Avenue roundabout. We re-allocated the 2040 DHV 
turning volumes to reflect this condition and performed a capacity analysis using Synchro.  The 
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analysis assumed the conditions and volumes as shown in the following figure. As the figure 
indicates an additional 485 vehicles use the roundabout to make a U-Turn in the 2040 AM peak 
hour. With a stop condition for the I-91 Northbound Off-Ramp, the LOS for this approach in the 
AM peak was LOS D.  The Sykes Mountain Avenue approach to planned roundabout was LOS E 
and the US 5 Southbound approach to the roundabout was LOS D in the PM peak.  This analysis 
suggests the roundabout may need capacity improvements prior to 2040 and the traffic volumes 
at the I-91 Northbound Off-ramp intersection suggests the US 5 Northbound approach be the 
stop condition since it’s 2040 AM peak traffic volume is 355 vehicles per hour compared to 945 
vehicles per hour for the I-91 Northbound Off-Ramp approach. Based on this information it was 
determined not to pursue this alternative further. 

 

Figure 20  -  I-91 Northbound Off-Ramp Right Only 2040 AM Peak Volumes 
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8.2.3 Long Term Alternatives  

8.2.3.1 LT3 - US 5/I-91 NB and SB Ramp Signals 

This alternative adds signals at the US 5/I-91 Southbound and Northbound Ramps as signal 
warrants are currently met. Although by adding a right turn lane at the I-91 Southbound Off 
Ramp, this intersection will no longer meet signal warrants. It is anticipated that traffic volumes on 
the I-91 Southbound off-ramp may increase with a signal, as some travelers are using alternate 
routes to avoid this intersection. Therefore, it is assumed that signal warrants will be met by the 
time a signal is installed and additional traffic is realized by its installation. Below is the capacity 
analysis of the signalized intersections. With maximum 95 percentile queues of 290 feet on US 5, 
the signal operations will not create blocking queues of adjacent intersections such as Sykes 
Mountain Avenue or Ballardvale Drive.  

Table 14 - LT3 Future Intersection Capacity Analysis Results 

This alternative includes the lane geometry improvements from the short term alternatives and 
has the following additional features: 

• Install coordinated signals at the I-91 Southbound Ramps and I-91 Northbound Ramps.  

• Realign the I-91 Northbound On Ramp to create a four-legged intersection with US 5 and 
the I-91 Northbound Off Ramp.  

• Carry the single US 5 Southbound lane exiting the Sykes Mountain Avenue roundabout 
southerly with right turn lanes for the I-91 Northbound and Southbound On-Ramps.  

• Install signal pre-emption detection if excessive queues occur on the I-91 Northbound Off-
ramp. 

There is no right-of-way acquisition or utility relocation anticipated with this alternative. Permitting 
is anticipated to be limited to a Construction General Permit.  

Intersection 
Future (2040) 

Peak 
Hour LOS 

Delay 
(sec) V/C 

Queue Length 
95th (FT) 

 
 

I-91 SB 
Ramps 

Signalized 

AM A 8.8 0.50 145 NBL, 206 SBT 

PM A 7.1 0.58 158 EBL, 211 NBL, 101 NBT,  
117 SBT 

I-91 NB Ramps 
Signalize & Combined 

On & Off Ramps 

AM B 14.8 0.66 217 WBT, 119 NBT, 187 SBT 

PM B 14.2 0.63 126 WBT, 99 WBR,  
116 NBT, 290 SBT 
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Figure 21  - Alternative LT 3 – US 5/I-91 SB Ramp Signal 

 

Figure 22 - Alternative LT 3 – US 5/I-91 NB Ramp Signal  
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8.2.3.2 LT4 - US5/I-91 NB and SB Ramp Intersection Roundabouts 

This alternative constructs modern roundabouts at the US 5/ I-91 Northbound and Southbound 
Ramp intersections. They are single lane roundabouts with a bypass lane for the Off-Ramp 
approaches. Based on queue lengths and traffic simulations involving these two roundabouts, as 
well as the upcoming roundabout at Sykes Mountain Avenue, it is expected that these two 
roundabouts would function sufficiently along the corridor. Below are the capacity analysis results 
for their operation: 

Table 15 - LT4 Future Intersection Capacity Analysis Results 

 
Features this alternative includes are as follows:  

• Construct single lane roundabouts, about 150-foot diameter, with a bypass right turn lane 
at the Off Ramps. 

• Provide a pedestrian crosswalk only at the I-91 Northbound Off Ramp. 

• Provide a shared use path alternative and crosswalks for bicycles at the I-91 ramps. 
Bicyclists can assume a lane through the roundabout or use provided ramps to go onto 
the shared use path to use crosswalks. 

• Realign the I-91 Northbound On-Ramp to create a four-legged intersection with US 5 and 
the I-91 Northbound Off Ramp. 

• Provide buffered bike lanes with crossing markings and signs. 

  

Intersection 
Future (2040) 

Peak 
Hour LOS 

Delay 
(sec) V/C 

Queue Length 
95th (FT) 

 
 

I-91 SB 
Ramps 

Roundabout – US 5 SB  

AM C 21 0.79 98 NB, 229 SB 

PM C 16 0.64 231 NB, 124 SB 

I-91 NB Ramps 
Roundabout – US 5 SB 

AM D 27 0.77 197 SB US 5, 175 Off Ramp 

PM C 19 0.77 201 SB US 5, 118 Bypass:  
Off Ramp to NB US 5 
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Figure 23 - Alternative LT 4 – US 5/I-91 SB Ramp Roundabout 

 

Figure 24 - Alternative LT 4 – US 5/I-91 NB Ramp Roundabout 
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Roundabouts can provide lasting benefits and value in many ways. They are often safer, more 
efficient, less costly to maintain, and more aesthetically appealing than conventional intersection 
designs. Furthermore, roundabouts are an excellent choice to complement other transportation 
objectives – including Complete Streets, multimodal networks, and corridor access management 
– without compromising the ability to keep people and freight moving. The FHWA Office of Safety 
identified roundabouts as a Proven Safety Countermeasure because of their ability to 
substantially reduce the types of crashes that result in injury or loss of life.  

In the 2001-2002 Vermont legislative session, Act 141, Section 37 was passed. This provided 
support for roundabouts by indicating the following, “The general assembly finds that the 
installation of roundabouts at dangerous intersections in the state has been cost-efficient and has 
enhanced the safe operation of vehicles at these locations. The Agency of Transportation is 
directed to carefully examine and pursue the opportunities for construction of roundabouts at 
intersections determined to pose safety hazards for motorists.” 

The potential safety benefits associated with the alternatives proposed for the I-91 Ramps/US 5 
intersections were determined and compared to the costs to implement these alternatives. The 
analysis is based on crash data for the years 2013 through 2017 and procedures described in the 
Highway Safety Manual (HSM) published by the American Association of State Highway and 
Transportation Officials (AASHTO) in Washington, D.C., 2000. Calculations were conducted using 
a worksheet developed by VTrans that provides assumed values for the cost of crashes by crash 
type and other factors to determine the annual cost of a specific expenditure for roadway 
improvements. The crash values are based on guidance provided in the HSM. The benefits of 
reduced crashes compared to the costs is shown in the table below. The benefit-cost ratios are 
low as there are limited crashes that occur at these intersections compared to other areas of the 
project such the US 5/Sykes Mountain Avenue intersection and the US 5/VT 14 intersection. 

Table 16 - Benefit-Cost Summary for Improvement Alternatives 

 I-91 Ramps/US 5 

Item 
LT3 – Install Traffic 

Signals 
LT4 – Construct Modern 

Roundabouts 

Existing Annual Cost of Crashes  $59,500 $59,600 
Anticipated Annual Crash Savings 
Due to Project $23,000 $25,400 
Project Implementation Cost $1,500,000 $6,500,000 
Annualized Project Cost $98,500 $426,900 
Benefit/Cost Ratio 0.23 0.06 
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8.2.4 Alternatives Evaluation 

Below is an evaluation matrix to summarize the more significant differences between the 
alternatives. The construction costs and the benefits/cost ratio are the major differences and 
favor the signal alternative. The roundabout construction does not require right-of way as the 
ramps are in the I-91 limited access area that has a wide right-of-way.  

Table 17 - LT3 and LT 4 Alternatives Evaluation Matrix 
 

CRITERIA No Action LT3 – I-91 Ramp 
Signals 

LT4-I-91 Ramp 
Roundabouts 

Project 
Construction Costs $0 $1,500,000 $3,500,000 

Benefits/Cost Ratio - 0.23 0.11 

Complete a 
missing pedestrian 
link 

No 
 

Yes 
 

Yes 
 

Complete a 
missing bike link No 

Yes 
 

Yes 
 

Traffic Operations Remains LOS F LOS A-B LOS C-D 

Safety No Improvement Improved Most Improved 

Right-of-way None None Minor 

Environmental  None Impact Unlikely Impact Unlikely 

Cultural      
Resources No Impact Impact Unlikely Impact Unlikely 

Utilities/ Drainage None Drainage Impacts Drainage Impacts 

Stormwater No Change Minor Change/ No 
Permit  Permit Required 
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8.3 US 5 SEGMENT 3: AIRPORT ROAD TO NORTH MAIN STREET 

8.3.1 No Action Alternative 
This segment remains a four lane highway with a dividing median. There are no shoulders and no 
dedicated bicycle facilities. Below is a cross section of the existing four lane highway which 
includes a 5 foot sidewalk.  

Figure 25 - Existing US 5 Section 

 

The existing US 5/Airport Road intersection continues to require crossing up to five lanes when 
exiting Airport Drive, and based on limited information for current traffic volumes, does not 
appear to meet signal warrants. The US 5/US 4 intersection is not addressed in this report as VTrans 
is developing the alternative improvements to that intersection separately.  

The US 5/North Main Street intersection current and future (2040) capacity analysis, as shown 
below, indicates the intersection has excess capacity and no capacity improvements are 
needed, assuming no pedestrian phase is added. This intersection does lack a pedestrian 
crossing connecting the US 5 eastside sidewalk to the bridge sidewalk and that condition remains 
with the No Action alternative.  

Table 18 - US 5 Segment 3 Intersection Capacity Analysis Results 

 
Existing (2018) 

Future (2040)  
No Action 

 Control Condition Peak 
Hour LOS 

Delay  
(sec) V/C LOS 

Delay 

(sec) V/C 
US 5 Intersections 

North Main Street – existing conditions 

 
Signal Overall 

AM A 9.8 0.37 A 9.7 0.39 
PM B 10.1 0.46 B 10.6 0.51 
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8.3.2 Short Term Improvements 

The following short term improvements are accomplished primarily with signs and pavement 
markings and could be considered in the next VTrans resurfacing project. The potential 
improvements are as follows: 

• Replace the existing US 5 right lanes with buffered bike lanes as shown below. The final 
lane and buffer widths are flexible and could vary, such as the travel lane could be 11 
feet with a 6 foot buffer and 5 foot bike lane.  

Figure 26 - US 5 Buffered Bike Lane Section 

 

• Revise the US 5 Southbound approach to Sykes Mountain Avenue merge into one lane 
and then diverge with a left turn lane so as with the roundabout construction, thru traffic 
does not get trapped in the left turn lane.   

On the following page is a graphic depicting the short term improvements at the US5/Airport 
Road area and the US 5/North Main Street intersection. Much of these improvements are 
accomplished by revising pavement markings and signs.  
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Figure 27 -  US 5/Airport Road Improvements 

 

The following are short term improvements for the US5/North Main Street Intersection: 

• Provide one US 5 Northbound left turn lane and one US 5 Southbound approach lane at 
North Main Street intersection. This allows two travel lanes and buffered bike lanes on the 
US 5 Bridge. During recent construction on the bridge, temporary traffic control included 
reducing lanes to one travel lane in each direction over the bridge. Observations during 
that period suggest no capacity issues. Below are the capacity analysis results from this 
proposed intersection lane configuration, which demonstrates adequate capacity with 
the proposed lane reductions. If it is desired to retain the existing two US 5 Southbound 
approach lanes on the bridge, the right turn lane can be retained by having a shared 
travel lane and bike lane for approximately 150 feet.  

• Realign the North Main Street channelized right turn to a safer and more acute approach 
angle and encourage yielding to US 5 vehicles, bicycles and pedestrians. 

• Replace overhead signs at US 5/North Main Street intersection with ground mounted signs. 

• Add pedestrian crossing connecting the US 5 eastside sidewalk to the bridge sidewalk. 

• Upgrade the signal at the US 5/North Main Street Intersection, including pedestrian signal 
heads and phasing. 
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Table 19 provides the capacity analysis results of these intersection changes. 

Table 19 - Future Intersection Capacity Analysis Results 

 
Below is a graphic depicting the US 5/North Main Street intersection. Many of these improvements 
are accomplished by revising pavement markings and signs.  

Figure 28 -  US 5/North Main Street Improvements 

 

These short term improvements do not require right-of-way acquisition and no utility relocation is 
anticipated. Permitting is anticipated to be limited to a Construction General Permit. Assuming 
these improvements are done in conjunction with a VTrans Resurfacing project, the additional 
cost is the signal upgrade which is approximately $250,000.  

Intersection 
Future (2040) 

Peak 
Hour LOS 

Delay 

(sec) V/C 
Queue Length 

95th (FT) 

 
 US5/North Main Street  

AM B 16.5 0.63 188 EBL, 263 NBL 

PM C 22.3 0.72 247 EBL, 376 NBL, 161 SBT 
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8.4 US 5 SEGMENT 4: NORTH MAIN STREET TO HIGHLAND AVENUE 

8.4.1 No Action 

This segment includes US 5 from North Main Street to Highland Ave and the VT14/Bridge/Pine 
Street intersection. US 5 remains a four-lane highway with a dividing median. There are no 
shoulders and no dedicated bicycle facilities. The cross section of the existing four lane highway is 
similar to the Airport Road to North Main Street segment, which includes a 5 foot sidewalk and no 
shoulders. 

The US 5/VT 14 intersection will continue to have the crash concerns with the US 5 Northbound left 
turns and right turns. Current and future (2040) capacity analyses, as shown below, indicates the 
intersection is approaching capacity. This analysis uses the existing signal timing and phasing and 
is not optimized since the signal has limited capabilities to be improved. The critical approaches 
are the US 5 Southbound left turn lane and the VT 14 Westbound left turn lane. 

The US 5/Highland Avenue intersection will continue to experience queues and delays during the 
AM Peak but based on field observation, that peak is limited to a 20 minute period. The capacity 
analysis below is for a full peak hour and indicates there is adequate capacity. This is typical of 
intersection operations that are associated with school peaks. They are of short duration and it is 
difficult to justify significant capacity investments for this short duration.  

For the VT 14/ Bridge Street intersection the capacity analysis of existing conditions indicates 
sufficient motor vehicle capacity. The needed maintenance of a 40+ year old signal will persist 
with the No Action alternative.  

Table 20 - US 5 Segment 4 No Action Intersection Capacity Analysis Results 

 

  

 
Existing (2018) 

Future (2040)  
No Action 

 Control Condition Peak 
Hour LOS 

Delay  

(sec) V/C LOS Delay V/C 
US 5/VT 14 

 
Signal Overall 

AM C 33.4 0.66 D 40.3 0.72 
PM D 47.3 0.75 D 47.5 0.86 

Us 5/Highland Avenue 

 
Signal Overall 

AM C 28.1 0.41 C 29.5 0.46 
PM B 10.1 0.29 B 10.4 0.32 

VT 14/Bridge/Pine 

 Signal Overall 
AM A 8.0 0.52 A 8.8 0.57 
PM A 9.9 0.56 B 10.7 0.60 
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8.4.2 Short Term Improvements 

There is a VTrans Class I town highway resurfacing project planned for VT 14 during FY 2020 or 
2021. Many of the following improvements can be considered by that project.  

• Upgrade US 5/VT 14 and VT 14/Bridge/Pine Street signal 

• Reassign US 5 approach lanes as shown in figure below  

• Realign US 5 Northbound right turn at VT 14 to a more acute angle to address right turn 
rear end crashes. 

• Relocate and shorten pedestrian crossings at the US 5/VT 14 and VT 14/Bridge/Pine street 
intersection. 

• Replace overhead signs at US 5/VT 14 and the VT 14/Bridge/Pine street intersection with 
ground mounted signs 

8.4.2.1 US 5/VT 14 Intersection 

Two short term improvements were considered for the US 5/VT 14 intersection. The first includes 
just upgrading the signal, optimizing signal phasing and timing, and retaining the existing lane 
configuration. The second adds to that by combining the US 5 northbound left turn lane with the 
northbound thru lane, providing a longer northbound right turn lane. While the former 
improvements do result in acceptable LOS, the latter improvements also better accommodate 
bicycles. The results are displayed in the table below. The queues displayed represent the 95th 
percentile condition; average queues fit within the storage lanes provided. 

Table 21 - US 5/VT 14 Intersection Short Term Capacity Analysis Results 

 
  

Intersection 
Future (2040) 

Peak 
Hour LOS 

Delay 

(sec) V/C 
Queue Length 

95th (FT) 

 
 

US5/VT14 
Signal Upgrade and 

Optimized 

AM C 26.7 0.61 
236 EBT, 154 WBL, 216 NBT,  
107 NBR, 283 SBL, 162 SBT 

PM C 30.0 0.77 
148 EBT, 203 WBL,  
168 WBT, 172 NBT,  

294 NBR, 179 SBL, 96 SBT 
 US5/VT14 

Signal Upgrade 
 Reconfigured lanes, RT lane 

w/out blockage 

AM C 26.4 0.73 215 EBT, 114 WBL,  
374 NBT, 417 SBL, 194 SBT 

PM C 28.0 0.84 177 EBT, 252 WBL, 156 WBT, 
423 NBT, 374 SBL, 169 SBT 
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The improvements to the US 5/VT 14 intersection are depicted in the following figure. Any 
improvements that involve adjusting the median on the US 5 bridge are problematic. There is a 
longitudinal joint the length of the bridge in the center of the median. Therefore, if the median is 
moved or removed, significant bridge work may be required. This work would include removing 
the deck between the center bridge beams, adding diaphragms between the center beams 
and replacing the deck. These short term improvements were developed so as not to impact the 
bridge and require this work. 

These short term improvements are primarily accomplished with revising pavement markings and 
signs. There is no right-of-way or utility relocation anticipated. This assumes the new signal mast 
arms do not impact right-of-way or utilities. Permitting is anticipated to be limited to a 
Construction General Permit. Assuming these improvements are done as part of the upcoming 
VTrans Resurfacing project, no additional funding is needed.  

Figure 29 - US 5/VT 14 Intersection Improvements 
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Additional short term improvements for this segment, as shown in the figure 29, include the 
following: 

• Revise pavement markings on the US 5 Bridge to provide buffered bike lanes similar to 
Segment 3. If removing the US 5 Southbound Right turn lane at VT 14 is a concern the right 
turn lane can be retained by having a shared bike lane for approximately 150 feet. 

8.4.2.2 US 5/Highland Avenue Intersection 

A number of improvement scenarios were analyzed using Synchro for the US5/ Highland Ave 
intersection. They included the following: 

• Add a protected/permitted phase for the Highland Ave. approach 

• Revise the Highland Ave approach to a left turn lane and a combined thru and right turn 
lane.  

• Shorten pedestrian phase at the US 5/Highland Avenue signal. 

Adding the permitted and protected phase for the Highland Ave approach left turn and 
providing an exclusive left turn lane resulted in minimal capacity improvement.   

Shortening the pedestrian phase did provide some improvement.  The table below displays 
analysis results for reducing the pedestrian phase to 3.5 feet per second, as well as adding a 
permitted and protected phase for the eastbound left turn at the US 5 / Highland Ave signal. 
Results indicate shortening the pedestrian phase to a more standard length improves capacity 
compared with the No Action alternative, including reduced delay and increased level of 
service. 

Table 22 - US 5/VT 14 Intersection Short Term Capacity Analysis Results 

 
The existing signals at US 5 / Highland Avenue and at Highland Avenue / Hanover Street were 
constructed when two additional access/egress points were open in the vicinity of the school. 
This included Cascadnac Ave to the south and Hanover Street / Saunders Ave to the north. The 
closing of those access/egress points contribute to congestion at the traffic signals during the 

Intersection 
Future (2040) 

Peak 
Hour LOS 

Delay 

(sec) V/C 
Queue Length 

95th (FT) 

 US5/Highland Ave 
Reduce Ped Phase to 3.5 f/s 

AM C 21.2 0.45 131 EBT, 191 WBT, 358 SBT 

PM A 9.3 0.34 158 NBT, 305 SBT 

 
 

US5/Highland Ave 
Permitted/Protected EBL, 

Reduce Ped Phase to 3.5 f/s 

AM B 18.5 0.47 113 EBT, 191 WBT, 358 SBT 

PM A 9.6 0.37 168 NBT, 334 SBT 
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morning peak period. Based on discussions with the school district and police chief, it is 
understood that there is a safety concern with reopening these points and they do not support it 
at this time.  

Transportation Demand Management (TDM) is a viable option to pursue with the school. It is likely 
that a contributing factor to congestion at the traffic signal is the dropping off and picking up of 
students by parents. If the school encourages more transit, traditional yellow bussing, carpooling, 
walking, biking, and students driving themselves/each other, the demand will likely decrease, 
resulting in improved performance of the associated traffic signals at US 5 / Highland Avenue and 
Highland Avenue/Hanover Street. 

To address the queueing of the US 5 Southbound right turns, one change to consider is restricting 
Hanover Street to one way in during the AM peak period. This will require all traffic entering the 
high school to egress using Highland Avenue via the Middle School area, similar to the current 
school buses circulation. This will allow the Highland Avenue signal to operate with just a Highland 
Avenue Phase and a pedestrian phase. The only phase the Highland Avenue traffic would be 
stopped is during a pedestrian phase and will allow traffic to follow more freely on Highland 
Avenue.  

To make this intersection more accommodating to bicycles and to continue the US 5  buffered 
bike lane concept, below is figure showing the buffered bike lanes. The US 5 buffered bike lanes 
end at Highland Avenue and transition to the existing 4 foot shoulder.  

Figure 30 - US 5/VT 14 Intersection Improvements 
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8.4.2.3 VT 14/Bridge/Pine Street Intersection 

As mentioned previously, there is a VTrans Class I town highway resurfacing project planned for VT 
14 during FY 2020. The following improvements can be considered by that project.  

• Upgrade VT 14/Bridge/Pine Street signal and include pedestrian phase signals with a 
leading interval phase 

• Replace overhead signs with ground mounted signs 

• Relocate and shorten the pedestrian crossings 

Results of capacity analysis for these improvements are shown below. Signal upgrade and 
optimization provides a high level of service, low delay, and sufficient capacity. However, the VT 
14 eastbound approach 95th percentile queues for this scenario extend almost 400 FT.  By 
converting the existing eastbound left turn lane to a combined through and left turn lane, queues 
would stay within reasonable limits. The analysis also indicated the intersection’s operation is 
sensitive to the duration of the pedestrian phase and using a leading interval pedestrian phase 
and minimizing the length the crosswalks is needed.  

Table 23 - VT 14/Bridge/Pine Intersection Short Term Improvements Capacity Analysis Results 

 

  

Intersection 
Future (2040) 

Peak 
Hour LOS 

Delay 

(sec) V/C 
Queue Length 

95th (FT) 

 
 

VT14/Bridge/Pine 
Signal Upgrade /Optimized 

AM A 7.6 0.55 393 EBT, 97 WBT 

PM B 10.8 0.57 355 EBT, 211 WBT 

 
VT14/Bridge/Pine 

Signal Upgrade /Optimized 
Change EB LT to TH/LT 

AM A 5.4 0.35 82 EBT, 54 WBT 

PM A 8.8 0.53 117 EBT, 147 WBT 
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One approach is to install the signal and observe its operation prior to final paving and pavement 
markings. If the observed eastbound queues are a concern, then convert the eastbound left turn 
lane to a combined left turn and through lane with signs, pavement markings, and signal phase 
and timing adjustments.  Below is a figure depicting the short term improvements including 
changing the VT 14 Eastbound left turn lane to a combined through and left lane. 

Figure 31 - VT 14/Bridge/Pine street Intersection Improvements 
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8.4.3 Long Term Alternatives 

8.4.3.1 LT 5 – US 5/VT 14 Roundabout 

Although the short term improvements are expected to assist with reducing crashes at this 
intersection, if a high crash rate continues, a long term consideration is to construct a 
roundabout. Based on the capacity analysis, a single lane roundabout would be required and 
the capacity results are in the following table. These results indicate the roundabout is reaching 
capacity in 2040, and during further development, adding bypass lanes could be considered. 

Table 24 - US 5/VT 14 Intersection Roundabout Capacity Analysis Results 

 

 

 

The roundabout construction does have some impact on adjacent Coop Food Store and 
Mascoma Savings Bank properties. It also impacts the median on the bridge and requires the 
bridge modifications mentioned under short term improvements. These add to the cost of the 
alternative.  

Figure 32  - Alternative LT5 - US 5/VT 14 Intersection Roundabout 
 

 

Intersection 
Future (2040) 

Peak 
Hour LOS 

Delay 

(sec) V/C 
Queue Length 

95th (FT) 

US 5/VT 14 
Roundabout 

AM C 23 0.74 191 SB, 87 WB, 180 NB 

PM D 32 0.87 191 SB, 340 WB, 276 NB 



US ROUTE 5 IMPROVEMENTS STUDY, ARBORETUM LANE TO HIGHLAND AVENUE  

April 16, 2020 69 
 

8.4.4 US5/VT 14 Intersection Alternatives Evaluation 

Below is an evaluation matrix to summarize the more significant differences between the short 
term improvements and the long term roundabout alternative at the US 5/VT 14 intersection. The 
construction costs and the benefits/cost ratio are the major differences and favor the signal 
alternative. A benefit/cost analysis was performed as described with the I-91 ramp alternatives. 
Since there are a greater number of crashes at this intersection, than the I-91 ramps there is a 
greater safety benefit to the alternatives and hence a greater benefit to cost ratio.   

Table 25 - US 5/VT 14 Intersection Alternatives Evaluation Matrix 

CRITERIA No Action Short Term Signal 
Improvements LT5 - Roundabout 

Project 
Construction Costs $0 $600,000 $3,500,000 

Benefits/Cost Ratio - 1.41 0.93 

Complete a 
missing bike link No Yes Yes 

Traffic Operations Remains LOS D LOS C LOS C-D 

Safety No Improvement Improved Most Improved 

Right-of-way None None Minor 

Environmental  None Impact Unlikely Impact Unlikely 

Cultural      
Resources No Impact Impact Unlikely Impact Unlikely 

Utilities/ Drainage None Minor Drainage Impacts 

Stormwater No Change Minor Change/ No 
Permit  Permit Required 
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9.0 PUBLIC/STAKEHOLDER INPUT AND RECOMMENDATIONS 

On May 10, 2019 the project team met with major project stakeholders with an interest in the 
corridor. Attendees included staff from the Town of Hartford Public Works, Police, Fire, School 
District and Planning departments. A representative from the Veteran’s Administration (VA) 
Hospital also attended.  The project area, purpose and need were reviewed, and short-term and 
long-term alternatives for each segment were presented and discussed among stakeholders. 

The following are the major comments received: 

1. The VA would not advocate for the right in/right out or one-way in at Veterans Drive due 
to safety issues on the VA campus but supported a signal a Veteran’s Drive. 

2. When installing a signal at US 5/Veterans Drive, the tight radius for right turning movements 
out of Dunkin Donuts will need mitigation to avoid encroaching on opposing lane. 

3. There was a general concern that any new construction would require reconstruction of 
the Town’s planned sidewalks.  

4. A signal at the I-91 ramps were preferred over a roundabout due to greater potential for 
a lack of gaps on adjacent sections with roundabouts. 

5. At the US 5/North Main Street intersection the bike facility should favor bicycles on North 
Main Street since downtown is a more likely origin or destination for bicyclists. 

6. There was a concern with one US 5 northbound lane approaching the Highland 
Av/Worcester intersection. US 5 northbound right turning vehicles turning on Worcester 
Avenue will need to yield to through bicyclists. Also, Worcester avenue queues can 
extend to US 5 and these queues may block US 5 northbound vehicles. 

7. Expanded bike facilities is of interest to the community, if that can be reasonably 
accommodated without increasing congestion. 
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10.0 PREFERRED ALTERNATIVES 

Following the public input process, VTrans conducted some internal meetings to review 
alternatives and discuss which alternatives were preferred.  It was quickly recognized many of the 
proposed short term alternatives could be readily incorporated into the following upcoming 
VTrans resurfacing projects: 

• VTrans VT Route 14 Hartford Class 1 Resurfacing (2021-2022) 

• VTrans US 5 Hartland - Wilder Resurfacing (2022-2023) 

Based on this, the following sections describe the preferred short and long term improvements 
and the improvement figures have been refined from those shown in Section 8.0 Alternatives. 

10.1 SHORT TERM IMPROVEMENTS 

Short term improvements are improvements that may have minor widening but can typically be 
completed within the existing highway right-of-way, do not impact utilities, or do not require 
permits and are expected to be constructed within a 5 year time frame once funding is 
available.    

There are four Town of Hartford ongoing projects along this corridor that will contribute to the 
short term Improvements. These are as follows: 

• US5/Sykes Mtn Avenue Roundabout (2020-2021): Hartford STP 0113(15)S 

• Sykes Mountain Avenue Sidewalk (2020-2021): Hartford STP EH09(15) 

• US 5 Sidewalk – Arboretum Lane to Ballardvale Drive: Hartford STP E10(18) 

• US 5 Sidewalk – Ballardvale Drive to Sykes Mountain Avenue: Hartford BP 14(4) 

These will need to be coordinated with the upcoming VTrans resurfacing projects. 

Additional short term improvements include: 

• Improve corner sight distance for Veterans drive and Winsor Drive by removing vegetation 
and grading slope on east side of US 5. This work may be accomplished with VTrans district 
forces or included in the upcoming VTrans resurfacing project. 

• Reconfigure Dunkin donuts driveway and parking to address the issue of driveway right 
turns encroaching on US 5 Southbound left turn lane. The VTrans access permit for this 
driveway provides a requirement of the owner to address operational issues if needed. 

• Apply access management best practices for any future redevelopment along the 
corridor. 

• Encourage continuing and expanding Transportation Demand Management measures 
by major facilities in the area such as the VA Hospital and the Hartford School District. 
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10.1.1 VTrans VT Route 14 Hartford Class 1 Resurfacing/Hartford STP PC21(4) 

This VTrans project is currently programed for the 2021 construction season and will include the US 
5/VT 14 and the VT14/Bridge/Pine Street intersections. For these intersections, the following items 
are proposed to be incorporated into this VTrans project. 

• Replace the existing traffic signal equipment. This allows optimization of the signal 
operation and improves the intersection capacity.  

• Reconfigure the US 5 Northbound right turn lane at VT 14 to a more acute angle to 
address existing rear-end crash pattern.  Depending on timing this could be part of the 
VTrans US 5 resurfacing project. 

• Relocate crosswalks and shorten crossing times. 

• Replace overhead signs at US 5/VT 14 and the VT 14/Bridge/Pine Street intersection with 
ground mounted signs 

• Convert the existing VT 14 Eastbound left turn lane to a combined through and left turn 
lane. One approach is to install the signal and observe its operation prior to final paving 
and pavement markings. If the observed eastbound queues are a concern, then convert 
the eastbound left turn lane to a combined left turn and through lane with signs, 
pavement markings, and signal phase and timing adjustments.  
 

A graphic of the improvements is shown below and a composite of all improvements is in 
Appendix A. These improvements do vary from the figures shown in the 8.0 Alternatives section as 
comments obtained during the preferred alternative discussions have been incorporated. 

Figure 33  - US 5/VT 14 and the VT14/Bridge/Pine Street intersections 
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10.1.2 VTrans US 5 Hartland - Wilder Resurfacing 

This project is anticipated to be part of the 2022-2023 VTrans Resurfacing program. It will include 
the full length of the US 5 corridor associated with this study and the following items are proposed 
to be incorporated into this VTrans project. 

• Convert the existing four lane section to two lanes, one in each direction, and provide 
buffered bike lanes in the existing righthand lanes from Highland Avenue to I-89 as shown 
in the typical section below. This is accomplished primarily with pavement markings and 
signs.  The dimensions shown may be adjusted such as the travel lane dimension can be 
reduced to 11 feet and the buffer width increased to 5 feet.  

Figure 34  - US 5 Typical Section 
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• US 5/Highland Ave and VT 14 intersections: Reconfigure the US 5 approach lanes at the 
Highland Avenue and VT 14 intersections to accommodate the buffered bike lane as 
shown on the following figures.  A composite figure is shown in Appendix A. 

Figure 35  - US 5/Highland Ave Intersection 
 

 

Figure 36  - US 5/VT 14 Intersection 
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• US 5/North Main Street Intersection: Replace the existing traffic signal, add a North Main 
Street approach crosswalk with a pedestrian signal, reconfigure the approach lanes to 
accommodate the buffered bike lanes and realign the North Main street approach right 
turn to be more acute as shown in the figure below. 

Figure 37  - US 5/North Main Street Intersection 
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• US 5/I-91 Northbound Ramps: Reconfigure the I-91 Northbound Off Ramps to a T-type 
intersection with a 2 lane ramp approach, widen I-91 Northbound Off Ramp to 2 lanes for 
400 feet, remove the existing I-91 Northbound Off Ramp to Sykes Mountain Avenue, 
provide buffered bike lanes, have lane markings compatible with proposed roundabout 
at Sykes Mountain Avenue, provide buffered bike lanes and provide a crosswalk at the off 
ramp. These improvements will require coordination the Town of Hartford’s Sykes Mountain 
Avenue Roundabout project and their Ballardvale Drive to Sykes Mountain Avenue 
sidewalk project.  

Figure 38  - US 5/I-91 Northbound Ramps Intersection 
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• US 5/I-91 Southbound Ramps: Widen the I-91 Southbound Off Ramp to 2 lanes for 200 feet, 
realign the southbound thru lane through the intersection to minimize the existing lane 
shift, provide channelization with yield condition for US 5 Southbound right turns, maintain 
one US 5 Southbound thru lane from Sykes Mountain Avenue to Southbound ramps and 
provide bike lanes with crossing markings and signs. 

Figure 39  - US 5/I-91Southbound Ramps Intersection 
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• US 5 – Ballardvale Drive to Veteran’s Drive: Continue US 5 bike lanes with pavement 
markings and signs through Veterans Drive. If not already completed, improve corner 
sight distance for Veterans Drive and Winsor Drive by removing vegetation and grading 
the slope on east side of US 5 and reconfigure Dunkin donuts driveway and parking to 
address issue of driveway right turns encroaching on US 5 Southbound left turn lane. 
Coordinate improvements with Town of Hartford’s Arboretum Lane to Ballardvale Drive. 

Figure 40  - US 5: Ballardvale Drive to Veteran’s Drive 

 

For costs and impacts associated with the short term improvements see Section 8.0 Alternatives.   
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10.2 LONG TERM IMPROVEMENTS 

Long term improvements are improvements that typically require right-of-way easements or 
acquisition, impact utilities, and/or require permits. This typically requires a project delivery time 
that is greater than five years.  

The long term improvements are focused in the I-91 interchange area. It is assumed the previous 
discussed short term improvements are in place and the long term improvements will add to 
them, and do not require reconstructing them.  These long term improvements are described 
below.  It is recommended they be programmed as one project to contribute to their efficient 
and cost effective construction. 

• US 5/I-91 Northbound Ramps: Realign the I-91 Northbound On Ramp to intersect US 5 
opposite the I-91 Northbound Off Ramp, reconfigure medinas to reflect new alignment, 
install a traffic signal at this intersection and coordinate its operation with adjacent signals.  

Figure 41  - US 5/I-91 Northbound Ramps Intersection 
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• US 5/I-91 Southbound Ramps: Install a traffic signal at this intersection and coordinate its 
operation with adjacent signals. 

Figure 42  - US 5/I-91 Southbound Ramps Intersection 

 

• US 5 – Ballardvale Drive to Veteran’s Drive: Install a traffic signal at the Veteran’s Drive 
intersection, coordinate its operation with adjacent signals, and include a US 5 signalized 
crosswalk. 

Figure 43  - US 5: Ballardvale Drive to Veteran’s Drive 

 

For costs and impacts associated with these improvements see Section 8.0 Alternatives. 
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11.0 APPROVAL OF PREFERRED ALTERNATIVES 

11.1 TOWN APPROVAL 

On January 28, 2020, a presentation of the preferred improvements was provided at a noticed 
public meeting with the Town of Hartford Selectboard. Public comments were received and the 
selectboard passed a motion approving the US 5 Corridor transportation alternatives as 
presented. The meeting minutes are in Appendix D. 

11.2 STATE APPROVAL 

The management of the VTrans Project Delivery Bureau reviewed the alternatives as analyzed in 
this report and approved the proposed short term and long term preferred alternatives. The short 
term alternative is to include signal upgrades, additional paving to modify I-91 ramps, and minor 
changes to signage and pavement markings to add bike lanes and create clarity among all 
road users. Long-term alternatives include the installation of three new traffic signals which would 
require separate programming. This approval is included in Appendix D. 
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Preferred Alternative Plans 
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APPENDIX B 
Cost Estimates 



To create sheets, enter item numbers then press button

To create links to item sheets press button
Initials Date

Calc'd By: DY 6/19/2019
Checked By: GE 6/26/2019
Revised By:

Checked By:

Item No. Unit Unit Price Quantity $
ALTERNATIVE L1
210.10 COARSE-MILLING, BITUMINOUS PAVEMENT SY $4.00 1800 $7,200.00
406.35 SUPERPAVE BITUMINOUS CONCRETE PAVEMENT TON $125.00 210 $26,250.00
635.11 MOBILIZATION/DEMOBILIZATION LS $15,000.00 1 $15,000.00
641.11 TRAFFIC CONTROL, ALL-INCLUSIVE LS $10,000.00 1 $10,000.00
646.404 DURABLE 4 INCH WHITE LINE, POLYUREA LF $1.00 700 $700.00
646.414 DURABLE 4 INCH YELLOW LINE, POLYUREA LF $1.00 675 $675.00
646.484 DURABLE 24 INCH STOP BAR, POLYUREA LF $9.00 60 $540.00
646.492 DURABLE LETTER OR SYMBOL, THERMOPLASTIC EACH $160.00 6 $960.00
678.15 TRAFFIC CONTROL SIGNAL SYSTEM, INTERSECTION EACH $175,000.00 1 $175,000.00

Subtotal $236,325.00

Contingency 25% $59,081.25

Total $295,406.25

Round to $300,000.00

Alternative A
Description

US Route 5 Improvements 
Study - LT1

Quantity Summary

Hartford

195311651

Item Description

55 Green Mountain Drive
South Burlington, VT 05403
Tel: (802) 864-0223

V:\1953\active\195311651\transportation\Estimates Backup\Segment 1_LT 1 backup.xlsm



Sub Total $1,127,137.50
Contengencies ( 15%) $169,070.63

Total Opinion of Probable Construction Cost $1,296,208.13

V:\1953\active\195311651\transportation\Estimates Backup\Segment 1_LT 1 backup.xlsm



To create sheets, enter item numbers then press button

To create links to item sheets press button
Initials Date

Calc'd By: DY 6/19/2019
Checked By: GE 6/26/2019
Revised By:

Checked By:

Item No. Unit Unit Price Quantity $
ALTERNATIVE L1
210.10 COARSE-MILLING, BITUMINOUS PAVEMENT SY $4.00 1900 $7,600.00
406.35 SUPERPAVE BITUMINOUS CONCRETE PAVEMENT TON $125.00 220 $27,500.00
635.11 MOBILIZATION/DEMOBILIZATION LS $15,000.00 1 $15,000.00
641.11 TRAFFIC CONTROL, ALL-INCLUSIVE LS $10,000.00 1 $10,000.00
646.404 DURABLE 4 INCH WHITE LINE, POLYUREA LF $1.00 1750 $1,750.00
646.414 DURABLE 4 INCH YELLOW LINE, POLYUREA LF $1.00 1700 $1,700.00
646.484 DURABLE 24 INCH STOP BAR, POLYUREA LF $9.00 60 $540.00
646.492 DURABLE LETTER OR SYMBOL, THERMOPLASTIC EACH $160.00 3 $480.00
678.15 TRAFFIC CONTROL SIGNAL SYSTEM, INTERSECTION EACH $250,000.00 1 $250,000.00

Misc. Line Striping (8" lines and Crosswalks) LS $2,500.00 1 $2,500.00

Subtotal $317,070.00

Contingency 25% $79,267.50

Total $396,337.50

Round to $400,000.00

Quantity Summary

Hartford

195311651

Item Description

55 Green Mountain Drive
South Burlington, VT 05403
Tel: (802) 864-0223 Alternative A

Description

US Route 5 Improvements 
Study - LT2

V:\1953\active\195311651\transportation\Estimates Backup\Segment 1_LT 2 backup.xlsm



Sub Total ##########
Contengencies ( 15%) $226,461.75

Total Opinion of Probable Construction Cost ##########

V:\1953\active\195311651\transportation\Estimates Backup\Segment 1_LT 2 backup.xlsm



To create sheets, enter item numbers then press button

To create links to item sheets press button
Initials Date

Calc'd By: DY 6/19/2019
Checked By: GE 6/26/2019
Revised By:

Checked By:

Item No. Unit Unit Price Quantity $

203.15 COMMON EXCAVATION CY $20.00 4600 $92,000.00
203.31 SAND BORROW CY $35.00 150 $5,250.00
210.10 COARSE-MILLING, BITUMINOUS PAVEMENT SY $4.00 12800 $51,200.00
301.35 SUBBASE OF DENSE GRADED CRUSHED STONE CY $45.00 850 $38,250.00
406.35 SUPERPAVE BITUMINOUS CONCRETE PAVEMENT TON $125.00 2050 $256,250.00
616.21 VERTICAL GRANITE CURB LF $60.00 2900 $174,000.00
618.10 PORTLAND CEMENT CONCRETE SIDEWALK, 5 INCH SY $85.00 850 $72,250.00
635.11 MOBILIZATION/DEMOBILIZATION LS $80,000.00 1 $80,000.00
641.11 TRAFFIC CONTROL, ALL-INCLUSIVE LS $40,000.00 1 $40,000.00
646.404 DURABLE 4 INCH WHITE LINE, POLYUREA LF $1.00 7200 $7,200.00
646.414 DURABLE 4 INCH YELLOW LINE, POLYUREA LF $1.00 4600 $4,600.00
646.484 DURABLE 24 INCH STOP BAR, POLYUREA LF $9.00 110 $990.00
646.492 DURABLE LETTER OR SYMBOL, THERMOPLASTIC EACH $160.00 70 $11,200.00
678.15 TRAFFIC CONTROL SIGNAL SYSTEM, INTERSECTION SB Ramp EACH $175,000.00 1 $175,000.00
678.15 TRAFFIC CONTROL SIGNAL SYSTEM, INTERSECTION NB Ramp EACH $175,000.00 1 $175,000.00
900.675 SPECIAL PROVISION GREEN PAVEMENT MRKS, BIKES) SY $5.00 400 $2,000.00

Misc. Line Striping (8" lines and Crosswalks) LS $10,000.00 1 $10,000.00

Subtotal $1,195,190.00

Contingency 25% $298,797.50

Total $1,493,987.50

Round to $1,500,000.00

Item Description

55 Green Mountain Drive
South Burlington, VT 05403
Tel: (802) 864-0223 Alternative A

Description

US Route 5 Improvements 
Study - LT3

Quantity Summary

Hartford

195311651

V:\1953\active\195311651\transportation\Estimates Backup\Segment 2_LT 3 backup.xlsm



Sub Total $5,683,165.00
Contengencies ( 15%) $852,474.75

Total Opinion of Probable Construction Cost $6,535,639.75

V:\1953\active\195311651\transportation\Estimates Backup\Segment 2_LT 3 backup.xlsm



To create sheets, enter item numbers then press button

To create links to item sheets press button
Initials Date

Calc'd By: DY 6/26/2019
Checked By: GE 6/26/2019
Revised By:

Checked By:

Item No. Unit Unit Price Quantity $

203.15 COMMON EXCAVATION CY $20.00 10000 $200,000.00
203.31 SAND BORROW CY $35.00 200 $7,000.00
210.10 COARSE-MILLING, BITUMINOUS PAVEMENT SY $4.00 10500 $42,000.00
301.35 SUBBASE OF DENSE GRADED CRUSHED STONE CY $45.00 6500 $292,500.00
406.35 SUPERPAVE BITUMINOUS CONCRETE PAVEMENT TON $125.00 7400 $925,000.00
616.21 VERTICAL GRANITE CURB LF $60.00 6800 $408,000.00
618.10 PORTLAND CEMENT CONCRETE SIDEWALK, 5 INCH SY $85.00 2700 $229,500.00
635.11 MOBILIZATION/DEMOBILIZATION LS $350,000.00 1 $350,000.00
641.11 TRAFFIC CONTROL, ALL-INCLUSIVE LS $200,000.00 1 $200,000.00
646.404 DURABLE 4 INCH WHITE LINE, POLYUREA LF $1.00 7200 $7,200.00
646.414 DURABLE 4 INCH YELLOW LINE, POLYUREA LF $1.00 4600 $4,600.00
646.484 DURABLE 24 INCH STOP BAR, POLYUREA LF $9.00 110 $990.00
646.492 DURABLE LETTER OR SYMBOL, THERMOPLASTIC EACH $160.00 70 $11,200.00
900.675 SPECIAL PROVISION GREEN PAVEMENT MRKS, BIKES) SY $5.00 400 $2,000.00

Misc. Line Striping (8" lines and Crosswalks) LS $10,000.00 1 $10,000.00

Subtotal $2,689,990.00

Contingency 30% $806,997.00

Total $3,496,987.00

Round to $3,500,000.00

Quantity Summary

Hartford

195311651

Item Description

55 Green Mountain Drive
South Burlington, VT 05403
Tel: (802) 864-0223 Alternative A

Description

US Route 5 Improvements 
Study - LT4

V:\1953\active\195311651\transportation\Estimates Backup\Segment 2_LT 4 backup.xlsm



Sub Total $13,183,964.00
Contengencies ( 15%) $1,977,594.60

Total Opinion of Probable Construction Cost $15,161,558.60

V:\1953\active\195311651\transportation\Estimates Backup\Segment 2_LT 4 backup.xlsm



To create sheets, enter item numbers then press button

To create links to item sheets press button
Initials Date

Calc'd By: DY 6/19/2019
Checked By: GE 6/26/2019
Revised By:

Checked By:

Item No. Unit Unit Price Quantity $

203.15 COMMON EXCAVATION CY $20.00 9200 $184,000.00
203.31 SAND BORROW CY $35.00 2375 $83,125.00
210.10 COARSE-MILLING, BITUMINOUS PAVEMENT SY $4.00 11000 $44,000.00
301.35 SUBBASE OF DENSE GRADED CRUSHED STONE CY $45.00 3200 $144,000.00
406.35 SUPERPAVE BITUMINOUS CONCRETE PAVEMENT TON $125.00 3400 $425,000.00
616.21 VERTICAL GRANITE CURB LF $60.00 3500 $210,000.00
618.10 PORTLAND CEMENT CONCRETE SIDEWALK, 5 INCH SY $85.00 1400 $119,000.00
635.11 MOBILIZATION/DEMOBILIZATION LS $300,000.00 1 $300,000.00
641.11 TRAFFIC CONTROL, ALL-INCLUSIVE LS $150,000.00 1 $150,000.00
646.404 DURABLE 4 INCH WHITE LINE, POLYUREA LF $1.00 8600 $8,600.00
646.414 DURABLE 4 INCH YELLOW LINE, POLYUREA LF $1.00 4600 $4,600.00
646.484 DURABLE 24 INCH STOP BAR, POLYUREA LF $9.00 0 $0.00
646.492 DURABLE LETTER OR SYMBOL, THERMOPLASTIC EACH $160.00 60 $9,600.00
678.15 TRAFFIC CONTROL SIGNAL SYSTEM, INTERSECTION EACH $300,000.00 1 $300,000.00
900.675 SPECIAL PROVISION GREEN PAVEMENT MRKS, BIKES) SY $5.00 225 $1,125.00

Brick pavers SY $225.00 800 $180,000.00
Misc. Line Striping (8" lines and Crosswalks) LS $15,000.00 1 $15,000.00
Landscaping LS $50,000.00 1 $50,000.00
Bridge work (diaphragms, deck work, etc.) LS $400,000.00 1 $400,000.00

Subtotal $2,628,050.00

Contingency 25% $657,012.50

Total $3,285,062.50

Round to $3,500,000.00

Item Description

55 Green Mountain Drive
South Burlington, VT 05403
Tel: (802) 864-0223 Alternative A

Description

US Route 5 Improvements 
Study - Segment 4 LT5

Quantity Summary

Hartford

195311651

V:\1953\active\195311651\transportation\Estimates Backup\Segment 4_LT5 backup.xlsm



Sub Total $12,698,175.00
Contengencies ( 15%) $1,904,726.25

Total Opinion of Probable Construction Cost $14,602,901.25

V:\1953\active\195311651\transportation\Estimates Backup\Segment 4_LT5 backup.xlsm



To create sheets, enter item numbers then press button

To create links to item sheets press button
Initials Date

Calc'd By: DY 6/19/2019
Checked By: GE 6/26/2019
Revised By:

Checked By:

Item No. Unit Unit Price Quantity $

203.15 COMMON EXCAVATION CY $20.00 60 $1,200.00
203.31 SAND BORROW CY $35.00 25 $875.00
210.10 COARSE-MILLING, BITUMINOUS PAVEMENT SY $4.00 15500 $0.00
301.35 SUBBASE OF DENSE GRADED CRUSHED STONE CY $45.00 200 $9,000.00
406.35 SUPERPAVE BITUMINOUS CONCRETE PAVEMENT TON $125.00 1800 $0.00
616.21 VERTICAL GRANITE CURB LF $60.00 100 $6,000.00
618.10 PORTLAND CEMENT CONCRETE SIDEWALK, 5 INCH SY $85.00 300 $25,500.00
635.11 MOBILIZATION/DEMOBILIZATION LS $60,000.00 1 $60,000.00
641.11 TRAFFIC CONTROL, ALL-INCLUSIVE LS $10,000.00 1 $10,000.00
646.404 DURABLE 4 INCH WHITE LINE, POLYUREA LF $1.00 7200 $7,200.00
646.414 DURABLE 4 INCH YELLOW LINE, POLYUREA LF $1.00 4600 $4,600.00
646.484 DURABLE 24 INCH STOP BAR, POLYUREA LF $9.00 110 $990.00
646.492 DURABLE LETTER OR SYMBOL, THERMOPLASTIC EACH $160.00 70 $11,200.00
678.15 TRAFFIC CONTROL SIGNAL SYSTEM, INTERSECTION EACH $300,000.00 1 $300,000.00
900.675 SPECIAL PROVISION GREEN PAVEMENT MRKS, BIKES) SY $5.00 225 $1,125.00

Misc. Line Striping (8" lines and Crosswalks) LS $10,000.00 1 $10,000.00
Landscaping LS $15,000.00 1 $15,000.00

Subtotal $462,690.00

Contingency 25% $115,672.50

Total $578,362.50

Round to $600,000.00
Assume cost is part of regular paving project.

Item Description

55 Green Mountain Drive
South Burlington, VT 05403
Tel: (802) 864-0223 Alternative A

Description

US Route 5 Improvements 
Study - Segment 4 Short 

Term

Quantity Summary

Hartford

195311651

V:\1953\active\195311651\transportation\Estimates Backup\Segment 4_Short Term backup.xlsm



Sub Total $2,219,415.00
Contengencies ( 15%) $332,912.25

Total Opinion of Probable Construction Cost $2,552,327.25

V:\1953\active\195311651\transportation\Estimates Backup\Segment 4_Short Term backup.xlsm



  
 
 

APPENDIX C 
Benefit Costs 



1.1.1 Benefit-Cost Analysis 

The potential safety benefits associated with the alternative improvement strategies proposed 
for the I-91 Ramps/US 5 intersections and for the US 5/VT 14 intersection were determined and 
compared to the costs to implement these strategies. The analysis is based on crash data 
presented above for the years 2013 through 2017 and procedures described in the Highway 
Safety Manual (HSM) published by the American Association of State Highway and 
Transportation Officials (AASHTO) in Washington, D.C., 2000. Calculations were conducted using 
a worksheet developed by VTrans that provides assumed values for the cost of crashes by crash 
type and other factors to determine the annual cost of a specific expenditure for roadway 
improvements. The crash values are based on guidance provided in the HSM.  

Crash Reduction 

I-91 Ramps/US 5 

The Existing Conditions section of this report indicates that 14 crashes occurred along US 5 at the 
I-91 interchange over a five-year period. Thirteen of these crashes involved property damage 
only (PDO) and there was one crash involving personal injuries. The estimated annual cost of 
crashes at the interchange is approximately $59,500 assuming that injury crashes are valued at 
$116,00 each and that PDO crashes are valued at $10,400 each  

The two alternative improvement strategies under consideration would reduce the number of 
crashes expected at this location. The first strategy considered is the installation of traffic signal 
control at both intersections. The HSM indicates that this change in traffic control will reduce the 
injury crash rate by 50 percent and the PDO crash rate by 30 percent. As such, this treatment 
would reduce the annual cost of crashes at this location by $23,000 or 39 percent. The second 
strategy considered would replace the existing Stop-sign control with modern roundabouts. The 
HSM indicates that this change in traffic control will reduce the injury crash rate by 71 percent 
and the PDO crash rate by 21 percent. As such, this treatment would reduce the annual cost of 
crashes at this location by $25,000 or 43 percent.  

US 5/VT 14 

The US 5/VT 14 intersection is classified as a High Crash Location by VTrans with 63 crashes 
reported at this location over a five-year period. Fifty-four of these crashes involved property 
damage only (PDO). There were 18 crashes involving personal injuries and one involving a 
fatality. The estimated annual cost of crashes at this intersection is approximately $445,700. This 
calculation uses the values presented above for PDO and injury crashes and a value of $496,500 
for fatal crashes.  

The two alternative improvement strategies under consideration would reduce the number of 
crashes expected at this location. The first strategy considered involves modifications to the 
existing traffic signals and intersection geometry for the northbound VT 14 approach as 
suggested in the 2018 Road Safety Audit conducted by VTrans. Suggested measures include: 

• Providing protected/permitted signal phasing for the northbound left turn movement;  

• Using a flashing yellow signal indication for the permitted interval of the northbound left-
turn movement; 

• Moving the signal heads from a pedestal adjacent to the intersection to a mast arm over 
the intersection; and,  

• Realigning the right-turn slip lane to improve sight lines for right-turning traffic. 

Crash Modification Factors for these improvements based on data from a variety of sources and 
reprinted in the VTrans benefit-cost workbook were considered. Based on this review it was 



assumed that the proposed improvements would reduce the crash rate at the intersection by 
12.5 percent. As such, these improvements would reduce the annual cost of crashes at this 
location by $55,700. The second strategy considered would replace the existing signalized 
intersection with a modern roundabout. The HSM indicates that this change in traffic control will 
reduce the crash rate for all crash types by 48 percent. As such, this treatment would reduce the 
annual cost of crashes at this location by $213,900.  

Project Costs 

Stantec has developed preliminary implementation cost estimates for the alternative 
improvement strategies. At the I-91 interchange, the cost of the suggested conversion from 
unsignalized control to signal control is $1.5 million. The cost of converting the I-91 Ramp 
intersections to modern roundabouts is approximately $3.5 million. Applying a 20-year finance 
period and a 2.75 percent interest rate to these figures indicates annual project costs for signals 
of $98,500 and $229,600 for roundabouts. The estimated cost for signal upgrades and geometric 
changes at the VT 14 location is $600,000. Replacing the signalized intersection with a 
roundabout would cost an estimated $3.5 million. 

Benefit-Cost Comparison 

The safety benefit and project cost estimates presented above are compared in Table 1. As 
shown, with the exception of the proposed signal upgrades and geometric changes for the VT 
14 location, the estimated annualized project costs exceed the annualized project benefits. The 
benefit-cost ratios for the I-91 Ramp locations are low relative to the ratios calculated for the VT 
14 intersection. At the VT 14 location, the benefit-cost ratios are near or above 1.0 due to the 
existing high crash rate at this intersection.  

 

Table 1: Benefit-Cost Summary for Improvement Alternatives 

 I-91 Ramps/US 5 VT 14/US 5 

Item 

Alternative 1 – 
Install Traffic 

Signals 

Alternative 2 – 
Construct 
Modern 

Roundabouts 

Alternative 1 – 
Upgrade Traffic 

Signals and 
Channelization 

Alternative 2 – 
Install Modern 
Roundabout 

Existing Annual Cost of Crashes  $59,500 $59,600 $445,700 $445,700 
Anticipated Annual Crash Savings 
Due to Project $23,000 $25,400 $55,700 $213,900 
Project Implementation Cost $1,500,000 $3,500,000 $600,000 $3,500,000 
Annualized Project Cost $98,500 $229,600 $39,400 $229,600 
Benefit/Cost Ratio 0.23 0.11 1.41 0.93 
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APPENDIX D 
Correspondence 



  Meeting Notes 

ebp m:\projects\18t173\traffic\documents\general\meetings\2018-09-25 kickoff meeting\hartford us 5 corridor_ kickoff meeting notes_20180925.docx 

Project Kick Off Meeting 
Hartford US 5 Scoping / 195311651 

Date/Time: September 25, 2018 / 10:00 AM 

Place: Hartford Town Offices 

Next Meeting:  TBD 

Attendees: Rep. Kevin Christie, Hannah Tyler, Becky Rhoads, Cheryl Ulz, Tom DeBalsi, Phil 
Kasten, Brad Vail, Matt Osborn, Lori Hirshfield, Jim Borelli, Joe Nolin, Rita Seto, 
Chrisopher Andreasson, Scott Cooney, Erin Parizo (VTrans); Greg Edwards (Stantec), 
Sean Neely (Stantec)  

Distribution:  Attendees and Leo Pullar, Town Manager 

 
Item: 
Project Roles: 

Erin is VTrans project manager and Stantec is consultant working for VTrans.  Greg Edwards is Project 
manager and Sean Neely is project engineer. 

Project Area: 

US 5, from Arboretum Lane to Highland Ave. VTrans met with Town last March to discuss area concerns 
(e.g., new development, HCLs, interstate ramp change). That informed the need for a scoping project. This 
study is to look at the bigger picture, either spot or corridor improvements, and establish a master plan for 
next steps. 

Project Background: 
The following projects and activities were discussed: 
 

a. US 5 is state owned and maintained. It is not a class 1 town highway  

b. US 5/Sykes Mountain Ave. Roundabouts – designed and currently in ROW, to be in bid phase 
in 2019 

c. US 5 Sidewalk from Arboretum to Ballardvale – designed and currently in ROW 

d. US 5/I-91 interchange Bike/Ped Scoping Improvements – in Preliminary design and on hold 
pending resolution of I-91 Off ramp reconfiguration and funding. 

e. US 5/US 4 Intersection Scoping – It is a VTrans in-house scoping project. Erin is managing it. 

f. School Parking/Campus Improvements – They are complete and bus traffic circulation has been 
revised and seems to help. The parking lot demo over summer, found foundation and artifacts 
from old Hanover St. 

g. Existing Bike/Pedestrian plans - There is a bike and pedestrian master plan and Matt will 
provide a PDF.  

h. UVM students are doing a capstone project for downtown bike and pedestrian planning but 
likely outside the project area. 

i. Fairview Terrace retaining wall/operations - Will operate one way downhill as Town develops 
approach to repair/replace wall.  



September 25, 2018  

Project Kick Off Meeting 
Page 2 of 7  
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Item: 
j. It was pointed out that Hanover Street is technically the entrance to the high school. Highland 

Ave may be more clear and will revise information to reflect that.  

k. The I-91 Northbound off ramp is part of this project.  

l. Maple Street/US4 from US 5 to NH bridge:  There is a town group that is conducting a 
brainstorming/thinking process including Pine Street, shopping center, access, types of 
development, land use, circulation. Last meeting discussed access points along shopping area 
which has three points of access. Includes bike/ped considerations too. Group is working with 
RPC. There have been two meetings, with one more coming up. The Town will keep us in the 
loop.  

m. Hartford Police Chief indicated there is a concern for crash statistics for Maple St and Pine St.  

n. Pine Street is access for White River School and Bus company.  

k. Planned developments: Sykes Mtn Ave developments include: Subaru dealer opening in a few 
weeks. Key Auto and thirty unit housing is also underway. All looked at traffic impact, can 
provide data. 

l. VA Hospital Complex; Ten-year plan is to continue to expand, currently 1300 employees. 300-
400 additions last few years.  

m. Another development potential is the current Listen Building at US Route4/5 intersection. 
Building is sold and relocating business. Points of access to Route 5 worth looking at in the US 
4/US 5 intersection scoping study.  

Review of Each Intersection / Segment: 
1. US 5/VA Cutoff Road  

a. VA employees egress in PM and shows in the traffic count volumes 

b. Site distance looked good to right but more difficult to see from left. Some traffic is accelerating 
around corner. Posted speed is 35 mph, but actual speed seems higher. 

c. Jake’s, on the corner is closing November 1st. Pumps do detour thru traffic and is not an ideal 
location for them. Whatever goes in after Jakes will drive intersection. 

d. This is one of primary points for exits from the Town’s Emergency Facilities that are on VA 
Cutoff road. 

e. VA Cutoff Road queues occur mostly in the afternoon peak.  

f. Pedestrians walk recreationally during day. Not always using paths built on campus. No 
pedestrian path or sidewalks along VA Cutoff or US Route 5, but US Route 5 sidewalk is 
planned. 

g. VA Shifts: 24 hour shifts but most  common are staggered shifts that start 7, 7:30, and 8 am. 
From 3:25pm to 5pm are peak exits. In addition to staff, users include medical students, 
contractors, visitors, and patients. 

h. Transit service: Advance Transit drops off in morning and afternoon. Also, VA has own shuttles 
that service VT and 4 contiguous counties in NH, plus Manchester, and Boston 

j. Delivery trucks use VA Cutoff Road entrance to back of the VA 



September 25, 2018  

Project Kick Off Meeting 
Page 3 of 7  
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Item: 
k. Bus routes for schools: use the VA Cutoff road. Used to have bus stop at Hotel 8; not anymore. 

Not many residents there, but sometimes VA visiting families stay at hotel or other hotels in the 
area. 

2.  US 5/Veterans Drive 

a. Most VA traffic exits out the back way, taking VA Cutoff to north. Tend to exit not using front 
drive due to limited sight distance and limited traffic gaps. Removing the I-89 SB on-ramp slip 
lane causes US 5 Northbound left turns on to SB On Ramp traffic to back-up. Now in the 
afternoon, turning traffic backs up on Route 5, in front of Bobs, Dunkin Donuts (DD), past VA. 
Afternoon peak period is 3:55pm-4:40pm.  

b. Dunkin Donuts (DD) operations has complicated intersection. Advanced Transit stops at Dunkin 
Donuts.  

c. There are no pedestrian facilities. Some VA visitors, new staff and clients do come from nearby 
hotels. Behind DD, there are five hotels.  Difficult to cross US 5. There are many reports of near 
misses. Also see people walking to DD. High concern for pedestrian safety/comfort. 

i. New VA security fence also impacts pedestrians. Channels walkers to entrances. Used to be 
able to walk anywhere across campus. 

j. People like to walk down to DD on break. Sometimes walk past intersections either way to get 
away from turning traffic to avoid getting hit.  

k. People also drop cars off for service, then walk to VA 

l. A crosswalk may have impact on traffic.  Some VA staff have suggested elevated heated 
crosswalk. 

m. Queueing/congestion: Northbound US 5 left turning into Veterans Drive, do not pull to the left as 
there is no dedicated left turn lane and traffic backs behind them. There is now a left turn lane 
into DD.  

n. Hartford Police Department (HPD) indicated: Challenging intersection with no ped crashes, but 
increased motor vehicle crashes. To access DD, there is a narrow driveway and vehicles have 
to turn wide, into one of exiting lanes. Lanes don’t work with space for entrance and an island is 
in the way. There is no opportunity to use hotel entrance or Ballardvale Road, as it is privately 
owned, and has concrete barriers. Area needs access management and maybe a traffic signal. 
With DD redevelopment four-way intersection was constructed but needs work. 

o. VA patients tend to be older Vietnam vets, with different driving habits, cautious.  

p. South of Sykes Mountain Ave (SMA): Traffic signal at SMA causes breaks in traffic. Roundabout 
may make traffic continuous and amplify issues.  

q. Limited Sight distance from Veterans Drive approach looking east.   

r. Some bike lanes and an eastside sidewalk are planned and may slow traffic.  

3.  US 5/Ballardvale Road/Windsor Court 

a. VA staff/visitors park on narrow Windsor Court blocking traffic and then cut through bushes to 
access VA and avoid Veteran’s Drive. VA has a program to install fencing around facility and 
this will address issue. 

b. Queueing/safety: Windsor has low traffic volumes. 5 or 6 residents. Ballardvale Road is 
entrance to hotels and gas station. During nighttime it is hard to see when turning onto 
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Item: 
Ballardvale. May need lighting. During winter time when exiting Windsor Ct, it is a hard time 
stopping due to steep grade. 

c. Old Howard Johnson restaurant is a vacant building used for aquatic center swim meet overflow 
parking plus other downtown over flow parking.  

4.  US5/I-91 SB On and Off Ramp 

a. US 5 Northbound left turns queue beyond Ballardvale. This is due to the removal of the 
separate SB on ramp and now northbound left turns yield to Southbound thru and rights. 

b. Exiting I-91 SB off ramp, left turn onto US 5 North is difficult with limited traffic gaps. Some 
vehicles turn right and make a U turn.  

c. US 5 Southbound right lane becomes Exclusive right turn lane and requires thru traffic to 
weave.  

d. During the bridge replacement, the temporary signal worked well. It provided breaks in traffic. 
Everyone thought it made sense to make permanent. Take away ramp, take away signal, 
confuses things. For US 5 SB right turn lane a yield sign was placed, then removed. Didn’t work.  

e. Some people avoid intersection during peak periods and may use Wilder exit instead. 

f. Making a NB left turn to ramp can be hard at night as lighting is poor. Hard to see who is 
coming/going, lane striping, etc. 

g. Bikes/Pedestrians: There is sidewalk proposed for east side, through interchange. It is held up 
pending resolution of crossing I-91 NB off ramp. Also, east side sidewalk and bike lanes on both 
sides proposed on Route 5, Ballardvale Road to Arboretum Lane 

5.  I-91 NB Off Ramp 

a. Problematic for pedestrians crossing with slip ramp 

b. The off ramp forms the right lane and acts as a thru and right turn lane, into SMA.  Difficult for 
US 5 NB traffic to enter short right lane.  

c. Queues back up onto I-91. With slippery weather there are crashes resulting. 

d. Off ramp geometry encourages high speeds.  

e. If people aren’t familiar with the area, turning left onto US 5 SB and heading towards the VA, 
they’re often if the wrong lane and need to weave from the right turn lane into the through lane. 

f. I-89 bridges between Hartford/Lebanon will be in construction in future and will likely impact this 
exit.  

6.  US5/Sykes Mountain Ave 

a. There is a roundabout designed for this intersection and the proposed lane configuration will 
need to tie into any proposed improvements. 

7.  US5/Airport Road 

a. No traffic volumes available yet. 

b. Exiting Airport Road and turning left turn on US 5, you need to quickly get into far hand lane, to 
position for getting on the interstate. Certain times of day are challenging.It may be worth 
collecting peak turning movement counts there. 
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Item: 
c. DPW is located on Airport Rd and their trucks use it often. There is confusion created by 

adjacent gas station access. 

d. There is a US 5 NB U-turn operation provided. Compromise made with property owner (Gas 
station) 5-8 years ago, closed left turn to gas. Couldn’t get tanker through, gave them this to 
make turns. Full size school bus has hard time making U-turn movement. If bus fuels at Evans 
(most do at Evans or Mobil), going back to interstate isn’t easy.  

e. If exiting plaza across street, and going straight to Airport Rd, or to US 5, there are bullfighting 
traffic interactions. 

f. Bikes/pedestrians: North along US 5 there are not many cyclists. There is no shoulder and 
uncomfortable on road. Consider increasing shoulder or providing bike facility. Can use Sykes 
to get downtown. Could we look at how to better sign bike routes. Challenge in past is to best 
place bike signage. 

g. Stretch from SMA northward to the bridge is fast speeds. Posted speed changes from 35 mph 
to 40 mph near intersection with Sykes Mountain Ave towards downtown. Then down to 30 mph 
by Roundhouse Road. For additional information on this subject a summary of the VTrans 
Roadway Safety Audit has been added and included the following:  “An 85th percentile speed 
estimate is available from a volume count that was done in May 2016. The count location was at 
mile point 3.2 on US 5. From this count, the 85th percentile speed of the traffic traveling in the 
northbound direction on US 5 was determined to be 41 mph (meaning that 85% of the traffic 
travels at a speed of 41 mph or less). The 85th percentile speed of the traffic traveling in the 
southbound direction on US 5 was estimated to be 43 mph.” 

h. HPD Chief: In the interchange area, he is not a fan of bike lanes on roadway. Seeing 
pedestrians on improved shoulder, concerns Chief since traffic includes logging truck and trucks 
using the landfill transfer station. Maybe bike lanes once past Airport Road.  

8.  US5/US4 

a. This is a separate VTrans scoping and Erin is involved. 

b. Is there a thought to reduce lanes on US 5? Traffic volumes suggest it is possible. Projections 
for growth on Sykes Mountain Ave from 10-15 years ago., have not been met.  

c. During winter conditions US 5 SB Tractor trailers back up and stop on the hill. 

d. Businesses accesses are on east side. If going into Listen building, vehicles use RT lane, and 
allows motor vehicles to go past. That makes two lanes helpful.  

e. Difficult to distinguish drives to businesses vs. sidewalk.  

9.  US 5 /North Main 

a. Currently there are 2 NB left turn lanes and their use depends on where traffic is going on other 
side of the bridge. If going east on US 4/Coop, use right lane. If continuing on US5, use left 
lane. 

b. Modernizing Traffic Signal System would be good. Right turn across bridge, should have green 
arrow. 

c. With bridge construction the bridge and left turn lane is down to one lane. Haven’t noticed a 
queuing issue. Coach bus traffic is going through downtown then left bridge street to avoid it. 
Gets dicey in construction temporary traffic control area with large buses. 
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Item: 
d. Bikes/pedestrians: There is no crosswalk or connection of the west side US 5 sidewalk to bridge 

sidewalk. Need to consider traffic impacts of adding a crosswalk. There is a Torchwalk once a 
year, and there is no way to cross to bridge. Struggle with wheel chairs over curb there. This is 
a good spot for bike lane, going into town and would help to slow traffic going downtown.  A bike 
path ends on east side of the river and a bike lane connection one side to the other would be 
useful. 

10.  US 5 / US 4/VT14 

a. This is a high crash location and VTrans has conducted an RSA. Recommendations included:  
Signal upgrades, left turn arrows, and adjusting US 4 eastbound slip ramp modifications.  

b. For US 4/Maple St eastward towards NH there are many issues. These are beyond the current 
scope of this project but should be considered. With state office complex on Prospect street, 
and the US4/Pine Street light, and access to the Coop, traffic backs up in to the US 5 
intersection. US 4 includes a narrow passage under railroad bridge and necks down from 4 to 2 
lanes creating queues. 

c. Advanced transit and school busses stop on US 4 and US 5. On US 5 there is a stop just north 
of the intersection in the four-lane section and buses stop in the righthand lane. At this stop on 
the eastside there is a gate for the school and it is where kids cross, all lanes with no crosswalk 
since it is easier than crossing at signal.  

11.  US 5/ Highland Ave. 

a. Eastside jug handle is fine during day, but at peak hours it’s hard to handle volumes. 

b. Coming out of campus on Highland Ave. turning left is hard. Would like to see left turn arrow. 
Most cars from school make left turn. If two buses try to make left, they will plug up intersection. 
Have revised bus routes to minimize left turns. Some through vehicles allow left turns to go. 

c. During snowy or inclement weather, trucks and busses get stuck on the hill.  

d. Other high traffic volume time is events: sporting, open houses, voting, etc. Intersection gets 
jammed. 

e. One of VTrans staff spent time adjusting signal timings last year. We will discuss with them. 

f. US 5 NB onto campus right turn, also gets backed up. Wondering what the issue is. Didn’t 
notice as much last year. Right turns can block through vehicles. 

g. School starts at 7:30 for high school and 8 for middle school. 7:30am-8:15am and 2:30pm-
3:25pm are peak hours 

h. When pedestrian actuation buttons are pushed, it’s an exclusive pedestrian phase with a very 
long pedestrian cycle.  

i. As a pedestrian, walking to school, sidewalk on both sides, always want to be on right side, but 
hard to get over there. 

j. These days, way more parents drop off kids which can overwhelm the school parking area.  
Afternoon pickups start at 2:15pm. Queue almost out to US 5. 

k. Traffic is worse in afternoon as  parents wait for kids, then they all leave together. 

l. Buses are staggered, not as much as a problem now. 

m. Sight issue; hard to see cars on jug handle when making LT turn. Maybe worth looking at 
vegetation trimming. 
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Item: 
n. Northbound on Highland Ave, if a car wants to go left, on to Hanover St. it’s awkward. They 

have to get across quickly. In the morning or afternoon, it’s almost impossible to make that 
move. 

12.  Other 

a. The shoulder/Bike lane on US 5 NB side, going uphill, could be wider. Not riding as fast as 
others, but going uphill, with vehicles can be scary. If we could narrow lanes, maybe that could 
help. 

Project Communication 
Local Concerns Meeting will be held ASAP. Wed/Thurs sometimes good but 2nd and 4th Wednesday’s 
there is a School board meeting. Try not to sched before 6:30 if possible. Erin will talk offline with the town to 
schedule. Town will put out on social media. Stantec will develop a notice for distribution and posting and 
will research cost to post in the Valley News. 

The meeting adjourned at 11:30 AM 

The foregoing is considered to be a true and accurate record of all items discussed. If any discrepancies or 
inconsistencies are noted, please contact the writer immediately. 

Stantec Consulting Services Inc.  

Gregory A. Edwards, PE 
Senior Principal, Transportation 
 
Phone: (802) 497-6398 
Fax: (802) 864-0165  
greg.edwards@stantec.com 
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Public Meeting 
Hartford US 5 Scoping / 195311651 

Date/Time: November 15, 2018 / 6:00PM 

Place: Hartford Town Offices, Hartford Vermont 
Next Meeting: TBD 

Attendees: See attached sign in sheet 

Distribution: Hannah Tyler, Leo Pullar, Lori Hirshfield, Rita Seto, Erin Parizo, File 

 
Item: 
Project Presentation 

It was indicated Erin is the VTrans project manager and Stantec is the consultant working for VTrans. Greg 
Edwards is the Stantec project manager and Sean Neely is project engineer. The project area is US 5, from 
Arboretum Lane to Highland Ave. VTrans met with the Town last March to discuss area concerns (e.g., new 
development, HCLs, interstate ramp change). That informed the need for a scoping project. This study is to 
look at the bigger picture, either spot or corridor improvements, and establish a master plan for next steps. 

The project definition process and timeline were presented, followed by an overview of collected information, 
concerns and issues. We then divided the attendees into three groups and each group circulated in 10 to 15 
minute intervals to each project section: US 5 – Arboretum Lane to Sykes Mountain Avenue (Greg 
Edwards); US 5 – Sykes Mountain Avenue to North Main Street (Erin Parizo); US 5 – North Main Street to 
Highland Avenue (Sean Neely). We discussed previous collected information and solicited and recorded 
additional information and comments. The following includes collected information for each section of US 5. 
Attendees were provided three dots and asked to place them next to the most important item. The 
checkmark next to an item below indicates a dot that was placed on that item.  

Review and input for each section: 
US 5 - Arboretum Ln to Sykes Mtn Ave 
Section Wide 

1. Lack of sidewalks and crosswalks  
2. Lack of bicycle facilities 
3. Traffic exceeds speed limit – 35 mph  
4. Some intersections are dark  
5. Many drives suggest access management is needed at VA Cutoff to Ballardvale 
6. VA Hospital has limited parking 
7. Walking desire line includes west side of US 5 from VA Cutoff to Veterans Drive and a US 5 

crossing at Dunkin Donuts  
8. Account for Aquatic Center traffic during events 
9. Consider there are trucks from quarry/sandpit and transfer station that use US 5 to access 

interstate 
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Item: 

 
 

US 5/VA Cutoff Road Intersection 
1. Limited corner sight distance at VA Cutoff Road looking north 
2. Jake’s (former) access and interior circulation could improve, since access is close to 

intersection 
 

US 5/Veterans Drive/Dunkin Donuts Intersection 
1. Congestion at Veterans Drive and Dunkin Donuts 
2. Limited corner sight distance looking north along US 5 at Veterans Drive 
3. Consider VA visitors are often older drivers  
4. Dunkin Donuts right turn out of parking lot is tight 
5. Dunkin Donuts delivery truck has difficulty maneuvering parking area and entering and 

exiting Dunkin Donuts 
US5/Ballardvale/Winsor Intersection 

1. US 5 U-turns occur here to difficulty making a left turn from the I-91 Southbound Off 
Ramp. 

US5/I-91 Southbound Off Ramp/On Ramp Intersection 
1. There is queuing on the  I-91 SB Off Ramp as it is difficult to turn left 
2. US 5 Northbound left turns to I-91 SB On Ramp cannot see US 5 Southbound traffic traffic 

when obstructed by Southbound trucks, left turn crashes have resulted 
3. US 5 Northbound left turns to I-91 SB On Ramp have difficulty turning as US 5 Southbound 

right turn volume is high, the US 5 Northbound traffic does not yield to US 5 Southbound 
left turns, and US 5 Southbound thru traffic gets stuck in Southbound right turn lane since 
the right lane does not include a merge to the left thru lane prior to becoming an exclusive 
right turn lane. 

4. I-91 SB On Ramp right turn is sharp 
5. I-91 SB traffic avoids Exit 11 and diverts to Wilder and creates issues at Highland Ave. 
6. I-91 SB Off Ramp traffic light installed during I-91 bridge construction worked well. 
7. Traffic delays, queues and crashes have increased since elimination of the SB on ramp slip 

lane. Bring back the slip ramp operation.  
 
US5/I-91 Northbound Off Ramp/On Ramp Intersection 

1. I-91 Ramp traffic Queues onto I-91 at NB Off Ramp at times during AM peak. 
2. Confusing i-91 Northbound right turn weave with US through traffic when approaching 

Sykes Mountain Avenue. I-91 Northbound Off Ramp traffic does not yield to US 5 right turn 
traffic at Sykes Mountain Ave  

3. Geometry of I-91 NB Off Ramp right turn lane promotes high vehicle speeds 
4. Better signage for US 5 NB to I-91 NB On Ramp 
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Item: 

US 5 – Sykes Mtn Ave to North Main St 
Section Wide 

1. Lack of bicycle facilities  
2. Traffic tends to speed going down the hill 
3. Visibility of I-91 from US 5 may contribute to speeding (signs, fast vehicles, etc.) 
4. Traveling uphill can be challenging in snowy conditions 
5. Drainage doesn’t seem to be very good at the bottom of the hill – water coming off 

roadway and slopes from Fairview Terrace can lead to ponding 
Airport Road Intersection 

6. Operations can be confusing 
7. Open access from Beech Street, Cloverleaf, and Gas Station add to confusion 
8. Buses refuel at gas station on Airport Road so there are a lot of larger turning vehicles in 

and out 
US 4/US 5 Intersection 

9. Open driveways on east side of US 4 intersection contribute to confusion for vehicles and 
pedestrians feeling unsafe 

10. Left turns coming off US 4 can be difficult to make  
North Main Street Intersection 

11. Signal upgrade desired 
12. Lack of crosswalk from south side of North Main Street to sidewalk on bridge   

 
US 5 – North Main St to Highland Ave 
Section Wide 

1. No bike facilities exist on the bridge or throughout this section. 
 
US 5 / VT 14 / US 4 

1. US 5 NB - It might be good to dedicate a left turn lane and arrow for US 5 NB traffic coming 
off the bridge. 

2. US 5 SB - Long queues require 2-3 cycles to clear. It is easy to mistake the right turn lane as 
a through lane; which forces you to turn right and then drive all the way around the High 
School. Removing the median and increasing the length of the left turn lane may help. 

3. VT 14 WB – Lane splitting here causes confusion and could use better clarity. 
4. VT 14 EB – It is difficult to see oncoming through traffic when making a left turn onto US 5, 

because that traffic is obstructed by opposing left turning vehicles waiting on red arrow. 
Maybe a left turning arrow for VT 14 EB would help. 

5. There is significant pedestrian traffic here. Pedestrian traffic observation needed to see 
desire lines and modify facilities to better serve pedestrians. There are jay-walking and 
crossing issues at the Cota & Cota bus stop. 
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Item: 

6. US 5/VT 14 is a High Crash Location  
 
VT 14/Coop Drives 

1. The curb cuts for the Coop present access management issues.  The short curbs can 
cause confusion when trying to enter the parking lot. Maybe a barrier to force safer 
entrance would help here. 
 

Hartford Ave to Highland Ave 
1. Cars have trouble climbing the hill in winter. 
2. Traffic speeds are much higher than necessary on this hill.  
3. There are noise complaints on this hill due to Jake brakes, motorcycles, etc. Maybe there 

are noise mitigation measures that could be implemented. 
4. Better signage would be helpful at the jug handle (e.g. to help out-of-towners getting to 

school events). 
5. Sidewalk is needed along US 5 NB at the jug handle to accommodate desire lines. 

 
US 5 / Highland Ave / Worcester Ave 

1. Maybe a roundabout can be considered here. 
2. Cycling phases could use review; the red light comes quickly. 
3. US 5 SB – The right turn lane at the High School impedes thru traffic. Maybe a longer right 

turn lane would help.  
4. The pedestrian signal could be improved.  The exclusive pedestrian signal causes 

unnecessary delay. Maybe concurrent pedestrian signal phasing would help. 
 

VT 14 / US 4 / Pine St / Bridge St 
1. This is the oldest traffic light in VT and could be replaced. 
2. Pedestrian signals have been dismantled. Adding pedestrian signals would be beneficial. 
3. There is visual pollution here due to cluttered signage. Maybe this could be addressed in 

the upcoming repave.  
4. VT 14 WB – Traffic turning left on Bridge St. can experience confusion with the median 

configuration. 
5. Coordinating this signal with the one at US 5 / VT 14 might improve traffic in this vicinity. 
6. VT 14 EB – Traffic turning left onto Pine St. could benefit from a left turn arrow. 
7. The upcoming paving project for VT 14 could be a good opportunity for other 

improvements identified here.  
8. A new development is coming to 101 Maple Street, between Pine Street and the railroad, 

for mixed use (retail, residential, etc.). They are looking at access management 
improvements that might benefit traffic on VT 14. 
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The meeting adjourned at 7:30PM 

The foregoing is considered to be a true and accurate record of all items discussed. If any discrepancies or 
inconsistencies are noted, please contact the writer immediately. 

Stantec Consulting Services Inc.   

Gregory A. Edwards, PE 
Senior Principal, Transportation 
 
Phone: (802) 497-6398 
Fax: (802) 864-0165  
greg.edwards@stantec.com 
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Project Existing Conditions Review Meeting 
Hartford US 5 Corridor Project Definition / 195311651 

Date/Time: December 5, 2018 / 9:00 AM 

Place: 55 Green Mountain Drive, South Burlington, VT 

Next Meeting: Next Meeting Date 

Attendees: Erin Parizo (VTrans), Greg Edwards (Stantec), Sean Neely (Stantec) 
Distribution: Attendees 

 

 

Item: 
Meeting purpose:  To review status of project and discuss what improvements we should analyze. 
 
Review of Report Draft: Have completed much of the existing conditions section and need to add public 
comments and traffic analysis. 
 
Environmental Resources: Erin has requested this from VTrans (similar to ROW), may be January or so 
 
Purpose & Need Statement: Stantec has started it based on existing conditions and plan to fill in needs 
based on corridor needs and specific needs of each intersection. 
 
Pine Street Intersection on VT 14:  Add this intersection and VT 14 segment from US 5 to Pine Street to 
the scope of this project. Stantec will run Synchro analysis of existing conditions and review results. Erin 
will provide a request to include this and Stantec will add a new task to financial system and track added 
work. Once the extent of effort is known, an amendment will be provided.  
 
VTrans VT 14 Paving Project: This project will include upgrade of signals at Pine Street and VT 14/US 5. 
They were thinking of replacing in kind and may consider some curb to curb changes. They are looking at 
finalizing design next summer and scheduled for FY 2021 construction. 
 
Reviewed signal warrant analysis and/or traffic capacity analysis and for each intersection and 
discussed potential improvements to analyze: 
 
1. VA Cutoff Road  

a. Doesn’t currently meet signal warrant and would need just 15 additional vehicles on VA Cutoff 
Road to meet peak hour warrant. 

b. Likely would meet signal warrant if implemented one-way entrance at main entrance (Veterans 
Drive) 

c. Capacity analysis as unsignalized indicates V/C ratio 0.52 (2018 PM) and 0.63 (2040 PM)  
d. There is no redevelopment plan for former Jake’s to consider. 
e. Consider adding a right turn lane and see how it fits. 
f. Erin will contact the Veteran’s Administration to solicit what they have planned for growth and 

thoughts on one-way entrance. 
g. One alternative that we may eventually consider is either a signal here or a signal at Veterans 

drive. 
h. Capacity analysis does not suggest capacity issues for 2040. It does not suggest a US 5 left or 

right turn lane is needed. 
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Item: 
i. Stantec to determine existing corner sight distance. 

2. Veterans Drive 
a. Doesn’t currently meet signal warrants but if Veterans Drive traffic is increased with growth or 

by the accessibility provided by a signal, it may be warranted.  
b. Capacity analysis as unsignalized indicates V/C ratio 0.95 (2018 PM) and 1.24 (2040 PM)  
c. If there is a signal at VA Cutoff, consider Right In/Right Out at this location 
d. Stantec to perform capacity analysis using 2040 traffic with signal and determine if any auxiliary 

lanes are needed. 
e. Stantec to discuss what are options without signalization, such as sight distance improvement, 

auxiliary lanes, and/or crosswalk. 
f. Erin to check with VA on forecasted growth 
g. Stantec to determine existing corner sight distance and what is needed to meet AASHTO. 

  
3. Ballardvale Drive/Winsor Drive 

a. Doesn’t currently meet signal warrants  
b. Stantec to review analysis and determine what length of US5 NB left turn lane is needed. 
c. Consider improvements such as signals at adjacent intersections may provide more gaps. 

 
4. I-91 SB Off/On Ramp 

a. Currently meets signal warrants. This does not include reassigning traffic from Wilder Exit.  
b. Capacity analysis as unsignalized indicates V/C ratio 0.66 (2018 PM) and 1.62 (2040 PM) 
c. Stantec to perform capacity analysis using 2040 trafficwith signal to determine resulting delay 

and queues and if any auxiliary lanes are needed. 
d. If not signalizing, consider making geometry changes instead such as  

i. Providing a single lane coming from Sykes Mountain Ave roundabout, then an explicit 
Southbound right turn lane lane that yields to NB left turns or merges after turn onto 
ramp similar to Alternative #3 Option A-2 & C-2 from previous scoping 

ii. Adding RT lane coming off ramp (as stated in Warrants Analysis) 
iii. Not considering former Right Turn Ramp because of bicyclists 

e. Stantec to develop base map and bring in proposed sidewalk, bike lanes and SMA roundabout 
linework.  
 

5. I-91 NB Off Ramp 
a. Currently meets signal warrants. 
b. Capacity analysis as unsignalized indicates V/C ratio 0.90 (2018 AM) and 1.06 (2040 AM) 
c. Stantec to perform capacity analysis using 2040 traffic with signal, a T-type intersection 

including a left and right turn lane for the I-91 NB off ramp and one US 5 Southbound lane to 
determine resulting delay and queues   

d. May eventually consider roundabout as was shown in previous scoping 
 

6. I-91 NB on ramp 
a. No apparent need to analyze. 
b. Consider US 5 Southbound left turns may have less gaps with SMA roundabout.  

 
7. Sykes Mountain Ave Roundabout 

a. Provides one lane exiting US 5 SB and US 5 NB 
b. Provides two lanes entering US 5 SB and US 5 NB 

 
8. Airport Drive 

a. Does not meet signal warrants. 
b. Determine existing corner sight distance 



December 5, 2018  

Project Existing Conditions Review Meeting 
Page 3 of 4  

eg v:\1953\active\195311651\transportation\meetings\20181205_alternatives_development\meeting_notes_20181205.docx 

Item: 
c. Maintain U-turn operation 
d. Consider access management recommendations 
e. With US 5 AADT<10,000, consider one lane thru lane on US 5 NB and SB to reduce conflict 

points. 
i. Maintain 24 feet curb to curb but provide 2 foot shoulder,12 foot lane, 5 ft buffer and 5 

ft lane 
ii. For truck climbing, consider keeping two lanes US 5 SB coming up hill (Share The 

Road) 
f. Or move out US 5 NB curb four feet, provide one 20 foot curb to curb roadway and 10 foot 

shared use path from SMA Roundabout to North Main Street Bridge 
 

9. US 5/North Main Street 
a. Capacity analysis as signalized indicates V/C ratio 0.80 (2018 AM) and 0.70 (2040 AM) 
b. Stantec to perform capacity analysis using 2040 traffic with reduced lanes – one US 5 NB left 

turn lane, one North Main to US 5 SB lane, and 3 lane bridge and adding pedestrian crosswalk 
phase on east approach, concurrent with US 5 NB left turns. See sketch. 
 

10. US 5/VT14 
a. Capacity analysis as signalized indicates V/C ratio 0.62 (2018 PM) and 0.65 (2040 PM) 
b. Stantec to perform capacity analysis using 2040 traffic with reconfigured lanes – one US 5 NB 

left turn lane, one US 5 NB thru and right turn lane, optimized phasing and timing, such as 
permitted left turns with yellow arrow and exclusive pedestrian crossings. See sketch. 

c. Revise US 5 NB right turns yield to stop. 
d. Moves back stop bars and crosswalks.  
e. For design, will need to consider keeping signals within 120 FT of stop bars. 
f. Consider removing sign bridges – maybe part of paving project? Erin to check with Matt. 
g.  Cannot completely remove Island for RT onto bridge from EB 14 since need to provide a 

signal mast arm. 
 

11. US 5/Highland Ave. 
a. Capacity analysis as signalized indicates V/C ratio 0.41 (2018 AM) and 0.46 (2040 AM) 
b. Stantec to perform capacity analysis converting Highland Ave approach to left turn lane and a 

thru/right turn lane, provide protected /permitted left turn phase and reduce pedestrian crossing 
phase.  

c. Traffic volumes for 2016 (before circulation changes at school) vs. 2018? 
d. Determine benefit of concurrent pedestrian phases? 
e. Better coordination - appears to float? Due to pedestrian actuation? 
f. Consider providing pedestrian crossing at Worcester with direct sidewalk. 
g. Bike lane on NB Approach – would need single thru lane on approach. 

i. Look at signal impacts of reducing to single thru approach. 
h. Meet with Derek Lyman to discuss possible signal issues and changes such as better 

coordination with Hanover/Highland signal since it appears to float and the influence of 
pedestrian actuation on coordination. 
   

12. Pine Street/ Bridge Street 
a. Stantec to perform capacity analysis for existing (2018) / future No Build (2040) 

 
13. Meet again as project team with others from VTrans. Erin will try for January 10 or later.  
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Item: 
14. Erin to obtain some available utility information from VTrans. and ask for available water/sewer GIS 

shape files or system plans from Town. 
The meeting adjourned at 11:00 AM 

The foregoing is considered to be a true and accurate record of all items discussed. If any discrepancies or 
inconsistencies are noted, please contact the writer immediately. 

Stantec Consulting Services Inc. 

Greg Edwards   
  
 
Phone: 802-864-0223  
  

Attachment: None 

c. Attendees 
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Project Alternatives Review with VTrans 

Hartford US 5 Corridor Project Definition / 195311651 

Date/Time: February 21, 2019 / 10:30 AM 

Place: AOT - Davis Conf Rm N313 

Next Meeting: TBD 

Attendees: Erin Parizo (VTrans), Derek Lyman (VTrans Traffic Signal Operations), Scott Robertson (VTrans 
Municipal Assistance Bureau), Trevor Starr (VTrans DTA/GM District 4), Chris Bump (VTrans PM 
District 4), Matt Bogaczyk (VTrans Pavement Design), Jon Lemieux (VTrans Municipal Assistance 
Bureau), Patti Colburn (VTrans), Jesse Devlin (VTrans), Greg Edwards (Stantec), Sean Neely 
(Stantec) 

Absentees: Bruce Nyquist (VTrans Research), Mario Dupigny-Giroux (VTrans Research) 

Distribution: Attendees/Absentees 

 
Item: 
Project Roles: 

Erin is the VTrans project manager and Stantec is the consultant working for VTrans. Greg Edwards is project manager 
and Sean Neely is project engineer. 

Project Area: 

US 5, from Arboretum Lane to Highland Ave. VTrans met with Town last March to discuss area concerns (e.g., new 
development, HCLs, interstate ramp change). That informed the need for a scoping project. This study is to look at the 
bigger picture, either spot or corridor improvements, and establish a plan for next steps. 

Other Project Area Projects: 

- US 5/Sykes Mountain Avenue (SMA) Roundabout 

- US 5 Sidewalk from Arboretum to Ballardvale 

- US 5/I-91 Interchange Bike/Ped Improvements 

- US 4/US 4 Scoping 

Area Information, Concerns, and Potential Alternatives: 

- US 5 – Arboretum Lane to SMA 

o US5/Veteran’s Drive / Dunkin Donuts 

 Currently the intersection is just below the signal warrant threshold for the peak hour 
warrant, by about 10 vehicles.  Adding a signal will likely draw vehicles currently using the 
VA Cutoff road and therefore meet the peak hour warrant. Alternatives include signalizing 
intersection or signalizing the US5/VA Cutoff intersection and making Veterans Drive Right-
in/Right-out (RIRO),or a one-way entrance, with an exit from VA Cutoff Road. 
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Item: 

 Signalizing Dunkin Donuts could include a crosswalk. 

 Jasmin Drive is a private drive and its location is problematic for intersection operation. 

 After project team gets buy-in from VTrans management, the recirculation associated with 
one way or RIRO operation can be discussed with VA (Make sure no opposition from 
VTrans first). Erin will follow up internally and with the VA. 

 There is limited existing sight distance looking northbound from Veterans Drive. Stantec 
will evaluate for improvement. 

 VA owns all property on VA side of US 5 

o Winsor Drive / Ballardvale Drive 

 Winsor Drive has limited sight distance looking southbound. Could be mitigated by simply 
cutting trees and cutting the bank back but may require environmental documentation 
review and easement from property owner. Stantec will evaluate for improvement. 

o I-91 Southbound Ramps 

 Short term improvement options could include I-91 SB offramp right turn lane, and/or US 5 
SB slip ramp (analysis shows slip ramp doesn’t make significant impact). 

 Long term improvements could include roundabout or signalization. 

 Currently meets signal warrants. 

 There had been a channelized yield treatment for SB RT turns, but nobody was yielding. 

 Currently two SB lanes, one should be designated RT to I-91 SB. Motorists in the RT lane 
here change their mind sometimes and get locked into the lane, resulting in conflict.  

 Exiting the ramp, it is difficult to tell if other vehicles are turning. Removing the previous slip 
lane overall was helpful.  

 Temporary signals were discussed but did receive support.  

 I-91 SB ramps had some Wrong Way incidents. A recent one cause a big pile up on the 
bridge on I-91. 

o I-91 Northbound Ramps 

 I-91 NB off ramp LT:  “T” up intersection per previous scoping study.  

• That possibility had been put on hold due to insufficient funding. The local match 
required was $150,000. 

• Stantec will perform capacity analysis (Synchro) for stop-controlled T-
intersection. 
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Item: 

• Without making “T” intersection, no pedestrian solution. May need to look at drastic 
changes to get pedestrian solution. Current straight ramp for RT not compatible 
with pedestrian facility. 

 One potential is to restrict NB off ramp movements to right turns, requiring left turns to make 
U-turn at SMA roundabout for SB US 5. This would require analyzing roundabout and 
furthering this alternative will be on hold pending results of other alternatives.  

 Signalize intersection 

• Would require realignment with on ramp. 

• Stantec will consider queuing onto ramp, towards interstate, and towards 
roundabout. 

o End goal for this section of US 5: a preferred alternative that works for corridor 

 If addition to signal alternatives, Stantec will evaluate roundabouts for I-91 SB/NB ramps. 

- US 5 – SMA to North Main Street/US 5 Bridge 

o Airport Road 

 No capacity issues. Conflict points, access, surplus pavement. Low volume. No queuing 
issues. 

 Alternative for this area is to convert existing 4 lanes to 2 lanes with buffered bike lanes. 
Mostly accomplished with pavement markings.   

 It was pointed out, that winter conditions were problematic for trucks climbing the hill US 5 
southbound and was nice to have two lanes, but not an issue anymore. Trucks might 
currently be using alternate route. If bike lanes are added, they won’t likely be used as much 
during winter, so trucks could use that space during winter. 

o North Main Street / Bridge 

 No capacity issues. Even while bridge deck was under construction over the summer, and 
lane closures on both sides, with the US 5 NB LT lane towards bridge reduced to one lane, 
capacity was sufficient. 

 One issue that has been heard was lack of sidewalk connectivity for pedestrian crossing.  

 During paving, Town had requested to reduce striping to provide shoulder for bikes. Crew 
was unable to do that at that time, due to a culvert failure and night paving requirements. 
Will need to be restriped in Spring 2019 and will need help with tapering. VTrans had looked 
at this from a high level; it seemed there is not much room for bike lanes. 

 No complaints during TTC for reduced lane that went south to intersection. The whole lane 
was closed back towards US 4. Entire third lane was eliminated. It was problematic for bikes 
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Item: 

making LT onto bridge. One issue was on the north side of the bridge, for trucks turning RT 
onto bridge from VT 14, barrels had to be moved five or six feet sometimes. 

 Keep in mind, anything proposed for median island, bridge is essentially two bridges, with a 
joint right down center of island. Channel width is an inch or two. Need to be aware if 
changing center line. 

- US 5 – VT 14 to Highland Avenue 

o VT 14 / US 5 

 Upcoming VTrans paving project on this section of VT 14 (Class I Town Highway), to 
include two signal systems (at US 5 and Pine St.) being upgraded to current standard. At VT 
14 / US 5 they will upgrade the signal and replace sign structures with lower level signs. 
With this program, could potentially look at minor curb movement. Won’t adjust medians 
going up the hill, but splitter islands may be eligible, requiring some analysis. Ideally the 
equipment will be in the right place to be able to move later if needed. They will try to plan 
ahead to accommodate the preferred alternative from this scoping project. 

 Given this is a high crash location, Stantec will evaluate a roundabout for this location. A 
150 FT diameter circle has been roughed out on the alternatives drawing so far to get a 
sense. That diameter is generous and could likely accommodate whatever is needed. 
VTrans hasn’t had much success with two lane roundabouts but have had some with a 
single lane and two slip lanes. Because of the high ranking as a high crash location (HCL), it 
warrants analysis for roundabout, before looking at cost/benefit.  

o VT 14 / Pine Street 

 As part of the upcoming VT 14 paving project mentioned above, medians will be pulled at 
the Pine Street intersection, allowing for some adjustments to lanes and space for bike 
lanes. 

 Alternatives to further evaluate include upgrading the signal and adding a westbound left 
turn lane.  

o US 5 / Highland Avenue 

 Morning peak period capacity issues for a short period (~15-20 minutes) during school drop-
off. Analysis supports this. Stantec analyzed reducing pedestrian phase time, 
protected/permitted left turn for Highland Ave approach. This did not have significant impact 
on analysis results.  

 Signal was designed with two additional ingress/egress (Cascadnac Ave from south; 
Hanover St from north). Now both of those access points are closed. Both the school and 
the sheriff have indicated there is no opportunity for re-opening those access points.  

 Consider ‘Do-Nothing’ alternative.  
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Item: 

 Can’t coordinate signals with current equipment. Coordination would require new 
technology signal equipment. Expense of upgrade and use of logic statements seems 
elaborate for a short duration problem. 

 School should consider reopening closed ingress/egress points. Closing those access 
points has created the traffic issues they are now experiencing. Coming from VT 14, 
Cascadnac Ave does have grade issues, but opening it could help with the protected phase 
at US 5 / VT 14. The school has not provided much input so far, except for adding a LT 
arrow. The school, in coordination with local law enforcement has indicated that reopening 
old ingress/egress is not an option in their mind.  

 Consider discussing soft solutions with the school, like encouraging bussing or carpooling to 
reduce the number of motor vehicle trips during the peak period. 

Next Steps: 

- Develop matrix for evaluation of alternatives. 

- Evaluate roundabouts at I-91 ramps and VT 14. 

- Consider feasibility of alternatives  

o Keep in mind bridge functions as two bridges with longitudinal center joint.  

o Alternatives need to be assessed on a corridor basis. Needs to be modeled based on the corridor, 
and presented as such, while still understanding the individual components. 

o Break corridor up into segments, similar to break-out sessions from local concerns meeting. 

o Present a range from a full treatment, compared with lower cost, short-term improvements. 

o Plan to have a recommended alternative by late spring/early summer. Keep this meeting’s attendees 
in the loop. 

- Erin will review project with Bruce and Mario, in terms of HCLs. 

- Will discuss any additional signal improvements with Derek. 

- Benefit-Cost Analysis (BCA) will be conducted for individual intersections, after other analysis completed. 

- Look at alternatives with this VTrans group again and refine before bringing to VTrans management and then 
presenting to stakeholders and the public. 

 
The meeting adjourned at 12:00 PM 

The foregoing is considered to be a true and accurate record of all items discussed. If any discrepancies or 
inconsistencies are noted, please contact the writer immediately. 

Stantec Consulting Services Inc. 
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Gregory A. Edwards, PE 
Senior Principal, Transportation 
 
Phone: (802) 497-6395 
Fax: (802) 864-0165 
Greg.Edwards@stantec.com 
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Hartford US 5 Improvements Meeting with VA Staff 

/ 195311651 

Date/Time: April 3, 2019 / 2:00 PM 

Place: VA Hospital Building 28 – room 125 

Next Meeting: TBD 

Attendees: Becky Rhoades, Jim Borelli, Joe Nolin, Erin Parizo, Greg Edwards 

Absentees: Shaun Fontenelle 

Distribution: Attendees 

 

 

Discussion Items: 

1. Existing operations – Approximately 1200 total VA staff including all shifts. There are 3 
daytime shifts with staggered start and end times. (7am - 3:30 pm, 7:30 am - 4:00 pm and 8 
am - 4:30 pm) 

2. Existing site circulation, operations and issues – Jim provided the attached site plan with 
existing conflicts and safety concern areas along their existing internal roadways. Most notable 
was the multilegged intersection in the area of the emergency services entrance, and the 
curved narrow roadways in the rear of the site. There are numerous pedestrian and vehicle 
conflicts as all parking areas are connected to the facilities via surface sidewalks or/walkways 
that require crossing or using internal roadways. Internal roadways serve as a component of 
an emergency evacuation plan.  

3. Commercial Deliveries – Most deliveries are during the off-peak hours using Patriots Drive 
but many utilize unloading dock facilities at building 67, the warehouse, and currently exit 
using Veterans Drive. It is impractical to exit via the existing rear entrances. 

4. Facility Construction – Some construction may require closing of internal roadways and alter 
circulation, so a one-way entrance may restrict this flexibility. Potential future projects, some 
subject to funding, are: employee parking deck, utility upgrades, wellness center, Emergency 
Services, and Fisher House.  

5. Transportation demand management measures – Two transit services include VA on their 
route and VA provides staff incentives for using transit, ride share is promoted, bike racks are 
provided, shuttle service is provided for eligible patients, and commercial deliveries are 
typically scheduled off peak.  

6. Alternatives – Veterans Drive one way or right in and right out requires exiting traffic to 
circulate through site and use Veterans Cutoff Road. With current internal roadways this 
creates greater conflict with existing vehicles. We discussed the possibilities on internal 
improvements such as improving intersection at Emergency services with a roundabout or a 
new connection to the VA Cutoff Road. VA staff will review possibility of internal 
improvements. It was pointed out that many of their patients are elderly and exiting at a 
different location than was entered can be confusing. Consider emergency services and pre-
emption at a new signal installation considering proximity to fire department. 
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Discussion Items: 

7. Next Steps: 

a. Stantec will provide VA staff with traffic data used in the intersection capacity and 
signal warrant analysis. 

b. VA to follow up with thoughts related to internal improvements required to make 
circulation functional under a one-way or right in/right out alternative. 

c. Alternatives to be further defined, preferred alternatives to be selected among Agency 
staff, Town staff, and other stakeholders, and draft/final scoping report to be 
developed over the next few months. 

The meeting adjourned at 3:30 PM 

The foregoing is considered to be a true and accurate record of all items discussed. If any discrepancies or 
inconsistencies are noted, please contact the writer immediately. 

Stantec Consulting Services Inc. 

Gregory Edwards, PE   
  
 
Phone:  603-289-0025 
Fax: 802-864-0165 
  

Attachment: Campus Map 

c. Attendees 
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Alternatives Collaboration Meeting 
Hartford US 5 Corridor Project Definition / 195311651 

Date/Time: May 10, 2019 / 1:00 PM 

Place: Hartford Town Offices 

Next Meeting: TBD 

Attendees: Erin Parizo (VTrans), Hannah Tyler (Hartford DPW), Scott Cooney (Hartford Fire), Brad 
Vail (Hartford Police), Jim Borelli (VHA-WRJ), Tom DeBalsi (Hartford School District), 
Rita Seto (TRORC), Lori Hirshfield (Hartford Planning), Matt Osborn (Hartford 
Planning), Greg Edwards (Stantec), Sean Neely (Stantec) 

Absentees: None 

Distribution: Attendees 

 

 

Item: 
Meeting Summary 

Project Area, Purpose & Need were reviewed, and short-term and long-term alternatives for each 
segment were presented and discussed among stakeholders. 

Segment 1 – Arboretum to Ballardvale 

Questions came up concerning coordination between Town and State 1111 Permit process for access 
management. It seems that past planning efforts and assumptions haven’t always turned out as 
expected. Plans may need to be monitored/revisited at times to update accordingly. 

Simulations conducted for roundabouts and signals along corridor indicate sufficient operations. 

Signalization at Veterans Drive is considered due primarily to peak hour volumes.  

Sidewalks and bike facilities could not be routed behind properties while staying within current ROW. 

LT1 – US 5/VA Cutoff Road Intersection Signal:  

The VA would not advocate for the right in/right out or one-way in at Veterans Drive due to safety 
issues on the VA campus. Medical gas and fuel trucks don’t have a good alternative route through 
campus. With current internal roadways this creates greater conflict with exiting vehicles and 
pedestrians. Concern for increasing risks to aging veterans getting care at the facility. Many of their 
patients are elderly and exiting at a different location than was entered can be confusing. Meeting was 
held with VA leadership to discuss concerns on 4/3/19. 

Moving traffic to VA Cutoff Rd would just move problems to that facility, and would require 
improvements to handle added traffic, trucks, and pedestrians. 

LT2 – US 5/Veterans Drive Intersection Signal:  
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Item: 
Roundabout at Veterans Drive is not shown as an alternative because the tight geometry makes it less 
feasible. 

Would need to work through mitigating impacts with Dunkin Donuts. Although LT2 looks favorable, the 
tight radius for right turning movements out of Dunkin Donuts would need mitigation to avoid 
encroaching on opposing lane. This is a current issue that remains regardless of whether this 
alternative is selected. 

Segment 2 – Ballardvale to Sykes Mountain Ave 

LT3 – US 5/I-91 NB and SB Ramp Signals 

The capacity analysis indicates a signal  provide good performance here and queues wouldn’t be an 
issue, but additional detection could be put in for the NB off ramp approach if they become a concern.. 

The Sykes Mountain Ave roundabout construction will not change the slip ramp for the NB on ramp. 

LT4 – US 5/I-91 NB and SB Ramp Roundabouts 

Concern was raised that roundabouts would require reconstruction of the sidewalks and bike lanes that 
the Town is planning. Perceptions of additional public monies being spent on changes to projects with 
recent public expenditures could be a concern.. 

Concern was raised that roundabout at Sykes Mountain Ave could reduce gaps in traffic for people to 
turn out of other side roads (e.g., Veterans Drive, Winsor Drive). 

Concern was raised about having three roundabouts, and the resulting queues or lack of gaps in the 
traffic. A signal for the NB ramps might be preferred for that reason. Concern raised for managing bikes 
and pedestrians, as well as peak demand, with a third roundabout.  

A suggestion was offered for adding other criteria to the comparison matrix to consider cohesion with 
related ongoing Town projects (e.g., sidewalk from Arboretum to Ballardvale going out to bid soon). 

Segment 3 – Sykes Mountain Ave to North Main St 

Short Term – Replace Existing US 5 Right Lanes with Buffered Bike Lanes 

Providing a buffered bike lane for bikes continuing north on North Main Street towards downtown may 
provide for more users than prioritizing bikes making left onto bridge. Not much demand for left turn 
onto bridge for school children on bikes is anticipated, as it is not coming from residential areas. For 
bikes who do use the bridge, maybe they could use the crosswalk to cross to the bridge. 

Alternative shows one lane in each direction over the bridge, but the southbound lane could be 
separated into two lanes closer to the signal if that makes more sense. 

US Route 5/US Route 4 is a separate project but will be conducted to be able to work together with this 
project. 

Segment 4 – North Main St to Highland Ave 

Short Term – Upgrade Signals, Reconfigure Lanes 
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Item: 
Comments provided that protected left turn phases are needed at US 5/VT 14. Northbound Left and 
Thru lane could work at US 5/VT 14, so long as a dedicated left turn signal provided. Even with 
infrequent NB left turns here, concern raised that thru vehicles would get stuck behind left turning 
vehicles. 

Challenges expressed for people traveling through this area to get from A to B. 

Concern raised for dropping a lane going up hill towards Highland Ave; could pose hazard for right 
turning vehicles using jughandle when queues extend to US 5 during peak period. Right now, having 
two lanes allows movements around those going to jughandle. During winter weather, it can be hard to 
stop then start again on the hill. 

Concern raised for sight distance for bikers, and conflicts between bikes and motor vehicles at 
Worcester Ave; vehicles need to yield to bikes. This can be an issue when considering brand new 
drivers around the High School. 

Discussion about making Hanover Street one way in, forcing exiting traffic to go through middle school 
and circle back like buses do. Having buses do this has been helpful. Signal adjustment in recent years 
by VTrans was helpful here. Due to short peak, it is hard to justify more capacity improvements. Adding 
a protected left turn out of the school could add to delay. 

LT5 – US 5/VT 14 Roundabout 

Question raised about additional construction work on bridge this year. Erin checked after the meeting 
and it is not planned by the district for this season. 

VT 14/Bridge St/Pine St 

Although comments during the public workshop indicated the pedestrian signals were not working here, 
it was confirmed that they are in fact operating as an exclusive actuated pedestrian phase. 

Inquiry about putting in diagonal crosswalks to meet desire lines across intersection and make it more 
feasible for pedestrians to make that movement during one phase. There is an example of this done in 
Brattleboro.  

Concurrent pedestrian phasing could be a good option, with a leading interval. Concern raised for 
difficulty making right turns here during busy times, and the impact of a concurrent ped phase. 

Positive input provided for eliminating median islands and adding left turn lanes. 

Access management issues raised for VT 14. Redevelopment in this area to occur in the future. 
Separate properties need to be considered. Suggestion for considering shifting more traffic to Pine 
Street for accessing properties along this section of VT 14. If that were to be done, would need to 
address capacity of Pine Street. The school feels Pine Street already has limited capacity and is too 
narrow. 

For encouraging more of a downtown village feel, reducing lane widths could help. 

Overall Comments 
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Item: 
Expanding bike facilities is of interest to the community, if that can be reasonably accommodated 
without increasing congestion. Each location needs to be considered individually, as well as looking at 
the corridor holistically. It can be difficult for people to conceptualize, because now it seems 
uncomfortable and dangerous. If it appeared safer and more welcoming, maybe more people would 
want to ride bikes. Many bike accommodations could be implemented relatively easily. 

Draft report was sent out to stakeholders for review and feedback. Comments to be provided by June 
5th. Then review with VTrans, prioritization and preferred alternatives selection. A preferred alternatives 
meeting will need to be scheduled for the public. It might make sense to schedule this separately from 
a Select Board meeting. Summer months can be challenging to schedule events with people on 
vacation. Either as a supplement or alternative to a public meeting, enabling online review and 
comments could be useful. 

Ultimate goal is to have one recommendation for the whole project corridor. 

The meeting adjourned at 3:00 PM 

The foregoing is considered to be a true and accurate record of all items discussed. If any discrepancies or 
inconsistencies are noted, please contact the writer immediately. 

Stantec Consulting Services Inc. 

Sean Neely   
Civil Engineering Designer 
 
Phone: 802 864 0223 
Sean.Neely@stantec.com 

Attachment: Attachment 
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Management Approval Of Scope 
March 18, 2020 

Project:  Hartford HES 0113(77) - US Route 5 Corridor from Arboretum Lane to Highland Avenue 

Project Manager:  Erin Parizo, Traffic Design 

Project Briefing:  This project definition effort included analysis of a 2-mile corridor of US Route 5 in 
Hartford, VT. The Final Report outlines the alternatives that were evaluated, along with the preferred 
alternatives that were endorsed by the Town Selectboard on January 28th, 2020. The short-term 
alternatives include signal upgrades, additional paving to modify I-91 ramps, and minor changes to signage 
and pavement markings to add bike lanes and create clarity among all road users. Short-term 
improvements are proposed to be included in existing projects in the paving program. Long-term 
alternatives include the installation of three new traffic signals which would require separate 
programming.  

Maintenance of Traffic:  Proposed alternatives can be incorporated into existing or future paving 
projects or they will be programmed separately as new signal installations. Traffic will be maintained 
consistent with current practices for resurfacing projects and signal installations using lane closures as 
needed, flaggers, and uniformed traffic officers. No roadway closures are anticipated.     
 

☒  Project Delivery Bureau Management approves the project scope. 

☐  Project Delivery Bureau Management will require more information before making a decision. 

☐  Project Delivery Bureau Management recommends getting higher level approval for the proposed scope. 

☐  Project Delivery Bureau Management does not recommend the project scope. 

☐  Project Delivery Bureau Management approves the project scope with modifications. 

 

 

_____________________________________    ___________ 

Highway Safety and Design Program Manager    Date 

 

_____________________________________    ___________ 

Project Delivery Bureau Director     Date 

E.P. 

March 27, 2020E-SIGNED by Jesse Devlin
on 2020-03-27 18:01:16 GMT 

March 30, 2020E-SIGNED by Robert M. White
on 2020-03-30 11:37:29 GMT 
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APPENDIX E 
Environmental-Cultural Resources 

 



 

                                                                      

                                                   

                                              

Brennan Gauthier 
VTrans Archaeologist   
Vermont Agency of Transportation  
Project Delivery Bureau  
Environmental Section  
1 National Life Drive  
Montpelier, VT 05633  
tel. 802-279-1460 
Brennan.Gauthier@Vermont.gov

 
To:  Lee Goldstein, VTrans Environmental Specialist  
From:  Brennan Gauthier, VTrans Senior Archaeologist 
Date:  January 28th, 2019  
Subject: Hartford HES 0113 (77) - Archaeological Resource ID 
 
Dear Lee, 
 
I have completed my background investigation of the safety scoping project of VT US-5 in Hartford, Windsor 
County, Vermont. The scope of the project has yet to be identified.  
 
In order to determine archaeological sensitivity within the projects’ area of potential effect (APE), I conducted 
preliminary desk review of the site and neighboring resources consulting the VDHP Environmental Predictive 
Model, the Online Resource Center (ORC), Historic Maps such as Beers and Wallings, and additional 
documentation on the history of Hartford and the construction of US-5. Due to an undefined scope, the assumed 
APE was 50m from the surrounding roadways.  
 
Much of the area consists of dense urbanization, with consistent industrialization to surrounding natural 
environments. This proves consistent throughout the history of Hartford and White River Junction according to 
details from historic maps that depict similar circumstances in certain locations within the APE. A visual analysis of 
the immediate roadway identifies drainage slopes, and soils that appear manipulated and disrupted as a result of 
persistent construction and development projects both state and privately funded; in fact, this project proposed by 
VTrans overlaps with multiple alternative VTrans nominated projects established to improve the condition of the 
roadway and/or neighboring structures. Therefore, it is predicted the soils surrounding the immediate roadway 
contain heavy disturbances that exempt most of the project area and APE from archaeological consideration at this 
time.   
 
However, a distinguished area located near the southern end of the project contains evidence supporting 
archaeological potential. Class 2 wetlands neighbor this area, along with apparent natural, undisturbed areas (Figure). 
Should the scope of the project exceed the predicted APE, a new assessment of archaeological impacts will be 
required. As always, feel free to reach out with any questions or comments as they arise.  
 
 Sincerely, 

     
 Brennan 
 
Resource ID prepared by Alexandria Crowell, Archaeology Apprentice III  
 



 

Images and Illustrations 
 

 
 

Figure 1: Orthoimage of project location (red). 

 



 

 
Figure 2: Topographic map depicting project location (red), and surrounding area. 

 



 

 
Figure 3: Orthoimage depicting area of undisturbed soils predicted as archaeologically sensitive (orange) in relation to 

neighboring wetlands (blue) and the project location & APE (red). 



 

 
 

Figure 4: Historic Beers Map depicting White River Junction and project area (red). Area of heavy urbanization depicted in 

both northern and southern regions of the project. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 

Images below captured from Google Earth  

to better depict level of urbanization and industrialization of area.  

Project boundaries illustrated in red. 

 

 
 

 

 

Project Beginning 



 

 
 
 

 
 
 
 

  

 

Project End 



 

                                                                      

                                                   
                                              

Alexandria Crowell 
VTrans Archaeology Technician Apprentice III             Vermont Agency of Transportation 
              
alexandria.crowell@vermont.gov        Project Delivery Bureau - Environmental Section  
                           One National Life Drive 
www.vtrans.vermont.gov       Montpelier, VT 05633-5001 
                   

                    
Historic Preservation Resource Identification Memo 
 
To: Lee Goldstein, VTrans Environmental Specialist  

Cc: Kyle Obenauer, VTrans Historic Preservation Officer 

Date: February 22nd, 2019  

Subject: Hartford HES 0113 (77) 18T173 

Lee,  

This Resource Identification effort is being undertaken to identify cultural resources within 
multiple broad preliminary survey areas that could possibly be impacted by a future VTrans 
project along Vermont US-5 and US-4 in Hartford, Windsor County, Vermont. Once a project 
has been defined at the conceptual design phase, VTrans’ Cultural Resources staff will be able to 
determine a formal APE for purposes of Section 106 and Section 4(f) review.  
 
Multiple historic resources (Figure 1) were identified within the surrounding environment of the 
project Area of Potential Effect (APE):   
 

i. Hartford High School 
ii. Wright Tomb 
iii. 66 Barnes Ave Residence; and, 
iv. Terraces Historic District 

 
The historic resources identified would be unaffected by a future project within the preliminary 
survey area at Figure 1, below.  
 
In order to determine eligibility, VTrans’ Cultural Resources staff performed preliminary archival 
research by consulting multiple agents such as the National and State Registers of Historic Places 
(NRHP/SRHP), the Vermont Division for Historic Preservation’s Online Resource Center, as 
well as further documentation regarding the history of Hartford and White River Junction. 
Furthermore, staff conducted a field visit on February 8th, 2019 to identify historic resources in 
relation to the project’s estimated scope. Furthermore, past planning; the magnitude and nature 



 

of the potential undertaking(s) and the degree of federal involvement; the nature and extent of 
potential effects on historic properties; and, the likely nature and location of historic properties 
within each survey area have also been considered.  
 

Former Hartford High School 
The former Hartford High School is a 20th century Georgian revival building located to the north 
of the White River along US-5 (Figure 4). The building sits in a heavily developed area and the 
property is bordered by a modern chain link fence (Figure 5). The school currently serves as the 
White River Elementary School and has a playground on the property grounds; however, this 
playground is exempt from independent Section 4f consideration as it remains within the chain 
link fence and is a private playground owned by the school (Figure 6).  
 

Wright Tomb 
The Wright Tomb possesses historic significance as it holds the remains of the American 
Revolutionary War Major David Wright, a resident of Hartford, VT, and his immediate family. 
The tomb originally was a dry wall construction, with mortar added later. The burial is half-
domed, under a mound, and the entrance is covered with a block of marble installed before 1977, 
with little known regarding the previous entry. The front façade is made of stones which were 
split before they were fitted into place (Figure 7). This historic burial resides along Veterans 
Administration Road and lies outside the estimated APE, approximately 50m. from the project 
location on US-5. Both historic structures lie outside the White River Junction Historic district 
(Figure 3).  

Residence at 66 Barnes Ave 
The residence at 66 Barnes Ave is not listed under the State nor National Register of Historic 
Places; however, it possesses historic significance as presented under the National Register of 
Historic Places criteria (Figure 11a). The building was established 119 years ago and retains 
original interior and exterior features and expresses a Gambrel style home which was common 
during 1900. Barnes Ave runs parallel to US-5, separated by thin vegetation and a chain link fence 
(Figure 11b).   

Terraces Historic District 
As illustrated in the National Register of Historic Places, the Terraces Historic District is 
comprised of Fairview Terrace, Hillcrest Terrace, Maplewood Terrace, Forest Hills Ave, and 
Chellis Street. In relation to the project location, Fairview and Maplewood Terrace are within 
proximity to the area of potential affect, as they run parallel to US-5. Most of these properties are 
separated by steep slopes covered with vegetation. The Terraces Historic District contains 62 
contributing properties as recognized under the State and National Register of Historic Places 
(Figure 14).  

Round House 
One additional structure over 45 years of age was identified within the survey area: a round house 
resides along the railway currently situated near an unidentified private road stemming from US-5. 
The roundhouse was built in 1929, and aimed to house type 2-10-4 steam locomotives, the largest 
trains moving through New England at the time 1. Although this building existed as one of the 
remaining two round houses in the state of Vermont (Figure 15), it does not retain sufficient 
historic integrity for inclusion in the NRHP, or as a contributing resource to a current or 
                                                 
1 “The CV Roundhouse”. Hartford Historical Society Newsletter; Volume 21, No. 4. March-April 2009.  



 

potential historic district due to severe alterations and extensive internal and structural damage as 
the result of a tire fire on November 2nd, 2008  (Figure 16). No other buildings, structures, or 
objects over 45 years of age were identified within the preliminary survey areas.    
 

Historic Context 
 

Hartford and White River Junction maintain rich historic integrity dating back to the town’s 
charter in 1761. Once a farming community, White River Junction is renowned for its industrial 
boom and economic inflation. Five railroad lines from 1847-1960 established White River 
Junction as an essential railroad community to the state of Vermont: the Vermont Central 
Railway and Connecticut Railroad, Connecticut and Passumpsic Rivers Railroad, the Northern 
New Hampshire Railroad, and Woodstock Railroad. Utilizing both passenger and cargo trains, 
the area grew into a community centralized around rail and mechanic production and the wealth 
of urbanization custom of rail development. This growth was gradual and linear, and by the 20th 
century “(White River Junction) became the primary cultural, political, and commercial center of 
Harford” 2. White River Junction therefore proves notorious and a key influencer in Vermont’s 
industrial age, and currently remains one of the states most provincial and economically stable 
areas.  

Former Hartford High School 
As illustrated in the provided historical context, Hartford and White River Junction underwent a 
prosperous socioeconomic inflation caused by its role as a major railroad junction. Constructed in 
1907, the Hartford High School portrays the period of economic commerce that occurred 
between 1900-1925, and booming prosperity in Hartford and White River Junction from 1900-
1925. During this time, the Hartford School Board erected four new school buildings, and as a 
result of this economic expansion much of the architectural design was influenced by the school 
boards’ desire to establish “modern educational facilities”3.  
 
Due to this desire in producing an aesthetic complimentary of the social and economic 
circumstances of the time, the Hartford High School possesses the characteristics of the 
Georgian Revival style. This style is a popular structure design frequent during the turn of the 20th 
century, which mimics classical architecture and serves as a symbol of affluence. The walls are 
made of brick with asphalt tiles and a hip-roof design. Due to the nature of its construction, the 
structure retains high local significance as an acute representation of the prosperous economy at 
the time; therefore, the structure retains historic integrity and significance necessary for inclusion 
in the National Register of Historic Places (NRHP) under Criteria A and C (refer to above).                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
 

Wright Tomb 
Major David Wright (Figure 10) served in the Continental Army during the American 
Revolutionary War from 1775-1783. Born in 1749, Major Wright played an incalculable role in 
the establishment of Hartford and is currently regarded as one of the town’s founding members. 
Along with his wife Hannah (Figure 11), he occupied 600 acres of land primarily utilized for 
agriculture, where he built a large home that was “said to be the best house in town,” and 

                                                 
2 White River Junction Historic District; Historic Tour No. 1 in the Town of Hartford, Vermont Brochure; 2015.  
3 State Register of Historic Places, Hartford, Vermont; 1977. Pg. 253.  



 

“included a Masonic hall where Masonic meetings were held” 4. While the home is no longer 
standing, the tomb remains as a final resting place for Major David Wright, his wife Hannah 
Bailey Wright, their son David Wright and his wife Elizabeth, and their son Bela Wright with his 
wife Betsy Wright. Detailed both primary and secondary accounts say Major David Wright 
pursued agricultural work following the war; however, it is suggested during times of strife, such 
as conflict with indigenous peoples, the Wright family were regarded as leaders among their 
neighbors.  
 
Therefore, it is indicative Major David Wright and family served as significant members of early 
Vermont colonialist society, fortifying the area of Hartford and White River Junction into a new 
township. Assuredly it is presumed Major David Wright is the progenitor of the modern Wright 
generation who live in Hartford and the surrounding areas. Major Wright is not only an important 
local figure in Hartford history, but his family and their narrative portray Vermont life during the 
Revolutionary War and the fortification of Vermont as the 14th colony in the newly developed 
United States. 
 
Furthermore, the Historic Context of Vermont: Burial Vaults provides concise qualifications to 
properly deem burials, tombs, or resting vaults as retaining historic significance under guidelines 
erected by the State of Vermont. The document, written in 1977, provides details and examples 
pertaining to the criteria in which burial vaults are considered historically significant as found 
under the National and State Registers of Vermont (Figure 9). The Wright Burial Tomb is listed 
under the historic context as an example of such burial vaults, acting as a “comparative type” to 
assist in future consideration processes. Thus, its consideration for inclusion in the NRHP falls 
under Criteria A, B, & C, as indicative of its attachments to: 
 

A. specific moment in Vermont history such as the American Revolutionary War and 
settlement of Hartford, Vermont; and,  

B. a person or persons of outstanding historic importance; and,  
C. possesses the qualities necessary to be deemed architecturally significant.  

 
66 Barnes Ave 

 
The residence located at 66 Barnes Ave remains the only historic building with features that 
qualify the building as historically significant as listed according to criteria under the National 
Register for Historic Places. Much of the interior and exterior of the home, aside aesthetic 
alterations, is that of original construction 119 years ago (Figure 13). The two-story residential 
building with a tall, shingle roof ending in a flared eave and a cornice return. The exterior is a 
clapboard shake, wood siding and sits atop a granite foundation. Built in 1900, the residence 
exemplifies a classic gambrel style colonial, a sub-type of the Colonial Revival style and a popular 
design common during the 19th-20th century (Figure 12). The colonial revival symbolized a 
patriotic growth in American history, and a desired simplicity reflective of the 18th and 19th 
century. Thus, the residence qualifies as historically significant and a contributing property under 
Criteria C in the National Register of Historic Places.  
                                                 
4  The Old and the New: An Occasional Magazine Devoted to the Institutions and History of the Town of Hartford, Vermont, Volumes 
1-3; 1900; pgs 25-30. 



 

 
If scope is expected to change, further evaluation of historic resources may be necessary. Please 
let me know if there are any questions.  
 
 Sincerely, 
ALEXANDRIA CROWELL 
Alexandria Crowell 
VTrans Archaeology Technician Apprentice III 
alexandria.crowell@vermont.gov 
 

mailto:alexandria.crowell@vermont.gov
mailto:alexandria.crowell@vermont.gov
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Figure 1. Orthophoto map portraying identified historic resources  



 

 

 
 

Figure 2. Aerial map of Hartford, VT, with project area circled in red. Map taken from State Register of Historic Places, 1979.  



 

 
 

Figure 3. Focused aerial map of project area (red) and neighboring historic resources plotted on map. Hartford historic district circled in black, containing historic 
property 22 and 30 in the State Register of Historic Places (SRHP).  

 



 

  
 

Figure 4. Image depicting Hartford High School, dated to 1960s. Georgian revival style clearly identifiable. Photograph taken from SRHP.  
 



 

 
 

Figure 5. Image depicting Hartford High School in proximity to US-5. Chain link fence is visible, and distance from the roadway to the property clearly defined. 
Photograph taken during field visit on February 8th, 2019. 

 



 

 
 

Figure 6. Image depicting the Hartford school’s playground in proximity to a bus stop. Photograph taken from the sidewalk adjacent to US-5, facing east; 
February 8th, 2019.  

 



 

 
 

Figure 7. Image of Wright’s Tomb; February 8th, 2019. 
 



 

 
 

Figure 8. Image depicting Wright’s Tomb in proximity to the intersection of US-5 and Veterans Administration Road. Neighboring urbanization visible. 
 



 

 
 

Figure 9. Wright’s Tomb exemplifies a half-mound burial with tightly laid stones and marble work at its front: a classic burial vault type as listed in the 
Historic Context of Burial Vaults for the State of Vermont. 

 



 

 
 

Figure 10. Image of Major David Wright; taken from The Old and the New: An Occasional Magazine Devoted to the Institutions and History of the Town of 
Hartford, Vermont, c. 1900. 

 



 

 
 

Figure 10. Image of Hannah Wright, wife of Major David Wright; taken from The Old and the New: An Occasional Magazine Devoted to the Institutions 
and History of the Town of Hartford, Vermont, c. 1900. 

 



 

 
 

Figure 11a. Image depicting the residence at 66 Barnes Ave, built in 1900.  
 

 
 

Figure 11b. Image capturing chain link fence and US-5 in proximity to 66 Barnes Ave. 



 

 
 

Figure 12. 66 Barnes Ave facing front gable, with exterior features magnified.  
 

 
 

Figure 13. Interior of building located at 66 Barnes Ave. Original features visible with minor modifications.  
 



 

 

 
 

Figure 14. Terraces Historic District with mapped contributing and non-contributing resources. Image captured from the National Register of Historic Places. 



 

 
 

Figure 15. Image of the Roundhouse in Hartford, c. 1960s. Photograph taken from SRHP. 
 



 

 
 

Figure 16. Image depicting remains of Roundhouse in Hartford after tire fire damaged most of interior and part of exterior. 
 
        
       

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

                                                                      

                                                    

                                             
State of Vermont                              Agency of Transportation 
Environmental Section     
One National Life Drive [phone]  802-279-0583 

Montpelier, VT 05633-5001 [fax]  802-828-2334     

www.aot.state.vt.us [ttd]  800-253-0191 

 
To:   Lee Goldstein, VTrans Environmental Specialist  
From:   Emily Peck, VTrans Stormwater Management Engineer  
Date:   February 12th, 2019 
Subject:  Hartford HES 0113(77) - Stormwater Resource ID Review        
 
Project Description: I have reviewed the project area for Hartford HES 0113(77)) for stormwater related regulatory and water 
quality concerns. The project involves a two-mile corridor of US 5 in Hartford, VT. My evaluation has included the review of 
existing imagery and mapping (ANR Natural Resource Atlas, VTrans Operational Stormwater Permits & VTrans Corridor Needs) 
to capture existing stormwater features and existing 
drainage. A field visit was completed on 2/8/18 for 
reconnaissance. 
 
 
Regulatory Considerations 
 
Permits 
There are three stormwater permits near the 
proposed site area and effort to avoid impacting 
these permits should be made.  
 

The symbol in figure 1 shows the location of 
three operational stormwater permits. 
 

• Permit number 7824-9015 is located at the 
intersection of US 5 and Sykes Mountain 
Ave. This is a VTrans operational stormwater 
permit issued to the town of Hartford for 
2.43 acres of impervious. A copy of the 
authorization can be found at the end of this 
document. 

• Permit number 3004-9010 is located 
adjacent to the project area in the 
southwest region of the I-91 interchange. 

• Permit number 3824-9010 is located 
adjacent to the project area.  
     
      

Figure 1.  
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Watershed Regions 
The attached Watershed Map shows the delineation of the tactical basin regions. The western section of the corridor is in the 
Ottauquechee-Black-CT Direct region and the eastern section of the corridor is in the White Region.  
 
Impaired and Stressed Waters 
The Connecticut River is listed as an impaired water due to altered flow from the Wilder Dam. This should not be a concern for 
this project and no specific treatment is required for discharges to this receiving water.  
 
The White River is listed as a stressed water due to elevated bacteria levels. The pollutant has been identified as E.Coli 
however, the sources are unknown. Should stormwater treatment be required in areas where the White River is identified as 
the receiving water treatment options with bacteria removal efficiencies should be evaluated.  
 
 
Designated Areas 

The area shaded in light blue ( ) in figure 2 and in the 
Watershed Map show the areas that are designated as 
class A Public Water Supplies. 
 
 
 
 
 
 

Figure 2.  
 
The following are not noteworthy stormwater regulatory concerns at this time.  

This project site is not within an MS4 area. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

Existing Drainage  
This corridor is in an urbanized area where most of the roadway within the proposed limits is curbed; stormwater runoff is 
collected in closed drainage systems.  

 
 
 
 
 
 
 
Left: Looking South on US 5 at the intersection with 
Maple St. Straight ahead is the US5 bridge over the 
White River. 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
Right: Looking South on US 5 at the intersection 
with US 5 and Sykes Mountain Ave. Location of 
Town of Hartford Operational stormwater permit 
7824-9015. 
 
 
 
 
 
 
 
Hydrologic Soils 
As it is possible that this corridor may require operational stormwater permitting a preliminary assessment of the soils along 
the project corridor was performed using the ANR atlas and NRCS soil maps. A map of the hydrologic soil groups is provided on 
the next page. It was found that the soils along the project corridor consist of a mix of class D and A soils with limited class B 
soils.  
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Permit Number: 7824-9015 

PIN: NS17-0025 
 

 

          

 

VERMONT DEPARTMENT OF ENVIRONMENTAL CONSERVATION 
AUTHORIZATION TO DISCHARGE UNDER 

GENERAL PERMIT 3-9015 
 
A determination has been made that the applicant(s): 

 

 

  

Town of Hartford 
173 Airport Road 

White River Junction, VT  05001 
 

And 
 

Vermont Agency of Transportation 
1 National Life Drive 

Montpelier, VT  05633 
 

 

  

     

Impervious Area: 2.43 acres 
 

   

          

 

meets the criteria necessary for inclusion under General Permit 3-9015.  Hereinafter the named applicant 
shall be referred to as the permittee.  Subject to the conditions of General Permit No. 3-9015, the permittee 
is authorized to discharge stormwater as described herein: 

 

 

 

Project Name: Hartford STP 0113(59)S 

Project Location: Intersection of US Route 5 and Sykes Mountain Avenue in Hartford, Vermont 
Receiving Waters: White River 

 

 

          

 

Manner of Discharge: 
 

 

S/N 001:  This discharge point collects stormwater runoff from the entire 
proposed project via a closed drainage system and outlets to the pre-treatment 
area of a proposed gravel wetland.  The proposed gravel wetland discharges to 
the same ditch as the existing closed drainage system that flows to an unnamed 
tributary to the White River.  The proposed closed drainage system collects 
additional stormwater runoff flowing from the two other closed systems that did 
not previously discharge to the swale mentioned above.  This additional flow 
will receive water quality treatment where it previously had no treatment. 

 

 

          

 

Design: 
 

 

This project shall be constructed and operated in accordance with the site plans 
and details designed by McFarland Johnson, (Sheets 4 & 5, Typical Section- US 
Route 5, both dated 6/6/2017; Sheets 6 & 7, Typical Section- Roundabouts, both 
dated 6/6/2017; Sheet 8, Typical Section- Sykes Mountain Avenue, dated 
6/6/2017; Sheet 9, Typical Section- Side Roads, dated 6/6/2017; Sheets 13 & 14, 
Gravel Wetland Details, both dated 6/6/2017; Sheet 22, Layout Plan 1, dated 
6/6/2017; Sheet 24, Layout Plan 2, dated 6/6/2017; Sheet 25, Layout Plan 3, 
dated 6/6/2017; Sheet 26, Layout Plan 4, dated 6/6/2017; Sheet 27, Layout Plan 
5, dated 6/6/2017; Sheets 33-35, Profile- Sykes Mountain Avenue, all dated 
6/6/2017; Sheet 36, Profile- Beswick Drive, dated 6/6/2017; Sheet 37, Profile- 
Ralph Lehman Drive, dated 6/6/2017; Sheets 38 & 39, Profile- US Route 5, both 
dated 6/6/2017; Sheet 66, Gravel Wetland Grading Plan, dated 6/6/2017; Sheet 
67, Landscape Plan 1, dated 6/6/2017; Sheet 68, Landscape Plan 2, dated 
6/6/2017; Sheet 69, Landscape Plan 3, dated 6/6/2017; Sheet 70, Landscape Plan 
4, dated 6/6/2017; Sheet 71, Landscape Plan 5, dated 6/6/2017; Sheets 78-82, 
US Route 5 Cross Sections, all dated 6/6/2017; Sheets 83-87, Sykes Mountain 
Ave. Cross Sections, all dated 6/6/2017; Sheet 88, Ralph Lehman Cross 
Sections, dated 6/6/2017; Sheet 89, Beswick Drive Cross Sections, dated 
6/6/2017) and all supporting information. 
 
By reference, the above noted plans are made part of this authorization. 
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Compliance with General Permit 3-9015 and this Authorization 
The permittee shall comply with this authorization and all the terms and conditions of General Permit 3-
9015, including the payment of annual operating fees to the Department.  A billing statement for such fees 
will be sent to the permittee each year. The first year’s statement is enclosed.  Any permit non-compliance, 
including a failure to pay the annual operating fee, constitutes a violation of 10 V.S.A. Chapter 47 and may 
be grounds for an enforcement action or revocation of this authorization to discharge.  
 
Transferability 
This authorization to discharge is not transferable to any person except in compliance with Part VI.D. of 
General Permit 3-9015.  A copy of General Permit 3-9015 is available from the Department via the internet 
at http://dec.vermont.gov/sites/dec/files/wsm/stormwater/docs/GeneralPermit9015/sw_3-
9015_final_signed.pdf. 
 
Changes to Permitted Development 
In accordance with Part V.G. of General Permit 3-9015, the permittee shall notify the Department of any 
planned development or facility expansions or changes that may result in new or increased stormwater 
discharges.  The Department shall determine the appropriateness of continued inclusion under General 
Permit 3-9015 by the modified development or facility.  
 
Annual Inspection and Report 
The stormwater collection, treatment and control system shall be properly operated. The permittee shall 
submit an annual inspection report on the operation, maintenance and condition of the stormwater 
collection, treatment and control system.  The inspection report shall be submitted regardless of whether the 
project has been constructed.  The inspection shall be conducted between the conclusion of spring snow 
melt and June 15th of each year and the inspection report shall be submitted to the Secretary by July 15th of 
each year, or by July 30th if performed by a utility or municipality pursuant to a duly adopted stormwater 
management ordinance. The inspection report shall note all problem areas and all measures taken to correct 
any problems and to prevent future problems.  The online submittal system, ANR Online, can be accessed 
at https://anronline.vermont.gov. 
 
Initial Statement of Compliance 
An initial statement of compliance, signed by a designer, must be submitted to the Stormwater 
Management Program no later than 6 months following completion of construction of the stormwater 
management system. Failure to submit an initial statement of compliance shall constitute a violation of 
General Permit 3-9015 and may result in the revocation of this authorization to discharge. Forms for 
completing this requirement are available on the Stormwater Management Program’s website.  The online 
submittal system, ANR Online, can be accessed at https://anronline.vermont.gov. 
 
Renewable Energy Projects – Right to Appeal to Public Utility Commission 
Any appeal of this decision must be filed with the clerk of the Vermont Public Utility Commission pursuant 
to 10 V.S.A. §8506 within 30 days of the date of this decision.  The appellant must file with the Clerk an 
original and six copies of its appeal.  The appellant shall provide notice of the filing of an appeal in 
accordance with 10 V.S.A. §8504(c)(2), and shall also serve a copy of the Notice of Appeal on the Vermont 
Department of Public Service.  For information, see the Rules and General orders of the Public Utility 
Commission available on line at http://puc.vermont.gov/.  The address for the Public Utility Commission is 
112 State Street Montpelier, Vermont 05620-2701 (Tel. #802-828-2358). 
 
All Other Projects – Right to Appeal to the Environmental Court   
Pursuant to 10 V.S.A. Chapter 220, any appeal of this decision must be filed with the clerk of the 
Environmental Court within 30 days of the date of the decision.  The appellant must attach to the Notice of 
Appeal the entry fee of $250.00, payable to the state of Vermont.  The Notice of Appeal must specify the 
parties taking the appeal and the statutory provision under which each party claims party status; must 
designate the act or decision appealed from; must name the Environmental Court; and must be signed by 
the appellant or their attorney. In addition, the appeal must give the address or location and description of 
the property, project or facility with which the appeal is concerned and the name of the applicant or any 
permit involved in the appeal.  The appellant must also serve a copy of the Notice of Appeal in accordance 
 
 

 

http://dec.vermont.gov/sites/dec/files/wsm/stormwater/docs/GeneralPermit9015/sw_3-9015_final_signed.pdf
http://dec.vermont.gov/sites/dec/files/wsm/stormwater/docs/GeneralPermit9015/sw_3-9015_final_signed.pdf
https://anronline.vermont.gov/
https://anronline.vermont.gov/
http://puc.vermont.gov/
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with Rule 5(b)(4)(B) of the Vermont Rules for Environmental Court Proceedings.  For further information, 
see the Vermont Rules for Environmental Court Proceedings, available on line at 
www.vermontjudiciary.org.  The address for the Environmental Court is 32 Cherry Street, 2nd Floor Suite 
303 Burlington, Vermont 05401 (Tel. # 802-951-1740). 
 
Effective Date and Expiration Date of this Authorization 
This authorization to discharge shall become effective on August 14, 2017 and shall continue until August 
14, 2022.  The permittee shall reapply for coverage at least sixty (60) days prior to August 14, 2022.  
 
Dated Monday, August 14, 2017 
 
Emily Boedecker, Commissioner 
Department of Environmental Conservation 

 

          

 

By:  
  Padraic Monks, Stormwater Program Manager 
  Stormwater Management Program 

 

 

 

http://www.vermontjudiciary.org/


OFFICE MEMORANDUM
 AOT - PDB - ENVIRONMENTAL SECTION 

RESOURCE IDENTIFICATION COMPLETION MEMO 

Environmental Resources: 

Archaeological Site: See Archaeological Resource ID Memo: 

Historic/Historic District: See Historic Resource ID Memo: 

4(f) Property: 

Wetlands: See Natural Resource ID Memo: 

Agricultural Land: 

Fish & Wildlife Habitat: 

Wildlife Habitat 
Connectivity: 
Endangered Species: 

Stormwater: 
Landscaping: 

6(f) Property: 

Hazardous Waste: 

Development Soils: 
USDA-Forest Service 
Lands: 

To: , Project Manager 
From: 
Date: 
Project: 

Yes No



Scenic Highway/Byway: 

Act 250 Permits: 

FEMA Floodplains: 

Flood Hazard Area/River 
Corridor: 

US Coast Guard: 

Lakes and Ponds: 

Environmental Justice: 

303D List/ Class A Water/ 
Outstanding Resource 
Water: 
Source Protection Area: 

Public Water Sources/ 
Private Wells: 
Other: 

CC: Project File 

Yes No



 

                                                                      

                                                   
                                              

State of Vermont                                Agency of Transportation 
Program Development Division     
One National Life Drive  [phone]  802-279-2562 
Montpelier, VT 05633-5001 [fax]  802-828-2334     
vtrans.vermont.gov [ttd]  800-253-0191 

 
 

To:    Lee Goldstein, VTrans Environmental Specialist  

From:  James Brady, VTrans Environmental Biologist 

Date:    March 7, 2019 

Subject:        Hartford HES 0113(77) - Natural Resource ID 

 
 
I have completed my natural resource report for the above referenced project.  My evaluation has included wetlands, 
wildlife habitat, agricultural soils and rare, threatened and endangered species. 
 
Wetlands/Watercourses 
There is one small wetland complex south of I-89 and east of US5.  There is one larger wetland north of I-89 and east of 
US Route 5.  See attached map. 
 
There are two small unnamed streams and the White River within the project corridor.  See attached map for blue lines 
showing streams.  Riparian areas along each of these streams should be protected or enhanced if impacts are anticipated. 
 
Wildlife Habitat 
The larger wetland complex is likely home to wildlife and impacts should be minimized.   
 
Each stream, especially the White River, likely provides habitat for aquatic organisms and terrestrial wildlife along the 
riparian corridor.  Larger structures installed on the smaller streams where they cross US Route 5 streams would improve 
aquatic organism passage and terrestrial wildlife movement.  Maintaining a healthy riparian area along the White River 
would help ensure terrestrial wildlife movement along the stream. 
 
Rare, Threatened and Endangered Species 
The project area is within the historic range of the state endangered Fowler’s toad.  It is unlikely that this project will 
impact this species, although further coordination will be required with Vermont Fish & Wildlife Department. 
 
The project is also within the known range the of the federally threatened northern long-eared bat.  No restrictions from 
this species are anticipated. 
 
Agricultural Soils: 
There are several areas mapped as prime agricultural soil along the project area, see attached map. 
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APPENDIX F 
Traffic Analysis Reports 

 



HCM Unsignalized Intersection Capacity Analysis AM Peak Existing
1: US Rte 5 & VA Cutoff Rd 04/10/2019

Hartford US 5 Corridor  10/18/2018 AM Synchro 10 Report
Stantec Page 1

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Traffic Volume (veh/h) 85 50 40 290 260 65
Future Volume (Veh/h) 85 50 40 290 260 65
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00
Hourly flow rate (vph) 85 50 40 290 260 65
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 662 292 325
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 662 292 325
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 79 93 97
cM capacity (veh/h) 413 747 1235

Direction, Lane # EB 1 NB 1 SB 1
Volume Total 135 330 325
Volume Left 85 40 0
Volume Right 50 0 65
cSH 495 1235 1700
Volume to Capacity 0.27 0.03 0.19
Queue Length 95th (ft) 27 3 0
Control Delay (s) 15.0 1.2 0.0
Lane LOS B A
Approach Delay (s) 15.0 1.2 0.0
Approach LOS B

Intersection Summary
Average Delay 3.1
Intersection Capacity Utilization 52.9% ICU Level of Service A
Analysis Period (min) 15



HCM Unsignalized Intersection Capacity Analysis AM Peak Existing
2: Veterans Dr/Dunkin Donuts & US Rte 5 04/10/2019

Hartford US 5 Corridor  10/18/2018 AM Synchro 10 Report
Stantec Page 2

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 35 0 10 25 20 80 15 320 40 90 320 260
Future Volume (Veh/h) 35 0 10 25 20 80 15 320 40 90 320 260
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Hourly flow rate (vph) 35 0 10 25 20 80 15 320 40 90 320 260
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh) 1
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1050 1020 450 1010 1130 340 580 360
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1050 1020 450 1010 1130 340 580 360
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 78 100 98 88 89 89 98 92
cM capacity (veh/h) 156 216 609 200 186 702 994 1199

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 45 125 375 670
Volume Left 35 25 15 90
Volume Right 10 80 40 260
cSH 186 538 994 1199
Volume to Capacity 0.24 0.23 0.02 0.08
Queue Length 95th (ft) 23 22 1 6
Control Delay (s) 30.3 17.4 0.5 1.9
Lane LOS D C A A
Approach Delay (s) 30.3 17.4 0.5 1.9
Approach LOS D C

Intersection Summary
Average Delay 4.1
Intersection Capacity Utilization 77.0% ICU Level of Service D
Analysis Period (min) 15



HCM Unsignalized Intersection Capacity Analysis AM Peak Existing
3: US Rte 5 & Winsor Dr/Ballardvale Dr 04/10/2019

Hartford US 5 Corridor  10/18/2018 AM Synchro 10 Report
Stantec Page 3

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 0 0 0 20 0 70 0 420 15 35 645 0
Future Volume (Veh/h) 0 0 0 20 0 70 0 420 15 35 645 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Hourly flow rate (vph) 0 0 0 20 0 70 0 420 15 35 645 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1212 1150 645 1142 1142 428 645 435
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1212 1150 645 1142 1142 428 645 435
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 100 100 100 88 100 89 100 97
cM capacity (veh/h) 138 192 472 173 194 627 940 1125

Direction, Lane # EB 1 WB 1 WB 2 NB 1 SB 1 SB 2
Volume Total 0 20 70 435 35 645
Volume Left 0 20 0 0 35 0
Volume Right 0 0 70 15 0 0
cSH 1700 173 627 940 1125 1700
Volume to Capacity 0.00 0.12 0.11 0.00 0.03 0.38
Queue Length 95th (ft) 0 10 9 0 2 0
Control Delay (s) 0.0 28.5 11.5 0.0 8.3 0.0
Lane LOS A D B A
Approach Delay (s) 0.0 15.2 0.0 0.4
Approach LOS A C

Intersection Summary
Average Delay 1.4
Intersection Capacity Utilization 44.9% ICU Level of Service A
Analysis Period (min) 15



HCM Unsignalized Intersection Capacity Analysis AM Peak Existing
4: US Rte 5 & I-91 SB Ramp 04/10/2019

Hartford US 5 Corridor  10/18/2018 AM Synchro 10 Report
Stantec Page 4

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Traffic Volume (veh/h) 45 160 215 275 570 240
Future Volume (Veh/h) 45 160 215 275 570 240
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00
Hourly flow rate (vph) 45 160 215 275 570 240
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1275 570 810
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1275 570 810
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 67 69 74
cM capacity (veh/h) 136 521 816

Direction, Lane # EB 1 NB 1 NB 2 SB 1 SB 2
Volume Total 205 215 275 570 240
Volume Left 45 215 0 0 0
Volume Right 160 0 0 0 240
cSH 321 816 1700 1700 1700
Volume to Capacity 0.64 0.26 0.16 0.34 0.14
Queue Length 95th (ft) 103 26 0 0 0
Control Delay (s) 34.1 11.0 0.0 0.0 0.0
Lane LOS D B
Approach Delay (s) 34.1 4.8 0.0
Approach LOS D

Intersection Summary
Average Delay 6.2
Intersection Capacity Utilization 64.3% ICU Level of Service C
Analysis Period (min) 15



HCM Unsignalized Intersection Capacity Analysis AM Peak Existing
5: US Rte 5 & I-91 NB Off Ramp LT 04/10/2019

Hartford US 5 Corridor  10/18/2018 AM Synchro 10 Report
Stantec Page 5

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Traffic Volume (veh/h) 425 15 325 0 0 390
Future Volume (Veh/h) 425 15 325 0 0 390
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00
Hourly flow rate (vph) 425 15 325 0 0 390
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 560
pX, platoon unblocked
vC, conflicting volume 520 325 325
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 520 325 325
tC, single (s) 6.8 6.9 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 13 98 100
cM capacity (veh/h) 486 671 1231

Direction, Lane # WB 1 NB 1 SB 1 SB 2
Volume Total 440 325 195 195
Volume Left 425 0 0 0
Volume Right 15 0 0 0
cSH 490 1700 1700 1700
Volume to Capacity 0.90 0.19 0.11 0.11
Queue Length 95th (ft) 252 0 0 0
Control Delay (s) 48.4 0.0 0.0 0.0
Lane LOS E
Approach Delay (s) 48.4 0.0 0.0
Approach LOS E

Intersection Summary
Average Delay 18.4
Intersection Capacity Utilization 48.2% ICU Level of Service A
Analysis Period (min) 15



HCM Unsignalized Intersection Capacity Analysis AM Peak Existing
6: US Rte 5 & I-91 NB On Ramp 04/10/2019

Hartford US 5 Corridor  10/18/2018 AM Synchro 10 Report
Stantec Page 6

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Traffic Volume (veh/h) 0 0 80 260 390 55
Future Volume (Veh/h) 0 0 80 260 390 55
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00
Hourly flow rate (vph) 0 0 80 260 390 55
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 370
pX, platoon unblocked
vC, conflicting volume 810 195 445
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 810 195 445
tC, single (s) 6.8 6.9 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 100 100 93
cM capacity (veh/h) 295 814 1112

Direction, Lane # NB 1 NB 2 SB 1 SB 2 SB 3
Volume Total 80 260 195 195 55
Volume Left 80 0 0 0 0
Volume Right 0 0 0 0 55
cSH 1112 1700 1700 1700 1700
Volume to Capacity 0.07 0.15 0.11 0.11 0.03
Queue Length 95th (ft) 6 0 0 0 0
Control Delay (s) 8.5 0.0 0.0 0.0 0.0
Lane LOS A
Approach Delay (s) 2.0 0.0
Approach LOS

Intersection Summary
Average Delay 0.9
Intersection Capacity Utilization 21.9% ICU Level of Service A
Analysis Period (min) 15



HCM Unsignalized Intersection Capacity Analysis AM Peak Existing
7: US Rte 5 & I-91 NB Off Ramp RT 04/10/2019

Hartford US 5 Corridor  10/18/2018 AM Synchro 10 Report
Stantec Page 7

Intersection Sign configuration not allowed in HCM analysis.



Queues AM Peak Existing
8: US Rte 5 & N. Main St 04/10/2019

Hartford US 5 Corridor  10/18/2018 AM Synchro 10 Report
Stantec Page 8

Lane Group EBL EBR NBL NBT SBT SBR
Lane Group Flow (vph) 87 272 353 136 76 130
v/c Ratio 0.28 0.29 0.60 0.14 0.14 0.08
Control Delay 15.4 1.8 19.9 5.6 14.5 0.1
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 15.4 1.8 19.9 5.6 14.5 0.1
Queue Length 50th (ft) 15 0 32 12 6 0
Queue Length 95th (ft) 41 21 #78 33 20 0
Internal Link Dist (ft) 418 844 275
Turn Bay Length (ft)
Base Capacity (vph) 447 803 600 1008 638 1583
Starvation Cap Reductn 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0
Reduced v/c Ratio 0.19 0.34 0.59 0.13 0.12 0.08

Intersection Summary
#    95th percentile volume exceeds capacity, queue may be longer.
     Queue shown is maximum after two cycles.



HCM Signalized Intersection Capacity Analysis AM Peak Existing
8: US Rte 5 & N. Main St 04/10/2019

Hartford US 5 Corridor  10/18/2018 AM Synchro 10 Report
Stantec Page 9

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Traffic Volume (vph) 80 250 325 125 70 120
Future Volume (vph) 80 250 325 125 70 120
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.9 6.7 6.7 5.5 5.5 4.0
Lane Util. Factor 1.00 1.00 0.97 1.00 0.95 1.00
Frt 1.00 0.85 1.00 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 1.00 1.00
Satd. Flow (prot) 1770 1583 3433 1863 3539 1583
Flt Permitted 0.95 1.00 0.95 1.00 1.00 1.00
Satd. Flow (perm) 1770 1583 3433 1863 3539 1583
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 87 272 353 136 76 130
RTOR Reduction (vph) 0 177 0 0 0 0
Lane Group Flow (vph) 87 95 353 136 76 130
Turn Type Prot pt+ov Prot NA NA Free
Protected Phases 4 1 4 1 6 2
Permitted Phases Free
Actuated Green, G (s) 6.4 18.5 6.2 18.3 5.4 36.1
Effective Green, g (s) 6.4 12.6 6.2 18.3 5.4 36.1
Actuated g/C Ratio 0.18 0.35 0.17 0.51 0.15 1.00
Clearance Time (s) 5.9 6.7 5.5 5.5
Vehicle Extension (s) 2.0 2.0 2.0 2.0
Lane Grp Cap (vph) 313 552 589 944 529 1583
v/s Ratio Prot c0.05 0.06 c0.10 c0.07 0.02
v/s Ratio Perm 0.08
v/c Ratio 0.28 0.17 0.60 0.14 0.14 0.08
Uniform Delay, d1 12.9 8.1 13.8 4.7 13.3 0.0
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.2 0.1 1.1 0.0 0.0 0.1
Delay (s) 13.0 8.2 14.9 4.8 13.4 0.1
Level of Service B A B A B A
Approach Delay (s) 9.4 12.1 5.0
Approach LOS A B A

Intersection Summary
HCM 2000 Control Delay 9.8 HCM 2000 Level of Service A
HCM 2000 Volume to Capacity ratio 0.37
Actuated Cycle Length (s) 36.1 Sum of lost time (s) 18.1
Intersection Capacity Utilization 29.9% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group



Queues AM Peak Existing
9: US Rte 5 & VT Rte 14 04/10/2019

Hartford US 5 Corridor  10/18/2018 AM Synchro 10 Report
Stantec Page 10

Lane Group EBL EBT EBR WBL WBT WBR NBT NBR SBL SBT SBR
Lane Group Flow (vph) 54 163 33 141 65 207 316 168 310 185 38
v/c Ratio 0.28 0.59 0.09 0.62 0.10 0.30 0.84 0.51 0.78 0.24 0.05
Control Delay 38.3 44.0 0.5 47.3 20.2 4.9 57.6 13.2 47.0 19.7 0.1
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 38.3 44.0 0.5 47.3 20.2 4.9 57.6 13.2 47.0 19.7 0.1
Queue Length 50th (ft) 21 67 0 60 18 0 73 0 129 49 0
Queue Length 95th (ft) 78 #217 0 #168 68 54 #240 65 #435 168 0
Internal Link Dist (ft) 359 562 394 1014
Turn Bay Length (ft) 295 50 240 30 200
Base Capacity (vph) 226 319 411 327 811 795 375 327 397 787 712
Starvation Cap Reductn 0 0 0 0 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0 0 0 0 0
Reduced v/c Ratio 0.24 0.51 0.08 0.43 0.08 0.26 0.84 0.51 0.78 0.24 0.05

Intersection Summary
#    95th percentile volume exceeds capacity, queue may be longer.
     Queue shown is maximum after two cycles.



HCM Signalized Intersection Capacity Analysis AM Peak Existing
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (vph) 50 150 30 130 60 190 30 260 155 285 170 35
Future Volume (vph) 50 150 30 130 60 190 30 260 155 285 170 35
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00 0.95 1.00 1.00 1.00 1.00
Frpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 0.98 1.00 0.96 1.00 1.00 0.97
Flpb, ped/bikes 0.99 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.99 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1753 1863 1583 1770 1863 1558 3515 1519 1770 1863 1542
Flt Permitted 0.71 1.00 1.00 0.95 1.00 1.00 0.89 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1319 1863 1583 1770 1863 1558 3160 1519 1770 1863 1542
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 54 163 33 141 65 207 33 283 168 310 185 38
RTOR Reduction (vph) 0 0 28 0 0 134 0 0 148 0 0 22
Lane Group Flow (vph) 54 163 5 141 65 73 0 316 20 310 185 16
Confl. Peds. (#/hr) 5 5 5 5 5 5
Turn Type Perm NA Perm Prot NA Perm Perm NA Perm Prot NA Perm
Protected Phases 8 7 4 6 5 2
Permitted Phases 8 8 4 6 6 2
Actuated Green, G (s) 11.8 11.8 11.8 10.2 28.0 28.0 9.6 9.6 17.6 33.2 33.2
Effective Green, g (s) 11.8 11.8 11.8 10.2 28.0 28.0 9.6 9.6 17.6 33.2 33.2
Actuated g/C Ratio 0.15 0.15 0.15 0.13 0.35 0.35 0.12 0.12 0.22 0.42 0.42
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Lane Grp Cap (vph) 195 275 234 226 654 547 380 182 390 776 642
v/s Ratio Prot c0.09 c0.08 0.03 c0.18 0.10
v/s Ratio Perm 0.04 0.00 0.05 c0.10 0.01 0.01
v/c Ratio 0.28 0.59 0.02 0.62 0.10 0.13 0.83 0.11 0.79 0.24 0.02
Uniform Delay, d1 30.2 31.7 29.0 32.9 17.4 17.6 34.3 31.2 29.3 15.1 13.7
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.8 3.4 0.0 3.8 0.0 0.0 18.7 1.2 10.0 0.7 0.1
Delay (s) 30.9 35.1 29.0 36.8 17.4 17.6 53.0 32.5 39.3 15.8 13.8
Level of Service C D C D B B D C D B B
Approach Delay (s) 33.4 24.1 45.9 29.3
Approach LOS C C D C

Intersection Summary
HCM 2000 Control Delay 33.4 HCM 2000 Level of Service C
HCM 2000 Volume to Capacity ratio 0.66
Actuated Cycle Length (s) 79.7 Sum of lost time (s) 26.0
Intersection Capacity Utilization 58.9% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group
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Lane Group EBT EBR WBT NBT SBT SBR
Lane Group Flow (vph) 114 179 244 212 353 239
v/c Ratio 0.92 0.41 0.71 0.09 0.29 0.22
Control Delay 106.2 8.0 53.6 11.6 13.9 4.2
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 106.2 8.0 53.6 11.6 13.9 4.2
Queue Length 50th (ft) 82 0 167 21 79 5
Queue Length 95th (ft) #157 54 230 85 303 70
Internal Link Dist (ft) 379 511 1014 294
Turn Bay Length (ft) 70 140
Base Capacity (vph) 186 567 514 2298 1210 1074
Starvation Cap Reductn 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0
Reduced v/c Ratio 0.61 0.32 0.47 0.09 0.29 0.22

Intersection Summary
#    95th percentile volume exceeds capacity, queue may be longer.
     Queue shown is maximum after two cycles.
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (vph) 105 0 165 0 220 5 0 195 0 0 325 220
Future Volume (vph) 105 0 165 0 220 5 0 195 0 0 325 220
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0
Lane Util. Factor 1.00 1.00 1.00 0.95 1.00 1.00
Frpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 0.98
Flpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 0.85 1.00 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 1.00 1.00 1.00
Satd. Flow (prot) 1761 1583 1857 3539 1863 1546
Flt Permitted 0.36 1.00 1.00 1.00 1.00 1.00
Satd. Flow (perm) 674 1583 1857 3539 1863 1546
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 114 0 179 0 239 5 0 212 0 0 353 239
RTOR Reduction (vph) 0 0 146 0 1 0 0 0 0 0 0 77
Lane Group Flow (vph) 0 114 33 0 243 0 0 212 0 0 353 162
Confl. Peds. (#/hr) 5 5 5 5
Turn Type Perm NA Perm NA NA Perm NA Perm
Protected Phases 4 8 2 6
Permitted Phases 4 4 8 6 6
Actuated Green, G (s) 20.7 20.7 20.7 71.1 71.1 71.1
Effective Green, g (s) 20.7 20.7 20.7 71.1 71.1 71.1
Actuated g/C Ratio 0.18 0.18 0.18 0.63 0.63 0.63
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 2.0 2.0 2.0
Lane Grp Cap (vph) 124 292 343 2246 1182 981
v/s Ratio Prot 0.13 0.06 c0.19
v/s Ratio Perm c0.17 0.02 0.10
v/c Ratio 0.92 0.11 0.71 0.09 0.30 0.16
Uniform Delay, d1 44.8 38.0 42.8 7.9 9.2 8.3
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 55.8 0.2 6.6 0.1 0.6 0.4
Delay (s) 100.6 38.2 49.4 8.0 9.9 8.7
Level of Service F D D A A A
Approach Delay (s) 62.5 49.4 8.0 9.4
Approach LOS E D A A

Intersection Summary
HCM 2000 Control Delay 28.1 HCM 2000 Level of Service C
HCM 2000 Volume to Capacity ratio 0.41
Actuated Cycle Length (s) 112.0 Sum of lost time (s) 14.0
Intersection Capacity Utilization 54.2% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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Lane Group EBL EBT WBT NBT NBR SBT
Lane Group Flow (vph) 33 690 462 27 22 54
v/c Ratio 0.06 0.62 0.29 0.14 0.08 0.23
Control Delay 4.4 9.1 5.2 20.0 4.0 14.5
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 4.4 9.1 5.2 20.0 4.0 14.5
Queue Length 50th (ft) 3 98 26 7 0 7
Queue Length 95th (ft) 12 195 48 24 8 31
Internal Link Dist (ft) 562 244 347 382
Turn Bay Length (ft) 245 45
Base Capacity (vph) 549 1115 1610 761 896 846
Starvation Cap Reductn 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0
Reduced v/c Ratio 0.06 0.62 0.29 0.04 0.02 0.06

Intersection Summary
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (vph) 30 565 70 80 330 15 25 0 20 20 5 25
Future Volume (vph) 30 565 70 80 330 15 25 0 20 20 5 25
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0
Lane Util. Factor 1.00 1.00 0.95 1.00 1.00 1.00
Frpb, ped/bikes 1.00 1.00 1.00 1.00 0.96 0.99
Flpb, ped/bikes 1.00 1.00 1.00 0.99 1.00 0.99
Frt 1.00 0.98 0.99 1.00 0.85 0.93
Flt Protected 0.95 1.00 0.99 0.95 1.00 0.98
Satd. Flow (prot) 1766 1827 3484 1753 1525 1673
Flt Permitted 0.49 1.00 0.75 0.72 1.00 0.86
Satd. Flow (perm) 904 1827 2640 1332 1525 1460
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 33 614 76 87 359 16 27 0 22 22 5 27
RTOR Reduction (vph) 0 4 0 0 2 0 0 0 19 0 23 0
Lane Group Flow (vph) 33 686 0 0 460 0 0 27 3 0 31 0
Confl. Peds. (#/hr) 5 5 5 5 5 5 5 5
Turn Type Perm NA Perm NA Perm NA Perm Perm NA
Protected Phases 4 8 2 6
Permitted Phases 4 8 2 2 6
Actuated Green, G (s) 30.0 30.0 30.0 7.3 7.3 7.3
Effective Green, g (s) 30.0 30.0 30.0 7.3 7.3 7.3
Actuated g/C Ratio 0.61 0.61 0.61 0.15 0.15 0.15
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 550 1111 1606 197 225 216
v/s Ratio Prot c0.38
v/s Ratio Perm 0.04 0.17 0.02 0.00 c0.02
v/c Ratio 0.06 0.62 0.29 0.14 0.01 0.14
Uniform Delay, d1 3.9 6.0 4.6 18.3 17.9 18.3
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.2 2.6 0.4 0.3 0.0 0.3
Delay (s) 4.1 8.6 5.0 18.6 18.0 18.6
Level of Service A A A B B B
Approach Delay (s) 8.4 5.0 18.3 18.6
Approach LOS A A B B

Intersection Summary
HCM 2000 Control Delay 8.0 HCM 2000 Level of Service A
HCM 2000 Volume to Capacity ratio 0.52
Actuated Cycle Length (s) 49.3 Sum of lost time (s) 12.0
Intersection Capacity Utilization 82.2% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Traffic Volume (veh/h) 175 65 35 240 320 75
Future Volume (Veh/h) 175 65 35 240 320 75
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00
Hourly flow rate (vph) 175 65 35 240 320 75
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 668 358 395
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 668 358 395
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 57 91 97
cM capacity (veh/h) 411 687 1164

Direction, Lane # EB 1 NB 1 SB 1
Volume Total 240 275 395
Volume Left 175 35 0
Volume Right 65 0 75
cSH 461 1164 1700
Volume to Capacity 0.52 0.03 0.23
Queue Length 95th (ft) 74 2 0
Control Delay (s) 21.0 1.3 0.0
Lane LOS C A
Approach Delay (s) 21.0 1.3 0.0
Approach LOS C

Intersection Summary
Average Delay 5.9
Intersection Capacity Utilization 59.6% ICU Level of Service B
Analysis Period (min) 15
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 190 5 20 5 0 40 0 450 10 35 405 40
Future Volume (Veh/h) 190 5 20 5 0 40 0 450 10 35 405 40
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Hourly flow rate (vph) 190 5 20 5 0 40 0 450 10 35 405 40
Pedestrians 5 5 5
Lane Width (ft) 12.0 12.0 12.0
Walking Speed (ft/s) 3.5 3.5 3.5
Percent Blockage 0 0 0
Right turn flare (veh) 1
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 975 960 430 962 975 465 445 465
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 975 960 430 962 975 465 445 465
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 9 98 97 98 100 93 100 97
cM capacity (veh/h) 208 247 622 216 242 592 1115 1091

Direction, Lane # EB 1 WB 1 NB 1 SB 1 SB 2
Volume Total 215 45 460 35 445
Volume Left 190 5 0 35 0
Volume Right 20 40 10 0 40
cSH 223 666 1115 1091 1700
Volume to Capacity 0.97 0.07 0.00 0.03 0.26
Queue Length 95th (ft) 213 5 0 2 0
Control Delay (s) 97.5 12.7 0.0 8.4 0.0
Lane LOS F B A
Approach Delay (s) 97.5 12.7 0.0 0.6
Approach LOS F B

Intersection Summary
Average Delay 18.2
Intersection Capacity Utilization 54.5% ICU Level of Service A
Analysis Period (min) 15



HCM Unsignalized Intersection Capacity Analysis PM Peak Existing
3: US Rte 5 & Winsor Dr/Ballardvale Dr 04/10/2019

Hartford US 5 Corridor  10/18/2018 AM Synchro 10 Report
Stantec Page 3

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 0 5 0 15 5 60 5 670 20 65 435 5
Future Volume (Veh/h) 0 5 0 15 5 60 5 670 20 65 435 5
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Hourly flow rate (vph) 0 5 0 15 5 60 5 670 20 65 435 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1320 1268 438 1258 1260 680 440 690
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1320 1268 438 1258 1260 680 440 690
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 100 97 100 89 97 87 100 93
cM capacity (veh/h) 107 156 619 136 157 451 1120 905

Direction, Lane # EB 1 WB 1 WB 2 NB 1 SB 1 SB 2
Volume Total 5 15 65 695 65 440
Volume Left 0 15 0 5 65 0
Volume Right 0 0 60 20 0 5
cSH 156 136 394 1120 905 1700
Volume to Capacity 0.03 0.11 0.16 0.00 0.07 0.26
Queue Length 95th (ft) 2 9 15 0 6 0
Control Delay (s) 28.9 34.8 15.9 0.1 9.3 0.0
Lane LOS D D C A A
Approach Delay (s) 28.9 19.5 0.1 1.2
Approach LOS D C

Intersection Summary
Average Delay 1.9
Intersection Capacity Utilization 62.9% ICU Level of Service B
Analysis Period (min) 15
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Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Traffic Volume (veh/h) 35 105 375 355 405 425
Future Volume (Veh/h) 35 105 375 355 405 425
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00
Hourly flow rate (vph) 35 105 375 355 405 425
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1510 405 830
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1510 405 830
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 50 84 53
cM capacity (veh/h) 71 646 802

Direction, Lane # EB 1 NB 1 NB 2 SB 1 SB 2
Volume Total 140 375 355 405 425
Volume Left 35 375 0 0 0
Volume Right 105 0 0 0 425
cSH 213 802 1700 1700 1700
Volume to Capacity 0.66 0.47 0.21 0.24 0.25
Queue Length 95th (ft) 100 63 0 0 0
Control Delay (s) 49.6 13.4 0.0 0.0 0.0
Lane LOS E B
Approach Delay (s) 49.6 6.9 0.0
Approach LOS E

Intersection Summary
Average Delay 7.0
Intersection Capacity Utilization 60.5% ICU Level of Service B
Analysis Period (min) 15
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Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Traffic Volume (veh/h) 220 0 380 0 0 610
Future Volume (Veh/h) 220 0 380 0 0 610
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00
Hourly flow rate (vph) 220 0 380 0 0 610
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 560
pX, platoon unblocked
vC, conflicting volume 685 380 380
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 685 380 380
tC, single (s) 6.8 6.9 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 42 100 100
cM capacity (veh/h) 382 618 1175

Direction, Lane # WB 1 NB 1 SB 1 SB 2
Volume Total 220 380 305 305
Volume Left 220 0 0 0
Volume Right 0 0 0 0
cSH 382 1700 1700 1700
Volume to Capacity 0.58 0.22 0.18 0.18
Queue Length 95th (ft) 87 0 0 0
Control Delay (s) 26.5 0.0 0.0 0.0
Lane LOS D
Approach Delay (s) 26.5 0.0 0.0
Approach LOS D

Intersection Summary
Average Delay 4.8
Intersection Capacity Utilization 38.9% ICU Level of Service A
Analysis Period (min) 15
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Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Traffic Volume (veh/h) 0 0 80 300 610 80
Future Volume (Veh/h) 0 0 80 300 610 80
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00
Hourly flow rate (vph) 0 0 80 300 610 80
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 370
pX, platoon unblocked
vC, conflicting volume 1070 305 690
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1070 305 690
tC, single (s) 6.8 6.9 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 100 100 91
cM capacity (veh/h) 197 691 900

Direction, Lane # NB 1 NB 2 SB 1 SB 2 SB 3
Volume Total 80 300 305 305 80
Volume Left 80 0 0 0 0
Volume Right 0 0 0 0 80
cSH 900 1700 1700 1700 1700
Volume to Capacity 0.09 0.18 0.18 0.18 0.05
Queue Length 95th (ft) 7 0 0 0 0
Control Delay (s) 9.4 0.0 0.0 0.0 0.0
Lane LOS A
Approach Delay (s) 2.0 0.0
Approach LOS

Intersection Summary
Average Delay 0.7
Intersection Capacity Utilization 28.0% ICU Level of Service A
Analysis Period (min) 15
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Intersection Sign configuration not allowed in HCM analysis.
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Lane Group EBL EBR NBL NBT SBT SBR
Lane Group Flow (vph) 76 391 391 136 179 212
v/c Ratio 0.22 0.41 0.56 0.14 0.34 0.13
Control Delay 15.3 4.2 18.8 6.2 18.6 0.2
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 15.3 4.2 18.8 6.2 18.6 0.2
Queue Length 50th (ft) 15 22 41 14 20 0
Queue Length 95th (ft) 39 52 82 40 46 0
Internal Link Dist (ft) 567 618 281
Turn Bay Length (ft)
Base Capacity (vph) 710 968 795 1044 573 1583
Starvation Cap Reductn 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0
Reduced v/c Ratio 0.11 0.40 0.49 0.13 0.31 0.13

Intersection Summary
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Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Traffic Volume (vph) 70 360 360 125 165 195
Future Volume (vph) 70 360 360 125 165 195
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.9 6.7 6.7 5.5 5.5 4.0
Lane Util. Factor 1.00 1.00 0.97 1.00 0.95 1.00
Frpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 1.00
Flpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 0.85 1.00 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 1.00 1.00
Satd. Flow (prot) 1770 1583 3433 1863 3539 1583
Flt Permitted 0.95 1.00 0.95 1.00 1.00 1.00
Satd. Flow (perm) 1770 1583 3433 1863 3539 1583
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 76 391 391 136 179 212
RTOR Reduction (vph) 0 107 0 0 0 0
Lane Group Flow (vph) 76 284 391 136 179 212
Confl. Peds. (#/hr) 5
Turn Type Prot pt+ov Prot NA NA Free
Protected Phases 4 1 4 1 6 2
Permitted Phases Free
Actuated Green, G (s) 8.0 22.1 8.2 21.0 6.1 40.4
Effective Green, g (s) 8.0 16.2 8.2 21.0 6.1 40.4
Actuated g/C Ratio 0.20 0.40 0.20 0.52 0.15 1.00
Clearance Time (s) 5.9 6.7 5.5 5.5
Vehicle Extension (s) 2.0 2.0 2.0 2.0
Lane Grp Cap (vph) 350 634 696 968 534 1583
v/s Ratio Prot 0.04 c0.18 c0.11 0.07 c0.05
v/s Ratio Perm 0.13
v/c Ratio 0.22 0.45 0.56 0.14 0.34 0.13
Uniform Delay, d1 13.6 8.8 14.5 5.0 15.3 0.0
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.1 0.2 0.6 0.0 0.1 0.2
Delay (s) 13.7 9.0 15.1 5.0 15.5 0.2
Level of Service B A B A B A
Approach Delay (s) 9.8 12.5 7.2
Approach LOS A B A

Intersection Summary
HCM 2000 Control Delay 10.1 HCM 2000 Level of Service B
HCM 2000 Volume to Capacity ratio 0.46
Actuated Cycle Length (s) 40.4 Sum of lost time (s) 18.1
Intersection Capacity Utilization 37.0% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group



Queues PM Peak Existing
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Lane Group EBL EBT EBR WBL WBT WBR NBT NBR SBL SBT SBR
Lane Group Flow (vph) 49 136 43 288 201 315 375 228 277 147 49
v/c Ratio 0.32 0.56 0.12 0.92 0.28 0.39 1.08 0.71 0.73 0.20 0.07
Control Delay 41.7 45.3 0.7 70.8 21.2 4.6 107.3 25.9 45.2 20.1 0.2
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 41.7 45.3 0.7 70.8 21.2 4.6 107.3 25.9 45.2 20.1 0.2
Queue Length 50th (ft) 21 59 0 131 60 0 ~94 25 118 41 0
Queue Length 95th (ft) 73 #163 0 #432 179 64 #293 #169 #378 136 0
Internal Link Dist (ft) 359 564 394 1014
Turn Bay Length (ft) 295 50 240 30 200
Base Capacity (vph) 193 306 401 313 776 843 348 320 380 753 686
Starvation Cap Reductn 0 0 0 0 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0 0 0 0 0
Reduced v/c Ratio 0.25 0.44 0.11 0.92 0.26 0.37 1.08 0.71 0.73 0.20 0.07

Intersection Summary
~    Volume exceeds capacity, queue is theoretically infinite.
     Queue shown is maximum after two cycles.
#    95th percentile volume exceeds capacity, queue may be longer.
     Queue shown is maximum after two cycles.
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (vph) 45 125 40 265 185 290 60 285 210 255 135 45
Future Volume (vph) 45 125 40 265 185 290 60 285 210 255 135 45
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00 0.95 1.00 1.00 1.00 1.00
Frpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.96 1.00 1.00 0.97
Flpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.99 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1770 1863 1583 1770 1863 1583 3498 1518 1770 1863 1542
Flt Permitted 0.63 1.00 1.00 0.95 1.00 1.00 0.87 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1177 1863 1583 1770 1863 1583 3071 1518 1770 1863 1542
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 49 136 43 288 201 315 65 310 228 277 147 49
RTOR Reduction (vph) 0 0 37 0 0 197 0 0 150 0 0 30
Lane Group Flow (vph) 49 136 6 288 201 118 0 375 78 277 147 19
Confl. Peds. (#/hr) 5 5 5 5
Turn Type Perm NA Perm Prot NA Perm Perm NA Perm Prot NA Perm
Protected Phases 8 7 4 6 5 2
Permitted Phases 8 8 4 6 6 2
Actuated Green, G (s) 10.7 10.7 10.7 14.4 31.1 31.1 9.4 9.4 17.5 32.9 32.9
Effective Green, g (s) 10.7 10.7 10.7 14.4 31.1 31.1 9.4 9.4 17.5 32.9 32.9
Actuated g/C Ratio 0.13 0.13 0.13 0.17 0.38 0.38 0.11 0.11 0.21 0.40 0.40
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Lane Grp Cap (vph) 152 241 204 308 700 595 349 172 374 741 613
v/s Ratio Prot c0.07 c0.16 0.11 c0.16 0.08
v/s Ratio Perm 0.04 0.00 0.07 c0.12 0.05 0.01
v/c Ratio 0.32 0.56 0.03 0.94 0.29 0.20 1.07 0.45 0.74 0.20 0.03
Uniform Delay, d1 32.7 33.8 31.5 33.7 18.0 17.4 36.6 34.3 30.5 16.3 15.2
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 1.2 3.0 0.1 34.0 0.1 0.1 69.4 8.4 6.8 0.6 0.1
Delay (s) 33.9 36.8 31.5 67.7 18.1 17.5 106.1 42.7 37.2 16.9 15.3
Level of Service C D C E B B F D D B B
Approach Delay (s) 35.2 35.6 82.1 28.6
Approach LOS D D F C

Intersection Summary
HCM 2000 Control Delay 47.3 HCM 2000 Level of Service D
HCM 2000 Volume to Capacity ratio 0.75
Actuated Cycle Length (s) 82.7 Sum of lost time (s) 26.0
Intersection Capacity Utilization 65.0% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group
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Lane Group EBT EBR WBT NBT SBL SBT SBR
Lane Group Flow (vph) 33 54 43 516 5 424 27
v/c Ratio 0.33 0.32 0.30 0.19 0.01 0.30 0.02
Control Delay 57.0 18.0 49.3 6.3 9.0 7.8 1.6
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 57.0 18.0 49.3 6.3 9.0 7.8 1.6
Queue Length 50th (ft) 23 0 26 31 1 54 0
Queue Length 95th (ft) 54 39 61 148 8 277 7
Internal Link Dist (ft) 379 511 1014 294
Turn Bay Length (ft) 70 140
Base Capacity (vph) 373 477 509 2686 651 1414 1213
Starvation Cap Reductn 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0
Reduced v/c Ratio 0.09 0.11 0.08 0.19 0.01 0.30 0.02

Intersection Summary



HCM Signalized Intersection Capacity Analysis PM Peak Existing
10: US Rte 5 & Highland Ave/Worcester Ave 04/10/2019

Hartford US 5 Corridor  10/18/2018 AM Synchro 10 Report
Stantec Page 13

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (vph) 30 0 50 0 35 5 0 475 0 5 390 25
Future Volume (vph) 30 0 50 0 35 5 0 475 0 5 390 25
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Lane Util. Factor 1.00 1.00 1.00 0.95 1.00 1.00 1.00
Frpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Flpb, ped/bikes 0.98 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 0.85 0.98 1.00 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1736 1583 1827 3539 1770 1863 1583
Flt Permitted 0.73 1.00 1.00 1.00 0.46 1.00 1.00
Satd. Flow (perm) 1332 1583 1827 3539 859 1863 1583
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 33 0 54 0 38 5 0 516 0 5 424 27
RTOR Reduction (vph) 0 0 50 0 5 0 0 0 0 0 0 7
Lane Group Flow (vph) 0 33 4 0 38 0 0 516 0 5 424 20
Confl. Peds. (#/hr) 5 5
Turn Type Perm NA Perm NA NA Perm NA Perm
Protected Phases 4 8 2 6
Permitted Phases 4 4 8 6 6
Actuated Green, G (s) 8.4 8.4 8.4 83.4 83.4 83.4 83.4
Effective Green, g (s) 8.4 8.4 8.4 83.4 83.4 83.4 83.4
Actuated g/C Ratio 0.08 0.08 0.08 0.74 0.74 0.74 0.74
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 2.0 2.0 2.0 2.0
Lane Grp Cap (vph) 99 118 137 2635 639 1387 1178
v/s Ratio Prot 0.02 0.15 c0.23
v/s Ratio Perm c0.02 0.00 0.01 0.01
v/c Ratio 0.33 0.03 0.28 0.20 0.01 0.31 0.02
Uniform Delay, d1 49.1 48.0 48.9 4.3 3.7 4.7 3.7
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 2.0 0.1 1.1 0.2 0.0 0.6 0.0
Delay (s) 51.1 48.2 50.1 4.4 3.7 5.3 3.7
Level of Service D D D A A A A
Approach Delay (s) 49.3 50.1 4.4 5.2
Approach LOS D D A A

Intersection Summary
HCM 2000 Control Delay 10.1 HCM 2000 Level of Service B
HCM 2000 Volume to Capacity ratio 0.29
Actuated Cycle Length (s) 112.0 Sum of lost time (s) 14.0
Intersection Capacity Utilization 45.5% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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Lane Group EBL EBT WBT NBT NBR SBT
Lane Group Flow (vph) 76 679 842 60 87 147
v/c Ratio 0.21 0.62 0.53 0.24 0.26 0.48
Control Delay 7.4 10.3 8.0 20.5 7.3 17.2
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 7.4 10.3 8.0 20.5 7.3 17.2
Queue Length 50th (ft) 9 104 62 16 0 22
Queue Length 95th (ft) 31 235 124 41 28 62
Internal Link Dist (ft) 564 303 200 268
Turn Bay Length (ft) 245 45
Base Capacity (vph) 358 1092 1592 787 889 832
Starvation Cap Reductn 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0
Reduced v/c Ratio 0.21 0.62 0.53 0.08 0.10 0.18

Intersection Summary
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (vph) 70 590 35 90 635 50 45 10 80 55 20 60
Future Volume (vph) 70 590 35 90 635 50 45 10 80 55 20 60
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0
Lane Util. Factor 1.00 1.00 0.95 1.00 1.00 1.00
Frpb, ped/bikes 1.00 1.00 1.00 1.00 0.97 0.99
Flpb, ped/bikes 1.00 1.00 1.00 0.99 1.00 0.99
Frt 1.00 0.99 0.99 1.00 0.85 0.94
Flt Protected 0.95 1.00 0.99 0.96 1.00 0.98
Satd. Flow (prot) 1767 1845 3479 1780 1529 1692
Flt Permitted 0.33 1.00 0.77 0.77 1.00 0.84
Satd. Flow (perm) 607 1845 2688 1423 1529 1450
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 76 641 38 98 690 54 49 11 87 60 22 65
RTOR Reduction (vph) 0 2 0 0 5 0 0 0 72 0 54 0
Lane Group Flow (vph) 76 677 0 0 837 0 0 60 15 0 93 0
Confl. Peds. (#/hr) 5 5 5 5 5 5 5 5
Turn Type Perm NA Perm NA Perm NA Perm Perm NA
Protected Phases 4 8 2 6
Permitted Phases 4 8 2 2 6
Actuated Green, G (s) 30.0 30.0 30.0 8.8 8.8 8.8
Effective Green, g (s) 30.0 30.0 30.0 8.8 8.8 8.8
Actuated g/C Ratio 0.59 0.59 0.59 0.17 0.17 0.17
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 358 1089 1587 246 264 251
v/s Ratio Prot c0.37
v/s Ratio Perm 0.13 0.31 0.04 0.01 c0.06
v/c Ratio 0.21 0.62 0.53 0.24 0.06 0.37
Uniform Delay, d1 4.9 6.7 6.2 18.1 17.5 18.6
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 1.3 2.7 1.3 0.5 0.1 0.9
Delay (s) 6.2 9.4 7.4 18.6 17.6 19.5
Level of Service A A A B B B
Approach Delay (s) 9.1 7.4 18.0 19.5
Approach LOS A A B B

Intersection Summary
HCM 2000 Control Delay 9.9 HCM 2000 Level of Service A
HCM 2000 Volume to Capacity ratio 0.56
Actuated Cycle Length (s) 50.8 Sum of lost time (s) 12.0
Intersection Capacity Utilization 86.2% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group



Queues AM Peak 2040 Build 1
1: US Rte 5 & VA Cutoff Rd 04/18/2019

Hartford US 5 Corridor  10/18/2018 AM Synchro 10 Report
Stantec Page 1

Lane Group EBL NBT SBT
Lane Group Flow (vph) 190 380 355
v/c Ratio 0.48 0.38 0.33
Control Delay 15.1 8.7 7.4
Queue Delay 0.0 0.0 0.0
Total Delay 15.1 8.7 7.4
Queue Length 50th (ft) 28 50 41
Queue Length 95th (ft) 68 122 102
Internal Link Dist (ft) 529 129 630
Turn Bay Length (ft)
Base Capacity (vph) 755 997 1091
Starvation Cap Reductn 0 0 0
Spillback Cap Reductn 0 0 0
Storage Cap Reductn 0 0 0
Reduced v/c Ratio 0.25 0.38 0.33

Intersection Summary
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Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Traffic Volume (vph) 135 55 60 320 285 70
Future Volume (vph) 135 55 60 320 285 70
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0
Lane Util. Factor 1.00 1.00 1.00
Frt 0.96 1.00 0.97
Flt Protected 0.97 0.99 1.00
Satd. Flow (prot) 1729 1848 1813
Flt Permitted 0.97 0.90 1.00
Satd. Flow (perm) 1729 1673 1813
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00
Adj. Flow (vph) 135 55 60 320 285 70
RTOR Reduction (vph) 38 0 0 0 13 0
Lane Group Flow (vph) 152 0 0 380 342 0
Turn Type Prot Perm NA NA
Protected Phases 4 2 6
Permitted Phases 2
Actuated Green, G (s) 7.8 24.2 24.2
Effective Green, g (s) 7.8 24.2 24.2
Actuated g/C Ratio 0.18 0.55 0.55
Clearance Time (s) 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 306 920 997
v/s Ratio Prot c0.09 0.19
v/s Ratio Perm c0.23
v/c Ratio 0.50 0.41 0.34
Uniform Delay, d1 16.3 5.8 5.5
Progression Factor 1.00 1.00 1.00
Incremental Delay, d2 1.3 1.4 0.9
Delay (s) 17.6 7.1 6.4
Level of Service B A A
Approach Delay (s) 17.6 7.1 6.4
Approach LOS B A A

Intersection Summary
HCM 2000 Control Delay 9.0 HCM 2000 Level of Service A
HCM 2000 Volume to Capacity ratio 0.43
Actuated Cycle Length (s) 44.0 Sum of lost time (s) 12.0
Intersection Capacity Utilization 65.3% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 0 0 10 30 20 90 0 350 45 100 350 285
Future Volume (Veh/h) 0 0 10 30 20 90 0 350 45 100 350 285
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Hourly flow rate (vph) 0 0 10 30 20 90 0 350 45 100 350 285
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 710 890
pX, platoon unblocked 0.85 0.85 0.85 0.85 0.85 0.85
vC, conflicting volume 1165 1088 492 1075 1208 372 635 395
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1108 1017 321 1003 1158 372 488 395
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 100 100 98 83 87 87 100 91
cM capacity (veh/h) 117 186 615 174 153 673 919 1164

Direction, Lane # EB 1 WB 1 WB 2 NB 1 SB 1
Volume Total 10 50 90 395 735
Volume Left 0 30 0 0 100
Volume Right 10 0 90 45 285
cSH 615 165 673 1700 1164
Volume to Capacity 0.02 0.30 0.13 0.23 0.09
Queue Length 95th (ft) 1 30 11 0 7
Control Delay (s) 11.0 36.1 11.2 0.0 2.1
Lane LOS B E B A
Approach Delay (s) 11.0 20.1 0.0 2.1
Approach LOS B C

Intersection Summary
Average Delay 3.5
Intersection Capacity Utilization 75.8% ICU Level of Service D
Analysis Period (min) 15



Queues AM Peak 2040 Build 1
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Lane Group EBL NBL NBT SBT SBR
Lane Group Flow (vph) 225 235 305 625 265
v/c Ratio 0.57 0.55 0.26 0.54 0.24
Control Delay 12.0 13.7 5.9 8.6 1.6
Queue Delay 0.0 0.0 0.0 0.0 0.0
Total Delay 12.0 13.7 5.9 8.6 1.6
Queue Length 50th (ft) 13 32 33 85 0
Queue Length 95th (ft) 60 #145 84 206 24
Internal Link Dist (ft) 747 221 665
Turn Bay Length (ft) 230
Base Capacity (vph) 677 426 1160 1160 1085
Starvation Cap Reductn 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0
Reduced v/c Ratio 0.33 0.55 0.26 0.54 0.24

Intersection Summary
#    95th percentile volume exceeds capacity, queue may be longer.
     Queue shown is maximum after two cycles.
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Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Traffic Volume (vph) 50 175 235 305 625 265
Future Volume (vph) 50 175 235 305 625 265
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0 6.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00
Frt 0.90 1.00 1.00 1.00 0.85
Flt Protected 0.99 0.95 1.00 1.00 1.00
Satd. Flow (prot) 1649 1770 1863 1863 1583
Flt Permitted 0.99 0.37 1.00 1.00 1.00
Satd. Flow (perm) 1649 685 1863 1863 1583
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00
Adj. Flow (vph) 50 175 235 305 625 265
RTOR Reduction (vph) 149 0 0 0 0 100
Lane Group Flow (vph) 76 0 235 305 625 165
Turn Type Prot Perm NA NA Perm
Protected Phases 4 2 6
Permitted Phases 2 6
Actuated Green, G (s) 8.0 33.1 33.1 33.1 33.1
Effective Green, g (s) 8.0 33.1 33.1 33.1 33.1
Actuated g/C Ratio 0.15 0.62 0.62 0.62 0.62
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 248 426 1161 1161 986
v/s Ratio Prot c0.05 0.16 0.34
v/s Ratio Perm c0.34 0.10
v/c Ratio 0.31 0.55 0.26 0.54 0.17
Uniform Delay, d1 20.1 5.7 4.5 5.7 4.2
Progression Factor 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.7 5.1 0.6 1.8 0.4
Delay (s) 20.8 10.8 5.1 7.5 4.6
Level of Service C B A A A
Approach Delay (s) 20.8 7.6 6.6
Approach LOS C A A

Intersection Summary
HCM 2000 Control Delay 8.8 HCM 2000 Level of Service A
HCM 2000 Volume to Capacity ratio 0.50
Actuated Cycle Length (s) 53.1 Sum of lost time (s) 12.0
Intersection Capacity Utilization 74.5% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group
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Lane Group WBL WBR NBT SBT
Lane Group Flow (vph) 470 475 355 430
v/c Ratio 0.77 0.62 0.48 0.58
Control Delay 23.6 8.3 14.1 15.8
Queue Delay 0.0 0.0 0.0 0.0
Total Delay 23.6 8.3 14.1 15.8
Queue Length 50th (ft) 111 29 76 97
Queue Length 95th (ft) #211 93 138 172
Internal Link Dist (ft) 168 665 225
Turn Bay Length (ft)
Base Capacity (vph) 708 828 745 745
Starvation Cap Reductn 0 0 0 0
Spillback Cap Reductn 0 0 0 0
Storage Cap Reductn 0 0 0 0
Reduced v/c Ratio 0.66 0.57 0.48 0.58

Intersection Summary
#    95th percentile volume exceeds capacity, queue may be longer.
     Queue shown is maximum after two cycles.
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Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Traffic Volume (vph) 470 475 355 0 0 430
Future Volume (vph) 470 475 355 0 0 430
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 1.00 0.85 1.00 1.00
Flt Protected 0.95 1.00 1.00 1.00
Satd. Flow (prot) 1770 1583 1863 1863
Flt Permitted 0.95 1.00 1.00 1.00
Satd. Flow (perm) 1770 1583 1863 1863
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00
Adj. Flow (vph) 470 475 355 0 0 430
RTOR Reduction (vph) 0 212 0 0 0 0
Lane Group Flow (vph) 470 263 355 0 0 430
Turn Type Prot Perm NA NA
Protected Phases 8 2 6
Permitted Phases 8
Actuated Green, G (s) 16.5 16.5 19.1 19.1
Effective Green, g (s) 16.5 16.5 19.1 19.1
Actuated g/C Ratio 0.35 0.35 0.40 0.40
Clearance Time (s) 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 613 548 747 747
v/s Ratio Prot c0.27 0.19 c0.23
v/s Ratio Perm 0.17
v/c Ratio 0.77 0.48 0.48 0.58
Uniform Delay, d1 13.8 12.2 10.5 11.1
Progression Factor 1.00 1.00 1.00 1.00
Incremental Delay, d2 5.7 0.7 2.2 3.2
Delay (s) 19.5 12.8 12.7 14.3
Level of Service B B B B
Approach Delay (s) 16.2 12.7 14.3
Approach LOS B B B

Intersection Summary
HCM 2000 Control Delay 15.0 HCM 2000 Level of Service B
HCM 2000 Volume to Capacity ratio 0.66
Actuated Cycle Length (s) 47.6 Sum of lost time (s) 12.0
Intersection Capacity Utilization 58.7% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group



Queues AM Peak 2040 Build 1
11: Bridge St/Pine St & VT Rte 14 04/18/2019

Hartford US 5 Corridor  10/18/2018 AM Synchro 10 Report
Stantec Page 8

Lane Group EBL EBT WBT NBT NBR SBT
Lane Group Flow (vph) 38 756 511 33 22 60
v/c Ratio 0.06 0.56 0.28 0.17 0.08 0.24
Control Delay 5.7 9.1 5.5 25.4 2.5 15.5
Queue Delay 0.0 0.2 0.0 0.0 0.0 0.0
Total Delay 5.7 9.3 5.5 25.4 2.5 15.5
Queue Length 50th (ft) 4 116 30 13 0 11
Queue Length 95th (ft) 21 393 97 31 6 35
Internal Link Dist (ft) 513 406 230 149
Turn Bay Length (ft) 245 45
Base Capacity (vph) 638 1355 1847 435 549 508
Starvation Cap Reductn 0 111 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0
Reduced v/c Ratio 0.06 0.61 0.28 0.08 0.04 0.12

Intersection Summary



HCM Signalized Intersection Capacity Analysis AM Peak 2040 Build 1
11: Bridge St/Pine St & VT Rte 14 04/18/2019

Hartford US 5 Corridor  10/18/2018 AM Synchro 10 Report
Stantec Page 9

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (vph) 35 620 75 90 365 15 30 0 20 20 5 30
Future Volume (vph) 35 620 75 90 365 15 30 0 20 20 5 30
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0
Lane Util. Factor 1.00 1.00 0.95 1.00 1.00 1.00
Frt 1.00 0.98 1.00 1.00 0.85 0.93
Flt Protected 0.95 1.00 0.99 0.95 1.00 0.98
Satd. Flow (prot) 1770 1832 3489 1770 1583 1693
Flt Permitted 0.46 1.00 0.71 0.72 1.00 0.87
Satd. Flow (perm) 864 1832 2501 1337 1583 1492
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 38 674 82 98 397 16 33 0 22 22 5 33
RTOR Reduction (vph) 0 2 0 0 1 0 0 0 19 0 29 0
Lane Group Flow (vph) 38 754 0 0 510 0 0 33 3 0 31 0
Turn Type Perm NA Perm NA Perm NA Perm Perm NA
Protected Phases 4 8 2 6
Permitted Phases 4 8 2 2 6
Actuated Green, G (s) 48.9 48.9 48.9 8.4 8.4 8.4
Effective Green, g (s) 48.9 48.9 48.9 8.4 8.4 8.4
Actuated g/C Ratio 0.71 0.71 0.71 0.12 0.12 0.12
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 609 1292 1764 162 191 180
v/s Ratio Prot c0.41
v/s Ratio Perm 0.04 0.20 c0.02 0.00 0.02
v/c Ratio 0.06 0.58 0.29 0.20 0.01 0.17
Uniform Delay, d1 3.1 5.1 3.8 27.4 26.8 27.3
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.2 1.9 0.4 0.6 0.0 0.5
Delay (s) 3.3 7.0 4.2 28.1 26.8 27.8
Level of Service A A A C C C
Approach Delay (s) 6.9 4.2 27.6 27.8
Approach LOS A A C C

Intersection Summary
HCM 2000 Control Delay 7.6 HCM 2000 Level of Service A
HCM 2000 Volume to Capacity ratio 0.55
Actuated Cycle Length (s) 69.3 Sum of lost time (s) 14.0
Intersection Capacity Utilization 85.4% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group



HCM Unsignalized Intersection Capacity Analysis AM Peak 2040 Build 2
1: US Rte 5 & VA Cutoff Rd 04/18/2019

Hartford US 5 Corridor  10/18/2018 AM Synchro 10 Report
Stantec Page 1

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Traffic Volume (veh/h) 95 55 45 320 285 70
Future Volume (Veh/h) 95 55 45 320 285 70
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00
Hourly flow rate (vph) 95 55 45 320 285 70
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh) 2
Median type None None
Median storage veh)
Upstream signal (ft) 710
pX, platoon unblocked
vC, conflicting volume 730 320 355
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 730 320 355
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 75 92 96
cM capacity (veh/h) 375 721 1204

Direction, Lane # EB 1 NB 1 SB 1
Volume Total 150 365 355
Volume Left 95 45 0
Volume Right 55 0 70
cSH 592 1204 1700
Volume to Capacity 0.25 0.04 0.21
Queue Length 95th (ft) 25 3 0
Control Delay (s) 15.1 1.3 0.0
Lane LOS C A
Approach Delay (s) 15.1 1.3 0.0
Approach LOS C

Intersection Summary
Average Delay 3.2
Intersection Capacity Utilization 53.8% ICU Level of Service A
Analysis Period (min) 15



Queues AM Peak 2040 Build 2
2: Veterans Dr/Dunkin Donuts & US Rte 5 04/18/2019

Hartford US 5 Corridor  10/18/2018 AM Synchro 10 Report
Stantec Page 2

Lane Group EBT WBT WBR NBT SBL SBT
Lane Group Flow (vph) 50 50 90 410 100 635
v/c Ratio 0.23 0.23 0.29 0.31 0.13 0.49
Control Delay 12.2 19.4 7.5 4.3 4.0 5.2
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 12.2 19.4 7.5 4.3 4.0 5.2
Queue Length 50th (ft) 4 11 0 34 8 51
Queue Length 95th (ft) 25 33 27 77 23 126
Internal Link Dist (ft) 369 235 630 509
Turn Bay Length (ft) 20 100
Base Capacity (vph) 528 561 661 1302 768 1288
Starvation Cap Reductn 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0
Reduced v/c Ratio 0.09 0.09 0.14 0.31 0.13 0.49

Intersection Summary



HCM Signalized Intersection Capacity Analysis AM Peak 2040 Build 2
2: Veterans Dr/Dunkin Donuts & US Rte 5 04/18/2019

Hartford US 5 Corridor  10/18/2018 AM Synchro 10 Report
Stantec Page 3

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (vph) 40 0 10 30 20 90 15 350 45 100 350 285
Future Volume (vph) 40 0 10 30 20 90 15 350 45 100 350 285
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.5 4.5 4.5 4.5 4.5 4.5
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00
Frt 0.97 1.00 0.85 0.99 1.00 0.93
Flt Protected 0.96 0.97 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1743 1808 1583 1832 1770 1737
Flt Permitted 0.73 0.79 1.00 0.98 0.57 1.00
Satd. Flow (perm) 1332 1466 1583 1794 1061 1737
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Adj. Flow (vph) 40 0 10 30 20 90 15 350 45 100 350 285
RTOR Reduction (vph) 0 26 0 0 0 79 0 5 0 0 33 0
Lane Group Flow (vph) 0 24 0 0 50 11 0 405 0 100 602 0
Turn Type Perm NA Perm NA Perm Perm NA Perm NA
Protected Phases 4 8 2 6
Permitted Phases 4 8 8 2 6
Actuated Green, G (s) 5.9 5.9 5.9 33.7 33.7 33.7
Effective Green, g (s) 5.9 5.9 5.9 33.7 33.7 33.7
Actuated g/C Ratio 0.12 0.12 0.12 0.69 0.69 0.69
Clearance Time (s) 4.5 4.5 4.5 4.5 4.5 4.5
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 161 177 192 1243 735 1204
v/s Ratio Prot c0.35
v/s Ratio Perm 0.02 c0.03 0.01 0.23 0.09
v/c Ratio 0.15 0.28 0.06 0.33 0.14 0.50
Uniform Delay, d1 19.1 19.4 18.9 3.0 2.5 3.5
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.4 0.9 0.1 0.7 0.4 1.5
Delay (s) 19.5 20.3 19.0 3.6 2.9 5.0
Level of Service B C B A A A
Approach Delay (s) 19.5 19.5 3.6 4.7
Approach LOS B B A A

Intersection Summary
HCM 2000 Control Delay 6.5 HCM 2000 Level of Service A
HCM 2000 Volume to Capacity ratio 0.47
Actuated Cycle Length (s) 48.6 Sum of lost time (s) 9.0
Intersection Capacity Utilization 70.6% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group



Queues AM Peak 2040 Build 2
5: US Rte 5 & I-91 NB On Ramp/I-91 NB Off Ramp 04/18/2019

Hartford US 5 Corridor  10/18/2018 AM Synchro 10 Report
Stantec Page 4

Lane Group WBT WBR NBL NBT SBT SBR
Lane Group Flow (vph) 486 460 76 285 430 65
v/c Ratio 0.75 0.55 0.24 0.38 0.57 0.10
Control Delay 22.7 4.9 14.1 13.7 16.7 4.1
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 22.7 4.9 14.1 13.7 16.7 4.1
Queue Length 50th (ft) 126 8 16 65 109 0
Queue Length 95th (ft) 217 57 43 119 187 19
Internal Link Dist (ft) 168 780 110
Turn Bay Length (ft) 100
Base Capacity (vph) 753 910 318 753 753 679
Starvation Cap Reductn 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0
Reduced v/c Ratio 0.65 0.51 0.24 0.38 0.57 0.10

Intersection Summary



HCM Signalized Intersection Capacity Analysis AM Peak 2040 Build 2
5: US Rte 5 & I-91 NB On Ramp/I-91 NB Off Ramp 04/18/2019

Hartford US 5 Corridor  10/18/2018 AM Synchro 10 Report
Stantec Page 5

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (vph) 0 0 0 470 15 460 70 285 0 0 430 60
Future Volume (vph) 0 0 0 470 15 460 70 285 0 0 430 60
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 0.85 1.00 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 1.00 1.00
Satd. Flow (prot) 1777 1583 1770 1863 1863 1583
Flt Permitted 0.95 1.00 0.42 1.00 1.00 1.00
Satd. Flow (perm) 1777 1583 785 1863 1863 1583
Peak-hour factor, PHF 0.92 0.92 0.92 1.00 0.92 1.00 0.92 1.00 1.00 1.00 1.00 0.92
Adj. Flow (vph) 0 0 0 470 16 460 76 285 0 0 430 65
RTOR Reduction (vph) 0 0 0 0 0 264 0 0 0 0 0 39
Lane Group Flow (vph) 0 0 0 0 486 196 76 285 0 0 430 26
Turn Type Split NA Perm Perm NA NA Perm
Protected Phases 8 8 2 6
Permitted Phases 8 2 6
Actuated Green, G (s) 19.0 19.0 21.1 21.1 21.1 21.1
Effective Green, g (s) 19.0 19.0 21.1 21.1 21.1 21.1
Actuated g/C Ratio 0.36 0.36 0.40 0.40 0.40 0.40
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 648 577 317 754 754 641
v/s Ratio Prot c0.27 0.15 c0.23
v/s Ratio Perm 0.12 0.10 0.02
v/c Ratio 0.75 0.34 0.24 0.38 0.57 0.04
Uniform Delay, d1 14.5 12.0 10.2 10.9 12.0 9.4
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 4.9 0.4 1.8 1.4 3.1 0.1
Delay (s) 19.3 12.4 12.0 12.3 15.1 9.5
Level of Service B B B B B A
Approach Delay (s) 0.0 15.9 12.3 14.4
Approach LOS A B B B

Intersection Summary
HCM 2000 Control Delay 14.8 HCM 2000 Level of Service B
HCM 2000 Volume to Capacity ratio 0.66
Actuated Cycle Length (s) 52.1 Sum of lost time (s) 12.0
Intersection Capacity Utilization 68.6% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group



Queues AM Peak 2040 Build 2
11: Bridge St/Pine St & VT Rte 14 04/18/2019

Hartford US 5 Corridor  10/18/2018 AM Synchro 10 Report
Stantec Page 6

Lane Group EBT WBL WBT NBT NBR SBT
Lane Group Flow (vph) 794 98 413 33 22 60
v/c Ratio 0.31 0.19 0.15 0.16 0.08 0.24
Control Delay 5.0 6.8 4.3 24.7 4.8 15.4
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 5.0 6.8 4.3 24.7 4.8 15.4
Queue Length 50th (ft) 48 11 22 13 0 11
Queue Length 95th (ft) 146 53 70 31 10 35
Internal Link Dist (ft) 513 86 304 401
Turn Bay Length (ft) 75 45
Base Capacity (vph) 2533 516 2778 698 845 795
Starvation Cap Reductn 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0
Reduced v/c Ratio 0.31 0.19 0.15 0.05 0.03 0.08

Intersection Summary



HCM Signalized Intersection Capacity Analysis AM Peak 2040 Build 2
11: Bridge St/Pine St & VT Rte 14 04/18/2019

Hartford US 5 Corridor  10/18/2018 AM Synchro 10 Report
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (vph) 35 620 75 90 365 15 30 0 20 20 5 30
Future Volume (vph) 35 620 75 90 365 15 30 0 20 20 5 30
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0
Lane Util. Factor 0.95 1.00 0.95 1.00 1.00 1.00
Frt 0.98 1.00 0.99 1.00 0.85 0.93
Flt Protected 1.00 0.95 1.00 0.95 1.00 0.98
Satd. Flow (prot) 3476 1770 3519 1770 1583 1693
Flt Permitted 0.92 0.35 1.00 0.72 1.00 0.87
Satd. Flow (perm) 3204 655 3519 1337 1583 1492
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 38 674 82 98 397 16 33 0 22 22 5 33
RTOR Reduction (vph) 0 5 0 0 2 0 0 0 20 0 30 0
Lane Group Flow (vph) 0 789 0 98 411 0 0 33 2 0 30 0
Turn Type Perm NA Perm NA Perm NA Perm Perm NA
Protected Phases 4 8 2 6
Permitted Phases 4 8 2 2 6
Actuated Green, G (s) 49.1 49.1 49.1 6.9 6.9 6.9
Effective Green, g (s) 49.1 49.1 49.1 6.9 6.9 6.9
Actuated g/C Ratio 0.72 0.72 0.72 0.10 0.10 0.10
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2313 472 2540 135 160 151
v/s Ratio Prot 0.12
v/s Ratio Perm c0.25 0.15 c0.02 0.00 0.02
v/c Ratio 0.34 0.21 0.16 0.24 0.01 0.20
Uniform Delay, d1 3.5 3.1 3.0 28.1 27.5 28.0
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.4 1.0 0.1 0.9 0.0 0.7
Delay (s) 3.9 4.1 3.1 29.1 27.5 28.7
Level of Service A A A C C C
Approach Delay (s) 3.9 3.3 28.5 28.7
Approach LOS A A C C

Intersection Summary
HCM 2000 Control Delay 5.7 HCM 2000 Level of Service A
HCM 2000 Volume to Capacity ratio 0.33
Actuated Cycle Length (s) 68.0 Sum of lost time (s) 12.0
Intersection Capacity Utilization 71.5% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group



HCM Unsignalized Intersection Capacity Analysis AM Peak 2040 Build 3
5: US Rte 5 & I-91 NB Off Ramp 04/17/2019

Hartford US 5 Corridor  10/18/2018 AM Synchro 10 Report
Stantec Page 1

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Traffic Volume (veh/h) 470 475 355 0 0 430
Future Volume (Veh/h) 470 475 355 0 0 430
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00
Hourly flow rate (vph) 470 475 355 0 0 430
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 560
pX, platoon unblocked
vC, conflicting volume 570 355 355
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 570 355 355
tC, single (s) 6.8 6.9 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 0 26 100
cM capacity (veh/h) 452 641 1200

Direction, Lane # WB 1 WB 2 NB 1 SB 1 SB 2
Volume Total 470 475 355 215 215
Volume Left 470 0 0 0 0
Volume Right 0 475 0 0 0
cSH 452 641 1700 1700 1700
Volume to Capacity 1.04 0.74 0.21 0.13 0.13
Queue Length 95th (ft) 362 163 0 0 0
Control Delay (s) 83.9 24.9 0.0 0.0 0.0
Lane LOS F C
Approach Delay (s) 54.2 0.0 0.0
Approach LOS F

Intersection Summary
Average Delay 29.6
Intersection Capacity Utilization 54.8% ICU Level of Service A
Analysis Period (min) 15



Queues AM Peak 2040 Build 3
8: US Rte 5 & N. Main St 04/17/2019

Hartford US 5 Corridor  10/18/2018 AM Synchro 10 Report
Stantec Page 2

Lane Group EBL NBL NBT SBT SBR
Lane Group Flow (vph) 397 391 152 82 141
v/c Ratio 0.74 0.68 0.17 0.32 0.09
Control Delay 21.7 26.1 8.3 30.9 0.1
Queue Delay 0.0 0.0 0.0 0.0 0.0
Total Delay 21.7 26.1 8.3 30.9 0.1
Queue Length 50th (ft) 73 118 23 27 0
Queue Length 95th (ft) 188 263 64 78 0
Internal Link Dist (ft) 559 977 244
Turn Bay Length (ft)
Base Capacity (vph) 918 898 1671 945 1583
Starvation Cap Reductn 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0
Reduced v/c Ratio 0.43 0.44 0.09 0.09 0.09

Intersection Summary



HCM Signalized Intersection Capacity Analysis AM Peak 2040 Build 3
8: US Rte 5 & N. Main St 04/17/2019

Hartford US 5 Corridor  10/18/2018 AM Synchro 10 Report
Stantec Page 3

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Traffic Volume (vph) 90 275 360 140 75 130
Future Volume (vph) 90 275 360 140 75 130
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0 4.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00
Frt 0.90 1.00 1.00 1.00 0.85
Flt Protected 0.99 0.95 1.00 1.00 1.00
Satd. Flow (prot) 1653 1770 1863 1863 1583
Flt Permitted 0.99 0.95 1.00 1.00 1.00
Satd. Flow (perm) 1653 1770 1863 1863 1583
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 98 299 391 152 82 141
RTOR Reduction (vph) 121 0 0 0 0 0
Lane Group Flow (vph) 276 0 391 152 82 141
Turn Type Prot Prot NA NA Free
Protected Phases 4 1 6 2
Permitted Phases Free
Actuated Green, G (s) 14.3 18.2 30.0 5.8 56.3
Effective Green, g (s) 14.3 18.2 30.0 5.8 56.3
Actuated g/C Ratio 0.25 0.32 0.53 0.10 1.00
Clearance Time (s) 6.0 6.0 6.0 6.0
Vehicle Extension (s) 2.0 2.0 2.0 2.0
Lane Grp Cap (vph) 419 572 992 191 1583
v/s Ratio Prot c0.17 c0.22 0.08 c0.04
v/s Ratio Perm 0.09
v/c Ratio 0.66 0.68 0.15 0.43 0.09
Uniform Delay, d1 18.8 16.5 6.7 23.7 0.0
Progression Factor 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 2.9 2.7 0.0 0.6 0.1
Delay (s) 21.7 19.2 6.7 24.3 0.1
Level of Service C B A C A
Approach Delay (s) 21.7 15.7 9.0
Approach LOS C B A

Intersection Summary
HCM 2000 Control Delay 16.5 HCM 2000 Level of Service B
HCM 2000 Volume to Capacity ratio 0.63
Actuated Cycle Length (s) 56.3 Sum of lost time (s) 18.0
Intersection Capacity Utilization 58.5% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group



Queues AM Peak 2040 Build 3
9: US Rte 5 & VT Rte 14 04/17/2019

Hartford US 5 Corridor  10/18/2018 AM Synchro 10 Report
Stantec Page 4

Lane Group EBL EBT EBR WBL WBT NBL NBT NBR SBL SBT
Lane Group Flow (vph) 60 179 38 158 299 38 217 283 342 244
v/c Ratio 0.38 0.64 0.10 0.41 0.23 0.18 0.62 0.45 0.67 0.29
Control Delay 33.7 39.2 0.5 18.9 4.9 24.8 33.4 17.4 19.3 11.7
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 33.7 39.2 0.5 18.9 4.9 24.8 33.4 17.4 19.3 11.7
Queue Length 50th (ft) 23 71 0 45 10 13 82 81 88 56
Queue Length 95th (ft) 57 #150 0 87 34 37 146 142 148 100
Internal Link Dist (ft) 359 513 394 506
Turn Bay Length (ft) 295 75 240 75 200
Base Capacity (vph) 159 281 396 390 1282 238 393 581 513 882
Starvation Cap Reductn 0 0 0 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0 0 0 0
Reduced v/c Ratio 0.38 0.64 0.10 0.41 0.23 0.16 0.55 0.49 0.67 0.28

Intersection Summary
#    95th percentile volume exceeds capacity, queue may be longer.
     Queue shown is maximum after two cycles.



HCM Signalized Intersection Capacity Analysis AM Peak 2040 Build 3
9: US Rte 5 & VT Rte 14 04/17/2019

Hartford US 5 Corridor  10/18/2018 AM Synchro 10 Report
Stantec Page 5

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (vph) 55 165 35 145 65 210 35 200 260 315 185 40
Future Volume (vph) 55 165 35 145 65 210 35 200 260 315 185 40
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Lane Util. Factor 1.00 1.00 1.00 1.00 0.95 1.00 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 0.89 1.00 1.00 0.85 1.00 0.97
Flt Protected 0.95 1.00 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 1863 1583 1770 3134 1770 1863 1583 1770 1814
Flt Permitted 0.57 1.00 1.00 0.40 1.00 0.61 1.00 1.00 0.37 1.00
Satd. Flow (perm) 1060 1863 1583 738 3134 1131 1863 1583 694 1814
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 60 179 38 158 71 228 38 217 283 342 201 43
RTOR Reduction (vph) 0 0 32 0 146 0 0 0 0 0 6 0
Lane Group Flow (vph) 60 179 6 158 153 0 38 217 283 342 238 0
Turn Type Perm NA Perm pm+pt NA Perm NA pt+ov pm+pt NA
Protected Phases 8 7 4 6 6 7 5 2
Permitted Phases 8 8 4 6 2
Actuated Green, G (s) 10.1 10.1 10.1 23.9 23.9 12.4 12.4 26.2 30.4 30.4
Effective Green, g (s) 10.1 10.1 10.1 23.9 23.9 12.4 12.4 26.2 30.4 30.4
Actuated g/C Ratio 0.15 0.15 0.15 0.36 0.36 0.19 0.19 0.40 0.46 0.46
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 2.0 2.0 2.0 2.0 2.0 2.0
Lane Grp Cap (vph) 161 283 241 387 1129 211 348 625 512 831
v/s Ratio Prot c0.10 0.05 0.05 0.12 c0.18 c0.12 0.13
v/s Ratio Perm 0.06 0.00 0.10 0.03 c0.19
v/c Ratio 0.37 0.63 0.02 0.41 0.14 0.18 0.62 0.45 0.67 0.29
Uniform Delay, d1 25.3 26.4 23.9 15.2 14.3 22.7 24.8 14.8 12.6 11.2
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 1.5 4.6 0.0 0.3 0.0 0.1 2.5 0.2 2.6 0.1
Delay (s) 26.7 30.9 23.9 15.5 14.3 22.8 27.3 15.0 15.2 11.3
Level of Service C C C B B C C B B B
Approach Delay (s) 29.1 14.7 20.5 13.6
Approach LOS C B C B

Intersection Summary
HCM 2000 Control Delay 18.2 HCM 2000 Level of Service B
HCM 2000 Volume to Capacity ratio 0.74
Actuated Cycle Length (s) 66.3 Sum of lost time (s) 26.0
Intersection Capacity Utilization 64.7% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group



Queues AM Peak 2040 Build 3
10: US Rte 5 & Highland Ave/Worcester Ave 04/17/2019

Hartford US 5 Corridor  10/18/2018 AM Synchro 10 Report
Stantec Page 6

Lane Group EBT EBR WBT NBL NBT SBT
Lane Group Flow (vph) 125 196 5 261 234 391
v/c Ratio 0.41 0.40 0.01 0.47 0.11 0.56
Control Delay 22.8 5.5 0.0 10.2 6.8 20.3
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 22.8 5.5 0.0 10.2 6.8 20.3
Queue Length 50th (ft) 39 0 0 37 17 114
Queue Length 95th (ft) 70 37 0 92 40 #210
Internal Link Dist (ft) 379 511 428 294
Turn Bay Length (ft) 70
Base Capacity (vph) 456 646 787 552 2070 703
Starvation Cap Reductn 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0
Reduced v/c Ratio 0.27 0.30 0.01 0.47 0.11 0.56

Intersection Summary
#    95th percentile volume exceeds capacity, queue may be longer.
     Queue shown is maximum after two cycles.



HCM Signalized Intersection Capacity Analysis AM Peak 2040 Build 3
10: US Rte 5 & Highland Ave/Worcester Ave 04/17/2019

Hartford US 5 Corridor  10/18/2018 AM Synchro 10 Report
Stantec Page 7

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (vph) 115 0 180 0 0 5 240 215 0 0 360 0
Future Volume (vph) 115 0 180 0 0 5 240 215 0 0 360 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 4.5 6.0 6.0
Lane Util. Factor 1.00 1.00 1.00 1.00 0.95 1.00
Frt 1.00 0.85 0.86 1.00 1.00 1.00
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1770 1583 1611 1770 3539 1863
Flt Permitted 0.75 1.00 1.00 0.36 1.00 1.00
Satd. Flow (perm) 1405 1583 1611 665 3539 1863
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 125 0 196 0 0 5 261 234 0 0 391 0
RTOR Reduction (vph) 0 0 154 0 4 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 125 42 0 1 0 261 234 0 0 391 0
Turn Type pm+pt NA Perm NA pm+pt NA Perm NA Perm
Protected Phases 7 4 8 5 2 6
Permitted Phases 4 4 8 2 6 6
Actuated Green, G (s) 12.9 12.9 12.9 35.1 35.1 22.6
Effective Green, g (s) 12.9 12.9 12.9 35.1 35.1 22.6
Actuated g/C Ratio 0.22 0.22 0.22 0.59 0.59 0.38
Clearance Time (s) 6.0 6.0 6.0 4.5 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 2.0 2.0
Lane Grp Cap (vph) 302 340 346 536 2070 701
v/s Ratio Prot 0.00 c0.06 0.07 c0.21
v/s Ratio Perm c0.09 0.03 0.22
v/c Ratio 0.41 0.12 0.00 0.49 0.11 0.56
Uniform Delay, d1 20.3 19.0 18.5 7.0 5.5 14.8
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.9 0.2 0.0 0.7 0.1 3.2
Delay (s) 21.2 19.2 18.5 7.7 5.6 17.9
Level of Service C B B A A B
Approach Delay (s) 20.0 18.5 6.7 17.9
Approach LOS B B A B

Intersection Summary
HCM 2000 Control Delay 13.9 HCM 2000 Level of Service B
HCM 2000 Volume to Capacity ratio 0.57
Actuated Cycle Length (s) 60.0 Sum of lost time (s) 21.0
Intersection Capacity Utilization 59.0% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group



HCM Unsignalized Intersection Capacity Analysis AM Peak 2040 Build 3
11: Bridge St/Pine St & VT Rte 14 04/17/2019

Hartford US 5 Corridor  10/18/2018 AM Synchro 10 Report
Stantec Page 8

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 30 485 60 90 285 15 20 0 20 20 5 20
Future Volume (Veh/h) 30 485 60 90 285 15 20 0 20 20 5 20
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 33 527 65 98 310 16 22 0 22 22 5 22
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh) 2
Median type None None
Median storage veh)
Upstream signal (ft) 593
pX, platoon unblocked 0.93 0.93 0.93 0.93 0.93 0.93
vC, conflicting volume 326 592 1001 1148 560 1118 1172 163
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 326 524 964 1121 489 1089 1148 163
tC, single (s) 4.1 4.1 7.5 6.5 6.9 7.5 6.5 6.9
tC, 2 stage (s)
tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3
p0 queue free % 97 90 87 100 95 84 97 97
cM capacity (veh/h) 1230 966 168 167 488 136 161 853

Direction, Lane # EB 1 EB 2 WB 1 WB 2 NB 1 SB 1
Volume Total 33 592 253 171 44 49
Volume Left 33 0 98 0 22 22
Volume Right 0 65 0 16 22 22
cSH 1230 1700 966 1700 336 224
Volume to Capacity 0.03 0.35 0.10 0.10 0.13 0.22
Queue Length 95th (ft) 2 0 8 0 11 20
Control Delay (s) 8.0 0.0 4.2 0.0 21.2 25.5
Lane LOS A A C D
Approach Delay (s) 0.4 2.5 21.2 25.5
Approach LOS C D

Intersection Summary
Average Delay 3.1
Intersection Capacity Utilization 59.4% ICU Level of Service B
Analysis Period (min) 15



Queues AM Peak 2040 Build 4
11: Bridge St/Pine St & VT Rte 14 06/25/2019

Hartford US 5 Corridor  10/18/2018 AM Synchro 10 Report
Stantec Page 1

Lane Group EBT WBL WBT NBT NBR SBT
Lane Group Flow (vph) 794 98 413 33 22 60
v/c Ratio 0.30 0.18 0.27 0.12 0.08 0.24
Control Delay 3.3 4.8 3.8 18.3 2.6 13.1
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 3.3 4.8 3.8 18.3 2.6 13.1
Queue Length 50th (ft) 0 0 0 8 0 7
Queue Length 95th (ft) 82 32 96 26 6 31
Internal Link Dist (ft) 513 406 230 149
Turn Bay Length (ft) 145 45
Base Capacity (vph) 2687 545 1545 693 623 575
Starvation Cap Reductn 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0
Reduced v/c Ratio 0.30 0.18 0.27 0.05 0.04 0.10

Intersection Summary



HCM Signalized Intersection Capacity Analysis AM Peak 2040 Build 4
11: Bridge St/Pine St & VT Rte 14 06/25/2019

Hartford US 5 Corridor  10/18/2018 AM Synchro 10 Report
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (vph) 35 620 75 90 365 15 30 0 20 20 5 30
Future Volume (vph) 35 620 75 90 365 15 30 0 20 20 5 30
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0
Lane Util. Factor 0.95 1.00 1.00 1.00 1.00 1.00
Frt 0.98 1.00 0.99 1.00 0.85 0.93
Flt Protected 1.00 0.95 1.00 0.95 1.00 0.98
Satd. Flow (prot) 3476 1770 1852 1770 1583 1693
Flt Permitted 0.92 0.35 1.00 1.00 1.00 0.87
Satd. Flow (perm) 3216 655 1852 1863 1583 1492
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 38 674 82 98 397 16 33 0 22 22 5 33
RTOR Reduction (vph) 0 8 0 0 1 0 0 0 21 0 31 0
Lane Group Flow (vph) 0 786 0 98 412 0 0 33 1 0 29 0
Turn Type Perm NA Perm NA Perm NA Perm Perm NA
Protected Phases 4 8 2 6
Permitted Phases 4 8 2 2 6
Actuated Green, G (s) 36.8 36.8 36.8 3.2 3.2 3.2
Effective Green, g (s) 36.8 36.8 36.8 3.2 3.2 3.2
Actuated g/C Ratio 0.71 0.71 0.71 0.06 0.06 0.06
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2275 463 1310 114 97 91
v/s Ratio Prot 0.22
v/s Ratio Perm c0.24 0.15 0.02 0.00 c0.02
v/c Ratio 0.35 0.21 0.31 0.29 0.01 0.32
Uniform Delay, d1 2.9 2.6 2.9 23.3 22.9 23.4
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.4 1.0 0.6 1.4 0.1 2.0
Delay (s) 3.4 3.7 3.5 24.7 23.0 25.4
Level of Service A A A C C C
Approach Delay (s) 3.4 3.5 24.0 25.4
Approach LOS A A C C

Intersection Summary
HCM 2000 Control Delay 5.1 HCM 2000 Level of Service A
HCM 2000 Volume to Capacity ratio 0.34
Actuated Cycle Length (s) 52.0 Sum of lost time (s) 12.0
Intersection Capacity Utilization 71.5% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group



Queues AM Peak 2040 Build 4
9: US Rte 5 & VT Rte 14 04/18/2019

Hartford US 5 Corridor  10/18/2018 AM Synchro 10 Report
Stantec Page 1

Lane Group EBL EBT EBR WBL WBT WBR NBT NBR SBL SBT
Lane Group Flow (vph) 60 179 38 158 71 228 255 283 342 244
v/c Ratio 0.43 0.91 0.10 0.56 0.15 0.32 0.42 0.35 0.73 0.27
Control Delay 45.8 84.4 0.6 32.0 22.5 2.9 30.4 4.2 30.7 17.0
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 45.8 84.4 0.6 32.0 22.5 2.9 30.4 4.2 30.7 17.0
Queue Length 50th (ft) 31 96 0 64 27 0 92 0 94 60
Queue Length 95th (ft) 70 #215 0 114 58 28 #374 62 #417 194
Internal Link Dist (ft) 359 513 394 546
Turn Bay Length (ft) 295 75 240 150 200
Base Capacity (vph) 140 197 362 302 569 709 605 818 470 902
Starvation Cap Reductn 0 0 0 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0 0 0 0
Reduced v/c Ratio 0.43 0.91 0.10 0.52 0.12 0.32 0.42 0.35 0.73 0.27

Intersection Summary
#    95th percentile volume exceeds capacity, queue may be longer.
     Queue shown is maximum after two cycles.



HCM Signalized Intersection Capacity Analysis AM Peak 2040 Build 4
9: US Rte 5 & VT Rte 14 04/18/2019

Hartford US 5 Corridor  10/18/2018 AM Synchro 10 Report
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (vph) 55 165 35 145 65 210 35 200 260 315 185 40
Future Volume (vph) 55 165 35 145 65 210 35 200 260 315 185 40
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1500 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.85 1.00 0.97
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.99 1.00 0.95 1.00
Satd. Flow (prot) 1770 1863 1583 1770 1863 1583 1849 1250 1770 1814
Flt Permitted 0.71 1.00 1.00 0.28 1.00 1.00 0.92 1.00 0.44 1.00
Satd. Flow (perm) 1324 1863 1583 529 1863 1583 1715 1250 816 1814
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 60 179 38 158 71 228 38 217 283 342 201 43
RTOR Reduction (vph) 0 0 34 0 0 145 0 0 155 0 6 0
Lane Group Flow (vph) 60 179 4 158 71 83 0 255 128 342 238 0
Turn Type Perm NA Perm pm+pt NA pm+ov Perm NA pm+ov pm+pt NA
Protected Phases 8 7 4 5 6 7 5 2
Permitted Phases 8 8 4 4 6 6 2
Actuated Green, G (s) 9.0 9.0 9.0 25.0 25.0 31.0 28.4 38.4 40.4 40.4
Effective Green, g (s) 9.0 9.0 9.0 25.0 25.0 31.0 28.4 38.4 40.4 40.4
Actuated g/C Ratio 0.11 0.11 0.11 0.29 0.29 0.36 0.33 0.45 0.48 0.48
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Lane Grp Cap (vph) 140 197 167 301 547 577 573 652 455 862
v/s Ratio Prot c0.10 c0.06 0.04 0.01 0.02 c0.05 0.13
v/s Ratio Perm 0.05 0.00 0.09 0.04 0.15 0.08 c0.30
v/c Ratio 0.43 0.91 0.02 0.52 0.13 0.14 0.45 0.20 0.75 0.28
Uniform Delay, d1 35.6 37.6 34.1 23.7 22.0 18.1 22.1 14.0 18.8 13.5
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 2.1 39.1 0.1 0.8 0.0 0.0 2.5 0.1 6.1 0.8
Delay (s) 37.7 76.7 34.1 24.5 22.1 18.1 24.6 14.1 24.9 14.3
Level of Service D E C C C B C B C B
Approach Delay (s) 62.4 20.9 19.1 20.5
Approach LOS E C B C

Intersection Summary
HCM 2000 Control Delay 26.4 HCM 2000 Level of Service C
HCM 2000 Volume to Capacity ratio 0.73
Actuated Cycle Length (s) 85.0 Sum of lost time (s) 26.0
Intersection Capacity Utilization 66.6% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group



Queues AM Peak 2040 Build 4
10: US Rte 5 & Highland Ave/Worcester Ave 04/18/2019

Hartford US 5 Corridor  10/18/2018 AM Synchro 10 Report
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Lane Group EBT EBR WBT NBT SBT SBR
Lane Group Flow (vph) 125 196 266 234 391 261
v/c Ratio 0.62 0.37 0.60 0.12 0.39 0.27
Control Delay 41.7 6.0 33.0 13.3 17.7 4.4
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 41.7 6.0 33.0 13.3 17.7 4.4
Queue Length 50th (ft) 55 0 116 25 96 3
Queue Length 95th (ft) 113 48 191 83 #358 65
Internal Link Dist (ft) 379 511 388 294
Turn Bay Length (ft) 70 140
Base Capacity (vph) 224 568 444 1924 1012 971
Starvation Cap Reductn 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0
Reduced v/c Ratio 0.56 0.35 0.60 0.12 0.39 0.27

Intersection Summary
#    95th percentile volume exceeds capacity, queue may be longer.
     Queue shown is maximum after two cycles.



HCM Signalized Intersection Capacity Analysis AM Peak 2040 Build 4
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (vph) 115 0 180 0 240 5 0 215 0 0 360 240
Future Volume (vph) 115 0 180 0 240 5 0 215 0 0 360 240
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0
Lane Util. Factor 1.00 1.00 1.00 0.95 1.00 1.00
Frt 1.00 0.85 1.00 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 1.00 1.00 1.00
Satd. Flow (prot) 1770 1583 1858 3539 1863 1583
Flt Permitted 0.45 1.00 1.00 1.00 1.00 1.00
Satd. Flow (perm) 836 1583 1858 3539 1863 1583
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 125 0 196 0 261 5 0 234 0 0 391 261
RTOR Reduction (vph) 0 0 149 0 1 0 0 0 0 0 0 116
Lane Group Flow (vph) 0 125 47 0 265 0 0 234 0 0 391 145
Turn Type pm+pt NA Perm NA NA Perm NA Perm
Protected Phases 7 4 8 2 6
Permitted Phases 4 4 8 6 6
Actuated Green, G (s) 19.6 19.6 19.6 43.0 43.0 43.0
Effective Green, g (s) 19.6 19.6 19.6 43.0 43.0 43.0
Actuated g/C Ratio 0.24 0.24 0.24 0.52 0.52 0.52
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 2.0 2.0 2.0
Lane Grp Cap (vph) 199 378 444 1855 976 830
v/s Ratio Prot 0.14 0.07 c0.21
v/s Ratio Perm c0.15 0.03 0.09
v/c Ratio 0.63 0.12 0.60 0.13 0.40 0.17
Uniform Delay, d1 27.9 24.5 27.7 9.9 11.7 10.2
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 6.1 0.1 2.2 0.1 1.2 0.5
Delay (s) 34.0 24.6 29.9 10.1 13.0 10.7
Level of Service C C C B B B
Approach Delay (s) 28.3 29.9 10.1 12.0
Approach LOS C C B B

Intersection Summary
HCM 2000 Control Delay 18.5 HCM 2000 Level of Service B
HCM 2000 Volume to Capacity ratio 0.47
Actuated Cycle Length (s) 82.0 Sum of lost time (s) 19.0
Intersection Capacity Utilization 58.0% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group



HCM Unsignalized Intersection Capacity Analysis AM Peak 2040 No Action
1: US Rte 5 & VA Cutoff Rd 04/10/2019

Hartford US 5 Corridor  10/18/2018 AM Synchro 10 Report
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Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Traffic Volume (veh/h) 95 55 45 320 285 70
Future Volume (Veh/h) 95 55 45 320 285 70
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00
Hourly flow rate (vph) 95 55 45 320 285 70
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 730 320 355
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 730 320 355
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 75 92 96
cM capacity (veh/h) 375 721 1204

Direction, Lane # EB 1 NB 1 SB 1
Volume Total 150 365 355
Volume Left 95 45 0
Volume Right 55 0 70
cSH 455 1204 1700
Volume to Capacity 0.33 0.04 0.21
Queue Length 95th (ft) 36 3 0
Control Delay (s) 16.8 1.3 0.0
Lane LOS C A
Approach Delay (s) 16.8 1.3 0.0
Approach LOS C

Intersection Summary
Average Delay 3.4
Intersection Capacity Utilization 57.2% ICU Level of Service B
Analysis Period (min) 15



HCM Unsignalized Intersection Capacity Analysis AM Peak 2040 No Action
2: Veterans Dr/Dunkin Donuts & US Rte 5 04/10/2019

Hartford US 5 Corridor  10/18/2018 AM Synchro 10 Report
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 40 0 10 30 20 90 15 350 45 100 350 285
Future Volume (Veh/h) 40 0 10 30 20 90 15 350 45 100 350 285
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Hourly flow rate (vph) 40 0 10 30 20 90 15 350 45 100 350 285
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh) 1
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1150 1118 492 962 1238 372 635 395
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1150 1118 492 962 1238 372 635 395
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 68 100 98 86 87 87 98 91
cM capacity (veh/h) 127 186 576 213 158 673 948 1164

Direction, Lane # EB 1 WB 1 NB 1 SB 1 SB 2
Volume Total 50 140 410 100 635
Volume Left 40 30 15 100 0
Volume Right 10 90 45 0 285
cSH 150 536 948 1164 1700
Volume to Capacity 0.33 0.26 0.02 0.09 0.37
Queue Length 95th (ft) 34 26 1 7 0
Control Delay (s) 40.5 18.0 0.5 8.4 0.0
Lane LOS E C A A
Approach Delay (s) 40.5 18.0 0.5 1.1
Approach LOS E C

Intersection Summary
Average Delay 4.2
Intersection Capacity Utilization 69.8% ICU Level of Service C
Analysis Period (min) 15



HCM Unsignalized Intersection Capacity Analysis AM Peak 2040 No Action
3: US Rte 5 & Winsor Dr/Ballardvale Dr 04/10/2019
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 0 0 0 20 0 75 0 460 15 40 710 0
Future Volume (Veh/h) 0 0 0 20 0 75 0 460 15 40 710 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Hourly flow rate (vph) 0 0 0 20 0 75 0 460 15 40 710 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1332 1265 710 1258 1258 468 710 475
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1332 1265 710 1258 1258 468 710 475
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 100 100 100 86 100 87 100 96
cM capacity (veh/h) 111 163 434 144 165 595 889 1087

Direction, Lane # EB 1 WB 1 WB 2 NB 1 SB 1 SB 2
Volume Total 0 20 75 475 40 710
Volume Left 0 20 0 0 40 0
Volume Right 0 0 75 15 0 0
cSH 1700 144 595 889 1087 1700
Volume to Capacity 0.00 0.14 0.13 0.00 0.04 0.42
Queue Length 95th (ft) 0 12 11 0 3 0
Control Delay (s) 0.0 34.1 11.9 0.0 8.4 0.0
Lane LOS A D B A
Approach Delay (s) 0.0 16.6 0.0 0.5
Approach LOS A C

Intersection Summary
Average Delay 1.4
Intersection Capacity Utilization 48.7% ICU Level of Service A
Analysis Period (min) 15



HCM Unsignalized Intersection Capacity Analysis AM Peak 2040 No Action
4: US Rte 5 & I-91 SB Ramp 04/10/2019

Hartford US 5 Corridor  10/18/2018 AM Synchro 10 Report
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Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Traffic Volume (veh/h) 50 175 235 305 625 265
Future Volume (Veh/h) 50 175 235 305 625 265
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00
Hourly flow rate (vph) 50 175 235 305 625 265
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1400 625 890
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1400 625 890
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 53 64 69
cM capacity (veh/h) 107 485 761

Direction, Lane # EB 1 NB 1 NB 2 SB 1 SB 2
Volume Total 225 235 305 625 265
Volume Left 50 235 0 0 0
Volume Right 175 0 0 0 265
cSH 272 761 1700 1700 1700
Volume to Capacity 0.83 0.31 0.18 0.37 0.16
Queue Length 95th (ft) 168 33 0 0 0
Control Delay (s) 59.9 11.8 0.0 0.0 0.0
Lane LOS F B
Approach Delay (s) 59.9 5.1 0.0
Approach LOS F

Intersection Summary
Average Delay 9.8
Intersection Capacity Utilization 69.5% ICU Level of Service C
Analysis Period (min) 15



HCM Unsignalized Intersection Capacity Analysis AM Peak 2040 No Action
5: US Rte 5 & I-91 NB Off Ramp LT 04/10/2019

Hartford US 5 Corridor  10/18/2018 AM Synchro 10 Report
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Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Traffic Volume (veh/h) 470 15 355 0 0 430
Future Volume (Veh/h) 470 15 355 0 0 430
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00
Hourly flow rate (vph) 470 15 355 0 0 430
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 560
pX, platoon unblocked
vC, conflicting volume 570 355 355
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 570 355 355
tC, single (s) 6.8 6.9 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 0 98 100
cM capacity (veh/h) 452 641 1200

Direction, Lane # WB 1 NB 1 SB 1 SB 2
Volume Total 485 355 215 215
Volume Left 470 0 0 0
Volume Right 15 0 0 0
cSH 456 1700 1700 1700
Volume to Capacity 1.06 0.21 0.13 0.13
Queue Length 95th (ft) 386 0 0 0
Control Delay (s) 90.4 0.0 0.0 0.0
Lane LOS F
Approach Delay (s) 90.4 0.0 0.0
Approach LOS F

Intersection Summary
Average Delay 34.5
Intersection Capacity Utilization 52.3% ICU Level of Service A
Analysis Period (min) 15



HCM Unsignalized Intersection Capacity Analysis AM Peak 2040 No Action
6: US Rte 5 & I-91 NB On Ramp 04/10/2019

Hartford US 5 Corridor  10/18/2018 AM Synchro 10 Report
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Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Traffic Volume (veh/h) 0 0 85 285 430 60
Future Volume (Veh/h) 0 0 85 285 430 60
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00
Hourly flow rate (vph) 0 0 85 285 430 60
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 370
pX, platoon unblocked
vC, conflicting volume 885 430 490
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 885 430 490
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 100 100 92
cM capacity (veh/h) 290 625 1073

Direction, Lane # NB 1 NB 2 SB 1 SB 2
Volume Total 85 285 430 60
Volume Left 85 0 0 0
Volume Right 0 0 0 60
cSH 1073 1700 1700 1700
Volume to Capacity 0.08 0.17 0.25 0.04
Queue Length 95th (ft) 6 0 0 0
Control Delay (s) 8.6 0.0 0.0 0.0
Lane LOS A
Approach Delay (s) 2.0 0.0
Approach LOS

Intersection Summary
Average Delay 0.9
Intersection Capacity Utilization 34.0% ICU Level of Service A
Analysis Period (min) 15



HCM Unsignalized Intersection Capacity Analysis AM Peak 2040 No Action
7: US Rte 5 & I-91 NB Off Ramp 04/10/2019
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Intersection Sign configuration not allowed in HCM analysis.



Queues AM Peak 2040 No Action
8: US Rte 5 & N. Main St 04/10/2019

Hartford US 5 Corridor  10/18/2018 AM Synchro 10 Report
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Lane Group EBL EBR NBL NBT SBT SBR
Lane Group Flow (vph) 98 299 391 152 82 141
v/c Ratio 0.32 0.30 0.57 0.16 0.16 0.09
Control Delay 16.9 1.7 17.8 5.6 15.8 0.1
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 16.9 1.7 17.8 5.6 15.8 0.1
Queue Length 50th (ft) 19 0 38 14 8 0
Queue Length 95th (ft) 48 21 76 37 22 0
Internal Link Dist (ft) 595 769 206
Turn Bay Length (ft)
Base Capacity (vph) 566 961 753 1058 608 1583
Starvation Cap Reductn 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0
Reduced v/c Ratio 0.17 0.31 0.52 0.14 0.13 0.09

Intersection Summary



HCM Signalized Intersection Capacity Analysis AM Peak 2040 No Action
8: US Rte 5 & N. Main St 04/10/2019

Hartford US 5 Corridor  10/18/2018 AM Synchro 10 Report
Stantec Page 9

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Traffic Volume (vph) 90 275 360 140 75 130
Future Volume (vph) 90 275 360 140 75 130
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.9 6.7 6.7 5.5 5.5 4.0
Lane Util. Factor 1.00 1.00 0.97 1.00 0.95 1.00
Frt 1.00 0.85 1.00 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 1.00 1.00
Satd. Flow (prot) 1770 1583 3433 1863 3539 1583
Flt Permitted 0.95 1.00 0.95 1.00 1.00 1.00
Satd. Flow (perm) 1770 1583 3433 1863 3539 1583
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 98 299 391 152 82 141
RTOR Reduction (vph) 0 186 0 0 0 0
Lane Group Flow (vph) 98 113 391 152 82 141
Turn Type Prot pt+ov Prot NA NA Free
Protected Phases 4 1 4 1 6 2
Permitted Phases Free
Actuated Green, G (s) 6.7 20.2 7.6 19.9 5.6 38.0
Effective Green, g (s) 6.7 14.3 7.6 19.9 5.6 38.0
Actuated g/C Ratio 0.18 0.38 0.20 0.52 0.15 1.00
Clearance Time (s) 5.9 6.7 5.5 5.5
Vehicle Extension (s) 2.0 2.0 2.0 2.0
Lane Grp Cap (vph) 312 595 686 975 521 1583
v/s Ratio Prot c0.06 0.07 c0.11 c0.08 0.02
v/s Ratio Perm 0.09
v/c Ratio 0.31 0.19 0.57 0.16 0.16 0.09
Uniform Delay, d1 13.6 8.0 13.7 4.7 14.1 0.0
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.2 0.1 0.7 0.0 0.1 0.1
Delay (s) 13.9 8.0 14.4 4.7 14.2 0.1
Level of Service B A B A B A
Approach Delay (s) 9.5 11.7 5.3
Approach LOS A B A

Intersection Summary
HCM 2000 Control Delay 9.7 HCM 2000 Level of Service A
HCM 2000 Volume to Capacity ratio 0.39
Actuated Cycle Length (s) 38.0 Sum of lost time (s) 18.1
Intersection Capacity Utilization 31.4% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group



Queues AM Peak 2040 No Action
9: US Rte 5 & VT Rte 14 04/10/2019

Hartford US 5 Corridor  10/18/2018 AM Synchro 10 Report
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Lane Group EBL EBT EBR WBL WBT WBR NBT NBR SBL SBT SBR
Lane Group Flow (vph) 60 179 38 158 71 228 348 190 342 201 43
v/c Ratio 0.30 0.63 0.10 0.64 0.10 0.31 0.95 0.57 0.88 0.26 0.06
Control Delay 38.7 45.5 0.5 48.2 20.0 4.7 74.8 16.8 57.9 20.4 0.1
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 38.7 45.5 0.5 48.2 20.0 4.7 74.8 16.8 57.9 20.4 0.1
Queue Length 50th (ft) 24 76 0 69 20 0 84 9 151 57 0
Queue Length 95th (ft) 84 #245 0 #203 73 56 #268 #91 #488 182 0
Internal Link Dist (ft) 359 513 394 1014
Turn Bay Length (ft) 295 240 30 200
Base Capacity (vph) 222 313 406 320 794 805 366 333 388 770 718
Starvation Cap Reductn 0 0 0 0 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0 0 0 0 0
Reduced v/c Ratio 0.27 0.57 0.09 0.49 0.09 0.28 0.95 0.57 0.88 0.26 0.06

Intersection Summary
#    95th percentile volume exceeds capacity, queue may be longer.
     Queue shown is maximum after two cycles.
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (vph) 55 165 35 145 65 210 35 285 175 315 185 40
Future Volume (vph) 55 165 35 145 65 210 35 285 175 315 185 40
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00 0.95 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.99 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1770 1863 1583 1770 1863 1583 3520 1583 1770 1863 1583
Flt Permitted 0.71 1.00 1.00 0.95 1.00 1.00 0.89 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1324 1863 1583 1770 1863 1583 3149 1583 1770 1863 1583
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 60 179 38 158 71 228 38 310 190 342 201 43
RTOR Reduction (vph) 0 0 32 0 0 145 0 0 149 0 0 26
Lane Group Flow (vph) 60 179 6 158 71 83 0 348 41 342 201 17
Turn Type Perm NA Perm Prot NA Perm Perm NA Perm Prot NA Perm
Protected Phases 8 7 4 6 5 2
Permitted Phases 8 8 4 6 6 2
Actuated Green, G (s) 12.5 12.5 12.5 11.1 29.6 29.6 9.4 9.4 17.6 33.0 33.0
Effective Green, g (s) 12.5 12.5 12.5 11.1 29.6 29.6 9.4 9.4 17.6 33.0 33.0
Actuated g/C Ratio 0.15 0.15 0.15 0.14 0.36 0.36 0.12 0.12 0.22 0.41 0.41
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Lane Grp Cap (vph) 203 286 243 241 679 577 364 183 383 757 643
v/s Ratio Prot c0.10 c0.09 0.04 c0.19 0.11
v/s Ratio Perm 0.05 0.00 0.05 c0.11 0.03 0.01
v/c Ratio 0.30 0.63 0.02 0.66 0.10 0.14 0.96 0.22 0.89 0.27 0.03
Uniform Delay, d1 30.4 32.2 29.2 33.2 17.0 17.3 35.7 32.6 30.9 16.0 14.5
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.8 4.2 0.0 4.8 0.0 0.0 37.3 2.8 21.7 0.9 0.1
Delay (s) 31.3 36.4 29.2 38.1 17.1 17.3 73.0 35.4 52.6 16.9 14.5
Level of Service C D C D B B E D D B B
Approach Delay (s) 34.3 24.5 59.7 37.5
Approach LOS C C E D

Intersection Summary
HCM 2000 Control Delay 40.3 HCM 2000 Level of Service D
HCM 2000 Volume to Capacity ratio 0.72
Actuated Cycle Length (s) 81.2 Sum of lost time (s) 26.0
Intersection Capacity Utilization 63.1% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group
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Lane Group EBT EBR WBT NBT SBT SBR
Lane Group Flow (vph) 125 196 266 234 391 261
v/c Ratio 0.98 0.41 0.71 0.10 0.33 0.24
Control Delay 117.6 7.4 51.4 12.4 15.3 5.1
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 117.6 7.4 51.4 12.4 15.3 5.1
Queue Length 50th (ft) 90 0 180 26 98 11
Queue Length 95th (ft) #176 54 245 95 349 92
Internal Link Dist (ft) 379 511 1014 294
Turn Bay Length (ft) 70 140
Base Capacity (vph) 176 579 514 2239 1178 1078
Starvation Cap Reductn 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0
Reduced v/c Ratio 0.71 0.34 0.52 0.10 0.33 0.24

Intersection Summary
#    95th percentile volume exceeds capacity, queue may be longer.
     Queue shown is maximum after two cycles.
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (vph) 115 0 180 0 240 5 0 215 0 0 360 240
Future Volume (vph) 115 0 180 0 240 5 0 215 0 0 360 240
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0
Lane Util. Factor 1.00 1.00 1.00 0.95 1.00 1.00
Frt 1.00 0.85 1.00 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 1.00 1.00 1.00
Satd. Flow (prot) 1770 1583 1858 3539 1863 1583
Flt Permitted 0.34 1.00 1.00 1.00 1.00 1.00
Satd. Flow (perm) 640 1583 1858 3539 1863 1583
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 125 0 196 0 261 5 0 234 0 0 391 261
RTOR Reduction (vph) 0 0 157 0 1 0 0 0 0 0 0 80
Lane Group Flow (vph) 0 125 39 0 265 0 0 234 0 0 391 181
Turn Type Perm NA Perm NA NA Perm NA Perm
Protected Phases 4 8 2 6
Permitted Phases 4 4 8 6 6
Actuated Green, G (s) 22.5 22.5 22.5 69.3 69.3 69.3
Effective Green, g (s) 22.5 22.5 22.5 69.3 69.3 69.3
Actuated g/C Ratio 0.20 0.20 0.20 0.62 0.62 0.62
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 2.0 2.0 2.0
Lane Grp Cap (vph) 128 318 373 2189 1152 979
v/s Ratio Prot 0.14 0.07 c0.21
v/s Ratio Perm c0.20 0.02 0.11
v/c Ratio 0.98 0.12 0.71 0.11 0.34 0.19
Uniform Delay, d1 44.5 36.7 41.7 8.7 10.3 9.2
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 71.6 0.2 6.3 0.1 0.8 0.4
Delay (s) 116.1 36.8 48.0 8.8 11.1 9.6
Level of Service F D D A B A
Approach Delay (s) 67.7 48.0 8.8 10.5
Approach LOS E D A B

Intersection Summary
HCM 2000 Control Delay 29.5 HCM 2000 Level of Service C
HCM 2000 Volume to Capacity ratio 0.46
Actuated Cycle Length (s) 112.0 Sum of lost time (s) 14.0
Intersection Capacity Utilization 58.0% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group
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Lane Group EBL EBT WBT NBT NBR SBT
Lane Group Flow (vph) 38 756 511 33 22 60
v/c Ratio 0.07 0.68 0.34 0.17 0.08 0.24
Control Delay 4.6 10.4 5.6 20.4 3.9 13.8
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 4.6 10.4 5.6 20.4 3.9 13.8
Queue Length 50th (ft) 4 114 30 9 0 7
Queue Length 95th (ft) 13 231 55 28 8 32
Internal Link Dist (ft) 513 406 230 334
Turn Bay Length (ft) 245 45
Base Capacity (vph) 524 1118 1496 758 917 860
Starvation Cap Reductn 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0
Reduced v/c Ratio 0.07 0.68 0.34 0.04 0.02 0.07

Intersection Summary
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (vph) 35 620 75 90 365 15 30 0 20 20 5 30
Future Volume (vph) 35 620 75 90 365 15 30 0 20 20 5 30
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0
Lane Util. Factor 1.00 1.00 0.95 1.00 1.00 1.00
Frt 1.00 0.98 1.00 1.00 0.85 0.93
Flt Protected 0.95 1.00 0.99 0.95 1.00 0.98
Satd. Flow (prot) 1770 1832 3489 1770 1583 1693
Flt Permitted 0.46 1.00 0.70 0.72 1.00 0.87
Satd. Flow (perm) 864 1832 2460 1337 1583 1492
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 38 674 82 98 397 16 33 0 22 22 5 33
RTOR Reduction (vph) 0 4 0 0 2 0 0 0 19 0 28 0
Lane Group Flow (vph) 38 752 0 0 509 0 0 33 3 0 32 0
Turn Type Perm NA Perm NA Perm NA Perm Perm NA
Protected Phases 4 8 2 6
Permitted Phases 4 8 2 2 6
Actuated Green, G (s) 30.0 30.0 30.0 7.4 7.4 7.4
Effective Green, g (s) 30.0 30.0 30.0 7.4 7.4 7.4
Actuated g/C Ratio 0.61 0.61 0.61 0.15 0.15 0.15
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 524 1112 1493 200 237 223
v/s Ratio Prot c0.41
v/s Ratio Perm 0.04 0.21 c0.02 0.00 0.02
v/c Ratio 0.07 0.68 0.34 0.17 0.01 0.14
Uniform Delay, d1 4.0 6.5 4.8 18.3 17.9 18.2
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.3 3.3 0.6 0.4 0.0 0.3
Delay (s) 4.3 9.8 5.4 18.7 17.9 18.5
Level of Service A A A B B B
Approach Delay (s) 9.5 5.4 18.4 18.5
Approach LOS A A B B

Intersection Summary
HCM 2000 Control Delay 8.8 HCM 2000 Level of Service A
HCM 2000 Volume to Capacity ratio 0.57
Actuated Cycle Length (s) 49.4 Sum of lost time (s) 12.0
Intersection Capacity Utilization 85.4% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group
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Lane Group EBL NBT SBT
Lane Group Flow (vph) 480 305 435
v/c Ratio 0.78 0.43 0.56
Control Delay 24.0 14.2 15.1
Queue Delay 0.0 0.0 0.0
Total Delay 24.0 14.2 15.1
Queue Length 50th (ft) 118 63 89
Queue Length 95th (ft) 209 132 184
Internal Link Dist (ft) 529 129 630
Turn Bay Length (ft)
Base Capacity (vph) 776 702 772
Starvation Cap Reductn 0 0 0
Spillback Cap Reductn 0 0 0
Storage Cap Reductn 0 0 0
Reduced v/c Ratio 0.62 0.43 0.56

Intersection Summary
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Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Traffic Volume (vph) 410 70 40 265 350 85
Future Volume (vph) 410 70 40 265 350 85
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0
Lane Util. Factor 1.00 1.00 1.00
Frt 0.98 1.00 0.97
Flt Protected 0.96 0.99 1.00
Satd. Flow (prot) 1751 1851 1814
Flt Permitted 0.96 0.90 1.00
Satd. Flow (perm) 1751 1683 1814
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00
Adj. Flow (vph) 410 70 40 265 350 85
RTOR Reduction (vph) 12 0 0 0 15 0
Lane Group Flow (vph) 468 0 0 305 420 0
Turn Type Prot Perm NA NA
Protected Phases 4 2 6
Permitted Phases 2
Actuated Green, G (s) 17.4 21.2 21.2
Effective Green, g (s) 17.4 21.2 21.2
Actuated g/C Ratio 0.34 0.42 0.42
Clearance Time (s) 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 602 705 760
v/s Ratio Prot c0.27 c0.23
v/s Ratio Perm 0.18
v/c Ratio 0.78 0.43 0.55
Uniform Delay, d1 14.9 10.4 11.1
Progression Factor 1.00 1.00 1.00
Incremental Delay, d2 6.2 1.9 2.9
Delay (s) 21.1 12.4 14.0
Level of Service C B B
Approach Delay (s) 21.1 12.4 14.0
Approach LOS C B B

Intersection Summary
HCM 2000 Control Delay 16.4 HCM 2000 Level of Service B
HCM 2000 Volume to Capacity ratio 0.65
Actuated Cycle Length (s) 50.6 Sum of lost time (s) 12.0
Intersection Capacity Utilization 81.7% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 0 0 20 5 0 45 0 495 10 40 445 45
Future Volume (Veh/h) 0 0 20 5 0 45 0 495 10 40 445 45
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Hourly flow rate (vph) 0 0 20 5 0 45 0 495 10 40 445 45
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh) 1
Median type None None
Median storage veh)
Upstream signal (ft) 710 890
pX, platoon unblocked
vC, conflicting volume 1070 1052 468 1068 1070 500 490 505
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1070 1052 468 1068 1070 500 490 505
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 100 100 97 97 100 92 100 96
cM capacity (veh/h) 178 218 595 187 213 571 1073 1060

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 20 50 505 530
Volume Left 0 5 0 40
Volume Right 20 45 10 45
cSH 595 634 1700 1060
Volume to Capacity 0.03 0.08 0.30 0.04
Queue Length 95th (ft) 3 6 0 3
Control Delay (s) 11.3 13.1 0.0 1.1
Lane LOS B B A
Approach Delay (s) 11.3 13.1 0.0 1.1
Approach LOS B B

Intersection Summary
Average Delay 1.3
Intersection Capacity Utilization 68.4% ICU Level of Service C
Analysis Period (min) 15



Queues PM Peak 2040 Build 1
4: US Rte 5 & I-91 SB Ramp 04/18/2019

Hartford US 5 Corridor  10/18/2018 AM Synchro 10 Report
Stantec Page 4

Lane Group EBL NBL NBT SBT SBR
Lane Group Flow (vph) 155 415 390 445 470
v/c Ratio 0.51 0.59 0.28 0.32 0.36
Control Delay 15.0 11.1 4.7 5.0 1.4
Queue Delay 0.0 0.0 0.0 0.0 0.0
Total Delay 15.0 11.1 4.7 5.0 1.4
Queue Length 50th (ft) 14 67 45 53 0
Queue Length 95th (ft) 58 #211 101 117 27
Internal Link Dist (ft) 747 221 780
Turn Bay Length (ft) 230
Base Capacity (vph) 557 698 1385 1385 1298
Starvation Cap Reductn 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0
Reduced v/c Ratio 0.28 0.59 0.28 0.32 0.36

Intersection Summary
#    95th percentile volume exceeds capacity, queue may be longer.
     Queue shown is maximum after two cycles.



HCM Signalized Intersection Capacity Analysis PM Peak 2040 Build 1
4: US Rte 5 & I-91 SB Ramp 04/18/2019

Hartford US 5 Corridor  10/18/2018 AM Synchro 10 Report
Stantec Page 5

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Traffic Volume (vph) 40 115 415 390 445 470
Future Volume (vph) 40 115 415 390 445 470
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0 6.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00
Frt 0.90 1.00 1.00 1.00 0.85
Flt Protected 0.99 0.95 1.00 1.00 1.00
Satd. Flow (prot) 1655 1770 1863 1863 1583
Flt Permitted 0.99 0.50 1.00 1.00 1.00
Satd. Flow (perm) 1655 939 1863 1863 1583
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00
Adj. Flow (vph) 40 115 415 390 445 470
RTOR Reduction (vph) 103 0 0 0 0 136
Lane Group Flow (vph) 52 0 415 390 445 334
Turn Type Prot Perm NA NA Perm
Protected Phases 4 2 6
Permitted Phases 2 6
Actuated Green, G (s) 6.5 45.4 45.4 45.4 45.4
Effective Green, g (s) 6.5 45.4 45.4 45.4 45.4
Actuated g/C Ratio 0.10 0.71 0.71 0.71 0.71
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 168 667 1323 1323 1124
v/s Ratio Prot c0.03 0.21 0.24
v/s Ratio Perm c0.44 0.21
v/c Ratio 0.31 0.62 0.29 0.34 0.30
Uniform Delay, d1 26.6 4.8 3.4 3.5 3.4
Progression Factor 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 1.0 4.3 0.6 0.7 0.7
Delay (s) 27.7 9.1 4.0 4.2 4.1
Level of Service C A A A A
Approach Delay (s) 27.7 6.6 4.1
Approach LOS C A A

Intersection Summary
HCM 2000 Control Delay 7.1 HCM 2000 Level of Service A
HCM 2000 Volume to Capacity ratio 0.58
Actuated Cycle Length (s) 63.9 Sum of lost time (s) 12.0
Intersection Capacity Utilization 70.7% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group



Queues PM Peak 2040 Build 1
5: US Rte 5 & I-91 NB Off Ramp LT 04/18/2019

Hartford US 5 Corridor  10/18/2018 AM Synchro 10 Report
Stantec Page 6

Lane Group WBL NBT SBT
Lane Group Flow (vph) 240 420 670
v/c Ratio 0.61 0.40 0.63
Control Delay 26.3 9.2 12.8
Queue Delay 0.0 0.0 0.0
Total Delay 26.3 9.2 12.8
Queue Length 50th (ft) 69 70 134
Queue Length 95th (ft) 126 153 290
Internal Link Dist (ft) 168 780 110
Turn Bay Length (ft)
Base Capacity (vph) 553 1059 1059
Starvation Cap Reductn 0 0 0
Spillback Cap Reductn 0 0 0
Storage Cap Reductn 0 0 0
Reduced v/c Ratio 0.43 0.40 0.63

Intersection Summary



HCM Signalized Intersection Capacity Analysis PM Peak 2040 Build 1
5: US Rte 5 & I-91 NB Off Ramp LT 04/18/2019

Hartford US 5 Corridor  10/18/2018 AM Synchro 10 Report
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Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Traffic Volume (vph) 240 0 420 0 0 670
Future Volume (vph) 240 0 420 0 0 670
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0
Lane Util. Factor 1.00 1.00 1.00
Frt 1.00 1.00 1.00
Flt Protected 0.95 1.00 1.00
Satd. Flow (prot) 1770 1863 1863
Flt Permitted 0.95 1.00 1.00
Satd. Flow (perm) 1770 1863 1863
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00
Adj. Flow (vph) 240 0 420 0 0 670
RTOR Reduction (vph) 0 0 0 0 0 0
Lane Group Flow (vph) 240 0 420 0 0 670
Turn Type Prot Perm NA NA
Protected Phases 8 2 6
Permitted Phases 8
Actuated Green, G (s) 12.9 32.9 32.9
Effective Green, g (s) 12.9 32.9 32.9
Actuated g/C Ratio 0.22 0.57 0.57
Clearance Time (s) 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 395 1060 1060
v/s Ratio Prot c0.14 0.23 c0.36
v/s Ratio Perm
v/c Ratio 0.61 0.40 0.63
Uniform Delay, d1 20.2 6.9 8.4
Progression Factor 1.00 1.00 1.00
Incremental Delay, d2 2.6 1.1 2.9
Delay (s) 22.8 8.0 11.2
Level of Service C A B
Approach Delay (s) 22.8 8.0 11.2
Approach LOS C A B

Intersection Summary
HCM 2000 Control Delay 12.3 HCM 2000 Level of Service B
HCM 2000 Volume to Capacity ratio 0.62
Actuated Cycle Length (s) 57.8 Sum of lost time (s) 12.0
Intersection Capacity Utilization 58.6% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group



Queues PM Peak 2040 Build 1
11: Bridge St/Pine St & VT Rte 14 04/18/2019

Hartford US 5 Corridor  10/18/2018 AM Synchro 10 Report
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Lane Group EBL EBT WBT NBT NBR SBT
Lane Group Flow (vph) 82 717 930 65 98 158
v/c Ratio 0.24 0.60 0.56 0.30 0.28 0.53
Control Delay 9.0 10.8 9.1 25.4 7.2 21.6
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 9.0 10.8 9.1 25.4 7.2 21.6
Queue Length 50th (ft) 11 125 81 22 0 35
Queue Length 95th (ft) 47 355 211 51 32 82
Internal Link Dist (ft) 513 406 230 149
Turn Bay Length (ft) 245 45
Base Capacity (vph) 345 1195 1664 426 592 524
Starvation Cap Reductn 0 16 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0
Reduced v/c Ratio 0.24 0.61 0.56 0.15 0.17 0.30

Intersection Summary



HCM Signalized Intersection Capacity Analysis PM Peak 2040 Build 1
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (vph) 75 620 40 100 700 55 50 10 90 60 20 65
Future Volume (vph) 75 620 40 100 700 55 50 10 90 60 20 65
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0
Lane Util. Factor 1.00 1.00 0.95 1.00 1.00 1.00
Frt 1.00 0.99 0.99 1.00 0.85 0.94
Flt Protected 0.95 1.00 0.99 0.96 1.00 0.98
Satd. Flow (prot) 1770 1846 3485 1788 1583 1714
Flt Permitted 0.29 1.00 0.73 0.69 1.00 0.84
Satd. Flow (perm) 535 1846 2570 1279 1583 1464
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 82 674 43 109 761 60 54 11 98 65 22 71
RTOR Reduction (vph) 0 2 0 0 5 0 0 0 81 0 46 0
Lane Group Flow (vph) 82 715 0 0 925 0 0 65 17 0 112 0
Turn Type Perm NA Perm NA Perm NA Perm Perm NA
Protected Phases 4 8 2 6
Permitted Phases 4 8 2 2 6
Actuated Green, G (s) 43.0 43.0 43.0 11.5 11.5 11.5
Effective Green, g (s) 43.0 43.0 43.0 11.5 11.5 11.5
Actuated g/C Ratio 0.65 0.65 0.65 0.17 0.17 0.17
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 345 1193 1661 221 273 253
v/s Ratio Prot c0.39
v/s Ratio Perm 0.15 0.36 0.05 0.01 c0.08
v/c Ratio 0.24 0.60 0.56 0.29 0.06 0.44
Uniform Delay, d1 4.9 6.8 6.5 24.0 23.0 24.6
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 1.6 2.2 1.4 0.7 0.1 1.2
Delay (s) 6.5 9.0 7.8 24.7 23.1 25.9
Level of Service A A A C C C
Approach Delay (s) 8.7 7.8 23.7 25.9
Approach LOS A A C C

Intersection Summary
HCM 2000 Control Delay 10.8 HCM 2000 Level of Service B
HCM 2000 Volume to Capacity ratio 0.57
Actuated Cycle Length (s) 66.5 Sum of lost time (s) 12.0
Intersection Capacity Utilization 89.1% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group



HCM Unsignalized Intersection Capacity Analysis PM Peak 2040 Build 2
1: US Rte 5 & VA Cutoff Rd 04/18/2019

Hartford US 5 Corridor  10/18/2018 AM Synchro 10 Report
Stantec Page 1

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Traffic Volume (veh/h) 195 70 40 265 350 85
Future Volume (Veh/h) 195 70 40 265 350 85
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00
Hourly flow rate (vph) 195 70 40 265 350 85
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh) 2
Median type None None
Median storage veh)
Upstream signal (ft) 710
pX, platoon unblocked 0.93 0.93 0.93
vC, conflicting volume 738 392 435
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 681 310 356
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 48 90 96
cM capacity (veh/h) 373 679 1120

Direction, Lane # EB 1 NB 1 SB 1
Volume Total 265 305 435
Volume Left 195 40 0
Volume Right 70 0 85
cSH 508 1120 1700
Volume to Capacity 0.52 0.04 0.26
Queue Length 95th (ft) 75 3 0
Control Delay (s) 21.1 1.4 0.0
Lane LOS C A
Approach Delay (s) 21.1 1.4 0.0
Approach LOS C

Intersection Summary
Average Delay 6.0
Intersection Capacity Utilization 60.5% ICU Level of Service B
Analysis Period (min) 15



Queues PM Peak 2040 Build 2
2: Veterans Dr/Dunkin Donuts & US Rte 5 04/18/2019

Hartford US 5 Corridor  10/18/2018 AM Synchro 10 Report
Stantec Page 2

Lane Group EBT WBT WBR NBT SBL SBT
Lane Group Flow (vph) 235 5 45 505 40 490
v/c Ratio 0.58 0.01 0.09 0.48 0.09 0.47
Control Delay 16.8 8.8 4.1 10.6 8.2 10.0
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 16.8 8.8 4.1 10.6 8.2 10.0
Queue Length 50th (ft) 39 1 0 68 4 64
Queue Length 95th (ft) 84 5 13 #183 20 172
Internal Link Dist (ft) 369 235 630 509
Turn Bay Length (ft) 20 100
Base Capacity (vph) 634 604 749 1048 432 1041
Starvation Cap Reductn 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0
Reduced v/c Ratio 0.37 0.01 0.06 0.48 0.09 0.47

Intersection Summary
#    95th percentile volume exceeds capacity, queue may be longer.
     Queue shown is maximum after two cycles.



HCM Signalized Intersection Capacity Analysis PM Peak 2040 Build 2
2: Veterans Dr/Dunkin Donuts & US Rte 5 04/18/2019
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (vph) 210 5 20 5 0 45 0 495 10 40 445 45
Future Volume (vph) 210 5 20 5 0 45 0 495 10 40 445 45
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.5 4.5 4.5 4.5 4.5 4.5
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00
Frt 0.99 1.00 0.85 1.00 1.00 0.99
Flt Protected 0.96 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1763 1770 1583 1858 1770 1837
Flt Permitted 0.75 0.71 1.00 1.00 0.41 1.00
Satd. Flow (perm) 1372 1319 1583 1858 767 1837
Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Adj. Flow (vph) 210 5 20 5 0 45 0 495 10 40 445 45
RTOR Reduction (vph) 0 9 0 0 0 34 0 1 0 0 6 0
Lane Group Flow (vph) 0 226 0 0 5 11 0 504 0 40 484 0
Turn Type Perm NA Perm NA Perm NA Perm NA
Protected Phases 4 8 2 6
Permitted Phases 4 8 8 2 6
Actuated Green, G (s) 10.1 10.1 10.1 21.3 21.3 21.3
Effective Green, g (s) 10.1 10.1 10.1 21.3 21.3 21.3
Actuated g/C Ratio 0.25 0.25 0.25 0.53 0.53 0.53
Clearance Time (s) 4.5 4.5 4.5 4.5 4.5 4.5
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 343 329 395 979 404 968
v/s Ratio Prot c0.27 0.26
v/s Ratio Perm c0.16 0.00 0.01 0.05
v/c Ratio 0.66 0.02 0.03 0.51 0.10 0.50
Uniform Delay, d1 13.6 11.4 11.4 6.2 4.8 6.1
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 4.5 0.0 0.0 1.9 0.5 1.8
Delay (s) 18.1 11.4 11.5 8.1 5.3 8.0
Level of Service B B B A A A
Approach Delay (s) 18.1 11.5 8.1 7.8
Approach LOS B B A A

Intersection Summary
HCM 2000 Control Delay 9.9 HCM 2000 Level of Service A
HCM 2000 Volume to Capacity ratio 0.56
Actuated Cycle Length (s) 40.4 Sum of lost time (s) 9.0
Intersection Capacity Utilization 60.5% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group



Queues PM Peak 2040 Build 2
5: US Rte 5 & I-91 NB On Ramp/I-91 NB Off Ramp 04/18/2019

Hartford US 5 Corridor  10/18/2018 AM Synchro 10 Report
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Lane Group WBT WBR NBL NBT SBT SBR
Lane Group Flow (vph) 240 540 98 330 670 98
v/c Ratio 0.55 0.73 0.35 0.33 0.67 0.11
Control Delay 23.1 10.0 13.3 9.4 14.6 2.5
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 23.1 10.0 13.3 9.4 14.6 2.5
Queue Length 50th (ft) 69 19 18 60 156 0
Queue Length 95th (ft) 126 99 55 116 290 19
Internal Link Dist (ft) 168 780 110
Turn Bay Length (ft)
Base Capacity (vph) 571 826 283 1001 1001 896
Starvation Cap Reductn 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0
Reduced v/c Ratio 0.42 0.65 0.35 0.33 0.67 0.11

Intersection Summary



HCM Signalized Intersection Capacity Analysis PM Peak 2040 Build 2
5: US Rte 5 & I-91 NB On Ramp/I-91 NB Off Ramp 04/18/2019
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (vph) 0 0 0 240 0 540 90 330 0 0 670 90
Future Volume (vph) 0 0 0 240 0 540 90 330 0 0 670 90
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 0.85 1.00 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 1.00 1.00
Satd. Flow (prot) 1770 1583 1770 1863 1863 1583
Flt Permitted 0.95 1.00 0.28 1.00 1.00 1.00
Satd. Flow (perm) 1770 1583 527 1863 1863 1583
Peak-hour factor, PHF 0.92 0.92 0.92 1.00 0.92 1.00 0.92 1.00 1.00 1.00 1.00 0.92
Adj. Flow (vph) 0 0 0 240 0 540 98 330 0 0 670 98
RTOR Reduction (vph) 0 0 0 0 0 351 0 0 0 0 0 45
Lane Group Flow (vph) 0 0 0 0 240 189 98 330 0 0 670 53
Turn Type Split NA Perm Perm NA NA Perm
Protected Phases 8 8 2 6
Permitted Phases 8 2 6
Actuated Green, G (s) 13.9 13.9 30.2 30.2 30.2 30.2
Effective Green, g (s) 13.9 13.9 30.2 30.2 30.2 30.2
Actuated g/C Ratio 0.25 0.25 0.54 0.54 0.54 0.54
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 438 392 283 1002 1002 852
v/s Ratio Prot c0.14 0.18 c0.36
v/s Ratio Perm 0.12 0.19 0.03
v/c Ratio 0.55 0.48 0.35 0.33 0.67 0.06
Uniform Delay, d1 18.4 18.0 7.3 7.3 9.3 6.2
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 1.4 0.9 3.3 0.9 3.5 0.1
Delay (s) 19.8 19.0 10.7 8.1 12.9 6.3
Level of Service B B B A B A
Approach Delay (s) 0.0 19.2 8.7 12.0
Approach LOS A B A B

Intersection Summary
HCM 2000 Control Delay 14.2 HCM 2000 Level of Service B
HCM 2000 Volume to Capacity ratio 0.63
Actuated Cycle Length (s) 56.1 Sum of lost time (s) 12.0
Intersection Capacity Utilization 68.5% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group



Queues PM Peak 2040 Build 2
11: Bridge St/Pine St & VT Rte 14 04/18/2019

Hartford US 5 Corridor  10/18/2018 AM Synchro 10 Report
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Lane Group EBT WBL WBT NBT NBR SBT
Lane Group Flow (vph) 799 109 821 65 98 158
v/c Ratio 0.44 0.26 0.35 0.33 0.30 0.58
Control Delay 7.2 8.2 6.2 26.9 7.7 24.0
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 7.2 8.2 6.2 26.9 7.7 24.0
Queue Length 50th (ft) 52 12 50 22 0 35
Queue Length 95th (ft) 161 59 147 51 32 82
Internal Link Dist (ft) 513 75 230 149
Turn Bay Length (ft) 75 45
Base Capacity (vph) 1825 422 2313 674 879 796
Starvation Cap Reductn 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0
Reduced v/c Ratio 0.44 0.26 0.35 0.10 0.11 0.20

Intersection Summary
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (vph) 75 620 40 100 700 55 50 10 90 60 20 65
Future Volume (vph) 75 620 40 100 700 55 50 10 90 60 20 65
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0
Lane Util. Factor 0.95 1.00 0.95 1.00 1.00 1.00
Frt 0.99 1.00 0.99 1.00 0.85 0.94
Flt Protected 0.99 0.95 1.00 0.96 1.00 0.98
Satd. Flow (prot) 3493 1770 3500 1788 1583 1714
Flt Permitted 0.79 0.34 1.00 0.69 1.00 0.84
Satd. Flow (perm) 2763 640 3500 1282 1583 1464
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 82 674 43 109 761 60 54 11 98 65 22 71
RTOR Reduction (vph) 0 3 0 0 4 0 0 0 83 0 47 0
Lane Group Flow (vph) 0 796 0 109 817 0 0 65 15 0 111 0
Turn Type Perm NA Perm NA Perm NA Perm Perm NA
Protected Phases 4 8 2 6
Permitted Phases 4 8 2 2 6
Actuated Green, G (s) 43.1 43.1 43.1 10.1 10.1 10.1
Effective Green, g (s) 43.1 43.1 43.1 10.1 10.1 10.1
Actuated g/C Ratio 0.66 0.66 0.66 0.15 0.15 0.15
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 0.2 0.2 0.2
Lane Grp Cap (vph) 1826 423 2313 198 245 226
v/s Ratio Prot 0.23
v/s Ratio Perm c0.29 0.17 0.05 0.01 c0.08
v/c Ratio 0.44 0.26 0.35 0.33 0.06 0.49
Uniform Delay, d1 5.3 4.5 4.9 24.5 23.5 25.2
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.8 1.5 0.4 0.4 0.0 0.6
Delay (s) 6.0 6.0 5.3 24.9 23.5 25.8
Level of Service A A A C C C
Approach Delay (s) 6.0 5.4 24.1 25.8
Approach LOS A A C C

Intersection Summary
HCM 2000 Control Delay 8.7 HCM 2000 Level of Service A
HCM 2000 Volume to Capacity ratio 0.45
Actuated Cycle Length (s) 65.2 Sum of lost time (s) 12.0
Intersection Capacity Utilization 76.7% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group



HCM Unsignalized Intersection Capacity Analysis PM Peak 2040 Build 3
5: US Rte 5 & I-91 NB Off Ramp LT 04/17/2019

Hartford US 5 Corridor  10/18/2018 AM Synchro 10 Report
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Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Traffic Volume (veh/h) 240 540 420 0 0 670
Future Volume (Veh/h) 240 540 420 0 0 670
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00
Hourly flow rate (vph) 240 540 420 0 0 670
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 560
pX, platoon unblocked
vC, conflicting volume 755 420 420
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 755 420 420
tC, single (s) 6.8 6.9 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 30 7 100
cM capacity (veh/h) 345 582 1136

Direction, Lane # WB 1 WB 2 NB 1 SB 1 SB 2
Volume Total 240 540 420 335 335
Volume Left 240 0 0 0 0
Volume Right 0 540 0 0 0
cSH 345 582 1700 1700 1700
Volume to Capacity 0.70 0.93 0.25 0.20 0.20
Queue Length 95th (ft) 125 296 0 0 0
Control Delay (s) 36.3 48.3 0.0 0.0 0.0
Lane LOS E E
Approach Delay (s) 44.6 0.0 0.0
Approach LOS E

Intersection Summary
Average Delay 18.6
Intersection Capacity Utilization 62.2% ICU Level of Service B
Analysis Period (min) 15



Queues PM Peak 2040 Build 3
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Stantec Page 2

Lane Group EBL NBL NBT SBT SBR
Lane Group Flow (vph) 511 429 152 196 234
v/c Ratio 0.85 0.78 0.17 0.60 0.15
Control Delay 26.6 35.2 8.4 37.0 0.2
Queue Delay 0.0 0.0 0.0 0.0 0.0
Total Delay 26.6 35.2 8.4 37.0 0.2
Queue Length 50th (ft) 99 164 27 83 0
Queue Length 95th (ft) #247 #376 64 161 0
Internal Link Dist (ft) 374 617 175
Turn Bay Length (ft)
Base Capacity (vph) 796 674 1507 710 1583
Starvation Cap Reductn 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0
Reduced v/c Ratio 0.64 0.64 0.10 0.28 0.15

Intersection Summary
#    95th percentile volume exceeds capacity, queue may be longer.
     Queue shown is maximum after two cycles.
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Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Traffic Volume (vph) 75 395 395 140 180 215
Future Volume (vph) 75 395 395 140 180 215
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0 4.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00
Frt 0.89 1.00 1.00 1.00 0.85
Flt Protected 0.99 0.95 1.00 1.00 1.00
Satd. Flow (prot) 1638 1770 1863 1863 1583
Flt Permitted 0.99 0.95 1.00 1.00 1.00
Satd. Flow (perm) 1638 1770 1863 1863 1583
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 82 429 429 152 196 234
RTOR Reduction (vph) 210 0 0 0 0 0
Lane Group Flow (vph) 301 0 429 152 196 234
Turn Type Prot Prot NA NA Free
Protected Phases 4 1 6 2
Permitted Phases Free
Actuated Green, G (s) 16.5 21.6 39.7 12.1 68.2
Effective Green, g (s) 16.5 21.6 39.7 12.1 68.2
Actuated g/C Ratio 0.24 0.32 0.58 0.18 1.00
Clearance Time (s) 6.0 6.0 6.0 6.0
Vehicle Extension (s) 2.0 2.0 2.0 2.0
Lane Grp Cap (vph) 396 560 1084 330 1583
v/s Ratio Prot c0.18 c0.24 0.08 c0.11
v/s Ratio Perm 0.15
v/c Ratio 0.76 0.77 0.14 0.59 0.15
Uniform Delay, d1 24.0 21.0 6.5 25.8 0.0
Progression Factor 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 7.5 5.6 0.0 1.9 0.2
Delay (s) 31.6 26.6 6.5 27.7 0.2
Level of Service C C A C A
Approach Delay (s) 31.6 21.4 12.7
Approach LOS C C B

Intersection Summary
HCM 2000 Control Delay 22.3 HCM 2000 Level of Service C
HCM 2000 Volume to Capacity ratio 0.72
Actuated Cycle Length (s) 68.2 Sum of lost time (s) 18.0
Intersection Capacity Utilization 74.9% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group



Queues PM Peak 2040 Build 3
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Lane Group EBL EBT EBR WBL WBT NBL NBT NBR SBL SBT
Lane Group Flow (vph) 54 152 49 315 571 71 217 375 304 217
v/c Ratio 0.44 0.54 0.13 0.78 0.42 0.35 0.66 0.62 0.54 0.25
Control Delay 40.9 37.0 0.7 35.5 7.7 33.7 40.7 25.1 16.3 11.6
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 40.9 37.0 0.7 35.5 7.7 33.7 40.7 25.1 16.3 11.6
Queue Length 50th (ft) 23 67 0 115 37 30 96 142 83 51
Queue Length 95th (ft) 58 122 0 #220 73 70 #194 245 146 98
Internal Link Dist (ft) 359 513 394 506
Turn Bay Length (ft) 295 75 240 75 200
Base Capacity (vph) 155 354 438 402 1479 204 329 602 588 911
Starvation Cap Reductn 0 0 0 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0 0 0 0
Reduced v/c Ratio 0.35 0.43 0.11 0.78 0.39 0.35 0.66 0.62 0.52 0.24

Intersection Summary
#    95th percentile volume exceeds capacity, queue may be longer.
     Queue shown is maximum after two cycles.
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (vph) 50 140 45 290 205 320 65 200 345 280 150 50
Future Volume (vph) 50 140 45 290 205 320 65 200 345 280 150 50
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Lane Util. Factor 1.00 1.00 1.00 1.00 0.95 1.00 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 0.91 1.00 1.00 0.85 1.00 0.96
Flt Protected 0.95 1.00 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 1863 1583 1770 3216 1770 1863 1583 1770 1793
Flt Permitted 0.44 1.00 1.00 0.43 1.00 0.62 1.00 1.00 0.35 1.00
Satd. Flow (perm) 815 1863 1583 801 3216 1160 1863 1583 654 1793
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 54 152 49 315 223 348 71 217 375 304 163 54
RTOR Reduction (vph) 0 0 42 0 224 0 0 0 0 0 8 0
Lane Group Flow (vph) 54 152 7 315 347 0 71 217 375 304 209 0
Turn Type Perm NA Perm pm+pt NA Perm NA pt+ov pm+pt NA
Protected Phases 8 7 4 6 6 7 5 2
Permitted Phases 8 8 4 6 2
Actuated Green, G (s) 11.2 11.2 11.2 26.2 26.2 13.1 13.1 28.1 35.6 35.6
Effective Green, g (s) 11.2 11.2 11.2 26.2 26.2 13.1 13.1 28.1 35.6 35.6
Actuated g/C Ratio 0.15 0.15 0.15 0.36 0.36 0.18 0.18 0.38 0.48 0.48
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 2.0 2.0 2.0 2.0 2.0 2.0
Lane Grp Cap (vph) 123 282 240 402 1141 205 330 602 564 864
v/s Ratio Prot 0.08 c0.10 0.11 0.12 c0.24 c0.12 0.12
v/s Ratio Perm 0.07 0.00 c0.18 0.06 0.14
v/c Ratio 0.44 0.54 0.03 0.78 0.30 0.35 0.66 0.62 0.54 0.24
Uniform Delay, d1 28.4 28.9 26.7 19.7 17.2 26.6 28.3 18.5 12.6 11.2
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 2.5 2.0 0.1 8.9 0.1 0.4 3.6 1.4 0.5 0.1
Delay (s) 30.9 30.9 26.7 28.6 17.3 27.0 31.8 20.0 13.1 11.2
Level of Service C C C C B C C B B B
Approach Delay (s) 30.1 21.3 24.6 12.3
Approach LOS C C C B

Intersection Summary
HCM 2000 Control Delay 21.2 HCM 2000 Level of Service C
HCM 2000 Volume to Capacity ratio 0.81
Actuated Cycle Length (s) 73.8 Sum of lost time (s) 26.0
Intersection Capacity Utilization 69.5% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group
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Lane Group EBT EBR WBT NBL NBT SBL SBT SBR
Lane Group Flow (vph) 38 60 5 43 571 5 467 33
v/c Ratio 0.18 0.16 0.01 0.07 0.21 0.01 0.37 0.03
Control Delay 21.0 1.0 0.0 4.2 4.2 10.4 10.9 0.0
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 21.0 1.0 0.0 4.2 4.2 10.4 10.9 0.0
Queue Length 50th (ft) 11 0 0 4 34 1 60 0
Queue Length 95th (ft) 30 0 0 14 68 7 #233 0
Internal Link Dist (ft) 379 511 428 294
Turn Bay Length (ft) 70 140
Base Capacity (vph) 395 553 525 655 2695 554 1267 1153
Starvation Cap Reductn 0 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0 0
Reduced v/c Ratio 0.10 0.11 0.01 0.07 0.21 0.01 0.37 0.03

Intersection Summary
#    95th percentile volume exceeds capacity, queue may be longer.
     Queue shown is maximum after two cycles.
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (vph) 35 0 55 0 0 5 40 525 0 5 430 30
Future Volume (vph) 35 0 55 0 0 5 40 525 0 5 430 30
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 4.5 6.0 6.0 6.0 6.0
Lane Util. Factor 1.00 1.00 1.00 1.00 0.95 1.00 1.00 1.00
Frt 1.00 0.85 0.86 1.00 1.00 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1770 1583 1611 1770 3539 1770 1863 1583
Flt Permitted 0.75 1.00 1.00 0.39 1.00 0.44 1.00 1.00
Satd. Flow (perm) 1405 1583 1611 727 3539 815 1863 1583
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 38 0 60 0 0 5 43 571 0 5 467 33
RTOR Reduction (vph) 0 0 54 0 4 0 0 0 0 0 0 15
Lane Group Flow (vph) 0 38 6 0 1 0 43 571 0 5 467 18
Turn Type pm+pt NA Perm NA pm+pt NA Perm NA Perm
Protected Phases 7 4 8 5 2 6
Permitted Phases 4 4 8 2 6 6
Actuated Green, G (s) 5.9 5.9 5.9 37.1 37.1 29.9 29.9 29.9
Effective Green, g (s) 5.9 5.9 5.9 37.1 37.1 29.9 29.9 29.9
Actuated g/C Ratio 0.11 0.11 0.11 0.67 0.67 0.54 0.54 0.54
Clearance Time (s) 6.0 6.0 6.0 4.5 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 2.0 2.0 2.0 2.0
Lane Grp Cap (vph) 150 169 172 541 2387 443 1012 860
v/s Ratio Prot 0.00 0.00 c0.16 c0.25
v/s Ratio Perm c0.03 0.00 0.05 0.01 0.01
v/c Ratio 0.25 0.04 0.00 0.08 0.24 0.01 0.46 0.02
Uniform Delay, d1 22.5 22.0 21.9 3.5 3.5 5.8 7.6 5.8
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.9 0.1 0.0 0.1 0.2 0.0 1.5 0.0
Delay (s) 23.4 22.1 21.9 3.6 3.7 5.8 9.2 5.8
Level of Service C C C A A A A A
Approach Delay (s) 22.6 21.9 3.7 8.9
Approach LOS C C A A

Intersection Summary
HCM 2000 Control Delay 7.4 HCM 2000 Level of Service A
HCM 2000 Volume to Capacity ratio 0.48
Actuated Cycle Length (s) 55.0 Sum of lost time (s) 21.0
Intersection Capacity Utilization 49.2% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 65 565 35 100 640 55 45 10 90 60 20 60
Future Volume (Veh/h) 65 565 35 100 640 55 45 10 90 60 20 60
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 71 614 38 109 696 60 49 11 98 65 22 65
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh) 2
Median type None None
Median storage veh)
Upstream signal (ft) 593
pX, platoon unblocked 0.93 0.93 0.93 0.93 0.93 0.93
vC, conflicting volume 756 652 1417 1749 633 1754 1738 378
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 756 588 1411 1768 568 1774 1756 378
tC, single (s) 4.1 4.1 7.5 6.5 6.9 7.5 6.5 6.9
tC, 2 stage (s)
tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3
p0 queue free % 92 88 5 82 77 0 65 90
cM capacity (veh/h) 851 914 51 62 434 28 63 620

Direction, Lane # EB 1 EB 2 WB 1 WB 2 NB 1 SB 1
Volume Total 71 652 457 408 158 152
Volume Left 71 0 109 0 49 65
Volume Right 0 38 0 60 98 65
cSH 851 1700 914 1700 124 55
Volume to Capacity 0.08 0.38 0.12 0.24 1.27 2.78
Queue Length 95th (ft) 7 0 10 0 252 395
Control Delay (s) 9.6 0.0 3.3 0.0 237.2 964.8
Lane LOS A A F F
Approach Delay (s) 0.9 1.8 237.2 964.8
Approach LOS F F

Intersection Summary
Average Delay 98.2
Intersection Capacity Utilization 78.9% ICU Level of Service D
Analysis Period (min) 15
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Lane Group EBT WBL WBT NBT NBR SBT
Lane Group Flow (vph) 799 109 821 65 98 158
v/c Ratio 0.42 0.24 0.63 0.31 0.29 0.56
Control Delay 6.4 7.3 10.1 26.7 8.0 23.5
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 6.4 7.3 10.1 26.7 8.0 23.5
Queue Length 50th (ft) 63 14 159 22 0 35
Queue Length 95th (ft) 126 47 358 53 33 85
Internal Link Dist (ft) 513 406 230 149
Turn Bay Length (ft) 145 45
Base Capacity (vph) 1908 457 1307 370 525 461
Starvation Cap Reductn 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0
Reduced v/c Ratio 0.42 0.24 0.63 0.18 0.19 0.34

Intersection Summary
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (vph) 75 620 40 100 700 55 50 10 90 60 20 65
Future Volume (vph) 75 620 40 100 700 55 50 10 90 60 20 65
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0
Lane Util. Factor 0.95 1.00 1.00 1.00 1.00 1.00
Frt 0.99 1.00 0.99 1.00 0.85 0.94
Flt Protected 0.99 0.95 1.00 0.96 1.00 0.98
Satd. Flow (prot) 3493 1770 1842 1788 1583 1714
Flt Permitted 0.77 0.35 1.00 0.69 1.00 0.84
Satd. Flow (perm) 2690 647 1842 1286 1583 1464
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 82 674 43 109 761 60 54 11 98 65 22 71
RTOR Reduction (vph) 0 5 0 0 3 0 0 0 85 0 48 0
Lane Group Flow (vph) 0 794 0 109 818 0 0 65 13 0 110 0
Turn Type Perm NA Perm NA Perm NA Perm Perm NA
Protected Phases 4 8 2 6
Permitted Phases 4 8 2 2 6
Actuated Green, G (s) 43.2 43.2 43.2 8.7 8.7 8.7
Effective Green, g (s) 43.2 43.2 43.2 8.7 8.7 8.7
Actuated g/C Ratio 0.68 0.68 0.68 0.14 0.14 0.14
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 1818 437 1245 175 215 199
v/s Ratio Prot c0.44
v/s Ratio Perm 0.30 0.17 0.05 0.01 c0.07
v/c Ratio 0.44 0.25 0.66 0.37 0.06 0.55
Uniform Delay, d1 4.8 4.0 6.0 25.1 24.0 25.8
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.8 1.4 2.7 1.3 0.1 3.3
Delay (s) 5.5 5.4 8.8 26.4 24.2 29.1
Level of Service A A A C C C
Approach Delay (s) 5.5 8.4 25.1 29.1
Approach LOS A A C C

Intersection Summary
HCM 2000 Control Delay 10.2 HCM 2000 Level of Service B
HCM 2000 Volume to Capacity ratio 0.64
Actuated Cycle Length (s) 63.9 Sum of lost time (s) 12.0
Intersection Capacity Utilization 93.5% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group
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Lane Group EBL EBT EBR WBL WBT WBR NBT NBR SBL SBT
Lane Group Flow (vph) 54 152 49 315 223 348 288 375 304 217
v/c Ratio 0.45 0.78 0.14 0.92 0.39 0.40 0.52 0.53 0.71 0.25
Control Delay 48.3 65.2 0.8 60.7 25.9 2.8 32.6 5.7 30.8 16.5
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 48.3 65.2 0.8 60.7 25.9 2.8 32.6 5.7 30.8 16.5
Queue Length 50th (ft) 28 80 0 141 93 0 107 0 82 50
Queue Length 95th (ft) 65 #177 0 #252 156 33 #423 92 #374 169
Internal Link Dist (ft) 359 513 394 506
Turn Bay Length (ft) 295 75 240 150 200
Base Capacity (vph) 122 197 362 342 569 881 549 714 427 876
Starvation Cap Reductn 0 0 0 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0 0 0 0
Reduced v/c Ratio 0.44 0.77 0.14 0.92 0.39 0.40 0.52 0.53 0.71 0.25

Intersection Summary
#    95th percentile volume exceeds capacity, queue may be longer.
     Queue shown is maximum after two cycles.
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (vph) 50 140 45 290 205 320 65 200 345 280 150 50
Future Volume (vph) 50 140 45 290 205 320 65 200 345 280 150 50
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1200 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.85 1.00 0.96
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.99 1.00 0.95 1.00
Satd. Flow (prot) 1770 1863 1583 1770 1863 1583 1840 1000 1770 1793
Flt Permitted 0.62 1.00 1.00 0.35 1.00 1.00 0.86 1.00 0.39 1.00
Satd. Flow (perm) 1153 1863 1583 651 1863 1583 1604 1000 731 1793
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 54 152 49 315 223 348 71 217 375 304 163 54
RTOR Reduction (vph) 0 0 44 0 0 217 0 0 205 0 9 0
Lane Group Flow (vph) 54 152 5 315 223 131 0 288 170 304 208 0
Turn Type Perm NA Perm pm+pt NA pm+ov Perm NA pm+ov pm+pt NA
Protected Phases 8 7 4 5 6 7 5 2
Permitted Phases 8 8 4 4 6 6 2
Actuated Green, G (s) 8.9 8.9 8.9 25.9 25.9 31.9 27.5 38.5 39.5 39.5
Effective Green, g (s) 8.9 8.9 8.9 25.9 25.9 31.9 27.5 38.5 39.5 39.5
Actuated g/C Ratio 0.10 0.10 0.10 0.30 0.30 0.38 0.32 0.45 0.46 0.46
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Lane Grp Cap (vph) 120 195 165 343 567 594 518 523 413 833
v/s Ratio Prot 0.08 c0.12 0.12 0.02 0.04 c0.05 0.12
v/s Ratio Perm 0.05 0.00 c0.16 0.07 0.18 0.13 c0.29
v/c Ratio 0.45 0.78 0.03 0.92 0.39 0.22 0.56 0.32 0.74 0.25
Uniform Delay, d1 35.8 37.1 34.2 26.4 23.3 18.1 23.7 14.9 18.9 13.8
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 2.7 17.7 0.1 28.1 0.2 0.1 4.3 0.1 5.8 0.7
Delay (s) 38.4 54.8 34.3 54.4 23.5 18.1 28.0 15.0 24.7 14.5
Level of Service D D C D C B C B C B
Approach Delay (s) 47.4 32.4 20.7 20.5
Approach LOS D C C C

Intersection Summary
HCM 2000 Control Delay 28.0 HCM 2000 Level of Service C
HCM 2000 Volume to Capacity ratio 0.84
Actuated Cycle Length (s) 85.0 Sum of lost time (s) 26.0
Intersection Capacity Utilization 73.1% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group
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Lane Group EBT EBR WBT NBT SBL SBT SBR
Lane Group Flow (vph) 38 60 48 571 5 467 33
v/c Ratio 0.25 0.25 0.23 0.23 0.01 0.35 0.03
Control Delay 35.8 10.3 31.7 8.5 12.0 11.0 0.0
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 35.8 10.3 31.7 8.5 12.0 11.0 0.0
Queue Length 50th (ft) 18 0 21 37 1 64 0
Queue Length 95th (ft) 44 28 49 168 9 #334 0
Internal Link Dist (ft) 379 511 428 294
Turn Bay Length (ft) 70 140
Base Capacity (vph) 362 473 262 2525 581 1329 1171
Starvation Cap Reductn 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0
Reduced v/c Ratio 0.10 0.13 0.18 0.23 0.01 0.35 0.03

Intersection Summary
#    95th percentile volume exceeds capacity, queue may be longer.
     Queue shown is maximum after two cycles.
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (vph) 35 0 55 0 40 5 0 525 0 5 430 30
Future Volume (vph) 35 0 55 0 40 5 0 525 0 5 430 30
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Lane Util. Factor 1.00 1.00 1.00 0.95 1.00 1.00 1.00
Frt 1.00 0.85 0.99 1.00 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1770 1583 1837 3539 1770 1863 1583
Flt Permitted 0.73 1.00 1.00 1.00 0.44 1.00 1.00
Satd. Flow (perm) 1352 1583 1837 3539 815 1863 1583
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 38 0 60 0 43 5 0 571 0 5 467 33
RTOR Reduction (vph) 0 0 54 0 5 0 0 0 0 0 0 11
Lane Group Flow (vph) 0 38 6 0 43 0 0 571 0 5 467 22
Turn Type pm+pt NA Perm NA NA Perm NA Perm
Protected Phases 7 4 8 2 6
Permitted Phases 4 4 8 6 6
Actuated Green, G (s) 8.1 8.1 8.1 54.5 54.5 54.5 54.5
Effective Green, g (s) 8.1 8.1 8.1 54.5 54.5 54.5 54.5
Actuated g/C Ratio 0.10 0.10 0.10 0.66 0.66 0.66 0.66
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 2.0 2.0 2.0 2.0
Lane Grp Cap (vph) 133 156 181 2352 541 1238 1052
v/s Ratio Prot 0.02 0.16 c0.25
v/s Ratio Perm c0.03 0.00 0.01 0.01
v/c Ratio 0.29 0.04 0.24 0.24 0.01 0.38 0.02
Uniform Delay, d1 34.3 33.4 34.1 5.5 4.6 6.2 4.7
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 1.2 0.1 0.7 0.2 0.0 0.9 0.0
Delay (s) 35.5 33.5 34.8 5.7 4.7 7.0 4.7
Level of Service D C C A A A A
Approach Delay (s) 34.3 34.8 5.7 6.9
Approach LOS C C A A

Intersection Summary
HCM 2000 Control Delay 9.6 HCM 2000 Level of Service A
HCM 2000 Volume to Capacity ratio 0.37
Actuated Cycle Length (s) 82.0 Sum of lost time (s) 20.0
Intersection Capacity Utilization 47.6% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group



HCM Unsignalized Intersection Capacity Analysis PM Peak 2040 No Action
1: US Rte 5 & VA Cutoff Rd 04/10/2019

Hartford US 5 Corridor  10/18/2018 AM Synchro 10 Report
Stantec Page 1

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Traffic Volume (veh/h) 195 70 40 265 350 85
Future Volume (Veh/h) 195 70 40 265 350 85
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00
Hourly flow rate (vph) 195 70 40 265 350 85
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 738 392 435
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 738 392 435
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 48 89 96
cM capacity (veh/h) 372 656 1125

Direction, Lane # EB 1 NB 1 SB 1
Volume Total 265 305 435
Volume Left 195 40 0
Volume Right 70 0 85
cSH 420 1125 1700
Volume to Capacity 0.63 0.04 0.26
Queue Length 95th (ft) 105 3 0
Control Delay (s) 27.1 1.4 0.0
Lane LOS D A
Approach Delay (s) 27.1 1.4 0.0
Approach LOS D

Intersection Summary
Average Delay 7.6
Intersection Capacity Utilization 64.8% ICU Level of Service C
Analysis Period (min) 15



HCM Unsignalized Intersection Capacity Analysis PM Peak 2040 No Action
2: Veterans Dr/Dunkin Donuts & US Rte 5 04/10/2019

Hartford US 5 Corridor  10/18/2018 AM Synchro 10 Report
Stantec Page 2

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 210 5 20 5 0 45 0 495 10 40 445 45
Future Volume (Veh/h) 210 5 20 5 0 45 0 495 10 40 445 45
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Hourly flow rate (vph) 210 5 20 5 0 45 0 495 10 40 445 45
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh) 1
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1070 1052 468 1048 1070 500 490 505
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1070 1052 468 1048 1070 500 490 505
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 0 98 97 97 100 92 100 96
cM capacity (veh/h) 178 218 595 190 213 571 1073 1060

Direction, Lane # EB 1 WB 1 NB 1 SB 1 SB 2
Volume Total 235 50 505 40 490
Volume Left 210 5 0 40 0
Volume Right 20 45 10 0 45
cSH 190 634 1073 1060 1700
Volume to Capacity 1.24 0.08 0.00 0.04 0.29
Queue Length 95th (ft) 315 6 0 3 0
Control Delay (s) 193.2 13.1 0.0 8.5 0.0
Lane LOS F B A
Approach Delay (s) 193.2 13.1 0.0 0.6
Approach LOS F B

Intersection Summary
Average Delay 35.1
Intersection Capacity Utilization 59.7% ICU Level of Service B
Analysis Period (min) 15



HCM Unsignalized Intersection Capacity Analysis PM Peak 2040 No Action
3: US Rte 5 & Winsor Dr/Ballardvale Dr 04/10/2019

Hartford US 5 Corridor  10/18/2018 AM Synchro 10 Report
Stantec Page 3

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 0 5 0 15 5 65 5 735 20 70 480 5
Future Volume (Veh/h) 0 5 0 15 5 65 5 735 20 70 480 5
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Hourly flow rate (vph) 0 5 0 15 5 65 5 735 20 70 480 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1445 1388 482 1378 1380 745 485 755
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1445 1388 482 1378 1380 745 485 755
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 100 96 100 86 96 84 100 92
cM capacity (veh/h) 84 130 584 111 132 414 1078 855

Direction, Lane # EB 1 WB 1 WB 2 NB 1 SB 1 SB 2
Volume Total 5 15 70 760 70 485
Volume Left 0 15 0 5 70 0
Volume Right 0 0 65 20 0 5
cSH 130 111 359 1078 855 1700
Volume to Capacity 0.04 0.14 0.19 0.00 0.08 0.29
Queue Length 95th (ft) 3 11 18 0 7 0
Control Delay (s) 33.7 42.5 17.4 0.1 9.6 0.0
Lane LOS D E C A A
Approach Delay (s) 33.7 21.9 0.1 1.2
Approach LOS D C

Intersection Summary
Average Delay 2.0
Intersection Capacity Utilization 67.1% ICU Level of Service C
Analysis Period (min) 15



HCM Unsignalized Intersection Capacity Analysis PM Peak 2040 No Action
4: US Rte 5 & I-91 SB Ramp 04/10/2019

Hartford US 5 Corridor  10/18/2018 AM Synchro 10 Report
Stantec Page 4

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Traffic Volume (veh/h) 40 470 415 390 445 470
Future Volume (Veh/h) 40 470 415 390 445 470
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00
Hourly flow rate (vph) 40 470 415 390 445 470
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1665 445 915
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1665 445 915
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 15 23 44
cM capacity (veh/h) 47 613 745

Direction, Lane # EB 1 NB 1 NB 2 SB 1 SB 2
Volume Total 510 415 390 445 470
Volume Left 40 415 0 0 0
Volume Right 470 0 0 0 470
cSH 316 745 1700 1700 1700
Volume to Capacity 1.62 0.56 0.23 0.26 0.28
Queue Length 95th (ft) 764 87 0 0 0
Control Delay (s) 320.5 15.7 0.0 0.0 0.0
Lane LOS F C
Approach Delay (s) 320.5 8.1 0.0
Approach LOS F

Intersection Summary
Average Delay 76.2
Intersection Capacity Utilization 87.7% ICU Level of Service E
Analysis Period (min) 15



HCM Unsignalized Intersection Capacity Analysis PM Peak 2040 No Action
5: US Rte 5 & I-91 NB Off Ramp LT 04/10/2019

Hartford US 5 Corridor  10/18/2018 AM Synchro 10 Report
Stantec Page 5

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Traffic Volume (veh/h) 240 0 420 0 0 670
Future Volume (Veh/h) 240 0 420 0 0 670
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00
Hourly flow rate (vph) 240 0 420 0 0 670
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 560
pX, platoon unblocked
vC, conflicting volume 755 420 420
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 755 420 420
tC, single (s) 6.8 6.9 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 30 100 100
cM capacity (veh/h) 345 582 1136

Direction, Lane # WB 1 NB 1 SB 1 SB 2
Volume Total 240 420 335 335
Volume Left 240 0 0 0
Volume Right 0 0 0 0
cSH 345 1700 1700 1700
Volume to Capacity 0.70 0.25 0.20 0.20
Queue Length 95th (ft) 125 0 0 0
Control Delay (s) 36.3 0.0 0.0 0.0
Lane LOS E
Approach Delay (s) 36.3 0.0 0.0
Approach LOS E

Intersection Summary
Average Delay 6.5
Intersection Capacity Utilization 42.1% ICU Level of Service A
Analysis Period (min) 15



HCM Unsignalized Intersection Capacity Analysis PM Peak 2040 No Action
6: US Rte 5 & I-91 NB On Ramp 04/10/2019

Hartford US 5 Corridor  10/18/2018 AM Synchro 10 Report
Stantec Page 6

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Traffic Volume (veh/h) 0 0 90 330 670 90
Future Volume (Veh/h) 0 0 90 330 670 90
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00
Hourly flow rate (vph) 0 0 90 330 670 90
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 370
pX, platoon unblocked
vC, conflicting volume 1180 670 760
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1180 670 760
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 100 100 89
cM capacity (veh/h) 188 457 852

Direction, Lane # NB 1 NB 2 SB 1 SB 2
Volume Total 90 330 670 90
Volume Left 90 0 0 0
Volume Right 0 0 0 90
cSH 852 1700 1700 1700
Volume to Capacity 0.11 0.19 0.39 0.05
Queue Length 95th (ft) 9 0 0 0
Control Delay (s) 9.7 0.0 0.0 0.0
Lane LOS A
Approach Delay (s) 2.1 0.0
Approach LOS

Intersection Summary
Average Delay 0.7
Intersection Capacity Utilization 46.9% ICU Level of Service A
Analysis Period (min) 15



HCM Unsignalized Intersection Capacity Analysis PM Peak 2040 No Action
7: US Rte 5 & I-91 NB Off Ramp 04/10/2019

Hartford US 5 Corridor  10/18/2018 AM Synchro 10 Report
Stantec Page 7

Intersection Sign configuration not allowed in HCM analysis.



Queues PM Peak 2040 No Action
8: US Rte 5 & N. Main St 04/10/2019

Hartford US 5 Corridor  10/18/2018 AM Synchro 10 Report
Stantec Page 8

Lane Group EBL EBR NBL NBT SBT SBR
Lane Group Flow (vph) 82 429 429 152 196 234
v/c Ratio 0.23 0.45 0.64 0.16 0.37 0.15
Control Delay 14.9 4.7 21.4 6.5 18.7 0.2
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 14.9 4.7 21.4 6.5 18.7 0.2
Queue Length 50th (ft) 16 26 47 16 22 0
Queue Length 95th (ft) 41 60 #94 44 47 0
Internal Link Dist (ft) 571 571 178
Turn Bay Length (ft)
Base Capacity (vph) 532 904 708 996 572 1583
Starvation Cap Reductn 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0
Reduced v/c Ratio 0.15 0.47 0.61 0.15 0.34 0.15

Intersection Summary
#    95th percentile volume exceeds capacity, queue may be longer.
     Queue shown is maximum after two cycles.



HCM Signalized Intersection Capacity Analysis PM Peak 2040 No Action
8: US Rte 5 & N. Main St 04/10/2019

Hartford US 5 Corridor  10/18/2018 AM Synchro 10 Report
Stantec Page 9

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Traffic Volume (vph) 75 395 395 140 180 215
Future Volume (vph) 75 395 395 140 180 215
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.9 6.7 6.7 5.5 5.5 4.0
Lane Util. Factor 1.00 1.00 0.97 1.00 0.95 1.00
Frt 1.00 0.85 1.00 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 1.00 1.00
Satd. Flow (prot) 1770 1583 3433 1863 3539 1583
Flt Permitted 0.95 1.00 0.95 1.00 1.00 1.00
Satd. Flow (perm) 1770 1583 3433 1863 3539 1583
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 82 429 429 152 196 234
RTOR Reduction (vph) 0 110 0 0 0 0
Lane Group Flow (vph) 82 319 429 152 196 234
Turn Type Prot pt+ov Prot NA NA Free
Protected Phases 4 1 4 1 6 2
Permitted Phases Free
Actuated Green, G (s) 8.4 22.2 7.9 20.7 6.1 40.5
Effective Green, g (s) 8.4 16.3 7.9 20.7 6.1 40.5
Actuated g/C Ratio 0.21 0.40 0.20 0.51 0.15 1.00
Clearance Time (s) 5.9 6.7 5.5 5.5
Vehicle Extension (s) 2.0 2.0 2.0 2.0
Lane Grp Cap (vph) 367 637 669 952 533 1583
v/s Ratio Prot 0.05 c0.20 c0.12 0.08 c0.06
v/s Ratio Perm 0.15
v/c Ratio 0.22 0.50 0.64 0.16 0.37 0.15
Uniform Delay, d1 13.3 9.1 15.0 5.3 15.5 0.0
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.1 0.2 1.6 0.0 0.2 0.2
Delay (s) 13.5 9.3 16.6 5.3 15.6 0.2
Level of Service B A B A B A
Approach Delay (s) 10.0 13.6 7.2
Approach LOS A B A

Intersection Summary
HCM 2000 Control Delay 10.6 HCM 2000 Level of Service B
HCM 2000 Volume to Capacity ratio 0.51
Actuated Cycle Length (s) 40.5 Sum of lost time (s) 18.1
Intersection Capacity Utilization 39.6% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group



Queues PM Peak 2040 No Action
9: US Rte 5 & VT Rte 14 04/10/2019

Hartford US 5 Corridor  10/18/2018 AM Synchro 10 Report
Stantec Page 10

Lane Group EBL EBT EBR WBL WBT WBR NBT NBR SBL SBT SBR
Lane Group Flow (vph) 54 152 49 315 223 348 413 250 304 163 54
v/c Ratio 0.32 0.55 0.13 0.96 0.29 0.40 1.12 0.74 0.76 0.21 0.07
Control Delay 33.7 37.6 0.7 73.9 15.8 3.3 118.8 27.0 42.0 14.9 0.6
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 33.7 37.6 0.7 73.9 15.8 3.3 118.8 27.0 42.0 14.9 0.6
Queue Length 50th (ft) 23 67 0 148 67 0 ~121 36 134 47 0
Queue Length 95th (ft) 56 123 0 #308 115 45 #212 #143 #258 88 4
Internal Link Dist (ft) 359 513 394 1014
Turn Bay Length (ft) 295 240 30 200
Base Capacity (vph) 199 322 413 329 818 890 368 338 400 793 736
Starvation Cap Reductn 0 0 0 0 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0 0 0 0 0
Reduced v/c Ratio 0.27 0.47 0.12 0.96 0.27 0.39 1.12 0.74 0.76 0.21 0.07

Intersection Summary
~    Volume exceeds capacity, queue is theoretically infinite.
     Queue shown is maximum after two cycles.
#    95th percentile volume exceeds capacity, queue may be longer.
     Queue shown is maximum after two cycles.



HCM Signalized Intersection Capacity Analysis PM Peak 2040 No Action
9: US Rte 5 & VT Rte 14 04/10/2019

Hartford US 5 Corridor  10/18/2018 AM Synchro 10 Report
Stantec Page 11

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (vph) 50 140 45 290 205 320 65 315 230 280 150 50
Future Volume (vph) 50 140 45 290 205 320 65 315 230 280 150 50
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00 0.95 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.99 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1770 1863 1583 1770 1863 1583 3509 1583 1770 1863 1583
Flt Permitted 0.62 1.00 1.00 0.95 1.00 1.00 0.87 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1153 1863 1583 1770 1863 1583 3073 1583 1770 1863 1583
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 54 152 49 315 223 348 71 342 250 304 163 54
RTOR Reduction (vph) 0 0 42 0 0 204 0 0 149 0 0 31
Lane Group Flow (vph) 54 152 7 315 223 144 0 413 101 304 163 23
Turn Type Perm NA Perm Prot NA Perm Perm NA Perm Prot NA Perm
Protected Phases 8 7 4 6 5 2
Permitted Phases 8 8 4 6 6 2
Actuated Green, G (s) 11.2 11.2 11.2 14.0 31.2 31.2 9.0 9.0 17.0 32.0 32.0
Effective Green, g (s) 11.2 11.2 11.2 14.0 31.2 31.2 9.0 9.0 17.0 32.0 32.0
Actuated g/C Ratio 0.15 0.15 0.15 0.19 0.41 0.41 0.12 0.12 0.23 0.43 0.43
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Lane Grp Cap (vph) 171 277 235 329 772 656 367 189 400 792 673
v/s Ratio Prot c0.08 c0.18 0.12 c0.17 0.09
v/s Ratio Perm 0.05 0.00 0.09 c0.13 0.06 0.01
v/c Ratio 0.32 0.55 0.03 0.96 0.29 0.22 1.13 0.54 0.76 0.21 0.03
Uniform Delay, d1 28.6 29.7 27.4 30.3 14.6 14.2 33.1 31.1 27.2 13.6 12.6
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 1.1 2.2 0.1 37.7 0.1 0.1 85.5 10.5 7.5 0.6 0.1
Delay (s) 29.6 31.9 27.4 68.0 14.7 14.2 118.6 41.6 34.7 14.2 12.7
Level of Service C C C E B B F D C B B
Approach Delay (s) 30.5 33.5 89.5 26.0
Approach LOS C C F C

Intersection Summary
HCM 2000 Control Delay 47.5 HCM 2000 Level of Service D
HCM 2000 Volume to Capacity ratio 0.86
Actuated Cycle Length (s) 75.2 Sum of lost time (s) 26.0
Intersection Capacity Utilization 69.5% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group



Queues PM Peak 2040 No Action
10: US Rte 5 & Highland Ave/Worcester Ave 04/10/2019

Hartford US 5 Corridor  10/18/2018 AM Synchro 10 Report
Stantec Page 12

Lane Group EBT EBR WBT NBT SBL SBT SBR
Lane Group Flow (vph) 38 60 48 571 5 467 33
v/c Ratio 0.36 0.34 0.32 0.21 0.01 0.33 0.03
Control Delay 57.6 17.3 49.7 6.6 9.2 8.3 2.3
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 57.6 17.3 49.7 6.6 9.2 8.3 2.3
Queue Length 50th (ft) 26 0 30 36 1 63 0
Queue Length 95th (ft) 60 40 67 167 8 317 11
Internal Link Dist (ft) 379 511 1014 294
Turn Bay Length (ft) 70 140
Base Capacity (vph) 374 481 512 2674 615 1408 1208
Starvation Cap Reductn 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0
Reduced v/c Ratio 0.10 0.12 0.09 0.21 0.01 0.33 0.03

Intersection Summary



HCM Signalized Intersection Capacity Analysis PM Peak 2040 No Action
10: US Rte 5 & Highland Ave/Worcester Ave 04/10/2019

Hartford US 5 Corridor  10/18/2018 AM Synchro 10 Report
Stantec Page 13

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (vph) 35 0 55 0 40 5 0 525 0 5 430 30
Future Volume (vph) 35 0 55 0 40 5 0 525 0 5 430 30
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Lane Util. Factor 1.00 1.00 1.00 0.95 1.00 1.00 1.00
Frt 1.00 0.85 0.99 1.00 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1770 1583 1837 3539 1770 1863 1583
Flt Permitted 0.73 1.00 1.00 1.00 0.44 1.00 1.00
Satd. Flow (perm) 1352 1583 1837 3539 815 1863 1583
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 38 0 60 0 43 5 0 571 0 5 467 33
RTOR Reduction (vph) 0 0 55 0 5 0 0 0 0 0 0 9
Lane Group Flow (vph) 0 38 5 0 43 0 0 571 0 5 467 24
Turn Type Perm NA Perm NA NA Perm NA Perm
Protected Phases 4 8 2 6
Permitted Phases 4 4 8 6 6
Actuated Green, G (s) 8.8 8.8 8.8 83.0 83.0 83.0 83.0
Effective Green, g (s) 8.8 8.8 8.8 83.0 83.0 83.0 83.0
Actuated g/C Ratio 0.08 0.08 0.08 0.74 0.74 0.74 0.74
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 2.0 2.0 2.0 2.0
Lane Grp Cap (vph) 106 124 144 2622 603 1380 1173
v/s Ratio Prot 0.02 0.16 c0.25
v/s Ratio Perm c0.03 0.00 0.01 0.02
v/c Ratio 0.36 0.04 0.30 0.22 0.01 0.34 0.02
Uniform Delay, d1 48.9 47.7 48.7 4.5 3.8 5.0 3.8
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 2.1 0.1 1.2 0.2 0.0 0.7 0.0
Delay (s) 51.0 47.8 49.9 4.7 3.8 5.7 3.8
Level of Service D D D A A A A
Approach Delay (s) 49.0 49.9 4.7 5.5
Approach LOS D D A A

Intersection Summary
HCM 2000 Control Delay 10.4 HCM 2000 Level of Service B
HCM 2000 Volume to Capacity ratio 0.32
Actuated Cycle Length (s) 112.0 Sum of lost time (s) 14.0
Intersection Capacity Utilization 47.6% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group



Queues PM Peak 2040 No Action
11: Bridge St/Pine St & VT Rte 14 04/10/2019

Hartford US 5 Corridor  10/18/2018 AM Synchro 10 Report
Stantec Page 14

Lane Group EBL EBT WBT NBT NBR SBT
Lane Group Flow (vph) 82 717 930 65 98 158
v/c Ratio 0.26 0.66 0.62 0.27 0.27 0.50
Control Delay 8.6 11.3 9.4 20.8 7.0 17.2
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 8.6 11.3 9.4 20.8 7.0 17.2
Queue Length 50th (ft) 10 116 75 17 0 23
Queue Length 95th (ft) 36 264 154 44 29 66
Internal Link Dist (ft) 513 406 230 284
Turn Bay Length (ft) 245 45
Base Capacity (vph) 315 1089 1508 767 913 835
Starvation Cap Reductn 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0
Reduced v/c Ratio 0.26 0.66 0.62 0.08 0.11 0.19

Intersection Summary



HCM Signalized Intersection Capacity Analysis PM Peak 2040 No Action
11: Bridge St/Pine St & VT Rte 14 04/10/2019

Hartford US 5 Corridor  10/18/2018 AM Synchro 10 Report
Stantec Page 15

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (vph) 75 620 40 100 700 55 50 10 90 60 20 65
Future Volume (vph) 75 620 40 100 700 55 50 10 90 60 20 65
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0
Lane Util. Factor 1.00 1.00 0.95 1.00 1.00 1.00
Frt 1.00 0.99 0.99 1.00 0.85 0.94
Flt Protected 0.95 1.00 0.99 0.96 1.00 0.98
Satd. Flow (prot) 1770 1846 3485 1788 1583 1714
Flt Permitted 0.29 1.00 0.73 0.75 1.00 0.84
Satd. Flow (perm) 537 1846 2554 1397 1583 1464
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 82 674 43 109 761 60 54 11 98 65 22 71
RTOR Reduction (vph) 0 2 0 0 5 0 0 0 81 0 58 0
Lane Group Flow (vph) 82 715 0 0 925 0 0 65 17 0 100 0
Turn Type Perm NA Perm NA Perm NA Perm Perm NA
Protected Phases 4 8 2 6
Permitted Phases 4 8 2 2 6
Actuated Green, G (s) 30.1 30.1 30.1 9.0 9.0 9.0
Effective Green, g (s) 30.1 30.1 30.1 9.0 9.0 9.0
Actuated g/C Ratio 0.59 0.59 0.59 0.18 0.18 0.18
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 316 1087 1504 246 278 257
v/s Ratio Prot c0.39
v/s Ratio Perm 0.15 0.36 0.05 0.01 c0.07
v/c Ratio 0.26 0.66 0.61 0.26 0.06 0.39
Uniform Delay, d1 5.1 7.0 6.8 18.2 17.5 18.6
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 2.0 3.1 1.9 0.6 0.1 1.0
Delay (s) 7.1 10.2 8.7 18.8 17.6 19.6
Level of Service A B A B B B
Approach Delay (s) 9.8 8.7 18.1 19.6
Approach LOS A A B B

Intersection Summary
HCM 2000 Control Delay 10.7 HCM 2000 Level of Service B
HCM 2000 Volume to Capacity ratio 0.60
Actuated Cycle Length (s) 51.1 Sum of lost time (s) 12.0
Intersection Capacity Utilization 89.1% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group



APPENDIX G 
Signal Warrant Analysis 



Traffic Signal Warrants Analysis on US 5, Hartford VT                                                              11/09/18 

Vermont Agency of Transportation (VTrans) guidelines regarding the justification of a traffic control 
signal refer to the need for a signal warrant analysis performed in accordance with the latest Manual on 
Uniform Traffic Control Devices (2009 MUTCD). Consistent with the MUTCD, VTrans recommends 
application of average weekday traffic volumes. Furthermore, if a signal is warranted, an assessment of 
the need for and design of pedestrian phases should be included. Pedestrian phases would normally be 
included only if pedestrian facilities lead up to the leg of the intersection on which the pedestrian phase 
would be provided. 

MUTCD Requirements 

The 2009 MUTCD states that an engineering study of traffic conditions, pedestrian characteristics, and 
physical characteristics of the location shall be performed and the investigation of the need for a traffic 
control signal shall include an analysis of factors related to the existing operation and safety at the study 
location and the potential to improve these conditions, and the applicable factors contained in nine 
traffic signal warrants. These warrants are: 

Warrant 1, Eight-Hour Vehicular Volume                                                                                                                                                               
Warrant 2, Four-Hour Vehicular Volume                                                                                                                                                   
Warrant 3, Peak Hour                                                                                                                                                                                            
Warrant 4, Pedestrian Volume                                                                                                                                                                        
Warrant 5, School Crossing                                                                                                                                                                           
Warrant 6, Coordinated Signal System                                                                                                                                                   
Warrant 7, Crash Experience                                                                                                                                                                
Warrant 8, Roadway Network                                                                                                                                                               
Warrant 9, Intersection Near a Grade Crossing                                                 

The 2009 MUTCD also states that satisfaction of a traffic signal warrant or warrants shall not in itself 
require the installation of a traffic control signal. Moreover, the engineering study should identify if the 
overall safety of the intersection is improved; if progressive traffic flow is disrupted; if right turns on the 
minor approach are to be included in the analysis.  

Warrant 1, Minimum Vehicular Volume, (Condition A) is intended for application at locations where a 
large volume of intersecting (minor approach) traffic is the principal consideration. Warrant 1 requires 
that traffic volumes during eight hours of an average day meets or exceeds the volume thresholds. 
Warrant 1, Interruption of Continuous Traffic, (Condition B) is intended where traffic volume on the 
major street is so heavy that traffic on a minor intersecting street suffers excessive delay or conflict in 
entering or crossing the major street. Condition A and B generally requires 80 percent of the Condition A 
and Condition B requirements. Further reducing adjustments may be applied if the 85th percentile speed 
on the major roadway is greater than 40 mph or if the intersection lies within the built-up area of an 
isolated community having a population of less than 10,000. 



Warrant 2, Four-Hour Vehicle Volume generally relates to a higher minor intersecting street volume and 
specifically to plotted curves of minor and major street volumes. Similar speed and population 
adjustments as stated with respect to Warrant 1 apply. 

Warrant 3, Peak Hour relates to particularly high volumes on the minor street such as that associated 
with manufacturing plants, office or industrial complexes, etc. Similar plotted curves as related to 
Warrant 2 apply; and speed and population adjustments as stated with respect to Warrant 1 apply. 

Warrant 4, Pedestrian Volume signal warrant is intended for application where traffic volumes on a 
major street is so heavy that pedestrians experience excessive delay in crossing the major street in 
accordance with plotted volume and pedestrian volume curves relating to speeds and population. Both 
four-hour and one-hour thresholds exist. Generally, on the US 5 corridor 100 to 200 pedestrian crossings 
per hour would be the warranting threshold.  Similar threshold reductions due to speed apply. 

Warrant 5, School Crossing signal warrant is intended where there is an established school crossing and 
where adequate gaps for the schoolchildren when they are wanting to cross are fewer than one per 
minute and there is a minimum of 20 children crossing during the highest crossing hour. There are also 
other requirements relating to the location of the crossing. 

Warrant 6, Coordinated Signal System relates to the condition where progressive movement in a 
coordinated signal system necessitates a traffic signal to maintain the traffic platoon. 

Warrant 7, Crash Experience signal warrant is intended for application where the severity and frequency 
of crashes are the principal consideration. A key criterion is five or more crashes during a 12-month 
period that would be prevented with a traffic signal. 

Warrant 8, Roadway Network supports the installation of a traffic signal to encourage concentration and 
organization of traffic flow within a network.  A roadway network as intended by this warrant does not 
include the intersections on this US 5 corridor. 

Warrant 9, Intersection Near a Grade Crossing signal warrant is intended for use where no other 
warrant applies but the proximity to a grade crossing of an approach where STOP or YIELD sign control is 
reason to consider traffic signal control.  

US 5 Corridor Intersections 

The intersections along the US 5 corridor requiring the consideration of the above described traffic 
signal control warrants analysis are: 

• US 5 at VA Cutoff Road; 
• US 5 at Veterans Road; 
• US 5 at Ballardvale Drive and Windsor Drive; 
• US 5 at I-91 SB Off and On Ramps; 
• US 5 at I-91 NB Off Ramp; 
• US 5 at Airport Road.  



Each of these intersections were analyzed applying traffic count data available on VTrans website. The 
US 5 travel speed for each is based on the 35-mph speed limit shown on the Route Log which is also 
available on the Vtrans website.  

At all but the Airport Road intersection the major roadway, US 5, is a two-lane roadway; at Airport Road, 
US 5 is a four-lane roadway. Most minor streets are single lane approaches; Ballardvale Drive is a two-
lane minor street approach; and the I-91 NB offramp includes a left turn lane and a separate right lane. 
Detailed signal warrant analysis summary sheets for each intersection including the hourly traffic 
volumes, Warrants 1, 2 and 3 thresholds, and the hours meeting those thresholds are provided in the 
report appendix. The actual traffic counts are also provided in the appendix.  

Warrant Analysis Results 

Table 1 is a summary indicating where traffic signal warrants are met under existing conditions, where 
conditions may change and where traffic signals may be warranted under future conditions, and where 
other future conditions may change to no longer warrant a traffic signal. Only the US 5 intersections at I-
91 NB ramps intersection and the I-91 SB Ramps intersection warrant traffic signals under existing 
conditions.  

At the I-91 SB Ramp intersection right turn volumes are much heavier than left turn volumes. Right turn 
volumes were included in the minor approach volume because there is just a single lane approach and 
delays do occur due to right turns waiting for a left turning vehicle at the front of the queue. 

At the I-91 NB Ramp intersection the right turn and left turn volumes are both heavy. There are separate 
lanes for left turns and right turns. The analysis does not include the right turn volumes. 

Under future conditions: 

At the SB Ramp intersection -if a right turn lane is added to the SB ramp approach the traffic signal 
would not be warranted;  

At the VA Cutoff Road, Veterans Drive and Ballardvale Avenue intersections 20-25 percent increases in 
the US 5 traffic volume or 85th percentile speeds exceeding 40 mph on US 5 would be enough change to 
warrant a traffic signal under Warrant 1.  

At Airport Road, it is estimated that both the major and minor roadway volumes would need increase by 
25 percent to warrant a traffic signal. 

 

 

 

 



Table 1 US 5 Hartford Traffic Signal Warrant Summary 

US 5 Location Signal Warrants  
satisfied under                       
Existing Conditions 

Change to satisfy            
Future Conditions 
Signal Warrants                  

Changes to              
not satisfy 
Future Conditions 
Signal Warrants  
 

Notes 

VA Cutoff None To meet Warrant 1B: 
On US 5 
(1) 25% volume 

increase 
             OR  
(2) 85th % speed 

greater than 40 
mph 

To meet Warrant 3- 
a minor diversion ( 
15 vehicles) to VA 
Cutoff 

NA Addition of right 
turn lane on VA 
Cutoff would 
reduce delay. 
Rights not included 
in traffic signal 
warrants analysis. 

Veterans 
Drive 

None To meet Warrant 1B: 
On US 5 
(1) 20% volume 

increase 
             OR  
(2)  85th % speed 
greater than 40 mph  

 

Traffic signal 
installed at VA 
Cutoff, reduces 
need due to 
accessibility to VA 
Cutoff and  
gaps produced by 
that traffic signal. 

Light volume right 
turns from 
Veterans Drive. 
 
 

Ballardvale 
Avenue 

None To meet Warrant 1B: 
On US 5 
(1) 25% volume 

increase 
             OR  
(2)  85th % speed 
greater than 40 mph 

NA Right turns from 
existing separate 
right turn lane on 
Ballardvale Ave not 
included in 
warrants analysis. 

I-91 SB Ramps 1A, 1B, 2,3 NA Right turn lane on 
ramp 

 

I-91 NB Ramps 1A, 1B, 2,3 NA NA Right turns from 
existing separate 
right turn lane on 
from Ramp not 
critical to warrants 
analysis. 

Airport Road None To meet Warrant 1B 
25% volume increase 
on US 5 and Airport 
Road 

Peak Hour left turn 
prohibition from 
Airport Road or 
right turn lane on 
Airport Road. 

12–hour turning 
movement count 
not available. 

 

Neely, Sean
At cusp to meet Warrant 3 (2018 data). 13 additional vehicles on Vets Drive would meet warrant. Could meet by 2040 growth, or even by looking at counts from another day.




































	1.0 executive summary
	2.0 Introduction
	3.0 project background
	3.1 Study Review and Current Initiatives
	3.1.1 Hartford Master Plan 2014
	3.1.2 Hartford Pedestrian and Bicycle Plan 2009
	3.1.3 Sykes Mountain Avenue Reconstruction
	3.1.4 US 5 Sidewalk and Bike Lanes
	3.1.5 US 5 and US 4 Intersection Scoping
	3.1.6 US 5 and VT 14 Intersection Roadway Safety Audit


	4.0 EXISTING CONDITIONS
	4.1 Roadway Characteristics
	4.2 Intersection Characteristics
	4.2.1 US 5 / VA Cutoff Road
	4.2.2 US 5/ Veterans Drive/Dunkin Donuts
	4.2.3 US 5/Ballardvale Drive/Winsor Drive
	4.2.4 US 5/I-91 Southbound Off Ramp and On Ramp
	4.2.5 US 5/I-91 Northbound Off Ramp and On Ramp
	4.2.6 US 5/Sykes Mountain Avenue
	4.2.7 US 5/Airport Road
	4.2.8 US 5/US 4
	4.2.9 US 5/North Main Street
	4.2.10 US 5/VT 14
	4.2.11 VT 14/Bridge Street/Pine Street
	4.2.12 US 5/Highland Avenue/Worcester Avenue

	4.3 Transit Operations
	4.4  Traffic Volumes

	5.0 intersection Operations
	5.1 Levels of service
	5.1.1 Level of Service Criteria
	5.1.2 Calculated Operating Levels of Service

	5.2 Signal WarRant Analysis
	5.3 Crash History
	5.3.1 High Crash Locations

	5.4 Natural Resources

	6.0 Purpose and need Statement
	7.0 Future conditions
	7.1 Future Traffic Volumes
	7.2 Future Traffic Operations

	8.0 Alternatives
	8.1 US 5 Segment 1: ARboretum Lane to Ballardvale Drive
	8.1.1 No Action
	8.1.2 Short Term Improvements
	8.1.3 Long Term Alternatives
	8.1.3.1  LT1 – US 5/VA Cutoff Road Intersection Signal
	8.1.3.2  LT2 – US5/Veterans Drive Signal

	8.1.4 Alternatives Evaluation

	8.2 US 5 Segment 2: Ballardvale to Sykes Mountain Avenue
	8.2.1 No Action Alternative
	8.2.2  Short Term Improvements
	8.2.3 Long Term Alternatives
	8.2.3.1 LT3 - US 5/I-91 NB and SB Ramp Signals
	8.2.3.2 LT4 - US5/I-91 NB and SB Ramp Intersection Roundabouts

	8.2.4 Alternatives Evaluation

	8.3 US 5 Segment 3: Airport Road to North Main Street
	8.3.1 No Action Alternative
	8.3.2 Short Term Improvements

	8.4 US 5 Segment 4: North Main Street to Highland Avenue
	8.4.1 No Action
	8.4.2 Short Term Improvements
	8.4.2.1 US 5/VT 14 Intersection
	8.4.2.2 US 5/Highland Avenue Intersection
	8.4.2.3 VT 14/Bridge/Pine Street Intersection

	8.4.3 Long Term Alternatives
	8.4.3.1 LT 5 – US 5/VT 14 Roundabout

	8.4.4 US5/VT 14 Intersection Alternatives Evaluation


	9.0 Public/Stakeholder Input and recommendations
	10.0 Preferred Alternatives
	10.1 Short Term Improvements
	10.1.1 VTrans VT Route 14 Hartford Class 1 Resurfacing/Hartford STP PC21(4)
	10.1.2 VTrans US 5 Hartland - Wilder Resurfacing

	10.2 Long term Improvements

	11.0 Approval of Preferred Alternatives
	11.1 Town Approval
	11.2 State Approval

	Hartford US 5 Appendices.pdf
	1 - US 5 North End Short Term Alternatives.pdf
	11651 Complete Alternatives North

	2 - US 5 South End Short Term Alternatives.pdf
	11651 Complete Alternatives South ST

	3 - US 5 South End Long Term Alternatives.pdf
	11651 Complete Alternatives South LT

	App C.pdf
	2019-04-15_Benefit-Cost Text by RB.pdf
	1.1.1 Benefit-Cost Analysis


	App D.pdf
	VTrans Permit ID 41597  (Hartford Dunkin Donuts).pdf
	VTrans Permit ID 41597 (Hartford Dunkin Donuts)
	VTrans Sell-Off to Hartford_Hartmont LLC (Hartford, US5)
	Hartford_Hartmont LLC Deed
	Hartford_Hartmont LLC Plan



	App E.pdf
	Hartford HES 0113 (77) HP RID Alex's Draft FINAL_2.pdf
	alexandria.crowell@vermont.gov        Project Delivery Bureau - Environmental Section                             One National Life Drive
	alexandria.crowell@vermont.gov        Project Delivery Bureau - Environmental Section                             One National Life Drive

	HartfordHES0113(77)NRID.pdf
	resourceid_generic_draft
	Program Development Division

	BaseMap2015-Lesley - Copygood
	BaseMap2015-Lesley - Copystream2
	BaseMap2015-Lesley - Copystream3
	Print - 8x11 Landscape Map
	Print - 8x11 Landscape Map (1)agriculture




	Clear Form: 
	Project Manager Name: Erin Parizo
	Environmental Specialist: [Lee Goldstein, Environmental Specialist]
	Date: 03/28/2019
	Project Number: Hartford HES 0113(77)
	Group1: Yes
	Archaeology Memo Date: 01/28/2019
	Comments1: Sensitive resources in area; see .dgn for clarification
	Group2: Yes
	Historic Memo Date: 02/22/2019
	Comments2: Historic properties identified within general area; impacts unlikely but need to see project limits for NEPA.
	Group3: Yes
	4(f) Comments: Possible, depending upon impacts, if any.
	Group4: Yes
	Natural Resources Memo Date: 03/07/2019
	Comments3: Two wetland locations identified; map provided in Memo, wetlands on .dgn.
	Group5: Yes
	Agricultural Comments: Several areas mapped as 'Prime'; see Memo 
	Group6: Yes
	F&WL Comments: Resources present; see ANR map and Natural Resource ID Memo
	Group7: Yes
	Wildlife Comments: See ANR map; measures encouraged to provide passage
	Group8: Yes
	Endangered Species Comments: NLEB language will be provided for the Contract;T&E identified--see NR Memo
	Group9: Off
	Invasive Species Comments: 
	Group10: Yes
	Stormwater Comments: Possibly, 3 adjacent permits exist; see OSW Memo dated 02/12/2019
	Group11: No
	Landscaping Comments: Unknown at this time; there may be invasive species located within project limits
	Group12: Yes
	6(f) Comments: Depending upon project SOW, impacts could occur, as there are several grant-related properties within this region.  This will need to be determined as project limits are defined.  
	Group13: Yes
	Hazardous Waste Comments: Multiple sites adjacent
	Group14: Yes
	Contaminated Soils: Entire region; coordination needed regarding VT LRS for this site
	Group15: No
	USDA Comments: 
	Scenic Highway Comments: 
	Act 250 Comments: Multiple adjacent
	FEMA Comments: See ANR map; White River present
	Flood Hazard Area Comments: AE Flood Hazard Area and River Corridor; will require FHARC coordination/permit; see ANR map
	US Coast Guard Comments: 
	Group21: No
	Lakes and Ponds Comments: 
	Group22: No
	Environmental Justice Comments: 
	Outstanding Resource Water Comments: See OSW Resource ID Memo for discussion regarding this topic; will require Operational Stormwater permit.
	Source Protection Area Comments: 
	Water Sources Comments: several private in area
	Other Comments: public sewer covers large area
	Group16: No
	Group17: Yes
	Group18: Yes
	Group19: Yes
	Group20: No
	Group23: Yes
	Group24: No
	Group25: Yes
	Group26: Yes


