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INTRODUCTION
Background
VHB is under contract with the Portland Area Comprehensive Transportation System (PACTS) to prepare
desktop assessments for 24 High Crash Locations (HCLs) within the PACTS region. After the desktop
review process, 10 of these 24 sites were selected for field review and further investigation. The
Broadway and Route 9 intersections were one of the sites selected for field review.
This RSA took place across two meetings, a virtual RSA meeting on 11/20/2020 and a field review on
12/3/2020.

Overview showing the Broadway and Route 9 high crash locations.

RSA SITE LOCATIONS
This area is a major interchange for traffic entering/exiting I‐295 and the only non‐highway connection
for accessing the South Portland’s west end neighborhood, the Maine Mall, and surrounding
commercial areas. Westbrook Street (Route 9), in particular, is a school route and a longstanding
concern for pedestrians and bicyclists navigating the two large, high traffic intersections and highway
underpass. This assessment includes the following high crash locations (HCLs):
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A. Route 9 (Westbrook St.) and Broadway: The intersection at Route 9 and Broadway is a
signalized four‐way intersection.
B. Route 9 (Westbrook St.) and 295 SB Off Ramp: The intersection of Route 9 and the 295 SB Off
Ramp is a three‐way signalized intersection.
C. 295 SB Off Ramp: This road segment is the 295 southbound off ramp just prior to the
intersection with Route 9.
See the HCL Desktop Assessment in Appendix A for more background on these locations including crash
diagrams.

RSA TEAM
Attendees
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐

Tony Grande, VHB*
Ethan Flynn, VHB*
Elissa Goughnour, VHB
Jason Plourde, VHB
Chris Bobay, VHB
Ania Chandler, VHB*
Harold Spetla, GPCOG
Justin Gove, City of South Portland
Rocco Navarro, South Portland Police*
Doug Howard, City of South Portland

*Indicates attendance at field review

Potential Partners not in Attendance
‐

Randy Illian, MaineDOT

ASSESSMENT FINDINGS
Positive Features
On the Exit 3 off‐ramp segment, there are clear overhead lane assignment signs and a wide shoulder on
the right side.
At the Exit 3 off‐ramp and Route 9 intersection, there are existing No Turn On Red signs. Also, there is
existing infrastructure for pedestrians including a crosswalk, median island, and sidewalk, with planned
improvements to include a multi‐use path along the easterly side of Route 9.
The Route 9 and Broadway intersection has very few crashes on the Route 9 through and left turn
movements in both directions, and no crashes on the Route 9 NB right turn movement. The pavement
markings and lane assignments are clear and merging does not contribute to any of the crashes on these
intersection approaches.
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RSA Team Prioritization of Issues
The issues listed below were prioritized based on crash frequency, severity, and local interest in the
issue:
1. Route 9 and Broadway intersection: left turns from Broadway WB onto Route 9 SB
2. Route 9 and off ramp intersection: rear end crashes and running red light on Route 9 SB
3. Route 9 and off ramp intersection: rear end crashes on off ramp right turn slip lane
4. Route 9 and Broadway intersection: rear end crashes on Route 9 SB right turn slip lane
5. Route 9 and Broadway intersection: rear end crashes on Broadway EB
6. Off ramp segment: distracted driving

Detailed Issues and Countermeasure Summary
The following section summarizes specific issues observed and discussed by the RSA team and identifies
potential countermeasures to address these issues. Included in this summary is a discussion of crash
modification factors related to the countermeasures. Additional discussion on the provided
countermeasures is included in the Conclusion section of this report.
Some of the recommended countermeasures may require further analysis, such as a capacity
analysis or warrant analysis, to confirm applicability.
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Issue 1: Route 9 and Broadway intersection: left turns from Broadway WB onto Route 9 SB

Specific Safety Concern
Suggested Improvements
Example of Issue
• Vehicles turning left here
Short Range –
must judge gaps and speed
• Change signal phasing and
across two lanes of traffic.
timing so that the Broadway
• Left turn is permissive only.
movements are entirely split
phase.
• Restrict WB left turns, reroute
Route 9 SB traffic down Westcott
St (further East of this
intersection) and neighborhood
traffic onto Sokokis St.
Long Range –
• Reduce number of lanes on
Broadway EB such that there is a
dedicated left turn lane and a
single combined right/thru lane.
Maintain two receiving lanes on
Broadway WB approach at Broadway and Route 9 intersection.
Broadway EB.
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Issue 1: Route 9 and Broadway intersection: left turns from Broadway WB onto Route 9 SB (cont.)

Specific Safety Concern
• Geometry of the
intersection makes it
difficult for vehicles
traveling EB on Broadway
to see vehicles waiting to
turn left on the Broadway
WB approach and vice
versa.

Suggested Improvements
Example of Issue
Long Range –
• Reduce as suggested above, then
stripe out or construct median in
existing EB middle lane and
maintain traffic in existing right
lane.

Broadway EB approach at Broadway and Route 9 intersection.
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Issue 2: Route 9 and off ramp intersection: rear ends and running red light on Route 9 SB

Specific Safety Concern
• Signal heads are hard to see,
they tend to blend in with the
overpass.

Suggested Improvements
Short Range –
• Add retroreflective backplates to
the signal heads.
• Increase all red time.

Example of Issue

Route 9 SB approach at Route 9 and off ramp intersection.
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Issue 3: Route 9 and off ramp intersection: rear end crashes on off ramp right turn slip lane

Specific Safety Concern
• The right turn slip lane and
right turn signal heads are
hard to see from the ramp.

Suggested Improvements
Example of Issue
Intermediate Range –
• Add signal head to pole on
porkchop island that can be seen
from further away up the Exit
ramp. (See photo to the right.)
• Use queue ahead technology on
off ramp approach. See
conclusion section for more detail
on queue ahead technology.

Install traffic signal on pole shown on the right facing up the off ramp.

• Vehicles creep forward to try
and make right turn on red.

Short Range –
• Add No Turn On Red sign in the
median island on Route 9.
Intermediate Range –
• Increase visibility of existing No
Turn On Red signs by adding
flashing lights around the
perimeter of each sign.

Existing No Turn On Red signs on right turn slip lane at Route 9 and off ramp
intersection.
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Issue 4: Route 9 and Broadway intersection: rear ends on Route 9 SB right turn slip lane

Specific Safety Concern
• Geometry of right turn slip
lane is at an acute angle to
Broadway. Drivers are looking
over their shoulders at
oncoming Broadway traffic
and rear‐ending vehicles in
front of them.

Suggested Improvements
Intermediate Range –
• Square up right turn slip lane so
that it intersects Route 9 at a
more oblique angle allowing right
turning vehicles to have a better
sight line of WB oncoming traffic.

Example of Issue

Right turn slip lane on Route 9 SB approach at Broadway and Route 9
intersection.
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Issue 5: Route 9 and Broadway intersection: rear end crashes on Broadway EB

Specific Safety Concern
• EB vehicles turning right
cannot see the crosswalk until
they have begun to make the
right turn. These vehicles are
being rear ended when they
stop for pedestrian traffic.

Suggested Improvements
Intermediate Range –
• Install a “pedestrian in crosswalk”
sign like the existing sign at the
Broadway and Casco Bay bridge
intersection.

Pedestrian in crosswalk sign at Broadway
and Casco Bay Bridge.

• Speed: speed limit here is 35
Short Range –
mph, the 85th percentile speed
• The proposed signal being
is 42 mph based on a recent
installed at Sokokis St will likely
speed study conducted by the
help alleviate this issue.
South Portland Police
Department.
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Example of Issue

Crosswalk across Route 9 NB approach at Broadway and Route 9
intersection.

Issue 6: Off ramp segment: distracted driving

Specific Safety Concern
• Drivers are distracted by their
phones.

Suggested Improvements
Short Range –
• Add don’t text and drive signage.

Example of Issue

Off ramp segment.
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Costs and Challenges
Issue

Countermeasures

Challenges

Cost Range

Provide split phase signal phasing.

No challenges.

Low

Vehicles may make this left turn anyway.
Restrict left turns with No Left Turn sign.

Issue 1: Route 9 and Broadway
intersection: Left turns from Broadway WB
onto Route 9 SB
Reduce the number of lanes on Broadway EB
approach.

The detour increases travel distance
substantially.
The LOS does not materially improve when
compared to split phase signal phasing
despite a large increase in cost and time
required for implementation.

Low

Moderate

Crashes are not reduced as significantly in
this configuration when compared with
split phase.
Stripe out middle lane on EB approach.

Drivers would need to learn a new traffic
pattern.

Low

Add retroreflective backplates.

No challenges.

Low

Increase all red time.

Would need to ensure that the all red time
is not too long to discourage an increase in
red light running in future.

Low

Issue 2: Route 9 and off ramp intersection:
rear ends and running red light on Route 9
SB
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Issue

Issue 3: Route 9 and off ramp intersection:
rear end crashes on off ramp right turn slip
lane

Countermeasures

Challenges

Cost Range

Add signal head to pole on porkchop island.

No challenges.

Moderate

Use queue ahead technology: stand alone.

Would need to install a sign in DOT right of
way requiring approval from that entity.

Moderate

Use queue ahead technology: connected
vehicle technology.

Only new model vehicles have this
technology installed, drivers of older model
vehicles would need to install an app on
their phone.

Moderate

This technology is new to Maine and would
require an educational component.
Add No Turn On Red sign to median island on
Route 9.

No challenges.

Low

Increase visibility of existing No Turn On Red
signs with flashing lights.

Existing signs are not visible to drivers
stopped at the stop bar.

Moderate

Issue 4: Route 9 and Broadway intersection:
rear ends on Route 9 SB right turn slip lane

Square up slip lane.

Would impact existing turnpike sign.

Moderate

Issue 5: Route 9 and Broadway intersection:
rear end crashes on Broadway EB

Install illuminated pedestrian in crosswalk
sign.

No challenges.

Moderate

Issue 6: Off ramp segment: distracted
driving

Add don’t text and drive signage.

The ramp is in DOT right of way and signage
would require approval from that entity.

Low
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The above table summarizes the findings from the RSA conducted on 11/20/2020 and 12/3/2020. Countermeasures highlighted in green are recommended by
VHB for implementation. The scale for costs is as follows:
Low

< $10,000

Moderate
$10,000 ‐ $100,000
High
> $100,000
These costs do not include professional engineering, construction engineering, or right of way.
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Crash Modification Factors
A crash modification factor (CMF) is a multiplicative factor, based on documented safety research
studies, used to compute the expected number of crashes after implementing a given countermeasure
at a specific site. CMFs provide some indication of the potential benefit, or lack thereof, associated with
specific countermeasures.
FHWA compiles CMF data from published safety studies in the CMF Clearinghouse
(http://www.cmfclearinghouse.org/index.cfm) to help practitioners select the most effective safety
treatments. While CMF data is not available for all potential countermeasures, the CMF Clearinghouse
provides a useful and consolidated source of data to help engineers, planners, and project owners make
informed decisions. CMFs have been provided to demonstrate the effectiveness of proposed safety
treatments, regardless of whether crashes can be applied to the CMF at this time. For example, some
proposed treatments may reduce crash risk but do not have recent crashes directly associated with a
specific location. It should be noted that as most CMFs represent the effect of a single treatment; it is
difficult to accurately estimate the combined safety effects of multiple CMFs at one location. The
combined effect of multiple treatments may be over‐estimated if the CMFs are multiplied and
engineering judgment is necessary to assess the interrelationships and independence of multiple
treatments. In particular, CMFs should never be multiplied if the respective CMFs apply to different
crash types and/or severities (e.g., the CMF for treatment A applies to total crashes and the CMF for
treatment B applies to injury crashes) and the treatments address the same crashes (i.e., the treatments
are not independent). For more information, please refer to the CMF Clearinghouse.
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Table 1. Crash Modification Factor (CMF) Summary

Countermeasure

CMF (% Change in
Other Information
Crash Incidence)
Issue 1: Route 9 and Broadway intersection: left turns from Broadway WB onto Route 9 SB
Restrict left turns
Change left turn phasing from at least
one permissive approach to flashing
yellow arrow
Change left turn phase to protected
phasing on one or more approaches
Reduce lanes such that left‐turning
vehicles cross one lane of oncoming
traffic instead of two

N/A
0.75 (25%)
0.64 (36%)
0.01 (99%)

All crash types, all crash severities, CMF ID 4174
Left turn crash types, all crash severities, CMF ID
4175
Left turn crash types, all crash severities, CMF ID
4576
‐

N/A

Issue 2: Route 9 and off ramp intersection: rear ends and running red light on Route 9 SB
Add 3‐inch yellow retroreflective
sheeting to signal backplates

0.85 (15%)

Increase all red time

All crash types, all crash severities, CMF ID 1410

N/A

Issue 3: Route 9 and off ramp intersection: rear ends on off ramp right turn slip lane
Add signal head to pole on porkchop
island that points up the ramp

0.72 (28%)

Use queue ahead technology

0.84 (16%)

Add no right on red sign in the median
island on Route 9
Increase visibility of existing no right
on red signs by adding flashing lights in
the borders

Rear end crash type, all crash severities, CMF ID
1417
Rear end crash type, injury crash severity, CMF ID
76

N/A

N/A

Issue 4: Route 9 and Broadway intersection: rear ends on Route 9 SB right turn slip lane
Square up right turn slip lane so that it
intersects Route 9 at a more oblique
angle

0.56 (44%)

All crash types, all crash severities, CMF ID 8428

0.40 (60%)

Right turn crash type, all crash severities, CMF ID
8431

Issue 5: Route 9 and Broadway intersection: rear ends on Broadway EB
Install a “pedestrian in crosswalk” sign
similar to the existing sign at the
Broadway and Casco Bay bridge
intersection

N/A

Issue 6: Off ramp segment: distracted driving
Add don’t text and drive signage

N/A
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Although the CMF Clearinghouse did not contain research studies for all recommended solutions, there
are promising crash reductions expected especially for Issues 1 and 4. For Issue 1, changing to protected
phasing is expected to nearly eliminate all left‐turn crashes. For Issue 4, improving the angle of the
channelized right‐turn is expected to decrease right‐turn crashes up to 60 percent.
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CONCLUSIONS
Given the safety and site needs at these intersections, the best opportunities for improving safety
include providing entirely split phase signal operations at the Broadway and Route 9 intersection;
squaring up the right turn slip lane on Route 9 SB at the Broadway intersection; installing retroreflective
backplates on the signal heads for the Route 9 SB approach at the off ramp intersection; and installing a
signal head that points up the off ramp for the right turn slip lane.
Other listed improvements in this report are possible options that VHB considered but did not
recommend due to cost, feasibility, or lower impact to intersection safety. For example, for vehicles
turning left from Broadway WB onto Route 9 SB, split phase signal phasing provides the highest level of
safety when compared with other alternatives and can be implemented most quickly and cost
effectively.
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APPENDIX A
HCL Desktop Assessment

SOUTH PORTLAND: Intersections of Route 9 and Broadway, 295 SB Off Ramp
C

B
A
N

Overview map of HCLs reviewed in this assessment.

Overview aerial image of HCLs (courtesy of Google Maps).

Assessment

Pending Projects

This area is a major interchange for traffic entering/exiting I-295 and the
only non-highway connection for accessing the South Portland’s west end
neighborhood, the Maine Mall, and surrounding commercial areas.
Westbrook Street (Route 9), in particular, is a school route and a
longstanding concern for pedestrians and bicyclists navigating the two large,
high traffic intersections and highway underpass. This assessment includes
the following high crash locations (HCLs):
A. Route 9 (Westbrook St.) and Broadway: The intersection at Route 9
and Broadway is a signalized four-way intersection.
B. Route 9 (Westbrook St.) and 295 SB Off Ramp: The intersection of
Route 9 and the 295 SB Off Ramp is a three-way signalized
intersection.
C. 295 SB Off Ramp: This road segment is the 295 southbound off
ramp just prior to the intersection with Route 9.

PACTS High Crash Location Desktop Assessments

•
•

There is a pedestrian/shared use path approved on Route 9
(Westbrook Street) through locations A and B.
A traffic signal is planned for the intersection of Broadway and
Sokokis St.

Municipal Input
Noted concerns by the city, include the following:
• The need for safe pedestrian crossings, particularly with the
construction of the following:
o The consolidated middle school on Wescott Road.
o The shared use path on Westbrook Street between the
school and the Redbank neighborhood.
• The City will be installing a traffic signal at the intersection of
Broadway and Sokokis St. (adjacent to the Route 9 and Broadway
intersection).
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SOUTH PORTLAND: Intersections of Route 9 and Broadway, 295 SB Off Ramp
Safety Issues
In the three HCLs that comprise the study area, there were 91 crashes
between 2015-2017. This section outlines safety issues for each HCL as
identified through a review of crash data and aerial/street imagery.
A. Route 9 (Westbrook St.) and Broadway intersection:
At this intersection, 22 of the 38 crashes were rear-end collisions. These
included vehicles traveling south on Route 9 turning right onto Broadway
traveling west, and vehicles traveling east on Broadway. Another eight
crashes were left turns from Broadway traveling west to Route 9 south
failing to yield.

In the westbound direction on Broadway the primary crash type is angle and
involves vehicles turning left onto southbound Route 9. In the westbound
direction on Broadway, drivers have a permissive left-turn phase onto
southbound Route 9, from a shared left-through lane, and it may be difficult
for them to judge an adequate gap due to the multiple on-coming lanes of
traffic from the eastbound direction.
B. Route 9 (Westbrook St.) and 295 SB Off Ramp intersection:
This intersection includes 33 rear-end collisions, out of a total 45 crashes,
and occurring in every leg of the intersection. Another three crashes are
vehicles running the red light on Route 9 traveling south.

Rt. 9

(A) Route 9 (Westbrook St.) and Broadway intersection

(B) Route 9 (Westbrook St.) and 295 Off Ramp intersection

For both southbound travel on Route 9 and eastbound travel on Broadway,
the primary crash types were rear-end collisions. Traveling south on Route
9, the speed, and yield condition of right turning vehicles onto Broadway,
along with the free-flow ramp located immediately adjacent to the lane,
may be creating conditions where the vehicles are not expecting to stop. In
the eastbound direction on Broadway, sight distance appears to be
sufficient so speed and congestion may be factors.

The primary crash type for vehicles on the ramp approaching the
intersection were rear-end collisions, many of which involved vehicles
turning right onto northbound Route 9. The dual right turn lane includes
two signalized lanes that are physically separated from the dual left-turn
lanes at the intersection. The traffic signals for these dual right-turn lanes
are angled and difficult to see for vehicles approaching the intersection
from the off ramp and may be contributing to the rear-end collisions at this
location.

PACTS High Crash Location Desktop Assessments
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SOUTH PORTLAND: Intersections of Route 9 and Broadway, 295 SB Off Ramp
The primary crash types for vehicles traveling southbound on Route 9 were
rear-end and angle crashes. There are two through lanes that are
immediately adjacent to a separated/protected access lane to the 295 NB
On Ramp that travels through the intersection, uncontrolled by the signal.
The angle crashes involved drivers turning left during a protected left-turn
green phase from the 295 SB Off Ramp and vehicles traveling straight,
oftentimes running the red light, on Route 9 south. At least half of these
crashes involved southbound drivers on Route 9 running the red light.
C. 295 SB Off Ramp road segment:
Four of the eight total crashes on this road segment were rear-end collisions
and another three were failure to stay in the lane. It appears many of the
safety issues for this HCL are related to those described for the Route 9 and
295 SB Off Ramp intersection.

295 SB

295 NB

(C) 295 SB Off Ramp road segment and Route 9 (Westbrook St.) intersection

PACTS High Crash Location Desktop Assessments
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SOUTH PORTLAND: Intersections of Route 9 and Broadway, 295 SB Off Ramp
•
•

Recommendations
This section includes potential countermeasures to consider for addressing
identified safety issues. Some of these countermeasures could be combined
or considered as individual options. Also, it is worth noting the crash
summary and initial recommendations are based on experienced crashes
from 2015-2017.
While pedestrian safety was a noted concern by the city, no pedestrian
crashes were recorded during this time period. That is not surprising since
pedestrian crashes are often under-reported. Given the complexity of the
site, the amount of crashes at this location, and the pedestrian safety
concerns, a full Road Safety Audit (RSA) is recommended to better
understand the safety concerns at this site. (An RSA is a formal safety
performance examination of an existing or future road or intersection by an
independent, multidisciplinary team. It qualitatively estimates and reports
on potential road safety issues and identifies opportunities for
improvements in safety for all road users).
The following are recommendations for each of the high crash locations.
A. Route 9 (Westbrook St.) and Broadway intersection:
On the Route 9 southbound approach:
• Improve right-turn lane yield signage and pavement markings.
• Control the right slip lane through signalization.
• Install advance detection.
• Remove the right slip lane and move the right turn lane so that it is
immediately adjacent to the through lanes.

On the Broadway westbound approach:
• Install flashing yellow arrow or provide a protected left-turn phase.
• Evaluate the red and yellow change interval and retime if
warranted.
B. Route 9 (Westbrook St.) and 295 SB Off Ramp intersection:
On the Route 9 southbound approach:
• Improve signal warning through enhanced advanced signage.
• Improve signal visibility with retroreflective backplates.
• Install advance detection.
On the 295 SB Off Ramp approach:
• Remove the right slip lane and move the right turn lanes.
immediately adjacent to the left-turn lanes so that the signal is
visible farther up the ramp.
• Add a traffic signal within the porkchop island facing the
approaching dual right-turn lanes to improve visibility.
• Provide advanced dynamic signal warning.
C. 295 SB Off Ramp road segment:
• Begin the right-turn lanes farther up the ramp to provide additional
queue storage.
• Provide advanced dynamic signal warning.

On the Broadway eastbound approach:
• Provide advanced signal warning.
• Apply high friction surface treatment on intersection approach.

PACTS High Crash Location Desktop Assessments

Install advance detection.
Evaluate the red and yellow change interval and retime if
warranted.
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SOUTH PORTLAND: Intersections of Route 9 and Broadway, 295 SB Off Ramp
Crash Data
The crash data used for this assessment was based on 2015-2017 crash data. The following table summarizes the crash data for all three locations and also
shows additional crashes from 2018. The crash diagrams for all three locations are shown on the following pages.

Location
Route 9 and Broadway
Route 9 and 295 SB Off Ramp
295 SB Off Ramp Segment

HCL
Node
15541
19250
6612219251

Crashes by Year
2015
16
13
3

2016
8
11
2

2017
14
21
3

2018
27
15
2

Total
Crashes
(2015-18)
65
60
10

Percent
Injury
(2015-17)
26.3%
28.9%
25.0%

Critical Rate
Factor
(2015-17)
1.13
1.06
1.25

*See the abbreviations and definitions section at the beginning of this report for more information about each data point.

The legend below will aid in understanding the crash diagrams that follow.

PACTS High Crash Location Desktop Assessments
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Highway
Corridor
Priority
(2015-17)
2
1/2
1

Speed Limit
30-35 mph
30 mph
Unposted

Estimated
AADT
4,000-16,000
3,000-12,000
12,000

SOUTH PORTLAND: Intersections of Route 9 and Broadway, 295 SB Off Ramp
A. Route 9 and Broadway Intersection

PACTS High Crash Location Desktop Assessments
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SOUTH PORTLAND: Intersections of Route 9 and Broadway, 295 SB Off Ramp
B. Route 9 and 295 SB Off Ramp Intersection

PACTS High Crash Location Desktop Assessments
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SOUTH PORTLAND: Intersections of Route 9 and Broadway, 295 SB Off Ramp
C. 295 SB Off Ramp Road Segment

PACTS High Crash Location Desktop Assessments
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APPENDIX B
Conceptual Plans
The following proposed improvements are conceptual in nature and were based on existing aerial photographs. They are not construction ready,
and field measurements and/or surveys to verify the existing conditions were not performed. VHB recommends the appropriate level of field
review, survey, and preliminary engineering/analysis be completed prior to progressing the conceptual improvements to construction.

