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Background
Greenman-Pedersen, Inc. (GPI) is currently in the process of preparing a preliminary design study for a
roadway improvement project along Route 28 in Yarmouth, Massachusetts as part of the Massachusetts
Department of Transportation (MassDOT) Project #608264. The project limits run along Route 28 from
the Barnstable Town Line (western limits) to the Parkers River Bridge (eastern limits), for an approximate
distance of 2.5 miles (Figures 1 and 2, Pages 10-11). The project will consist of maintenance improvements
to the corridor and improving pedestrian and bicycle facilities to current standards.
The section of Route 28 between Drews Way and Ken’s Way and between West Yarmouth Road and Bog
Road have been identified by MassDOT as high-crash bicycle cluster locations and are therefore eligible
for funding through the Highway Safety Improvement Program (HSIP). MassDOT guidelines require that
a Road Safety Audit (RSA) be conducted during the preliminary design stages for any MassDOT-funded
project that is considered HSIP-eligible. To be categorized as HSIP-eligible, an intersection must be within
the top five percent of crash clusters in its respective Regional Planning Commission’s boundaries. The
following Route 28 locations are considered HSIP-eligible based on MassDOT’s online database.


Route 28 between Drews Way to Ken’s Way - bicycle crash cluster data from 2006-2015 and 20072016; and



Route 28 from West Yarmouth Road to Bog Road - bicycle crash cluster data from 2005-2014,
2006-2015, and 2007-2016.

In addition, the intersection of Route 28 / Route 28 (Iyannough Road) / East Main Street has also been
included as part of the greater crash cluster based the MassDOT’s Top Crash Locations online database
where this intersection was previously considered HSIP-eligible based on MassDOT’s online database as
a vehicle crash cluster from 2013-2015. A number of factors could be contributing to the fact that this
intersection is not considered a high-crash cluster for 2014-2016 including, but not limited to, the change
in MassDOT’s calculation of Equivalent Property Damage Only (EPDO) index, more crashes occurring at
other intersections within the same planning commission, and change in traffic volume. Due to the
proximity of this intersection to the nearby pedestrian / bicycle crash clusters, this intersection was included
as part of the RSA. A detailed description of the updated crash history is provided in the Crash Data
Section.
The Federal Highway Administration (FHWA) defines an RSA as a formal safety performance examination
of an existing or future road or intersection by an independent, multidisciplinary team. Consistent with
MassDOT standards, this RSA was conducted during the preliminary design (pre-25% Design) phase to
allow recommendations contained within this RSA to be incorporated into the design of improvements
along Route 28.
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Project Data
GPI of Wilmington, Massachusetts facilitated an RSA on Thursday, November 7, 2019 at the study area
locations, with the pre- and post-audit meetings held at the Yarmouth Town Hall located at #1146 Route 28
in Yarmouth, Massachusetts. A copy of the RSA agenda can be found in Appendix A.
As indicated in Table 1, the audit team was comprised of a cross-section of state, regional, and local
engineering, planning, enforcement, maintenance, and emergency response professionals, and was
assembled in conjunction with input from the MassDOT Traffic Safety Management Unit. Contact
information for all audit team members is provided in Appendix B.

Table 1: Participating Audit Team Members
Audit Team Member
Jeff Colby, P.E.
Nicholas Aguiar, E.I.T.
Amanda Ruggiero, P.E.
Kathy Williams, P.E.
Mark Grylls
Lt. Chris McMann
Deputy Chief Kevin Lennon
Sgt. Andrew Popovich
Jason Walters
Barbara Lachance
Bianca Marshall
LeighAnne Taylor
Chris Kennedy
Thomas Currier, P.E.
David Nolan
Lev Malakhoff
Ana Fill
Christopher Falcos, E.I.T.
Carolyn Radish, AICP
Schyler Savage
John A. Tamburrini, P.E.
Douglas S. Halpert, P.E.

Agency/Affiliation
Town of Yarmouth – Town DPW Director
Town of Yarmouth – Civil Engineer
Town of Yarmouth – Town Engineer
Town of Yarmouth – Town Planner
Town of Yarmouth – Town Building Commissioner
Town of Yarmouth – Fire Department
Town of Yarmouth – Police Department
Massachusetts State Police
MassDOT District 5 Projects
MassDOT District 5 Traffic
MassDOT District 5 Traffic
WalkBoston
Cape Cod Regional Transit Authority (CCRTA)
MassDOT Project Manager
Cape Cod Commission
Cape Cod Commission
MassDOT Traffic Safety
MassDOT Traffic Safety
Greenman-Pedersen, Inc. (GPI)
Greenman-Pedersen, Inc. (GPI)
Greenman-Pedersen, Inc. (GPI)
Greenman-Pedersen, Inc. (GPI)

RSA participants were provided with materials to review prior to the audit meeting, which included:


Weekday morning, weekday evening, and Saturday peak period traffic volume counts, including
vehicular, truck, bus, pedestrian, and bicycle volumes;



Collision diagrams summarizing location, type, and severity of the collisions occurring at the study
area locations between the years 2014 and 2018;
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Summary table of all reported crashes between 2014 and 2018 including date, day of week, time
of day, type of collision, lighting condition, weather, roadway surface condition, driver contributing
code, and brief narrative description of the collision;



Histograms and charts summarizing the crash month, day of week, time of day, manner of collision,
lighting condition, weather condition, and roadway surface condition;



MassDOT’s Safety Review Prompt List; and



RSA Agenda.

Participants were also encouraged to visit the site prior to the audit to review safety elements of the study
area and consider items listed on MassDOT’s Safety Review Prompt List during their visits.
A pre-audit meeting was held at 9:30 AM at the Yarmouth Town Hall on Thursday, November 7, 2019 to
discuss the audit process, review the distributed materials, identify the collision patterns observed at the
study area locations, and discuss safety issues that audit participants had experienced individually. The
pre-meeting was immediately followed by a site visit to observe the operations and safety of the audit
locations. Handwritten notes and photographs were collected to document the observations made by the
audit team members. The group walked through the study area locations together noting any factors that
may be contributing to the collision patterns identified during the pre-audit meeting, as well as any items
that may present a potential safety risk in the future. The audit team returned to the Yarmouth Town Hall
following the audit field visit for a post-audit meeting, which included a review of the observations made
by the team in the field and discussion of potential improvements to reduce collisions and enhance the
safety of the RSA locations.

Project Location and Description
Route 28
Route 28, in the vicinity of the RSA locations, is an east-west urban principal arterial roadway under
Massachusetts Department of Transportation (MassDOT) jurisdiction and is designated as part of the
National Highway System (NHS). Despite the east-west orientation of the roadway, Route 28 is signed as
northbound and southbound and will therefore be referred to as such for consistency. Route 28 is no longer
designated as “Main Street” within the Town of Yarmouth due to local emergency response confusion in
the past. Route 28, within the Town of Yarmouth, is approximately five (5) miles in length. The Cape Cod
Commission (CCC), through the Regional Policy Plan (RPP), has identified this corridor as a community
activity center. The RPP states “the vision for these areas is to accommodate mixed-use and multifamily
residential development in a walkable, vibrant area, preserve historic buildings, and to provide diverse
services, shopping, recreation, civic spaces, housing, and job opportunities at a scale of growth and
development desired by the community, with adequate infrastructure and pedestrian amenities to support
development”.
The speed limit along Route 28 fluctuates between 30 and 40 miles per hour (MPH) and is regulated by
MassDOT. The MassDOT Special Speed Regulation Number 326 breakdown data is provided in Appendix
D. The Town’s zoning along Route 28 is listed as Business District (B2) with a Hotel/Motel Overlay
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District (HMOD1). In addition, the section of Route 28 south of Winslow Gray Road consists of a Village
Centers Overlay District as well. The Town of Yarmouth Zoning Map is provided in Appendix D.
The following intersections and roadway segments were analyzed as part of this RSA based on the collision
patterns:

Route 28 / Route 28 (Iyannough Road) / East Main Street
East Main Street intersects Route 28 to form a three-way, “Y-shaped”, signalized intersection. The Hyannis
Junction shopping plaza is located in the northeast corner of the intersection and has a full access / egress
driveway and an access only driveway located within the intersection, which are not controlled by the traffic
signal. Therefore, the Hyannis Junction shopping plaza westbound approach to the intersection is assumed
to operate under STOP control, although there is no signage provided. The Hyannis Junction shopping
plaza provides a 28-foot wide full access/egress driveway located just north of the traffic signal and an 18foot wide access only driveway located just south of the traffic signal. The East Main Street eastbound
approach widens from a single 14-foot wide travel lane to provide two 10-foot wide exclusive through lanes
with directional travel separated by a landscaped median island at the intersection and a striped doubleyellow centerline.
The Route 28 (Iyannough Road) southbound approach consists of two 12-foot wide exclusive through lanes
and a 25-foot wide, channelized right-turn lane with directional travel separated by a striped double-yellow
centerline. The channelized right-turn lane is assumed to operate under YIELD control although it is not
marked or signed as such. The Route 28 northbound approach consists of a 12-foot wide exclusive leftturn lane and a 12-foot wide through lane with directional travel separated by a striped double-yellow
centerline.
There is a 5-foot wide concrete sidewalk provided along the southerly / westerly side of East Main Street
and westerly side of Route 28 south of the intersection. As no sidewalks are provided on the east side of
the roadway, no crosswalks are present at the intersection. There are no bicycle accommodations provided
at this intersection.
East Main Street is an urban principal arterial roadway under MassDOT jurisdiction east of Bayview Street.

Route 28 / Camp Street
Camp Street intersects Route 28 to form a three-way, unsignalized intersection. The Route 28 southbound
approach consists of a 10-foot wide exclusive left-turn lane and a 13-foot wide through lane with directional
travel separated by a striped double-yellow centerline. The Route 28 northbound approach consists of a
13-foot wide through / right-turn lane with directional travel separated by a striped, hatched yellow median.
The Camp Street westbound approach consists of a 12-foot wide general-purpose lane with directional
travel separated by a striped double-yellow centerline.
There are 5-foot wide concrete sidewalks provided along the westerly side of Route 28. There are no
bicycle accommodations provided at this intersection.
Camp Street is an urban minor arterial roadway under the jurisdiction of the Town of Yarmouth with a
posted speed limit of 30 MPH.
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Route 28 / Town Brook Road
Town Brook Road intersects Route 28 to form a three-way, unsignalized intersection. The Route 28
southbound approach consists of a 10-foot wide exclusive left-turn lane and a 13-foot wide through lane
with directional travel separated by a striped double-yellow centerline. The Route 28 northbound approach
consists of a 13-foot wide through lane and a 16-foot wide, channelized (with striping) right-turn lane with
directional travel separated by a striped, hatched yellow median. The Town Brook Road westbound
approach consists of a 12-foot wide general-purpose lane with directional travel separated by a striped
double-yellow centerline.
There are 5-foot wide concrete sidewalks provided along both sides of Route 28 and the north side of Town
Brook Road. A crosswalk is provided across Town Brook Road only. There are no bicycle
accommodations provided at this intersection.
Town Brook Road is an urban minor arterial roadway under the jurisdiction of the Town of Yarmouth.
Although there are no speed regulations of record, it has a posted speed limit of 30 MPH.

Route 28 / West Yarmouth Road
West Yarmouth Road intersects Route 28 to form a three-legged, unsignalized intersection. The West
Yarmouth Road westbound approach consists of a single 11-foot wide general-purpose lane with directional
travel separated by a striped double-yellow centerline. The Route 28 northbound and southbound
approaches consist of a single 11-foot wide general-purpose lane with directional travel separated by a
striped double-yellow centerline.
There are 5-foot wide concrete sidewalks provided along both sides of both Route 28 approaches to the
intersection. There are no crosswalks provided and no Americans with Disabilities Act (ADA) /
Architectural Access Board (AAB)-compliant access ramps. There are no bicycle accommodations
provided at this location.
West Yarmouth Road is an urban minor arterial roadway under the jurisdiction of the Town of Yarmouth
with a posted speed limit of 35 MPH within the study area.

Route 28 / Winslow Gray Road
Winslow Gray Road and the #585-589 Route 28 driveway intersect Route 28 to form a four-legged,
signalized intersection. The #585-589 Route 28 driveway eastbound approach consists of a single 26-foot
wide general-purpose lane with directional travel separated by a raised, landscaped median approximately
18-feet wide. The Winslow Gray Road westbound approach consists of a 10-foot wide exclusive left-turn
lane and a 13-foot wide shared through / right-turn lane with directional travel separated by a striped doubleyellow centerline. There are no lane designation signage or pavement arrow markings provided on this
approach. The Route 28 northbound and southbound approaches consist of a 10-foot wide exclusive leftturn lane and a 12-foot wide shared through / right-turn lane with directional travel separated by a striped
double-yellow centerline.
There are 5-foot wide concrete sidewalks provided along both sides of all approaches to the intersection.
Crosswalks are provided across Route 28 north of the intersection and Winslow Gray Road and are
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accompanied by pedestrian signal equipment. However, the pushbuttons and signal heads do not conform
to ADA / AAB and Manual on Uniform Traffic Control Devices (MUTCD) design standards. In addition,
there are no pedestrian access ramps at either end of the crosswalks. There are no bicycle accommodations
provided along Winslow Gray Road or Route 28.
Winslow Gray Road is an urban minor arterial roadway under the jurisdiction of the Town of Yarmouth
with a posted speed limit of 30 MPH within the study area.

Route 28 / South Sea Avenue
South Sea Avenue intersects Route 28 to form a three-legged, signalized intersection. The South Sea
Avenue eastbound approach consists of two 11-foot general-purpose lanes with directional travel separated
by a striped double-yellow centerline. The Route 28 southbound approach consists of an 11-foot wide
general-purpose lane with directional travel separated by a striped double-yellow centerline. The Route 28
northbound approach consists of an 11-foot wide exclusive left-turn lane and a 12-foot wide shared through
lane with directional travel separated by a striped double-yellow centerline.
There are 5-foot wide concrete sidewalks provided along both sides of all approaches to the intersection
except for the northerly side of South Sea Avenue. Crosswalks are provided across Route 28 south of the
intersection and South Sea Avenue and are accompanied by pedestrian signal equipment. However, the
pushbuttons and signal heads do not conform to ADA / AAB and MUTCD design standards. In addition,
there are no pedestrian access ramps at either end of the crosswalks. There are no bicycle accommodations
provided along South Sea Avenue or Route 28.
South Sea Avenue is an urban collector under the jurisdiction of the Town of Yarmouth with a posted speed
limit of 30 MPH within the study area.

Route 28 between Drews Way to Ken’s Way
Route 28 is a two-lane roadway with directional travel separated by a striped double-yellow centerline with
roadway widening in both directions at the intersection with Wendward Way, Camp Street, and Town
Brook Road to provide exclusive left-turn lanes. In addition to the painted centerline, there are segments
of the roadway which also provides imbedded roadway reflectors. Shoulder width varies along the corridor
from less than 1-foot wide to a 4- to 5-foot shoulder on the westerly side of Route 28 from Baxter Way to
Town Brook Road There are numerous side street and commercial driveways along both sides of the
roadway.
There are 5-foot wide concrete sidewalks provided along the westerly side of Route 28 with vertical granite
curbing in fair-good condition between Drews Way and Town Brook Road. There are also sidewalks
provided along both sides of Route 28 from Mill Pond Road to Ken’s Way where they vary in material,
width, and condition. A pedestrian crossing is provided at the intersection with Wendward Way which is
marked with painted transverse lines and provides warning signage. There is inconsistent advanced
warning signage provided for crossings along Route 28. There are no bicycle accommodations provided
along this segment of Route 28.
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Route 28 between Elton Road to Parkers River Bridge
Route 28 is a two-lane roadway with directional travel separated by a striped double-yellow centerline. In
addition to the painted centerline, there are segments of the roadway improved with imbedded roadway
reflectors. There are numerous side street and commercial driveways along both sides of the roadway.
There are sidewalks provided along both sides of Route 28 which range in material, width, and condition.
There are no pedestrian crossings across Route 28 and no bicycle accommodations provided along this
segment of Route 28.

Traffic Volumes
GPI collected manual turning movement counts (TMCs) at the RSA intersections during the weekday
morning (7:00 to 9:00 AM) and weekday evening (4:00 to 6:00 PM) peak periods on Thursday, August 1,
2019 and during the Saturday midday peak period (11:00 AM to 2:00 PM) on Saturday, August 3, 2019.
Traffic counts were recorded during peak summer months to represent a conservative (worse case) scenario.
However, consideration for off-peak months have also been given for the potential roadway improvements
discussed in the following sections.
In addition to the TMCs, automatic traffic recorder (ATR) counts were collected from Thursday, August 1,
2019 to Saturday, August 3, 2019 to collect daily traffic volumes along Route 28. A graphical summary of
the TMCs is provided in Appendix D and a summary is provided in Table 2.

Table 2: Traffic Volume Summary
Location/Time Period

Daily Volume
(vehicles per day)

Route 28 between Tidewater Inn and Cape Sands Inn
Weekday
20,450
Weekday AM
Weekday PM
21,300
Saturday
Saturday Midday
Route 28 west of Appleby Road
Weekday
Weekday AM
Weekday PM
Saturday
Saturday Midday

16,700
16,800

Peak Hour Volume
(vehicles per hour)

K Factor
(%)

Directional
Distribution

1,180
1,440

5.8
7.0

57% NB
55% SB

1,350

6.3

52% SB

1,230
1,430

6.0
7.0

52% NB
51% SB

1,440

6.8

53% SB

Crash Data
GPI reviewed available crash data and collision reports from the Town of Yarmouth Police Department and
MassDOT Crash Portal records for the five-year period from 2014 to 2018 for the RSA intersections. In
addition to the crash rate per million vehicles, high-crash determination is also based on using the
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Equivalent Property Damage Only (EPDO) index where the weighting factor for Property Damage Only
crashes = 1 Point; Injury / Fatal crashes = 21 points.
The intersection crash rate, per million entering vehicles (c/mev) for the study area intersection compared
to the Statewide and MassDOT District 5 averages are provided in Table 3. The roadway segment crash
rate, per million vehicle miles traveled (c/mvmt) for the study area segments compared to the Statewide
averages are provided in Table 4. The detailed collision data and a summary collision diagram are included
in Appendix C.
The Route 28 / Route 28 (Iyannough Road) / East Main Street intersection experienced a total of 62
collisions (12.0 collisions per year) and a crash rate of 1.06 c/mev, which is higher than the statewide
average of 0.78 c/mev and District 5 average of 0.75 c/mev. This intersection experienced an EPDO of 302
which is significantly higher than the CCC threshold of 94 for all intersections. Of the reported collisions,
27 percent were rear-end, 37 percent were angle, 23 percent were sideswipe in the same direction, 6 percent
were pedestrian / bicycle crashes, 5 percent were single vehicle crashes, and 2 percent were head-on crashes.
Approximately 26 percent of collisions occurred under darkness and 18 percent occurred during inclement
weather conditions which includes rain, slush, and snow. In addition, 24 percent of collisions occurred
during the weekday evening (4:00 to 6:00 PM) peak period which is the highest time period for crashes and
10 percent occurred during the weekday morning (7:00 to 9:00 AM) peak period.
The Route 28 / Camp Street intersection experienced a total of 22 collisions (4.40 collisions per year) and
experienced a crash rate of 0.36 c/mev, which is lower than the statewide and District 5 average of 0.57
c/mev. This intersection experienced an EPDO of 182 which is significantly higher than the CCC threshold
of 94 for all intersections. Of the reported collisions, 9 percent were single vehicle, 32 percent were rearend, 36 percent were angle, 9 percent were sideswipe same direction, and 5 percent were either head-on,
pedestrian / bicycle, or sideswipe opposite direction. Approximately 23 percent of collisions occurred
under darkness and approximately 14 percent occurred during inclement weather conditions which includes
rain, slush, and snow. In addition, 18 percent occurred during the weekday evening (4:00 to 6:00 PM) peak
period.
The Route 28 / Town Brook Road intersection experienced a total of 25 collisions (5.00 collisions per year)
and experienced a crash rate of 0.44 c/mev, which is lower than the statewide and District 5 average of 0.57
c/mev. This intersection experienced an EPDO of 225 which is significantly higher than the CCC threshold
of 94 for all intersections. Of the reported collisions, 8 percent were single vehicle, 8 percent were
pedestrian / cyclist, 40 percent were rear-end, 28 percent were angle, and 4 percent were head-on, sideswipe
same direction, sideswipe opposite direction, or unknown crashes. Approximately 32 percent of collisions
occurred under darkness and 28 percent occurred during inclement weather conditions which includes rain,
slush, and snow. In addition, 12 percent occurred during the weekday morning (7:00 to 9:00 AM) peak
period while 24 percent occurred during the weekday evening (4:00 to 6:00 PM) peak period.
The Route 28 / West Yarmouth / Winslow Gray Avenue / South Seas Avenue cluster experienced a total
of 63 collisions (12.60 collisions per year) and a crash rate of 1.28 c/mev, which is higher than the statewide
average of 0.78 c/mev and District 5 average of 0.75 c/mev. This intersection experienced an EPDO of 323
which is significantly higher than the CCC threshold of 94 for all intersections. There were five (5) reported
collisions which were a result of operating recklessly and two (2) which were a result of physical
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impairment. Of the reported collisions, 8 percent were single vehicle, 48 percent were rear-end, 14 percent
were angle, 9 percent were sideswipe same direction, 5 percent were sideswipe opposite direction, 12
percent were pedestrian / bicycle, and 2 percent were either head-on or rear-to-rear. Approximately 32
percent of collisions occurred under darkness and 13 percent occurred during inclement weather conditions
which includes rain, slush, and snow. In addition, approximately five (5) percent of collisions occurred
during the weekday evening (4:00 to 6:00 PM) peak period and 17 percent occurred during the weekday
morning (7:00 to 9:00 AM) peak period.
The Route 28 roadway segment from Drews Way to Ken’s Way experienced a total of 76 collisions (15.20
collisions per year) and a crash rate of 2.95 c/mev, which is lower than the statewide average of 3.49 c/mvt
for principal arterials. Of these 76 crashes, 19 crashes occurred between Drews Way and Wendward Way,
29 crashes occurred between Wendward Way and Town Brook Road, and 31 crashes occurred between
Town Brook Road and Ken’s Way. These crashes do not include the crashes which occurred at the
intersections with Camp Street and Town Brook Road specifically. There were nine (9) reported collisions
which were a result of distraction, illness, or operating recklessly. Of the reported collisions, 5 percent
were single vehicle, 47 percent were rear-end, 16 percent were angle, 8 percent were head-on, 8 percent
were sideswipe same direction, 3 percent were sideswipe opposite direction, and 13 percent were pedestrian
/ bicycle. Approximately 24 percent of collisions occurred under darkness and 16 percent occurred during
inclement weather conditions which includes rain, slush, and snow. In addition, eight (8) percent of
collisions occurred during the weekday evening (4:00 to 6:00 PM) peak period and nine (9) percent occurred
during the weekday morning (7:00 to 9:00 AM) peak period.
The Route 28 roadway segment from Elton Road to the Parkers Rive Bridge experienced a total of
39 collisions (7.80 collisions per year) and a crash rate of 5.02 c/mev, which is higher than the statewide
average of 3.49 c/mvt for principal arterials. There were four (4) reported collisions which were a result of
distraction or visual obstruction. Of the reported collisions, 3 percent were single vehicle, 64 percent were
rear-end, 11 percent were angle, 5 percent were sideswipe opposite direction, 3 percent were head-on, and
14 percent were pedestrian / bicycle. Approximately 21 percent of collisions occurred under darkness and
19 percent occurred during inclement weather conditions which includes rain, slush, and snow. In addition,
21 percent of collisions occurred during the weekday evening (4:00 to 6:00 PM) peak period and 10 percent
occurred during the weekday morning (7:00 to 9:00 AM) peak period.

Table 3: Intersection Crash Rate Summary

Statewide
District 5
Intersection
Crash Rate
EPDO a
Crash Rate b
Crash Rate b
Route 28 / Route 28
(Iyannough Road) / East Main
1.06
302
0.78
0.75
Street
Route 28 / Camp Street
0.36
182
0.57
0.57
Route 28 / Town Brook Road
0.44
225
0.57
0.57
Route 28 / Winslow Gray Road
1.28
323
0.78
0.75
/ South Sea Avenue
a
Equivalent Property Damage Only, based on total crashes over the five-year study period.
a
Average Crash Rates, per million entering vehicles, based on crash information queried on June 26, 2018 –
source MassDOT.
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Table 4: Roadway Segment Crash Rate Summary

Urban Crash Rate
– Principal
Roadway Segment
Crash Rate
Arterial - Other a
Route 28 from Drews Way to Ken’s Way
2.95
3.49
Route 28 from Elton Road to Parkers River Bridge
5.02
3.49
a
Average Crash Rates, per million vehicle miles traveled by Federal Functional Classification, based on
crash information queried on June 22, 2018 – source MassDOT.
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Figure 1: Locus Map
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Figure 2: Locus Map
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Audit Observations and Potential Safety
Enhancements
The following sections describe in more detail the safety issues identified during the RSA as organized by
the safety and operational concerns discussed. Several of the issues require further study and engineering
to determine the feasibility of implementing enhancements. Based on a review of the crash history data
and observations during the RSA meeting on Thursday, November 7, 2019, the RSA team determined that
the RSA locations have the following issues that affect safety:















Emergency Response and Transit Operations
Signal Operations
Signal Equipment Condition and Location
Pedestrian Accessibility and Accommodations
Bicycle Accessibility and Accommodations
Roadway Geometry
Driveway Access Management
Pavement Condition and Markings
Drainage and Snow Removal
Signage
Vehicle Speed
Lighting
Driver Distraction
Congestion

Emergency Response and Transit Operations
Route 28 Corridor
Observations
Emergency preemption is not provided at any of the signalized intersections within the study area, which
would aid in response time for emergency vehicles traveling through the corridor. There is also no Transit
Signal Priority (TSP) provided for public transit at any of the signalized intersections within the study area
to assist the Cape Cod Regional Transit Authority (CCRTA) Bus Route H2O (Hyannis-Orleans) buses
which run northbound and southbound along Route 28.
While it was not noted as directly related to crashes through the study area, the CCRTA bus Route H2O
only has two designated stops within the study area and operates on a flag-down policy where the driver
will assess a safe location to pick-up passengers. It was also noted that the formal stops do not have bus
pull-offs and that drivers generally prefer to pick-up on the departure side of an intersection to minimize
the delay through signals. While not directly correlated to crashes along the corridor, the lack of designated
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bus stops may have contributed to the number of rear-end or sideswipe collisions as vehicles stopped
suddenly during stops or attempted to bypass buses.
Enhancements


Consider installing transit signal priority equipment and reprogram the signal controller to hold the
green to allow buses to proceed through the intersection without delay;



Consider installing emergency Opticom equipment or a GPS system which does not require direct
line of sight from the vehicles to call the preemption phasing. The Town of Yarmouth noted that
they do not wish to incur the cost of maintaining this equipment and therefore have not installed to
date; and



Evaluate the feasibility of providing bus pull-off locations at bus stops to improve safety of loading
/ unloading of riders and minimize obstruction of high traffic volumes and travel speeds at off-peak
hours. Placement of pull-off locations should take the pedestrian network improvements (i.e.,
sidewalks and crosswalks) into consideration.

Signal Operations
Route 28 / Route 28 (Iyannough Road) / East Main Street
Observations
There have been 10 rear-end collisions approaching the intersection (4 eastbound from East Main Street, 4
northbound, and 2 southbound from Route 28) during the five-year study period. These collisions may
have been related to congestion at the intersection and/or inadequate clearance interval timings. It was
noted that traffic heading north on Route 28 or west on East Main Street becomes backed up all the way to
Camp Street year-round partially due to shift changes at the Cape Cod Hospital. It was also noted that
during times of congestion, the intersection does not fully clear before the next signal phase is called.
The Route 28 northbound approach provides a through arrow signal head. However, this movement could
run on green indefinitely as a semi-actuated condition assuming there are no left-turn or U-turn movements
permitted from the East Main Street eastbound approach because there is no conflicting movement. It was
noted during the site visit that this movement did cycle to red. In addition, the STOP line for the East Main
Street approach is approximately 35 feet south of intersection and sometimes the intersection is not clear
of southbound vehicles when the signal turns green for East Main Street due to congestion which may also
have contributed to rear-end collisions.
Enhancements


Evaluate the yellow and red clearance intervals to ensure efficient and safe operations; and



Evaluate reprogramming the phase timings to reduce traffic congestion and to ensure that adequate
time is provided for vehicles to clear the intersections.
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Route 28 / West Yarmouth Road / Winslow Gray Road / South Sea Avenue
Observations
There have been 22 rear-end collisions approaching the cluster intersection (12 northbound and 10
southbound) including Winslow Gray Road and South Sea Avenue. It was noted that the STOP line for the
northbound approach is set back approximately 40 feet from the Red Face Jack’s egress only driveway,
which provides a wide expanse of pavement to cover for northbound left-turns and thus must be accounted
for in the clearance interval timing.
It was noted as a safety concern that the two signals are operating as a clustered intersection because, as
observed during the site visit, the two signals do not enter the clearance intervals at the same time. However,
both sets of lights can be easily observed from both the northbound and southbound approaches. While
this is intended to allow the intersections to clear, it could create driver confusion considering that drivers
can see both sets of lights at the same time and has resulted in vehicles getting caught between the two
signals or running red lights as drivers are focused on the downstream signals.
Enhancements


Evaluate the yellow and red clearance intervals to ensure efficient and safe operations;



Evaluate reprogramming the phase timings to reduce traffic congestion and to ensure that adequate
time is provided for vehicles to clear the intersections;



Evaluate the feasibility of separating the Winslow Gray Road and South Sea Avenue signals from
a cluster to a coordinated system to improve operations; and



Evaluate the feasibility of relocating the Route 28 northbound STOP line closer to the Red Face
Jack’s plaza access driveway to reduce crossing distance while providing consideration for leftturning vehicles from Winslow Gray Road. The reduction in crossing distance will reduce the
amount of time required for clearance interval timings.

Signal Equipment Condition and Location
Route 28 / Route 28 (Iyannough Road) / East Main Street
Observations
The signal heads for the intersection approaches are hung on mast arms without backplates and are in overall
poor condition with the paint severely faded which may have contributed to the three rear-end collisions
that occurred under “dark” conditions while approaching the intersection. Vehicle detection is provided
via wire loops within the roadway. An audit participant noticed that the northbound left-turn signal head
is optically programmed while others are Light Emitting Diodes (LED).
The signal heads on the East Main Street eastbound approach and Route 28 southbound approach are solid
balls instead of through arrows. In addition, the lack of supplemental turning restriction signs to reinforce
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the exclusive through movement creates an enforcement issue. It was observed during the field visit that a
vehicle executed a left turn from the East Main Street eastbound approach to Route 28 northbound during
a break in the traffic. This is a difficult maneuver and unexpected by drivers on Route 28 southbound.
Enhancements


Replace faded traffic signal lenses with consistent LED signal lenses to improve visibility;



Evaluate the placement or replacement of traffic signal equipment to be consistent with MUTCD
lateral and longitudinal placement standards;



Consider installation of Flashing Yellow Arrow (FYA) signal head for left-turn movements and
supplemental signage. Evaluate the need for protected, protected-permitted, or permissive
operation conditions;



Replace damaged signal equipment with new posts, mast arms, cabinets, and pull boxes as needed;



Install LED signal heads with through arrows and supplemental regulatory signage to restrict leftturns and U-turns from the East Main Street eastbound approach to Route 28; and



Install louvered backplates with retro-reflective tape to provide greater visibility of signal heads.

Route 28 / West Yarmouth Road / Winslow Gray Road / South Sea Avenue
Observations
The signal heads for the intersection approaches are hung
on mast arms or signal posts for the side street approaches
without backplates and are in overall poor condition with
the paint severely faded. Vehicle detection is provided via
wire loops within the roadway. An audit participant
noticed that some of the signal heads are incandescent
bulbs and others are LED. There are two signal heads
provided for the Winslow Gray Road westbound
approach; however, only one is mounted on a mast arm
while the other is post mounted. Due to the width of the
intersection, the post mounted signal head is potential
beyond the required longitudinal placement according to
MUTCD standards. The post mounted traffic signals for Image 1: Signal Equipment at Winslow
Gray Road from Route 28 Looking
the South Sea Avenue eastbound approach is not preferred Northbound.
due to the slight upgrade to the intersection with Route 28.
The traffic signal controller cabinet is located between the two intersections; however, the placement in the
sidewalk blocks the ability to pass without deviating off the sidewalk and is not compliant with ADA/AAB
standards.
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Enhancements


Replace faded traffic signal lenses with consistent LED signal lenses to improve visibility;



Evaluate the placement or replacement of traffic signal equipment to be consistent with MUTCD
lateral and longitudinal placement standards;



Consider installation of Flashing Yellow Arrow (FYA) signal head for left-turn movements and
supplemental signage. Evaluate the need for protected, protected-permitted, or permissive
operation conditions;



Replace damaged signal equipment with new posts, mast arms, cabinets, and pull boxes as needed;



Install louvered backplates with retro-reflective tape to provide greater visibility of signal heads;
and



Consider installing optically programmed signal heads for Route 28 approaches at the Winslow
Gray Road and South Sea Avenue signals to avoid confusion.

Pedestrian Accessibility and Accommodations
Route 28 Corridor
Observations
It was widely noted by audit participants that there are inconsistencies with pedestrian accommodations
along both sides of Route 28 and side street connections which may have contributed to the five (5)
pedestrian crashes reported within the five-year study period along the corridor. The existing sidewalks
vary by material, condition, presence of curbing, and whether they are provided at all. Participants noted
an overall lack of ADA / AAB-compliance and frequent disruptions by driveways which create sections of
pedestrian exposure at wide driveways and short, ramped up / down sections which separate closely spaced
curb-cuts. Disruptions also occur where traffic signal equipment and utility poles are located within the
sidewalk paths without providing adequate space to by-pass effectively.
A pedestrian crossing is provided at the southerly side of the Route 28 / Wendward Way intersection.
However, the crossing is located on a curve which limits sight lines and is therefore a safety concern.
Despite the presence of warning signage at the crossing, there are inconsistencies with advanced warning
signs provided in either direction. There’s an overall lack of pedestrian warning signage and crossing
opportunities along the length of the corridor. The application of crosswalks at side streets, driveways, and
mid-block crossings are inconsistent in condition and materials. An audit participant noted that the two
parallel lines provided at mid-block crossings are difficult for drivers to see at higher travel speeds along
Route 28.
It was noted during the site visit that the existing mid-block crossings, across Route 28, may no longer be
in the most effective locations. For example, the Town has plans to redevelop the public land at #669
Route 28, just west of the Lobster Boat restaurant, into a more formalized event space but there are no
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crossings provided within approximately 1,250 feet of the area. This redevelopment is anticipated to create
a desire line to / from the easterly side of Route 28 for connections to Cumberland Farms and other
businesses / restaurants. Events have been held at this location and have drawn several hundred attendees.
During the site visit, a vehicle pulling an oversized trailer was observed parking in the abandoned parking
lot at the corner of Hudson Road. The driver then got out and walked across Route 28 to access the
convenience store. This existing need for a pedestrian crossing is anticipated to increase with the
redevelopment at the previously discussed #669 Route 28. There have been five (5) rear-end collisions and
three (3) pedestrian / bicyclist crashes at the intersection related to vehicles attempting to enter or exit
Cumberland Farms.
Enhancements


Evaluate the construction of missing sidewalk connections and reconstruction of existing sidewalks
to improve mobility and ADA/AAB accessibility. Construction and reconstruction of sidewalks
should avoid conflict points with traffic signal equipment and utility pole locations and provide
minimum 5-foot wide sidewalks with 6-inch vertical granite curbing;



Evaluate the feasibility of constructing a shared use path along the westerly side of Route 28, which
is vertically separated from the roadway, to improve safety and mobility for pedestrian of all
abilities;



Construct access ramps with ADA/AAB-compliant ramps and tactile warning devices to improve
safety and mobility for all users;



Coordinate the reconstruction of driveway aprons with private landowners to provide ADA / AABcompliant ramps and cross-slopes to improve mobility for all users;



Consider application of “Ladder Style” crosswalk, high visibility pavement markings across Route
28 to improve visibility and pedestrian safety;



Install MUTCD-compliant warning and regulatory signage in advance or at pedestrian crossings to
improve safety;



Clear overgrown vegetation at existing and potential mid-block crossings to improve sight
distances;



Evaluate construction of pedestrian refuge islands at mid-block crossings and intersections to
improve safety and mobility;



Evaluate the placement of mid-block crossings based on desire lines to improve mobility;



Evaluate the warranting conditions for advanced treatments at mid-block crossings such as
Rectangular Rapid Flashing Beacons (RRFBs) or High-Intensity Activated crossWalK beacon
(HAWK) to improve pedestrian visibility and driver awareness;
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Evaluate the feasibility of realigning the Cumberland Farms driveway with Hudson Road and
installing a pedestrian crossing to improve sight lines, reduce crossing distance, and improve
connectivity; and



Evaluate the feasibility of installing a mid-block pedestrian crossing at the #669 Route 28 driveway
to provide direct connection to the Town’s public recreational space.

Route 28 / Route 28 (Iyannough Road) / East Main Street
Observations
Despite the multiple driveways, there are no pedestrian connections between office and retail developments.
There are also no bicycle accommodations provided at this intersection which forces cyclists to travel in
the same space as vehicles and may have contributed to the one (1) pedestrian collision and three (3) bicycle
collisions reported.
It was noted that there are no sidewalks at the intersection except for the sidewalk provided along the
southerly side of East Main Street. There are no ADA / AAB-compliant ramps or any pedestrian signal
equipment since no crosswalks are provided. In addition, it was noted that there is a desire line between
Yarmouth and Hyannis to the Cape Cod Hospital which generates pedestrian traffic.
Enhancements


Consider installing Accessible Pedestrian Signals (APS) equipment at all signalized crosswalks.
APS provide audible tones and vibrotactile surfaces to indicate the WALK and DON’T WALK
phases to pedestrians with vision and hearing impairments.

Route 28 / West Yarmouth Road / Winslow Gray Road / South Sea Avenue
Observations
There are currently no curb ramps provided at these
intersections, including at driveway aprons. In addition,
there are no ADA/AAB or MUTCD-compliant pedestrian
traffic signals provided at any of the crossings. It was
noted during the site visit that the existing sidewalk along
the Great Island Plaza side of Route 28 exceeds the two
percent cross slope required by ADA/AAB standards. In
addition, the sidewalks on both sides of Route 28 are
partially blocked by a mixture of traffic signal equipment,
utilities, and signage. These issues could have contributed
Image 2: Overall Lack of Pedestrian
to the one pedestrian crash reported.

Access Ramps Shown at Great Island
Plaza Driveway.
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Enhancements


Consider installing Accessible Pedestrian Signals (APS) equipment at all signalized crosswalks.
APS provide audible tones and vibrotactile surfaces to indicate the WALK and DON’T WALK
phases to pedestrians with vision and hearing impairments; and



Consider application of “Ladder Style” crosswalk, high visibility pavement markings across
Route 28 to improve visibility and pedestrian safety.

Bicycle Accessibility and Accommodations
Route 28 Corridor
Observations
While the Route 28 corridor provides a vital connection through Yarmouth, the high vehicle volumes create
a high stress environment for many cyclists who have opted to ride on Baxter Avenue and Town Brook
Road because of their residential, hospital, and recreational connections and lower vehicle volumes. Route
28 provides variable shoulder widths which fluctuate from less than 1-foot wide where it becomes a “fog
line” to approximately 5-feet wide which is acceptable for a dedicated bicycle lane. These factors have
likely contributed to the 26 bicycle crashes reported within the five-year study period along the corridor
within the study area.
Audit participants noted that there is a desire line between Buck Island Road and the public beaches,
downtown Hyannis, Cape Cod Hospital, and ferries via Town Brook Road and Baxter Avenue. Due to the
lack of adequate sidewalks and crossings at Route 28, pedestrians and cyclists are waiting for drivers to
provide courtesy gaps in order to cross the road. There have been three (3) bicycle crashes and one (1)
pedestrian crash reported at Baxter Avenue and an additional nine (9) crashes reported between Baxter
Avenue and Town Brook Road which may be related to these issues.
All audit participants noted the overall lack of bicycle accommodations throughout the study area corridor,
including the signalized intersections. It was also noted that there is an influx of temporary workers during
the summer months who depend on walking and bicycling and may not understand the rules of the road.
Additionally, many riders do not feel comfortable riding in the roadway and therefore ride on the sidewalks.
Due to the difficulty in crossing Route 28, many cyclists do not travel in the proper direction. The influx
of summer workers, the increase in traffic associated with summer months, the large number of driveways
and side streets, and the fact that riders are often on the wrong side of the road and/or on sidewalks all
contribute to the high number of crashes observed in this corridor. Audit participants noted that there are
yearly enforcement efforts to combat this, along with educational programs.
It was noted that there is an overall lack of bicycle regulatory / warning signage and crossing opportunities
along the length of the corridor. It was further noted that the existing sidewalk connections are insufficiently
wide to support both pedestrians and cyclists or even wide enough to meet current minimum standards.
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Enhancements


Consider application of a consistent roadway cross-section with 5-foot wide, dedicated bicycle lane
markings, tracking markings across side-street approaches, and supplemental signage to alert
drivers of the possibility of a cyclist;



Consider installing bicycle detection pavement markings and appropriate “TO REQUEST GREEN
WAIT ON [BIKE SYMBOL]” (R10-22) signage on each approach of signalized intersections to
indicate to bicyclists where to wait to receive a green signal;



Install warning and regulatory signage, as required, in advance of or at bicycle crossings to improve
safety;



Consider installing bicycle boxes or two-stage left-turn boxes at signalized intersections to allow
bicyclists to safely make turning maneuvers; and



Evaluate the feasibility of constructing a shared use path along the westerly side of Route 28 which
is vertically separated from the roadway to improve safety, comfort, and mobility for all levels of
cyclists.

Route 28 / Route 28 (Iyannough Road) / East Main Street
Observations
There are also no bicycle accommodations provided at this intersection which forces cyclists to travel in
the same space as vehicles and may have contributed to the three (3) collisions reported. In addition, it was
noted that there is a desire line between Yarmouth and Hyannis to the Cape Cod Hospital.
Enhancements


Consider installing bicycle detection pavement markings and appropriate “TO REQUEST GREEN
WAIT ON [BIKE SYMBOL]” (R10-22) signage on each approach of signalized intersections to
indicate to bicyclists where to wait to receive a green signal; and



Evaluate the feasibility of constructing a shared use path along the westerly side of Route 28 which
is vertically separated from the roadway to improve safety, comfort, and mobility for all levels of
cyclists.

Route 28 / West Yarmouth Road / Winslow Gray Road / South Sea Avenue
Observations
The marked edge lines at these intersections are less than 1-foot wide, which acts as a “fog line” and not a
shoulder wide enough for bicycle travel. It was noted during a site visit that the vertical curbing could
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damage bicycle tires should they be traveling too close. The overall lack of bicycle accommodations is
likely a contributing factor for the seven (7) bicycle collisions recorded over the five-year study period.
Enhancements


Consider installing bicycle detection pavement markings and appropriate “TO REQUEST GREEN
WAIT ON [BIKE SYMBOL]” (R10-22) signage on each approach of signalized intersections to
indicate to bicyclists where to wait to receive a green signal; and



Evaluate the feasibility of constructing a shared use path along the westerly side of Route 28 which
is vertically separated from the roadway to improve safety, comfort, and mobility for all levels of
cyclists.

Roadway Geometry
Route 28 / Route 28 (Iyannough Road) / East Main Street
Observations
Audit participants noted that with the combination of
skewed approach angles, channelized turn lanes, multiple
dividing islands, lane number confusion, and the multiple
driveways within the intersection that there is a potential
need for realignment as evidenced by the 62 collisions
over the past five-year study period. The Route 28
southbound and East Main Street eastbound approaches
both widen to two through lanes; however, the pavement
markings are extremely faded to the point that they were
sometimes observed to operate as single lanes. The lack
of lane pavement markings and supplemental directional
arrow pavement markings on the East Main Street Image 3: View from Murray Road Opposite
eastbound approach has likely contributed to the seven (7) Route 28 SB Channelized Right-Turn Lane.
rear-end / sideswipe collisions approaching the
intersection. In addition, the Route 28 southbound receiving lanes taper from two to one lane quickly absent
any lane drop pavement markings or supplemental signage, which likely contributed to the 15 rear-end /
sideswipe collisions as drivers jockey for position without a clear understanding of right-of-way.
The Route 28 roadway widening from one to two lanes on the southbound approach creates confusion at
the gas station driveways resulting in crashes between people turning right into driveways and people
traveling straight through the intersection where nine (9) crashes were reported.
During the site visit, it was noted that the Route 28 southbound channelized right-turn leads a vehicle to be
directly opposite Murray Road rather than oriented more towards East Main Street westbound. In addition,
the driver is forced to look back over their left shoulder for oncoming Route 28 northbound left-turns. This
sight line is partially obstructed by the landscaping surrounding the 1918 Baker Memorial in the
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channelized island. In addition, the traffic signal controller cabinet is located within the East Main Street
median island. Any potential realignment would need to consider this memorial and the cabinet for
relocation.
The curvature of Route 28 may be a contributing factor in the area near Mill Pond Road, which previously
was a residential roadway and now provides a driveway to a small parking lot. Because the driveway is
located farther from the vertical crest in the roadway, the sight lines looking south are further limited. While
not directly linked to the five (5) rear-end crashes at this intersection, an audit participant noted that the
crashes could potentially be alcohol related due to the proximity to restaurants.
Enhancements




Consider reconstruction of the intersection to simplify the Route 28 / Route 28 (Iyannough Road)
/ East Main Street intersection and enhance the safety for all users; including pedestrians and
bicyclists by evaluating the feasibility of alternative intersection configurations, including:
o

a more perpendicular “T” intersection configuration (signalized) that consolidates turning
movements and multiple channelizing islands, and provides pedestrian crossings; and/or

o

a modern roundabout that consolidates turning movements and multiple channelizing
islands, and provide pedestrian crossings.

Evaluate the feasibility of restriping Route 28 northbound to reinforce the lane merge from two-toone lane just south of the intersection with East Main Street. Potential alternatives include:
o

Stripe a median to maintain consistent lane widths through the intersection;

o

Stripe lane markings through the intersection and on departure side;

o

Stripe dotted lane drop markings to supplement shoulder markings and indicate the lane is
ending; and/or

o

Install lane reduction arrows in the right-most lane to indicate the lane is ending.



Restripe current lane geometry in the short-term to better inform drivers where they are to operate
within the roadway and who has the right-of-way;



Evaluate the need for two approach lanes and receiving lanes along Route 28 and/ or the ability to
extend the length of the lanes in their current alignment to reduce driver confusion; and



Perform vegetation trimming as needed to provide clear sight lines for all movements at the
intersection.
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Route 28 / Camp Street
Observations
An audit participant noted that curvature of the roadway approaching the Camp Street intersection is
confusing for drivers because the roadway striping on the Route 28 northbound approach appears to guide
vehicles towards the curve’s apex closer to the Camp Street approach rather than continuing through the
intersection. Camp Street approaches Route 28 at both horizonal and vertical curves which creates a
skewed, three-way, unsignalized intersection. In addition, there is an exclusive left-turn lane for the Route
28 southbound approach which extends back to the Grande Café and is interrupted at Wendward Way,
resulting in confusion for drivers expecting that this lane will continue to Camp Street. These issues
contribute to a lack of sight distances on Camp Street where drivers enchroach onto Route 28 which may
contribute to the rear-end collsions for vehicles traveling northbound and expect a vehicle to enter the flow
of traffic suddenly. This encroahment can also contribute to the number of angled and head-on collisions
observed with vehicles attempting to turn onto Camp Street and northbound vehicles attempting to continue
along Route 28.
The Camp Street approach has a significant slope up to
Route 28, which adversely affects the ability of vehicles to
enter the flow of traffic as they attempt to accelerate uphill.
The reason for this approach grade is a result of Camp Street
crossing a stream which feeds Mill Pond and would cause
significant impacts if there was an attempt to raise the
roadway profile. These could be contributing factors for the
eight (8) rear-end and to the nine (9) angled collisions as
drivers take insufficient gaps due to insufficient sight lines
and rapid acceleration.
Enhancements

Image 4: Route 28 Alignment at Camp
Street Shows Horizontal and Vertical
Grade Challenges.



Evaluate the roadway alignment between Wendward Way and Camp Street for the removal of
exclusive left-turn lanes where no longer warranted and determine if taper lengths are adequate to
reduce driver confusion and improve safety;



Evaluate the feasibility of restricting Camp Street to right-turns out and guide vehicles to use Town
Brook Road for access to Route 28 northbound to improve safety and reduce cut-through traffic.
This is measure can be both a short-term pilot and long-term improvement with the expectation
that a long-term solution would require a signal at Town Brook Road to handle the additional
demand from Camp Street;



Evaluate the feasibility of installing a traffic signal based on warranting conditions to help improve
operations and safety through the intersections. A signal would also provide a protected pedestrian
/ bicycle phase for crossing Route 28;
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Evaluate the roadway striping and consider restriping the roadway to improve alignment and guide
drivers safely through unsignalized intersections; and



Evaluate the feasibility of reducing curb radii from side street approaches to reduce turning speeds.

Route 28 / Town Brook Road
Observations
An audit participant noted that curvature of the roadway approaching the Town Brook Road intersection is
confusing for drivers in part because the roadway striping on the northbound approach widens out to
introduce a painted channelized right turn lane. However, because of the vertical crest, the paint markings
are not visible until you are right on top of them and thus are insufficient in guiding drivers through the
intersection instead of towards Town Brook Road. Despite the hatched channelized right-turn lane at the
Route 28 northbound approach to Town Brook Road and the hatched median, the vertical curvature and
wide profile of the intersection does not provide an intuitive path for drivers. This has resulted in vehicles
traversing the hatched island and may have contributed to the four (4) rear-end collisions on Town Brook
Road, as drivers are unsure if mainline traffic intends to travel straight or make a right turn.
In addition, the combination of Route 28’s horizontal and vertical curvature, the placement of the Town
Brook Road STOP line, and the wide intersection crossing distances, are likely all contributing factors to
the four (4) rear-end collisions on this approach and the seven (7) angled collisions at the intersection.
Vehicles traveling on Town Brook Road were observed pulling-up beyond the marked STOP line to help
improve their sight distances in order to evaluate the gaps needed to join the flow of traffic. The vertical
curvature of the roadway also limits the sight lines for vehicles in the Route 28 southbound left-turn lane
who cannot adequately see oncoming vehicles. This could be a contributing factor to the four (4) rear-end
collisions on Route 28.
Enhancements


Evaluate the feasibility of reducing the curb radii at Town Brook Road while maintaining access
for Yarmouth Department of Public Works (DPW) vehicles to improve sight lines, reduce turning
speeds, and reduce crossing distance. This realignment should also consider:
o

Evaluating the roadway alignment with a formalized right-turn lane for the Route 28
northbound approach if warranting conditions are met to determine whether it should be
adjusted or removed;

o

Evaluating construction of a raised channelized turning island instead of paint to improve
visibility and reduce driver confusion. Special consideration for a raised treatment could
be given to ensure drivers no longer accidentally drive over the turning island due to limited
visibility;

o

Constructing a more perpendicular “T” intersection to improve sight lines and reduce the
intersection crossing distance;
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o

Evaluating the relocation of the Town Brook Road STOP line to improve sight lines;



Evaluate the feasibility of installing a traffic signal based on warranting conditions to help improve
operations and safety through the intersections. A signal would also provide a protected pedestrian
/ bicycle phase for crossing Route 28;



Evaluate the feasibility of constructing a roundabout to improve safety and operations; and



Evaluate the roadway striping and consider restriping the roadway to improve alignment and to
guide drivers safely through unsignalized intersections.

Route 28 / West Yarmouth Road / Winslow Gray Road / South Sea Avenue
Observations
The intersections of Winslow Gray Road and South Sea Avenue are separated by less than 250 feet, which
may be a contributing factor to the numerous rear-end collisions that have occurred between the two
intersections.
It was noted during the site visit that Winslow Gray Road and South Sea Avenue both approach Route 28
at acute angles which results in wide intersections. It was also noted that the Winslow Gray Road approach
provided wide turning radii that lends itself to high turning speeds.
Enhancements


Evaluate the feasibility of realigning Winslow Gray Road opposite South Sea Avenue creating a
four-way intersection with Route 28 to provide more perpendicular approaches to reduce
intersection crossing distances for all users;



Evaluate the feasibility of restriping the West Yarmouth Road, Winslow Gray Road, and South Sea
Avenue to provide more perpendicular approaches; and



Evaluate the feasibility of reducing curb radii from side street approaches to reduce turning speeds.

Driveway Access Management
Route 28 Corridor
Observations
Audit participants noted that there are multiple driveways along both sides of Route 28. Furthermore, it
was noted that several parcels are served by multiple driveways which may no longer be required for their
current use. In addition, several driveways were noted to be in excess of standard widths with a lack of
signage and pavement markings to denote access or egress. It was confirmed that all driveway permits are
processed and reviewed through MassDOT District 5. The frequent presence of driveway curb-cuts have
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likely directly or indirectly contributed to the high number of rear-end collisions, angled collisions,
pedestrians / bicycle, and sideswipe collisions along the corridor.
Enhancements


Evaluate the closure, consolidation, relocation, and reconfiguration of parking lot driveways to
improve safety by reducing the locations where vehicles can make turns, particularly left-turns.
Turning restrictions can be enforced by signage and constructing raised delta islands;



Evaluate the reduction of curb radii and width of parking lot driveways to reduce turning speeds
and improve pedestrian / bicycle connectivity; and



Consider installing signage and pavement markings to reinforce access and egress restrictions at
driveways.

Route 28 between Elton Road to Parkers River Bridge
Observations
Audit participants noted that there are multiple driveways and side streets provided along both sides of
Route 28 between Elton Road and the Parkers River Bridge, which provide access to multiple restaurants,
the Whydah Pirate Museum and the Town’s event space at #669 Route 28. The high number of rear-ends
and angle crashes along this segment may likely be related to high activity levels and driveway placement
on horizonal curves with vegetation impeding sight distance. In addition, the width of driveways create
long crossings between sidewalks which may have contributed to the six (6) pedestrian and bicycle crashes.
The northerly of the two Cumberland Farms driveways is predominately opposite Hudson Road, which
creates a slightly skewed, four-way, unsignalized intersection. The slight jog creates a difficult maneuver
across Route 28 for vehicles and an extended crossing distance and greater exposure for pedestrians. The
Cumberland Farms provides two (2) full access/egress driveways at either end of the plaza. The high
activity and placement of driveways on Route 28 where the roadway curves and sight lines are obstructed
by overgrown vegetation may have contributed to the 12 rear-end collisions.
Enhancements


Evaluate the closure, consolidation, relocation, and reconfiguration of parking lot driveways to
improve safety by reducing the locations where vehicles can make turns, particularly left-turns.
Turning restrictions can be enforced by signage and constructing raised delta islands;



Evaluate the reduction of curb radii and width of parking lot driveways to reduce turning speeds
and improve pedestrian / bicycle connectivity; and



Consider installing signage and pavement markings to reinforce access and egress restrictions at
driveways.
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Route 28 / Route 28 (Iyannough Road) / East Main Street
Observations
There have been 16 angled collisions at the intersection related to vehicles attempting to enter or exit the
multiple driveways located along both sides of Route 28 and East Main Street. The plaza located on the
northwest corner of the intersection provides four (4) driveways which are all full-access/egress. In
addition, the MCD RV Center and Hyannis Junction Plaza each provide two driveways, for a total of four
driveways located along the easterly side of Route 28, which are located within the intersection.
Enhancements


Evaluate construction / reconstruction of the Route 28 southbound channelized right-turn lane and
the East Main Street eastbound approach in favor of a more perpendicular “T” intersection or a
modern roundabout. The reconfiguration of the intersection will help displace driveways from
within the intersection and will help eliminate cut-through traffic between East Main Street and
Iyannough Road.

Route 28 / West Yarmouth Road / Winslow Gray Road / South Sea Avenue
Observations
There have been seven (7) rear-end collisions with vehicles traveling northbound on Route 28 and one angle
collision related to vehicles attempting to enter / exit the Great Island Plaza / post office driveways along
Route 28.
In addition to the Great Island Plaza, the Mobil station located at the southwest corner of the intersection
with South Sea Avenue provides two full access / egress driveways along Route 28. However, the northerly
of the two driveways is aligned with the exclusive left-turn lane provided for South Sea Avenue, while the
southerly driveway aligns with the striped hatch which legally restricts left-turns in and out of the site,
though it is not regularly enforced. This confusion may have contributed to the three (3) angled collisions
in the area. Due to the congestion at the South Sea Avenue signal, the Mobil station has become a desired
cut-through route, as a third driveway location is provided along the southerly side of South Sea Avenue.
The Town of Yarmouth had previously considered the feasibility of realigning the intersections to create a
single, four-way intersection. However, the owner of the Great Island Plaza is pursuing renovations within
the existing footprint, which would prohibit such an undertaking. This initiative does not preclude the
prospect of revaluating the placement of existing driveways which may have contributed to the seven (7)
rear-end collisions on Route 28 northbound.
Enhancements


Evaluate the consolidation and/or relocation of Great Island Plaza / post office driveways to reduce
entering and exiting turning movements in close proximity to the signalized intersections; and
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Evaluate the feasibility of restricting access and reduce curb-cut width for the Mobil Gas station
driveways on Route 28 to improve driver expectations and enforce restrictions.

Pavement Condition and Markings
Route 28 Corridor
Observations
Audit participants noted that there are inconsistencies of pavement marking conditions from poor / highly
faded to good / highly visible and the marking materials throughout the corridor. In addition to painted
pavement markings, there are some sections of roadway which provide thermoplastic markings and
recessed, yellow reflectors which accompany the striped, yellow centerline. The issue of pavement
conditions was not directly related as a concern for safety during the audit in terms of cracking or heaving.
However, the lack of visible pavement markings in numerous places may be contributing to the number of
sideswipe collisions in opposite directions or head-on collisions. While the majority of side street
approaches and driveway provide a single approach, there is an overall lack of lane designation arrow
markings for approaches to Route 28 which provide more than one lane.
Audit participants noted that Route 28 provides a single travel lane in each direction, except for the
widening of turn lanes at specific intersections. The shoulder width fluctuates from less than 1-foot wide
where it becomes a “fog line” to approximately 5-feet wide. One segment of Route 28 between Town
Brook Road and Ken’s Way has shoulder widths less than 1-foot wide, which may have contributed to the
15 rear-end collisions and four (4) head-on collisions as drivers attempted to bypass turning vehicles ahead
of them.
Enhancements


Consider applying recessed wet reflective polyurea or thermoplastic markings along the Route 28
corridor for improved visibility and durability;



Consider installing MUTCD-compliant lane designation arrows and lane tracking markings with
supplemental signage to improve safety; and



Consider installing recessed reflectors within the roadway along the Route 28 corridor for improved
visibility.

Route 28 / Route 28 (Iyannough Road) / East Main Street
Observations
During the site observation, it was noted that the Route 28 southbound channelized right-turn was missing
YIELD “shark teeth” pavement markings or supplemental signage to reinforce the right-of-way control. It
was also noted that the pavement appeared recently repaved which contributed to the lack of markings at
the time of observation.
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Enhancements


Install “Sharks Teeth” pavement markings to reinforce YIELD control at the channelized right-turn
onto East Main Street to reinforce driver right-of-way.

Route 28 / West Yarmouth Road / Winslow Gray Road / South Sea Avenue
Observations
The pavement markings on Route 28 at the intersections with West Yarmouth Road, Winslow Gray Road,
and South Sea Avenue are in overall good condition with crosswalks, lane markings with recessed
reflectors, and lane designation arrows. However, the pavement markings on the side streets at the
intersection are in overall poor condition with faded crosswalks and lane markings, and an overall lack of
lane designation arrows. There are no skip lines provided at the intersection for Route 28 or side street
turning movements.
Enhancements


Consider installing lane tracking markings through the intersection with Winslow Gray Road for
the Route 28 northbound left-turn to ensure vehicles turning do not enter the plaza via the exit only
driveway.

Drainage and Snow Removal
Observations
While the issue of drainage and snow was not noted as a main
concern for safety during the audit, it was noted that many of
the catch basins within the study area were completely full of
leaves, sand, and other debris. Multiple locations were
observed containing dirt / debris settlement as evidence of
ponding. Snow piles, ponding, and debris may not be a
statistical concern in the crash data, but it does present a safety
concern for drivers and a hazard for bicyclists traveling in the
shoulder.
Approximately 22 percent of the total Route 28 collisions
occurred when the roadway experienced “wet”, “snow”, Image 5: Catch Basin Clogged with
“slush” or “ice” conditions, which may indicate an issue with Leaves and Other Debris.
drainage contributing to the number of crashes.
Specific areas of drainage concerns were noted at the following locations:


The southerly side of the Route 28 / East Main Street / Route 28 (Iyannough Road) intersection
near Murray Road;
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The low point along Route 28 between Baxter Avenue and Town Brook Road where the roadway
passes near Mill Pond / Mill Creek; and



The intersection with Elton Road where there is evidence of ponding away from the existing catch
basin.

Enhancements


Evaluate state roadway cleaning schedules along Route 28 to reduce future blockages causing
drainage issues; and



Commission a drainage assessment to determine if existing infrastructure is adequate to handle
runoff demand. Assessment will also help road crews know where roadway debris and catch basins
need service to reduce future blockages causing drainage issues.

Signage
Route 28 Corridor
Observations
The existing signage throughout the corridor is in overall poor condition. Multiple signs are either damaged,
undersized, or faded. In addition, there is an overall lack of regulatory signage at intersections with
dedicated turning lanes or advanced warning signage to alert drivers of pending changes in traffic patterns.
For example, there are no “Left Lane Must Turn Left” (R3-7) signs posted at Camp Street, Wendward Way,
or Town Brook Road, where exclusive left-turn lanes are provided. There is an overall lack of advanced
lane designation (R3-8X) signage for unsignalized and signalized intersections which may be contributing
to the overall number of rear-end and sideswipe collisions.
While some locations are lacking regulatory and advanced warning signage, there is an issue with sign
pollution in the area due to the multiple gas station and service plazas, hotels, and restaurants located along
both sides of Route 28 (particularly between Town Brook Road and Ken’s Way) that may be contributing
to an overload of stimuli to drivers. This issue appears again from West Yarmouth Road to the southerly
project limits due to the Mobil gas station, multiple plaza driveways, and buildings near the roadway.
The combination of regulatory and private wayfinding / advertisement signage has resulted in sign clutter
and visually busy areas where sign messages are partially obstructed, and drivers have difficulty
recognizing and understanding signage. Audit participants also noted that The Cove at Yarmouth is a
popular destination located within this segment, which provides its own signage but does not provide any
STOP signage or corresponding pavement markings at their driveways with Route 28.
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Enhancements


Consider installing turn restriction (R3-X) signage including advanced signage for all approaches
with exclusive turn lanes to reduce driver confusion and improve operations;



Consider installing lane designation (R3-8X) signage including advanced signage for all
approaches consistent with pavement markings to reduce driver confusion and improve operations;



Evaluate the removal and replacement of all inadequate / broken / undersized signage within the
study area with MUTCD-compliant signage with retro-reflectivity, which will catch the light of
approaching vehicles, and position accordingly. New signage placement should avoid sign clutter
that can overwhelm drivers;



Evaluate the feasibility of restricting Camp Street to right-turns out and guide vehicles to use Town
Brook Road for access to Route 28 northbound to improve safety and reduce cut-through traffic.
Adequate MUTCD-compliant signage could be added to alert driver of the turning restrictions;



Evaluate the removal of extraneous signage and consolidate post locations to reduce driver
confusion;



Consider coordination of wayfinding signage with private landowners to address signage
inadequacies and dangerous clutter;



Consider installing MUTCD-compliant regulatory, warning signage, and advanced warning
signage consistent with the vehicle travel lane geometry to alert drivers and create enforceable
conditions; and



Consider installing MUTCD-compliant regulatory, warning signage, and advanced warning
signage consistent with the bicycle and pedestrian accommodations.

Route 28 / Route 28 (Iyannough Road) / East Main Street
Observations
There is an overall lack of regulatory signage in this area
or advanced warning signage to alert drivers of merging
traffic, which creates an ambiguous condition where
drivers may be unsure who has the right-of-way. There
have been 11 sideswipe and five (5) rear-end collisions
over the five-year study period with vehicles traveling
southbound, south of the intersection, where the roadway
merges from two to one travel lane. There is no “Lane
Ends Merge Left” (W9-2) signage posted on the
southbound lanes, which may contribute to the number of Image 6: Vehicle Making a Left-Turn from
rear-end and sideswipe collisions.
East Main Street EB Approach Across
Merging Lanes due to Lack of Signage.
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Multiple signs are either damaged, undersized, or faded. There is an overall lack of advanced lane
designation (R3-8X) signage for the southbound approach to the intersection. This could also be
contributing to the number of rear-end and sideswipe collisions. In addition, there is a lack of “No U-Turn”,
“No Left Turn”, or “YIELD” signage to enforce driver behavior.
Despite the lack of regulatory and warning signage, there is an issue with sign pollution in the area due to
the gas station and multiple plaza private wayfinding / advertisement signage located on all approaches to
the intersection. This has resulted in sign messages partially obstructed, and drivers have difficulty
recognizing and understanding signage.
Enhancements


Install YIELD (R1-2) signage for southbound channelized, right-turn lane onto East Main Street to
enforce driver right-of-way.



Consider installing “Lane Ends Merge Left” (W9-2) signage for receiving lanes along Route 28
consistent with pavement markings to reduce driver confusion and improve efficiency; and



Consider installing turn restriction signage for the East Main Street eastbound approach:
o

No U-Turn (R3-4);

o

“No Turns (R3-3); and/or

o

“No Turn on Red” (R10-11).

Route 28 / West Yarmouth Road / Winslow Gray Road / South Sea Avenue
Observations
Over the five-year study period, there were three (3) sideswipe collisions with vehicles traveling
southbound where the roadway widens to provide an exclusive left-turn lane onto Winslow Gray Road with
one receiving travel lane approaching South Sea Avenue. There is an overall lack of advanced lane
designation (R3-8X) signage at the intersections except for a severely faded left-turn only sign located on
a supplemental mast arm for the Route 28 northbound approach at Winslow Gray Road. This lack of
signage may be contributing to the number of rear-end and sideswipe collisions.
Enhancements


Consider installing advanced lane designation (R3-8X) signage for all approaches consistent with
pavement markings to reduce driver confusion and improve efficiency; and



Evaluate the removal of extraneous signage and consolidate mast arm and post locations to reduce
driver confusion.
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Vehicle Speeds
Observations
The posted speed on Route 28 varies from 35 to 40 MPH as regulated by MassDOT. Automatic Traffic
Recorder (ATR) counts using tubes were collected along Route 28 north of Town Brook Road, which
revealed 85th percentile speeds1 of 34 MPH southbound and northbound along Route 28 between Camp
Street and Town Brook Road. While Route 28 caters to a range of vehicles from 22,000 to 28,000 per day
depending on location, the under-utilized travel lanes during off-peak hours create a wide corridor, which
often leads to increased travel speeds as evidenced by the 85th percentile speeds reaching 41 MPH
northbound and 37 MPH southbound between 10:00 PM – 5:00 AM.
Audit participants noted that sections of Route 28 are straight for extended distances, which can operate at
higher rates of speed as drivers exit highly congested intersections or lend themselves to higher speeds
during off-peak hours. In addition to straight corridors, the wide turning radii at Route 28 (Iyannough
Road), Town Brook Road, and Winslow Gray Road allow for higher rates of speed for passenger vehicles
during turns. While not directly linked to crashes recorded, an audit participant noted that the wide curb
radii at Town Brook Road allows vehicles to turn at a high rate of speed, which has conflicted with vehicles
attempting to exit parking spaces provided along the northerly side of the Salvation Army store (located at
the northeast corner of the intersection). Vehicles traveling too quickly to stop in time could be a
contributing factor in 77 percent of the total collisions within the study area during the off-peak hours.
Enhancements

1



Consider increasing speed enforcement in the area with additional patrols;



Consider installing radar speed feedback signs along Route 28;



Evaluate speed study throughout the Route 28 corridor to determine if a 35 MPH regulatory speed
limit should be established;



Evaluate incorporation of vertical plantings at back of sidewalk to give the appearance of a
narrower corridor; and



Evaluate incorporation of traffic calming measures such as narrowing traffic lanes to reduce
excessive speeding. Narrower lanes could potentially allow for the presence of wider shoulders.

ATR speeds between the hours of 12:00 AM to 11:00 PM for a period of 48 hours of total collection.
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Lighting
Route 28 Corridor
Observations
The majority of roadway lighting is provided along the easterly side of Route 28 from cobra-heads provided
on utility poles at inconsistent intervals. In addition, lights are provided within the service station plazas
and on hotel / restaurant / recreation sites which line the corridor. The limitations of over roadway lighting
and placement could be a contributing factor for the approximately 28 percent of total collisions within the
study area that occurred under “dusk”, “dark-lighted roadway”, or “dark-not lighted roadway” conditions.
Enhancements


Evaluate the lighting impact from service plazas and their hours of operation when considering
improvements;



Consider conducting an illumination study to determine if the existing lighting meets State
standards for visibility of all users; and



Consider installing light poles where missing and relocate existing poles as needed to comply with
MassDOT standards for lateral offset.

Route 28 / Route 28 (Iyannough Road) / East Main Street
Observations
The limitations of over roadway lighting and placement could be a contributing factor for the
approximately 26 percent of crashes that occurred under “dusk”, “dark-lighted roadway”, or “dark-not
lighted roadway” conditions at the intersection.
Enhancements


Evaluate the lighting impact from Speedway / Dunkin and their hours of operation at the Route 28
/ Route 28 (Iyannough Road) / East Main Street.

Route 28 / West Yarmouth Road / Winslow Gray Road / South Sea Avenue
Observations
The limitations of over roadway lighting and placement could be a contributing factor for the approximately
32 percent of crashes that occurred under “dark-lighted roadway” or “dark-not lighted roadway” conditions
at the intersections.
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Enhancements


Evaluate the lighting impact from Mobil, Red Face Jack’s plaza and Great Island Plaza and their
hours of operation at the Route 28 intersections with Winslow Gray and South Sea Avenue.

Driver Distraction - Cellular Phones and Electronic Devices
Observations
Audit participants noted that the use of cellular phones and other electronic devices while driving is a
potential safety risk throughout the Commonwealth of Massachusetts, as well as in the RSA location.
Participants stated that drivers often get distracted by phones while waiting in congestion. The majority of
the rear-end collisions occurring were the result of drivers “following too closely” and “failing to stop in
time”.
Enhancements


Town of Yarmouth to work with Executive Office of Public Safety and Security (EOPS) to employ
programs to reduce the use of cellular phones while driving.

Congestion
Observations
Audit participants noted that, despite the surge in traffic during the summer months due to an influx of
tourists, the Route 28 corridor experiences congestion year-round from the East Main Street / Iyannough
Road intersection to Camp Street and at the cluster intersection at Winslow Gray Road / South Sea Avenue.
It was noted that congestion along Route 28 is partially related to regional congestion including Hyannis,
Yarmouth, West Yarmouth, and South Yarmouth due to connections to the Cape Cod Hospital, Cape Cod
Hospital Tower development, Barnstable Municipal Airport, and the Hyannis Transportation Center. Audit
participants also noted that Camp Street, Baxter Avenue, and Town Brook Road were identified as cutthrough routes in addition to being utilized for access to destinations along their lengths.
The issue of congestion is a likely contributing factor to the high number of crashes during the weekday
AM (7:00 AM – 9:00 AM) and weekday PM (4:00 PM – 6:00 PM) commuter peak periods when
considering the lack of gaps in traffic for people entering / exiting side street driveways combined with the
issue of distracted driving. The Route 28 corridor provides access to multiple hotels, motels, restaurant,
and attractions which make the area visually busy which could also be contributing factors to the issue of
distracted driving.
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Enhancements


Evaluate the feasibility of providing a left-turn treatment to allow through vehicles to bypass leftturning vehicles and reduce queues. Potential treatments may include a bypass shoulder, left-turn
pocket, two-way left-turn lanes, or dedicated left-turn lanes. Consideration for these treatments
should consider warranting conditions and the need for right-of-way takings.

Route 28 / West Yarmouth Road / Winslow Gray Road / South Sea Avenue
Observations
In addition to the clearance interval timing issues, it was noted by audit participants that vehicles attempting
to creep out from West Yarmouth Road, in the absence of a sufficient gap in traffic, has resulted in rearend collisions where the lead driver on Route 28 slows down to create a courtesy gap and then is struck in
the rear by a following vehicle. It was also noted that drivers experience difficulties exiting the hotels and
attractions on either side of Route 28, which creates driver frustration. Both West Yarmouth Road and
Winslow Gray Road are known as routes to Buck Island Road and South Sea Avenue is a known route to
Seagull Beach.
Audit participants noted that a previous study showed that level-of-service (LOS) improvements were
possible through signal retiming; however, it is unknown if these were performed or if operations have
improved. In, addition, the owner of the Great Island Plaza, located at the corner of Route 28 / Winslow
Gray Road, intends to redevelop the site, which should be considered when adjusting timings. The
increased traffic through the intersections could potentially exacerbate an already congested area.
Enhancements


Evaluate the feasibility of providing a left-turn treatment to allow through vehicles to bypass leftturning vehicles and reduce queues. Potential treatments may include a bypass shoulder, left-turn
pocket, two-way left-turn lanes, or dedicated left-turn lanes. Consideration for these treatments
should consider warranting conditions and the need for right-of-way takings.
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Summary of Road Safety Audit
Table 5 provides a summary of the criteria used to categorize the time frame and cost associated with each
safety enhancement. The safety payoff is a qualitative judgment of the effectiveness of the potential safety
improvements. A “Low” safety payoff was assigned to any enhancements that were not likely to reduce
collision occurrence as no collisions during the study period resulted from issue. A “Medium” safety payoff
was assigned to safety enhancements that would address one to four of the collision occurring during the
study period. A “High” safety payoff was assigned to enhancements that would address five or more of the
collisions. However, sometimes crashes have not been recorded citing a specific issue but given risk /
likelihood they still may have a high safety payoff.
A summary of each safety issue and potential safety enhancement discussed during the audit are provided
in Tables 6 through 8 for the Route 28 Corridor, the Route 28 / Route 28 (Iyannough Road) / East Main
Street cluster, and the Route 28 / West Yarmouth Road / Winslow Gray Road / South Sea Avenue cluster,
respectfully.
For each safety issue and corresponding potential safety enhancement, its potential safety payoff, the
estimated time frame for completion, the estimated construction cost, and jurisdiction, is provided. There
are several proposed improvements which apply to multiple locations and/or address more than one safety
issue and therefore is not repeated in the summary tables.

Table 5: Estimated Time Frame and Costs Breakdown
Time Frame
Short-Term
<1 Year
Mid-Term
1-3 Years
Long-Term
>3 Years

Costs
Low
Medium
High

<$10,000
$10,001-$50,000
>$50,000
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Safety Issue

Emergency Response and
Transit Operations

Signal Operations

Table 6: Potential Safety Enhancement Summary

Potential Safety Enhancement
Consider installing transit signal
priority equipment and reprogram
the signal controller.
Consider installing emergency
Opticom equipment or a GPS
system.
Evaluate the feasibility of providing
bus turnout locations at bus stops.
Evaluate the yellow and red
clearance intervals.
Evaluate reprogramming the
phase timings.
Evaluate the feasibility of
separating the Winslow Gray Road
and South Sea Avenue signals
from a cluster to a coordinated
system.
Evaluate the feasibility of
relocating the Route 28
northbound STOP line closer to
the Red Face Jack’s plaza access
driveway.

Safety Payoff

Time Frame

Cost

Jurisdiction

Low

Long-Term

Medium

MassDOT / CCRTA

Low

Long-Term

Medium

MassDOT / Town of
Yarmouth

Low

Long-Term

Medium

MassDOT / CCRTA

High

Short-Term

Low

MassDOT

High

Long-Term

High

MassDOT

High

Long-Term

High

MassDOT

Low

Short-Term

Low

MassDOT
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Safety Issue

Signal Equipment
Condition and Location

Table 6: Potential Safety Enhancement Summary

Potential Safety Enhancement
Replace faded traffic signal lenses
with consistent LED signal lenses.
Evaluate the placement or
replacement of traffic signal
equipment.
Consider installation of Flashing
Yellow Arrow (FYA) signal head for
left-turn movements and
supplemental signage.
Replace damaged signal
equipment with new posts, mast
arms, cabinets, and pull boxes as
needed.
Install LED signal heads with
through arrows and supplemental
regulatory signage.
Install louvered backplates with
retro-reflective tape.
Consider installing optically
programmed signal heads for
Route 28 approaches at the
Winslow Gray Road and South
Sea Avenue signals.

Safety Payoff

Time Frame

Cost

Jurisdiction

High

Short-Term

Low

MassDOT

Medium

Long-Term

Low

MassDOT

High

Long-Term

High

MassDOT

High

Long-Term

High

MassDOT

High

Short-Term

Low

MassDOT

High

Short-Term

Low

MassDOT

High

Short-Term

Low

MassDOT
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Safety Issue

Pedestrian Accessibility
and Accommodations

Table 6: Potential Safety Enhancement Summary

Potential Safety Enhancement
Evaluate the construction of
missing sidewalk connections and
reconstruction of existing
sidewalks.
Evaluate the feasibility of
constructing a shared use path
along the westerly side of Route
28 which is vertically separated
from the roadway.
Construct ADA/AAB-compliant
access ramps with tactile warning
devices.
Coordinate the reconstruction of
driveway aprons with private
landowners.
Consider application of “Ladder
Style” crosswalk, high visibility
pavement markings across Route
28.
Install MUTCD-compliant warning
and regulatory signage in advance
or at pedestrian crossings.
Clear overgrown vegetation at
existing and potential mid-block
crossings.
Evaluate construction of
pedestrian refuge islands at midblock crossings and intersections.
Evaluate the placement of midblock crossings based on desire
lines.

Safety Payoff

Time Frame

Cost

Jurisdiction

High

Long-Term

High

MassDOT

High

Long-Term

High

MassDOT

Low

Short / LongTerm

Medium

MassDOT

High

Short / LongTerm

Medium

MassDOT / Private

Medium

Short / LongTerm

Low

MassDOT

High

Short / LongTerm

Low

MassDOT

Medium

Short-Term

Low

MassDOT

High

Long-Term

High

MassDOT

Low

Long-Term

High

MassDOT
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Safety Issue

Pedestrian Accessibility
and Accommodations

Table 6: Potential Safety Enhancement Summary

Potential Safety Enhancement
Evaluate the warranting conditions
for advanced treatments at midblock crossings such as
Rectangular Rapid Flashing
Beacons (RRFBs) or HighIntensity Activated crossWalK
beacon (HAWK).
Evaluate the feasibility of
realigning the Cumberland Farms
driveway with Hudson Road and
installing a pedestrian crossing.
Evaluate the feasibility of installing
a mid-block pedestrian crossing at
the #669 Route 28 driveway to
provide direct connection.
Consider installing Accessible
Pedestrian Signals (APS)
equipment at all signalized
crosswalks.

Safety Payoff

Time Frame

Cost

Jurisdiction

Medium

Long-Term

Medium

MassDOT

Low

Long-Term

High

MassDOT / Private /
Town of Yarmouth

Low

Long-Term

Medium

MassDOT

High

Long-Term

High

MassDOT
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Safety Issue

Bicycle Accessibility and
Accommodations

Table 6: Potential Safety Enhancement Summary

Potential Safety Enhancement
Consider application of a
consistent roadway cross-section
with 5-foot wide, dedicated bicycle
lane markings, tracking markings
across side-street approaches,
and supplemental signage.
Consider installing bicycle
detection pavement markings and
appropriate “TO REQUEST
GREEN WAIT ON [BIKE
SYMBOL]” (R10-22) signage on
each approach of signalized
intersections.
Install warning and regulatory
signage, as required, in advance of
or at bicycle crossings.
Consider installing bicycle boxes
or two-stage left-turn boxes at
signalized intersections.
Evaluate the feasibility of
constructing a shared use path
along the westerly side of Route
28 which is vertically separated
from the roadway.

Safety Payoff

Time Frame

Cost

Jurisdiction

High

Long-Term

High

MassDOT

Low

Long-Term

High

MassDOT

High

Long-Term

Low

MassDOT

Medium

Long-Term

Low

MassDOT

High

Long-Term

High

MassDOT
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Safety Issue

Roadway Geometry Route 28 / Route 28
(Iyannough Road) / East
Main Street

Table 6: Potential Safety Enhancement Summary

Potential Safety Enhancement
Consider reconstruction of the
intersection to more perpendicular
“T” intersection configuration
(signalized) that consolidates
turning movements and multiple
channelizing islands, and provides
pedestrian crossings.
Consider reconstruction of the
intersection to a modern
roundabout that consolidates
turning movements and multiple
channelizing islands, and provides
pedestrian crossings.
Stripe a median on Route 28
northbound.
Stripe lane markings through the
intersection and on departure side.
Stripe dotted lane drop markings to
supplement shoulder markings.
Install lane reduction arrows in the
right-most lane.
Restripe current lane geometry.
Evaluate the need for two
approach lanes and receiving
lanes along Route 28 and/ or the
ability to extend the length of the
lanes in their current alignment.
Perform vegetation trimming as
needed.

Safety Payoff

Time Frame

Cost

Jurisdiction

High

Long-Term

High

MassDOT

High

Long-Term

High

MassDOT

High

Short-Term

Low

MassDOT

High

Short-Term

Low

MassDOT

High

Short-Term

Low

MassDOT

High

Short-Term

Low

MassDOT

High

Short-Term

Low

MassDOT

High

Long-Term

Low

MassDOT

Low

Short-Term

Low

MassDOT
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Safety Issue

Roadway Geometry Route 28 / Camp Street

Table 6: Potential Safety Enhancement Summary

Potential Safety Enhancement
Evaluate the roadway alignment
between Wendward Way and
Camp Street for the removal of
exclusive left-turn lanes where no
longer warranted and determine if
taper lengths are adequate.
Evaluate the feasibility of
restricting Camp Street to rightturns out and guide vehicles to use
Town Brook Road for access to
Route 28 northbound to improve
safety and reduce cut-through
traffic.
Evaluate the feasibility of installing
a traffic signal based on warranting
conditions.
Evaluate the roadway striping and
consider restriping the roadway.
Evaluate the feasibility of reducing
curb radii from side street
approaches.

Safety Payoff

Time Frame

Cost

Jurisdiction

High

Long-Term

High

MassDOT

High

Long-Term

High

MassDOT

High

Long-Term

High

MassDOT

High

Short-Term

Low

MassDOT

High

Long-Term

High

MassDOT
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Safety Issue

Roadway Geometry Route 28 / Town Brook
Road

Table 6: Potential Safety Enhancement Summary

Potential Safety Enhancement
Evaluate the feasibility of reducing
the curb radii at Town Brook Road
while maintaining access for
Yarmouth Department of Public
Works (DPW) vehicles.
Evaluating the roadway alignment
with a formalized right-turn lane for
the Route 28 northbound approach
if warranting conditions are met.
Evaluating construction of a raised
channelized turning island instead
of paint.
Constructing a more perpendicular
“T” intersection.
Evaluating the relocation of the
Town Brook Road STOP line.
Evaluate the feasibility of installing
a traffic signal based on warranting
conditions
Evaluate the feasibility of
constructing a roundabout.
Evaluate the roadway striping and
consider restriping the roadway.

Safety Payoff

Time Frame

Cost

Jurisdiction

High

Long-Term

High

MassDOT

Low

Long-Term

Low

MassDOT

High

Long-Term

Medium

MassDOT

High

Long-Term

High

MassDOT

Low

Short / LongTerm

Low

MassDOT

High

Long-Term

Low

MassDOT

High

Long-Term

High

MassDOT

Low

Short-Term

Low

MassDOT

Page 46

Road Safety Audit — Route 28 between Iyannough Road and Parkers River Bridge, Yarmouth, MA
Prepared by Greenman-Pedersen, Inc.
FINAL

Safety Issue

Table 6: Potential Safety Enhancement Summary

Potential Safety Enhancement
Evaluate the feasibility of
realigning Winslow Gray Road
opposite South Sea Avenue
creating a four-way intersection
with Route 28.
Roadway Geometry Route 28 / West Yarmouth Evaluate the feasibility of restriping
Road / Winslow Gray Road the West Yarmouth Road, Winslow
Gray Road, and South Sea
/ South Sea Avenue
Avenue.
Evaluate the feasibility of reducing
curb radii from side street
approaches.

Safety Payoff

Time Frame

Cost

Jurisdiction

High

Long-Term

High

MassDOT

High

Short-Term

Low

MassDOT

High

Long-Term

High

MassDOT
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Safety Issue

Driveway Access
Management

Table 6: Potential Safety Enhancement Summary

Potential Safety Enhancement
Evaluate the closure,
consolidation, relocation, and
reconfiguration of parking lot
driveways.

Safety Payoff

Time Frame

Cost

Jurisdiction

High

Long-Term

High

MassDOT / Private

Evaluate the reduction of curb radii
and width of parking lot driveways.

High

Long-Term

High

MassDOT / Private

Consider installing signage and
pavement markings.

High

Long-Term

High

MassDOT / Private

High

Long-Term

High

MassDOT

High

Long-Term

High

MassDOT / Private

High

Long-Term

High

MassDOT / Private

Evaluate construction /
reconstruction of the Route 28
southbound channelized right-turn
lane and the East Main Street
eastbound approach.
Evaluate the consolidation and/or
relocation of Great Island Plaza /
post office driveways.
Evaluate the feasibility of
restricting access and reduce curbcut width for the Mobil Gas station
driveways on Route 28.
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Safety Issue

Pavement Condition and
Markings

Drainage and Snow
Removal

Table 6: Potential Safety Enhancement Summary

Potential Safety Enhancement
Consider applying recessed wet
reflective polyurea or thermoplastic
markings along the Route 28
corridor.
Consider installing MUTCDcompliant lane designation arrows
and lane tracking markings with
supplemental signage.
Consider installing recessed
reflectors within the roadway along
the Route 28 corridor.
Install “Sharks Teeth” pavement
markings to reinforce YIELD
control at the channelized rightturn onto East Main Street.
Consider installing lane tracking
markings through the intersection
with Winslow Gray Road for the
Route 28 northbound left-turn.
Evaluate state roadway cleaning
schedules along Route 28.
Commission a drainage
assessment.

Safety Payoff

Time Frame

Cost

Jurisdiction

High

Long-Term

High

MassDOT

High

Long-Term

Medium

MassDOT

High

Long-Term

Low

MassDOT

Low

Short-Term

Low

MassDOT

Medium

Short-Term

Low

MassDOT

Low

Short-Term

Medium

MassDOT

Medium

Long-Term

Medium

MassDOT
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Safety Issue

Signage –
Route 28 Corridor

Table 6: Potential Safety Enhancement Summary

Potential Safety Enhancement
Consider installing advanced turn
restriction (R3-X) signage for all
approaches with exclusive turn
lanes.
Consider installing advanced lane
designation (R3-8X) signage for all
approaches consistent with
pavement markings.
Evaluate the removal and
replacement of all inadequate /
broken / undersized signage within
the study area with MUTCDcompliant signage with retroreflectivity.
Evaluate the feasibility of
restricting Camp Street to rightturns out and guide vehicles to use
Town Brook Road for access to
Route 28 northbound.
Evaluate the removal of
extraneous signage and
consolidate post locations.
Consider coordination of
wayfinding signage with private
landowners.
Consider installing MUTCDcompliant regulatory, warning
signage, and advanced warning
signage consistent with the vehicle
travel lane geometry.

Safety Payoff

Time Frame

Cost

Jurisdiction

High

Short-Term

Low

MassDOT

High

Short-Term

Low

MassDOT

High

Short / LongTerm

Low

MassDOT

High

Long-Term

Low

MassDOT

High

Short-Term

Low

MassDOT

High

Long-Term

Low

MassDOT / Private

High

Short / LongTerm

Low

MassDOT
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Safety Issue

Table 6: Potential Safety Enhancement Summary

Potential Safety Enhancement
Consider installing MUTCDcompliant regulatory, warning
Signage –
signage, and advanced warning
Route 28 Corridor
signage consistent with the bicycle
and pedestrian accommodations.
Install YIELD (R1-2) signage for
southbound channelized, right-turn
lane onto East Main Street.
Consider installing “Lane Ends
Signage –
Merge Left” (W9-2) signage for
Route 28 / Route 28
receiving lanes along Route 28
(Iyannough Road) / East
consistent with pavement
Main Street
markings.
Consider installing turn restriction
signage for the East Main Street
eastbound approach.
Consider installing advanced lane
designation (R3-8X) signage for all
approaches consistent with
Signage –
Route 28 / West Yarmouth pavement markings.
Road / Winslow Gray Road Evaluate the removal of
/ South Sea Avenue
extraneous signage and
consolidate mast arm and post
locations.

Safety Payoff

Time Frame

Cost

Jurisdiction

High

Short / LongTerm

Low

MassDOT

Low

Short-Term

Low

MassDOT

High

Short-Term

Low

MassDOT

High

Short-Term

Low

MassDOT

High

Short-Term

Low

MassDOT

Medium

Short-Term

Low

MassDOT
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Safety Issue

Vehicle Speeds

Lighting

Table 6: Potential Safety Enhancement Summary

Potential Safety Enhancement
Consider increasing speed
enforcement in the area with
additional patrols.
Consider installing radar speed
feedback signs along Route 28.
Conduct a speed study throughout
the Route 28 corridor to determine
if a 35 MPH regulatory speed limit
should be established.
Evaluate incorporation of vertical
plantings at back of sidewalk.
Evaluate incorporation of traffic
calming measures such as
narrowing traffic lanes.
Evaluate the lighting impact from
service plazas and their hours of
operation.
Consider conducting an
illumination study.
Consider installing light poles
where missing and relocate
existing poles as needed.
Evaluate the lighting impact from
Speedway / Dunkin and their hours
of operation.
Evaluate the lighting impact from
Mobil, Red Face Jack’s plaza and
Great Island Plaza and their hours
of operation.

Safety Payoff

Time Frame

Cost

Jurisdiction

High

Long-Term

High

Mass State Police

High

Short-Term

Low

MassDOT

High

Mid-Term

Low

MassDOT

Medium

Long-Term

High

MassDOT

High

Long-Term

High

MassDOT

High

Short-Term

Low

MassDOT

Low

Long-Term

High

MassDOT

Low

Long-Term

High

MassDOT

Low

Short-Term

Low

MassDOT / Private

Low

Short-Term

Low

MassDOT / Private
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Safety Issue
Driver Distraction

Congestion

Table 6: Potential Safety Enhancement Summary

Potential Safety Enhancement
Town of Yarmouth to work with
Executive Office of Public Safety
and Security (EOPS).
Evaluate the feasibility of providing
a left-turn treatment to allow
through vehicles to bypass leftturning vehicles and reduce
queues.

Safety Payoff

Time Frame

Cost

Jurisdiction

High

Long-Term

Low

MassDOT / Town of
Yarmouth

Medium

Long-Term

High

MassDOT
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Appendix A. RSA Meeting Agenda

Appendix B. RSA Audit Team Contact List

Participating Audit Team Members

Date:
November 7, 2019
Location: Yarmouth, MA
Audit Team
Agency/Affiliation
Email Address
Members

Phone Number

Jeff Colby, P.E.

Yarmouth DPW Director

jcolby@yarmouth.ma.us

508-398-2231
Ext. 1291

Nicholas Aguiar, E.I.T

Yarmouth Civil Engineer

naguiar@yarmouth.ma.us

508-398-2231
ext. 1255

Amanda Ruggiero,
P.E.

Yarmouth Civil Engineer

aruggiero@yarmouth.ma.us

508-398-2231
ext. 1253

Mark Grylls

Yarmouth Building
Commissioner

mgrylls@yarmouth.ma.us

508-398-2231
Ext. 1260

Kathy Williams, P.E.

Yarmouth Town Planner

kwilliams@yarmouth.ma.us

508-398-2231,
Ext. 1276

Lt. Chris McMahon

Yarmouth Fire Department

cmcmahon@yarmouth.ma.us

508-398-2212,
Ext. 3304

Deputy Chief Kevin
Lennon

Yarmouth Police
Department

klennon@yarmouth.ma.us

508-294-3175

Sgt. Andrew Popovich

Mass State Police

andrew.d.popovich@pol.state.ma.us

508-398-2323

Jason Walters

MassDOT District 5 Projects jason.walters@dot.state.ma.us

508-884-4370

Barbara Lachance

MassDOT District 5 Traffic

barbaralachance@dot.state.ma.us

508-884-4260

Bianca Marshall

MassDOT District 5 Traffic

bianca.marshall@dot.state.ma.us

508-884-4335

LeighAnne Taylor

Walk Boston

ltaylor@walkboston.org

865-679-9227

Larry Perera

MassBike

lawrencepererajr@me.com

Chris Kennedy

Cape Cod Regional Transit
Authority

ckennedy@capecodrta.org

508-775-8504
ext. 208

Thomas Currier, P.E.

MassDOT Project Manager

thomas.currier@dot.state.ma.us

857-368-9348

David Nolan

Cape Cod Commission

david.nolan@capecodcommission.org

508-744-1228

Lev Malakhoff

Cape Cod Commission

lmalakhoff@capecodcommission.org

508-744-1229

Michelle Danila, P.E.,
PTOE

MassDOT Complete Streets
Engineer

michelle.danila@state.ma.us

857-368-9441

Ana Fill

MassDOT Traffic Safety

ana.fill@state.ma.us

857-368-9648

Christopher Falcos,
E.I.T.

MassDOT Traffic Safety

christopher.falcos@state.ma.us

857-368-9639

Carolyn Radisch, AICP Greenman-Pedersen, Inc.

cradisch@gpinet.com

978-570-2557

Schyler Savage

Greenman-Pedersen, Inc.

ssavage@gpinet.com

978-570-2942

John A. Tamburrini,
P.E.

Greenman-Pedersen, Inc.

jtamburrini@gpinet.com

978-570-2976

Douglas S. Halpert,
P.E.

Greenman-Pedersen, Inc.

dhalpert@gpinet.com

978-570-2552

Appendix C. Detailed Crash Data

Appendix D. Additional Information

Appendix E. Road Safety Audit References

Road Safety Audit References
Massachusetts Traffic Safety Toolbox, Massachusetts Highway Department,
https://trid.trb.org/view/1377575.
MassDOT Road Safety Audit Guidelines. Massachusetts Department of Transportation – Highway
Division, November 2015.
Road Safety Audits, A Synthesis of Highway Practice. NCHRP Synthesis 336. Transportation Research
Board, National Cooperative Highway Research Program, 2004.
Road Safety Audits. Institute of Transportation Engineers and U.S. Department of Transportation, Federal
Highway Administration, www.safety.fhwa.dog.gov/rsa.
FHWA Road Safety Audit Guidelines. U.S. Department of Transportation, Federal Highway
Administration, 2006.
Guide to Road Safety Part 6: Road Safety Audit. Austroads, 2009.
Road Safety Audits. ITE Technical Council Committee 4S-7. Institute of Transportation Engineers,
February 1995.

