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Introduction 
 

Gorrill Palmer (GP) has completed a traffic analysis for the Broadway corridor in Bangor, Maine 

between the intersection of Broadway with the I-95 northbound ramps and Center Street and 

the intersection of Broadway with the I-95 southbound ramps and Alden Street.  This analysis 

included an evaluation of the existing roadway geometry, two short term design options, and a 

long term design.  The short term and long term concepts were created by GP and are attached.  

The short term options have a design year of 2028 and the long term concept has a design year 

of 2038.  The following is a summary of the traffic analysis methodology, results, and 

recommendations.   

 

 

Proposed Intersection Improvements 
 

Short Term Improvements 

 

Two options were created for short term improvements with a design year of 2028.  The 

following changes are consistent for both short term concepts:   

 

 Intersection of Broadway with I-95 southbound ramps: 

o I-95 southbound off ramp – remove left turn lane 

o I-95 southbound off ramp – change inside right turn lane to a left-through-right 

lane 

o Realign I-95 southbound on-ramp with the I-95 southbound off-ramp 

 Intersection of Broadway with I-95 northbound ramps and Center Street: 

o Broadway southbound – eliminate channelization of right turn lane onto Center 

Street 
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The following summarizes the changes that are unique to the two options: 

 

Option 1: construct a “pork chop” island at the Earle Avenue approach to Broadway to restrict 

Earle Avenue to right-in and right-out only. 

 

Option 2: construct a center median on Broadway from the intersection of Broadway with the 

I-95 northbound ramps and Center Street to 50 feet to the north of the intersection of Broadway 

with Earle Avenue.  This median is designed to restrict Earle Avenue movements to right-in and 

right-out only and it would be constructed in lieu of the “pork chop” median on Earle Avenue.  

This center median would also improve access management by limiting movements at the 

southernmost gas station access to right-in / right-out only. 

 

Long Term Improvements 

 

The long term improvements concept is proposed to include the short term improvements as 

well as the construction of a center median on Broadway between its intersection with the I-95 

northbound ramps and Center Street and its intersection with the I-95 southbound on & off 

ramps.  This would restrict the movements of all side streets and driveways between the two 

signalized intersections to right-in / right-out.   

 

 

Traffic Volumes 
 

Turning movement counts were completed at the following intersections by GP and the City of 

Bangor on November 6, 2017: 

 

 Broadway with I-95 southbound on and off ramps 

 Broadway with Alden Street 

 Broadway with Earle Avenue and gas station accesses 

 Broadway with I-95 northbound ramp and Center Street 

 

The results of the counts are shown on the attached Figure 1.  To estimate the traffic experienced 

during the peak summer months, the traffic volumes are typically adjusted to the 30th highest 

hour of the year using MaineDOT weekly group mean factors.  This would have resulted in a 

seasonal adjustment of 8.1%.  Because there are two universities in the area (Husson University 

in Bangor and the University of Maine in Orono) that were in session during the November 

counts, but experience significantly less activity in the summer, it was determined that a seasonal 

adjustment of 8.1% may be too conservative.  Daily traffic volumes for August 2017 and 

November 2017 on Union Street in Bangor were provided to GP by MaineDOT.  Based on these 

volumes, GP calculated a seasonal adjustment of 3.6%, which was applied to the raw volumes in 

the traffic model.   
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In addition to seasonally adjusting the raw traffic volumes, an annual growth rate is also applied 

to forecast the traffic that may be experienced during the design year of the project.  Based on a 

review of MaineDOT traffic volumes in the vicinity of the study area, traffic volumes have been 

decreasing.  To be conservative, an annual growth rate of 0.5% per year (straight growth) has 

been applied to the seasonally adjusted traffic volumes in the traffic model.   

 

 

Capacity Analysis 
 

GP completed a capacity analysis using Synchro/SimTraffic computer analysis software.  Level of 

service rankings are similar to the academic ranking system where an ‘A’ is very good with little 

control delay and an ‘F’ represents poor traffic conditions.  If the level of service falls below a ‘D,’ 

an evaluation should be made to determine if mitigation is warranted.  The following tables 

summarize the relationship between control delay per vehicle and level of service for unsignalized 

and signalized intersections: 

 

Level of Service Criteria for Unsignalized Intersections 

Level of Service Control Delay per Vehicle (s) 

A Less than 10.0 

B 10.1 to 15.0 

C 15.1 to 25.0 

D 25.1 to 35.0 

E 35.1 to 50.0 

F Greater than 50.0 

 

Level of Service Criteria for Signalized Intersections 

Level of Service Control Delay per Vehicle (s) 

A Less than 10.0 

B 10.1 to 20.0 

C 20.1 to 35.0 

D 35.1 to 55.0 

E 55.1 to 80.0 

F Greater than 80.0 

 

GP has completed the traffic analysis for the following scenarios: 

 

 Existing intersection geometry with 2018, 2028, and 2038 traffic volumes  

 Short term Option 1 with 2028 traffic volumes 

 Short term Option 2 with 2028 traffic volumes 

 Long term improvement with 2038 traffic volumes 
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The two short term concepts as well as the long term concept were evaluated using the existing 

timing and phasing at the signalized intersections and with adjusted timing and phasing to optimize 

the operation of the proposed intersection geometry.  Since the study area intersections are part 

of a larger coordinated system, the overall cycle length of the intersections was maintained in all 

scenarios.  Two special notes regarding the timing / phasing: 1) for the scenarios that included 

revised timing and phasing, the southbound Broadway left turn movement onto I-95 NB was 

changed from protected / permitted phasing to protected only phasing to comply with MaineDOT 

requirements of no permitted left turns opposing two or more through lanes and 2) the adjusted 

timing and phasing does not include pedestrian timing, due to the low pedestrian volumes.  When 

the pedestrian call is actuated, the signal coordination may be disrupted briefly to allow adequate 

crossing time, which may decrease the levels of service for a short period of time.  The capacity 

analysis results are based on the average of five SimTraffic runs.  The attached Tables 1 and 3 

summarize the results of the capacity analysis.  The following is a discussion of some specific 

approaches with low levels of service: 

 

 Broadway / I-95 Southbound on and off ramps – With existing timing and phasing, the I-95 

southbound off ramp is forecast to operate at a level of service ‘E’ during the PM peak hour 

with both short term options and the long term concept.  The level of service for the 

approach is anticipated to be increased to a level of service ‘D’ for all concepts with 

adjustments to the timing and phasing.    

 

 Broadway / Earle Avenue – During the PM peak hour, the Earle Avenue eastbound approach 

is forecast to operate at a level of service ‘E’ or ‘F’ for all 2028 and 2038 scenarios with the 

existing timing and phasing.  The low level of service is due to the queue of Broadway 

southbound approach extending through this intersection.  This is not uncommon for 

unsignalized intersections in a downtown area.  This intersection was not included in the 

analyses with adjusted timing and phasing so accurate queue lengths at the signalized 

intersection of Broadway with Center Street and the I-95 northbound ramps were reported 

by the software.  Adjustments to the timing and phasing is forecast to improve the operation 

of the signalized intersection, which is anticipated to also improve the operation of the Earle 

Avenue approach to Broadway.   

 

 Broadway / I-95 northbound on and off ramp and Center Street – The Center Street 

eastbound approach is forecast to operate at a level of service ‘E’ during the AM peak hour 

and a level of service ‘F’ during the PM peak hour with both the existing geometry and all 

proposed concepts with the current timing and phasing.  The low levels of service are due to 

the left turn queue exceeding the available storage length and blocking through and right 

turning vehicles from entering the intersection.  Additionally, the I-95 northbound ramp 

approach is forecast to operate at a level of service ‘E’ or ‘F’ during the AM and PM peak 

hours with both the existing geometry and all proposed concepts with the current timing and 

phasing.  With adjustments to the timing and phasing the levels of service for both the Center 
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Street approach and the I-95 northbound ramp are forecast to be a ‘D’ for all proposed 

concepts.   

 

 

Queue Analysis 
 

GP completed a queue analysis for the study area intersections using the same Synchro/SimTraffic 

computer analysis software as that used to complete the capacity analysis.  The queue analysis 

includes comparing the 95th percentile queue length to the available storage lengths.  The 95th 

percentile queue is the queue length that will not be exceeded 95% of the time.   

 

Similar to the capacity analysis, the two short term concepts, as well as the long term concept, 

were evaluated using the existing timing and phasing at the signalized intersections and with 

adjusted timing and phasing to optimize the operation of the proposed intersection geometry.  

Like in the capacity analysis, it should be noted that the adjusted timing and phasing does not 

include pedestrian timing, due to the low pedestrian volumes.  When the pedestrian call is 

actuated, the signal coordination may be disrupted briefly to allow adequate crossing time, which 

may increase queue lengths for a short period of time.  The queue analysis results are based on 

the average of five SimTraffic runs.  Tables showing the results of the queue analysis are attached 

as Table 2 and Table 4.  The following is a discussion of specific areas of interest regarding the 

queue analysis results: 

 

 Broadway with I-95 Southbound on and off ramps – with existing intersection geometry, the 

I-95 southbound ramp left turn lane queue exceeds the available storage length.  The 

proposed geometry mitigates this with the removal of the exclusive left turn lane.   

 

 Broadway with Earle Avenue – the Broadway southbound queue from the signalized 

intersection of Broadway with the I-95 northbound ramps is forecast to extend north, past 

Earle Avenue, which blocks traffic from entering or exiting Earle Avenue.  With the existing 

timing and phasing at the signalized intersections, the Earle Avenue 95th percentile queue 

length is forecast to be 13-14 vehicles for Option 1, 2-3 vehicles for option 2, and 

approximately 4 vehicles for the long term concept during the PM peak hour, assuming one 

vehicle and the associated space between vehicles is 25 feet.  Although this intersection was 

not included in the adjusted timing and phasing analyses, it is anticipated that the queue lengths 

on Earle Street will be shorter than those with the existing timing and phasing.   

 

 Broadway with I-95 northbound on and off ramp and Center Street – the queue length for 

the Center Street left turn lane approaching Broadway is forecast to exceed the available 60 

feet of storage for the existing and proposed intersection geometry.  This blocks the through 

and right turning traffic from approaching the intersection and increases the queue for the 

approach.  Additionally, for the I-95 northbound approach, the storage lengths for the left 
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and right turn lanes are exceeded with both the existing and proposed geometry, which 

causes the queue lengths to extend onto I-95.  The queue length for the Broadway 

southbound approach is forecast to block Earle Avenue from turning onto Broadway.  

Mitigation for these items that is forecast to improve the queue lengths includes adjusting the 

timing and phasing, extending the Center Street left turn storage length from 60 feet to 150 

feet for the 2028 concepts and 200 feet for the 2038 long term concept, and adjusting the 

southbound Broadway left turn lane storage length from 315 feet to 400 feet.   

 

 

Crash History 
 

GP obtained the collision history for the study area for 2014-2016, the most recent three year 

crash history at the time this report was prepared.  It should be noted that 2015-2017 crash data 

is anticipated to be released soon.  The updated crash data will be evaluated when it is available.  

In order to evaluate whether a location has a higher than average rate of crashes compared to 

similar locations throughout the State, MaineDOT uses two criteria to define a High Crash 

Location (HCL).  Both criteria must be met in order to be classified as an HCL.   

 

1. A critical rate factor (CRF) of 1.00 or more for a three year period.  A CRF compares 

the actual crash rate to the rate for similar intersections in the state.  A CRF of less than 
1.00 indicates a rate of less than average and: 

 

2. A minimum of eight crashes over the same three year period. 

 

Based on the crash data provided by MaineDOT, there are two HCLs in the study area.  The first 

HCL is the intersection of Broadway with Earle Avenue and the channelized right turn lane onto 

Center Street, and the second is Broadway from Earle Avenue to the I-95 southbound on and 

off ramps.  To further evaluate the HCLs and identify crash patterns, collisions diagrams were 

created (attached).  The following discusses the HCLs in more detail: 

 

Intersection of Broadway with Earle Avenue 

 

This intersection has a CRF of 4.69 and experienced 33 collisions during 2014-2016.  Based on a 

review of the collision diagram, 19 of the 33 collisions involved vehicles on Broadway turning left 

onto Earle Avenue colliding with southbound Broadway through vehicles.  In both the short term 

and long term concepts, Earle Avenue is proposed to be restricted to right-in / right-out only, 

which should improve this crash pattern.   
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Broadway from Earle Avenue to I-95 Southbound On Ramp and Off Ramp 

 

This roadway segment has a CRF of 2.36 and experienced 25 collisions from 2014-2016.  Based 

on a review of the collision diagram, there is a crash pattern of sideswipe collisions on Broadway, 

in both the northbound and southbound directions.  The long-term design option would restrict 

traffic movements at all driveways between these intersections to right-in and right-out only, 

which should reduce sideswipes due to improper lane changes associated with the two way left 

turn lane.  Additionally, there were three collisions that involved vehicles turning left onto 

Broadway from businesses, colliding with vehicles traveling southbound on Broadway.  This crash 

pattern should be mitigated with the long term concept.     

 

Pedestrian and Bicyclist Collisions 

 

Due to the project’s location in a downtown area, collisions that involved pedestrians and 

bicyclists have also been reviewed.  From 2014-2016, there were two crashes that involved 

pedestrians and one crash that involved a bicyclist.  All three crashes occurred at the intersection 

of Broadway with Center Street and the I-95 northbound ramps.  One pedestrian crash occurred 

while the pedestrian was crossing Broadway northbound in the crosswalk.  The pedestrian was 

struck by a vehicle turning right on red onto Broadway from Center Street.  It is unclear if the 

pedestrian walk signal was actuated.  This may be improved with a leading pedestrian interval for 

the concurrent pedestrian phase, where pedestrians are shown the “WALK” signal slightly before 

the associated through traffic sees a green signal.  The second pedestrian collision occurred when 

the pedestrian was crossing the Broadway southbound approach, which does not have a marked 

crosswalk.  The short term and long term concepts all propose to add a crosswalk at this location.  

The crash involving the bicyclist occurred when the bicyclist was crossing the Broadway 

southbound approach, wove through queued traffic at the signal, lost control of the bicycle and 

collided with a vehicle.   

 

Conclusions 
 

The following is a summary of the conclusions and recommendations: 

 

1. The proposed short term concepts are forecast to operate at acceptable levels of service 

with adjustments to optimize the timing and phasing at the two signalized intersections.   

 

2. The proposed long term concept is forecast to operate at acceptable levels of service 

with adjustments to optimize the timing and phasing at the two signalized intersections.   

 

3. Based on the queue analysis, for 2028 Option 1 and Option 2, the eastbound Center 

Street left turn lane storage should be increased to 150 feet.  For the 2038 long-term 

option the storage length of this left turn lane should be increased to 200 feet.  The longer 
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storage lengths are forecast to reduce the queue lengths at the approach and improve the 

operation of the intersection for both the short term and long term concepts.   

 

4. For the long-term option, at the intersection of Broadway with the I-95 northbound 

ramps, the Broadway southbound left turn lane storage length should be increased to 400 

feet to optimize the operation of the two signalized intersections.   

 

5. Based on the crash data provided by MaineDOT, there are two HCLs in the study area; 

the intersection of Broadway with Earle Avenue and Broadway from Earle Avenue to the 

I-95 southbound on and off ramps.  Earle Avenue turning movements are proposed to be 

restricted to right-in and right-out only in all concepts.  This should mitigate crash patterns 

identified at the intersection of Broadway with Earle Avenue.  The long term proposed 

center median on Broadway should mitigate crash patterns identified on Broadway as 

well.   


























































