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Background
TEC, Inc. (TEC), in cooperation with the Town of Westford, has conducted this Road Safety Audit (RSA)
to evaluate the existing safety characteristics at the intersection of Groton Road (Route 40) / North Street
in Westford, Massachusetts. A road safety audit was scheduled for this location as part of the Town’s
assessment of a recent fatal crash and evaluation of opportunities for traffic safety improvements.
Road Safety Audit Justification
An RSA, as defined by the Federal Highway Administration (FHWA), is the formal safety performance
examination of an existing or future road or intersection by an independent, multidisciplinary team. The
purpose of the RSA is to observe, identify, and report all safety issues and identify future opportunities for
safety enhancement improvements for all roadway users. This includes identifying short-term, mid-term,
and long-term safety improvements that can be implemented through general maintenance, immediate
installation / removal, or could be potentially incorporated into future improvement projects. Enhancements
or improvements can take the form of one or more of the 4 E’s of highway safety: Engineering, Education,
Emergency Response, and Enforcement.

Project Data
The RSA for the Groton Road / North Street intersection was conducted on Thursday, August 26, 2021, at
9:00 AM, with the pre-audit meetings held at the Westford Highway Department office, located at #28
North Street in Westford, Massachusetts. A copy of the RSA agenda can be found in Appendix A. TEC
also conducted various field visits to the audit location prior to the RSA meeting to provide video and still
photographs of the study intersection.
As presented in Table 1, the audit team consisted of a cross-section of local engineering, enforcement,
maintenance, and emergency response professionals. Contact information for all participating audit team
members is provided in Appendix B.

Table 1: Participating Audit Team Members
Audit Team Member

Agency/Affiliation

Email Address

Paul Starratt

Westford - Town Engineer

pstarratt@westfordma.gov

Kate Hollister

Westford – Planning Board

khollister@westfordma.gov

Daniel Britko

Westford – Fire Department

dbritko@westfordma.gov

Ron Paulauskas

Westford – Police Department rpaulauskas@westfordma.gov

Thomas Hinkle

Westford – Ped Safety Comm. tmhinkle@gmail.com

Paul Lohnes

Resident

paul.lohnes@gmail.com

Liz Kripke

Resident

ekripke@gmail.com

Samuel Gregorio

TEC, Inc.

sgregorio@theengineeringcorp.com

Gerson Ribeiro

TEC, Inc.

gribeiro@theengineeringcorp.com
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Audit participants were provided with materials to review at to the audit meeting. The materials included
a summary of crash data, collision diagrams, and a summary of the type and severity of crashes (See
Appendix C). Participants were encouraged to visit the site prior to the audit and were urged to consider
elements on MassDOT’s Safety Review Prompt List.
On the day of the audit, a pre-audit meeting was held to discuss the project’s background, the audit process,
review the distributed materials, and discuss some of the issues that Team members had observed
individually. The audit site walk consisted of field observations at the audit intersection. Handwritten
notes and photographs documented the observations made by audit team members during the site walk.
Following the audit site walk, a post-audit meeting was held where the Team confirmed the observations
made in the field and offered solutions to enhance the safety of areas noted in the site walk and pre-audit
meeting. The countermeasures included low, medium, and high-cost solutions that could be implemented
in the short, mid, and long-term.

Project Location and Description
An audit area location map for the intersection of Groton Road / North Street is provided in Figure 1.
Existing Geometry and Infrastructure Summary
Corridor: Groton Road
Groton Road, signed as Massachusetts State Route 40, generally runs in an east-west direction and is
maintained by the Town of Westford. The roadway is classified as an urban principal arterial roadway and
provides regional connection through the northern portion of Westford between Groton Town Center to the
west and Vinyl Square / North Chelmsford Center to the east. The roadway also provides regional
connection to/from US Route 3 (Northwest Expressway), approximately 3.5 miles to the east of Groton
Road’s intersection with North Street. Groton Road is designated as a primary evacuation route for both
Westford and Groton by the Northeast Homeland Security Regional Advisory Council (NERAC).
Groton Road is approximately 30 to 32-feet wide in the vicinity of North Street with 10-foot travel lanes
and marked shoulders. Directional flow along Groton Road is separated by a marked centerline. There are
currently no sidewalks provided along Groton Road in the vicinity of North Street. Formal bicycle
accommodations are not provided along Groton Road in the vicinity of North Street; however, the marked
shoulders along the corridor are in excess of 5-feet wide and support bicycle travel. The posted speed limit
is 40 miles per hour (mph). Land uses along Groton Road include residential, light retail, light office, and
light commercial uses.
Corridor: North Street
North Street generally runs in a north-south direction and is maintained by the Town of Westford. The
roadway is classified as an urban minor arterial roadway and provides local connection between Groton
Road (Route 40) to the north and North Main Street to the south in the Graniteville neighborhood. North
Street is approximately 26 to 28-feet wide with 10-foot travel lanes and marked shoulders. Directional flow
along North Street is separated by a marked centerline. There are currently no sidewalks or formal bicycle
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accommodations along North Street. The posted speed limit along the corridor is 30 mph. Land uses along
North Street are generally residential in nature.
Intersection: Groton Road / North Street
The intersection of Groton Road / North Street generally operates as three distinct intersections as a result
of the area scale between each conflicting leg. North Street intersects Groton Road to form two separate
three-legged, unsignalized intersections with each North Street section intersecting south of Groton Road.
The two North Street approaches, herein described as North Street [West] and North Street [East], meet
Groton Road approximately 230-feet apart at acute angles so that the intersection appears in the shape of
an “Y.” Each intersection approach provides a single general-purpose travel lane with directional flow
separated by a marked centerline. The North Street [West] northbound approach is under stop-control, the
North Street [East] northbound approach operates under yield-control. Both the Groton Road eastbound
and westbound approaches operate as free-flowing. Where the North Street sections meet at the
intersection’s southerly apex, the North Street [West] southbound approach enters the intersection under
yield-control while the North Street [East] southbound and North Street northbound approaches are freeflowing.
The three distinct intersections are separated by a raised landscaped island which includes several
directional guide signs and a landscaped gateway feature for the Graniteville neighborhood. No pedestrian
accommodations are provided at the intersections. Formal bicycle accommodations are not provided at the
intersection; however, the marked shoulders along the Groton Road corridor are in excess of 5-feet wide
and support bicycle travel. Old Groton Road, a local roadway providing access to several residential
dwellings directly intersects North Street [East] within the overall intersection.
Public Transportation Accommodations
Lowell Regional Transit Authority (LRTA) provides bus service within the Town of Westford. However,
there are currently no Lowell Regional Transit Authority (LRTA) bus routes that travel along Groton Road
or provide service to the intersection of Groton Road / North Street.
General Crash History
Crash reports at the intersection of Groton Road / North Street were compiled and analyzed between January
1, 2017 and July 1, 2021 of data on file with the Town of Westford Police Department. The motor vehicle
crash data was reviewed to determine if any crash trends exist within the audit area. A summary of the
intersection crash data is provided in Table 2.
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Figure 1: Locus Map
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Table 2: Crash Data Summary
Groton Road at
North Street

Parameter
Crash Year:
2017
2018
2019
2020
2021
TOTAL
Annual Average
Type:

2
6
3
2
3
16
3.55

Angled
Rear-End
Sideswipe
Single Vehicle
Ped / Bike
TOTAL

0
13
1
1
1
16

Surface
Conditions:

Dry
Wet
Snow / Ice / Slush
Other / Unknown
TOTAL

14
1
1
0
16

Severity:

Property Damage
Non-Fatal Injury
Fatal
Not Reported
TOTAL

15
0
1
0
16

Day of
Week:

Monday-Friday
Saturday-Sunday
TOTAL

14
2
16

Time of
Day:

6:00AM-9:00AM
9:00AM-12:00PM
12:00PM-3:00PM
3:00PM-6:00PM
6:00PM-9:00PM
9:00PM-6:00AM
TOTAL

4
0
3
7
1
1
16

Intersection Crash Summary
The intersection of Groton Road / North Street experienced sixteen (16) crashes, or an average of more than
three (3) per year, over the 4.5-year study period. No specific crash rate was calculated for this intersection
as traffic counts were unavailable due to the COVID-19 pandemic. More than 80 percent of the crashes
were rear-end crashes, of which all occurred on the North Street [East] northbound approach to Groton
Road. Seven (7) of the thirteen (13) rear-end crashes stem from three specific contributing factors;
including 1) a driver of the trailing vehicle inattention, 2) a driver looking west along Groton Road without
notice of the leading vehicle stopped at the intersection, or 3) the leading stopped vehicle proceeding into
the intersection then stopping again with the trailing vehicle starting to accelerate and striking the lead
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vehicle. These types of crashes were also mentioned in the RSA meeting as anecdotal and common
occurrences at the intersection.
The intersection also experienced one (1) single vehicle crash where a vehicle turning from Gorton Road
eastbound to North Street [West] southbound skidded off the ice-covered roadway into a utility pole. There
was additionally one (1) sideswipe crash at the intersection where a vehicle exited North Street [East] to
travel eastbound on Groton Road who crossed the centerline on the turn and struck an opposing vehicle.
One of the crashes, which occurred on March 30, 2021, resulted in a fatality. The Massachusetts State
Police (MSP) has not released the detailed report of the crash; however, basic anecdotal information is
known. The crash occurred between a Groton Road westbound vehicle and a Groton Road eastbound
bicyclist. The westbound vehicle was attempting to turn left onto North Street during a period of solar glare
and struck the bicyclist while crossing the bicyclist’s path of travel on the eastbound shoulder. Note that
information regarding this crash is incomplete and the above-refenced anecdotal information may be
updated once the MSP crash report is released.

Audit Observations and Potential Safety
Enhancements
The Road Safety Audit meeting was held in-person at the Westford Highway Department facility along
North Street. The meeting was separated into three stages. The first stage included brief introductions, a
review of the RSA process, and an overview of the safety characteristics for the intersection of Groton Road
/ North Street. Each participant was asked to provide his or her concerns and comments related to the safety
issues at the audit intersection. At the end of discussion about the intersection deficiencies, the group
participated in a site walk to observe the audit location. The third stage of the meeting discussed potential
countermeasures for the safety concerns raised during the discussions and site walk.
The RSA Team’s field observations and discussions show that the Team has several general concerns about
existing conditions at the study intersection which may negatively impact safety. Several of these concerns
require further evaluation and design work to develop appropriate safety enhancements.
Summary of Corridor Safety Concerns
The RSA Team identified the following safety issues for the intersection of Groton Road / North Street
prior to, during, and after the field visit:
•

Traffic Control

•

Sight Distance

•

Pedestrian / Bicycle Accommodations

•

North Street Alignment

•

Solar Glare
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The following section provides a detailed summary of the identified safety concerns and potential safety
enhancements at the intersection.
Safety Issue #1: Traffic Control
Specific Observations:
North Street [East] - The North Street [East] northbound approach
to Groton Road is under yield-control. The yield condition is in
place as this section of North Street is considered to operate similar
to a channelized right-turn movement where North Street [West]
would operate as the corridor’s main approach. A yield sign is
present along the approach; however, the sign is placed well in
advance of the Groton Road shoulder line. In addition, there are
currently no yield markings provided and the approach curvature
decreases visibility of the approach control condition. With the
yield sign 75-feet in advance of the Groton Road shoulder line (due
to the approach curvature) and a lack of pavement markings to
Image 1: Yield signage along
indicate the traffic control, the approach visually appears to be a
North Street [East] northbound
free right-turn movement. The lack of clear yield and/or stopapproach at Groton Road with
lack of yield line.
control and the significant roadway curvature along the North Street
[East] northbound approach invites higher travel speeds for right turning vehicles and requires drivers along
North Street [East] to look far over their shoulder to see conflicting Groton Street eastbound traffic. This
type of side-street approach to an arterial mainline roadway would traditionally be stop-controlled based
on the intersection’s scale and the distance between both North Street northbound approaches to Groton
Road.
More than 80 percent of the crashes were rear-end crashes; all of which occurred on the North Street [East]
northbound approach to Groton Road. Seven (7) of the thirteen (13) rear-end crashes stem from three
specific contributing factors; including 1) a driver of the trailing vehicle inattention, 2) a driver looking
west along Groton Road without notice of the leading vehicle stopped at the intersection, or 3) the leading
stopped vehicle proceeding into the intersection then stopping again with the trailing vehicle starting to
accelerate and striking the lead vehicle. The former crash types may be a result of the high-speed nature of
the North Street exiting movement where the trailing vehicle is not expecting the leading vehicle to quickly
stop due to the lack of clear yield conditions combined with the low-level of overall vehicular activity. The
latter crash type is most likely directly resulting from a need for drivers along North Street [East] to look
far over their shoulder to see conflicting Groton Street eastbound traffic.
North Street [West] - The North Street [West] northbound approach to Groton Road is under stop-control.
A stop-sign and stop-line pavement marking are present along the approach. Both the stop-sign and stopline pavement marking are 40-feet in advance of the Groton Road shoulder line. This requires exiting
vehicles to stop and “inch-forward” to visibly see conflicting traffic along Groton Road prior to accepting
the gap in traffic to advance. Additional characteristics of the sight distance challenges of this approach
are described in the subsequent section.
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North Street [West] at North Street [East] - Where the North
Street sections meet at the intersection’s southerly apex, the North
Street [West] southbound approach enters the intersection under
yield-control while the North Street [East] southbound and North
Street northbound approaches are free-flowing. The roadway
curvature and pavement markings generally guide vehicles along
the free-flow path of travel. Two (2) yield signs are provided
along each side of the North Steet [West] southbound approach;
however, they are well in advance of the apex intersection’s
conflict point. The yield sign on the easterly side is 120-feet in
advance of the conflict point and the yield sign on the westerly
Image 2: Yield sign along North
side is 60-feet in advance of the conflict point. No yield pavement
Street [West] southbound
markings are provided at the apex intersection. During the Audit approach at North Street [East].
site walk, vehicles along the North Street [East] southbound approach were seen yielding to North Street
[West] southbound traffic even though the traffic control is signed as the inverse. This lack of clarity in the
traffic control may be related to the yield signage location and the lack of traffic control pavement markings.
Potential Safety Enhancements:
1. Remove the yield-control from the North Street [East] northbound approach at Groton
Road and replace with stop-control. Install new stop-sign(s) and new stop-line pavement
markings along the approach. Relocate stop-line to directly coincide with the location of
the new stop-line pavement marking. Consider adding a
“STOP” legend pavement marking with the stop-line to
reinforce the approach control.
2. Provide advance traffic control warning signage (W3-1 if stopcontrol and/or W3-2 if yield-control) to each North Street
approach in advance of the intersection.

W3-1

W3-2

3. Relocate the stop-sign and stop-line along North Street [West] northbound approach at
Groton Road to a position closer to the Groton Road shoulder line. Consider adding a
“STOP” legend pavement marking with the stop-line to reinforce the approach control
4. Relocate the yield-control signage along the North Street
[West] southbound approach to a position closer to the
North Street [East] shoulder line. Install new yield-line
pavement markings (“shark teeth”) along the approach.
Consider adding a “YIELD” legend pavement marking
with the yield-line to reinforce the approach control.

Yield Line (“shark teeth”)

5. Consider removing the yield-control from the North Street [West] southbound approach at
North Street [East] and replace with stop-control. Install new stop-sign(s) and new stopline pavement markings along the approach. Consider adding a “STOP” legend pavement
marking with the stop-line to reinforce the approach control.
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6. Consider providing all-way stop-control, if warranted, at the North Street [West] / North
Street [East] southerly apex intersection.
7. Evaluate Manual on Uniform Traffic Control Devices (MUTCD) traffic signal warrants at
the intersection of Groton Road / North Street to potentially change the overall intersection
traffic control to signalization.
Safety Issue #2: Sight Distance
Intersection sight distance (ISD) is limited to the west of North Street
[West] along Groton Road. The sight lines are impeded by both the
horizontal curvature in the roadway and several roadway edge
obstructions such as vegetation and a utility pole. Currently the ISD is
measured at 265-feet. Based on the 40-mph speed limit of the roadway
(vehicles speeds may be higher), the minimum recommended sight
distance along the approximate 7% downgrade is 340-feet. Therefore,
the present ISD is well below the recommended minimum as set by the
American Association of State Highway and Traffic Officials
(AASHTO). Field observations clearly show that drivers exiting North Image 3: Looking west along
Groton Road from North
Street [West] attempting to turn left are currently “inching” forward to
Street [West] stop-line.
increase their sight line around the roadway curve. Several Audit
participants noted that they will personally utilize North Street [East] to make the corresponding left-turn
onto Groton Road in order to avoid this limited sight line movement from North Street [West]. The crash
reports indicated that there were no crashes that occurred during the study period involving a vehicle exiting
North Street [West]. Note that the stopping sight distance (SSD) along Groton Road approaching North
Street is approximately 400-feet.
Potential Safety Enhancements:
1. Trim vegetation along the southerly side of Groton Road, west of the intersection,
to further open sight lines to the west.
2. Install advanced intersection warning signage (W2-3) along Groton Road
eastbound.
3. Consider placement of 30 mph advisory speed signage along Groton Road
eastbound, west of North Street [West] and in advance of the horizontal curve to
promote a vehicle speed allowing available sight lines to exceed minimum
recommendations.

W2-3R

4. Consider placement of dynamic radar speed feedback signage along Gorton Road
eastbound, west of North Street [West] and in advance of the horizontal curve to
promote the advisory and/or posted speed.
5. Consider eliminating traffic flow along the North Street [West] northbound
approach to Groton Road, thereby redirecting all North Street northbound traffic to

Radar Speed
Feedback Sign
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North Street [East]. This may include resetting the curb line along the westerly side of
North Street to lower travel speeds for Groton Road eastbound right-turn movements.
6. Consider full removal of the North Street [West] leg, thereby redirecting all entering and
exiting traffic for North Street to North Street [East].
7. Consider a full reconstruction of the North Street [West] northbound approach to intersect
Groton Road at 90-degrees.
Safety Issue #3: Pedestrian / Bicycle Accommodations
Specific Observations:
Pedestrian Accommodations - There are currently no sidewalks
provided along Groton Road or along North Street in the vicinity of
project.
Bicycle Accommodations - There are no formal bicycle
accommodations provided along the North Street approaches. Formal
bicycle accommodations are not provided along Groton Road in the
vicinity of North Street; however, the shoulders along the corridor are
in excess of 5-feet wide and do support bicycle travel. Based on the
Image 4: Wider shoulders along speed of Groton Road, it is preferable to provide a striped or raised
Groton Road allow for bicycle buffer between bicycle lanes and vehicular travel lanes if formalized.
travel.
The fatal crash which occurred on March 30, 2021 involved a bicyclist
traveling along Groton Road eastbound which is currently an approximate 7% downgrade through the
intersection.
Roadway Debris - It was noted by several Audit participants, including the Town, that the shoulder of North
Street is typically littered with gravel from dump-truck overflow as fully loaded trucks leaving the
Graniteville Materials facility on North Main Street travel along the North Street [East] curvature. The
gravel in the shoulder deters bicyclist from remaining adjacent to the shoulder while on the approach.
Potential Safety Enhancements:
1. Consider construction of sidewalks along each approach to the intersection allowing for
future connections along each approach as part of future Town / State projects.
2. In conjunction with sidewalk construction, provide pedestrian crossing opportunities at the
intersection of Groton Street / North Street. Construct ADA/AAB compliant pedestrian
curb ramps on each intersection corner at the ends of each marked crosswalk.
3. Consider formalizing the wide shoulder along Groton Road as a bicycle lane in the vicinity
of the intersection which could be expanded as part of a future Town / State project.
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4. Consider minor box widening of the Groton Road cross-section to provide buffered
separation for bicycle lanes.
5. Evaluate the opportunity to provide bicycle accommodations along North Street. Based
on the current cross-sectional nature of North Street, this may include shared-use pavement
markings and traffic signage.
Safety Issue #4: North Street Alignment
Specific Observations:
Both the North Street [West] and [East] segments enter Groton
Road at acute angles so that the intersection appears in the shape of
an “Y.” The angle requires drivers along North Street to look far
over their shoulder to see conflicting Groton Street traffic. As
previously noted, with the yield sign 75-feet in advance of the
Groton Road shoulder line (due to the approach curvature) and a
lack of pavement markings to indicate the traffic control, the
approach visually appears to be a free right-turn movement inviting
higher travel speeds for exiting vehicles. In addition, the traffic
volumes along Groton Road eastbound are limited during the day
where the westbound left-turn volumes are significant. This level
Image 5: Appearance of free
of traffic volume combined with the North Street alignment allows
movement along North Street
Groton Road westbound left-turn vehicles to concurrently
[East] northbound approach at
Groton Road.
experience a “free-movement” where the left-turn is taken at higher
speeds. This condition is visibly noticed based on the faded Groton Road centerline against the side-street
marking break.
Based on the orientation as a “free movement”, many vehicles take the North Street right-turn at speed.
Although sight distance from the approach looking west is sufficient, a vehicle which does not typically
yield to traffic along Groton Street will lose visibility to Groton Street, limited by the landscape feature
within the island, until they are close to the shoulder line.
Potential Safety Enhancements:
1. Consider slight realignment of the pavement markings along the North Street [East]
northbound approach to intersect Groton Road at an angle closer to 90-degrees. This may
include minor box widening of the approach.
2. Consider a full reconstruction of the North Street [East] northbound approach to intersect
Groton Road at 90-degrees. This may require relocation of the landscape feature within
the island.
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3. Consider a full reconstruction of the North Street [West] northbound approach to intersect
Groton Road at 90-degrees.
4. Install advanced intersection warning signage (W2-3) along Groton Road
westbound.
Safety Issue #5: Solar Glare
W2-3L
Specific Observations:
It was noted that solar glare currently makes it difficult for drivers to see traveling eastbound and westbound
along Groton Road. The solar glare is exacerbated along Groton Road westbound during the weekday
evening with vehicles travelling up the 7.0% grade. The solar glare could also impact motorists entering
the intersection from the North Street [East] and [West] approaches as it limits the effective sight distance
both east and west to see if it is safe to proceed into the intersection. One (1) crash at the intersection,
resulting in a fatal injury, indicated solar glare as a contributing factor.
Potential Safety Enhancements:
1. Replace all faded traffic signs with new, MUTCD compliant retro-reflective signage.
2. Review the location of all traffic signage at the intersection to be moved to optimal
locations to reduce solar glare impacts.
3. Should an overhead flasher or traffic signal be installed at the intersection, install
retroreflective backplates to provide increased visibility and decrease the effects of solar
glare.

Summary of Road Safety Audit
Each improvement considered has been categorized as having short-term, mid-term, or long-term
timeframe for implementation. Additionally, a cost category has been assigned to each improvement based
on the definitions shown in Table 3. Table 4 includes a summary of the several potential safety
enhancements. Safety benefit estimates are subjective and may be based on the relative percent of crashes
that may be reduced by the enhancement based on known and documented crash reduction factors, if
available, or estimated crash reduction based on a stated source.

Table 3: Estimated Time Frame and Costs Breakdown
Time Frame

Costs

Short-Term

<1 Year

Low

<$10,000

Mid-Term

1-3 Years

Medium

$10,001-$50,000

Long-Term

>3 Years

High

>$50,000
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Table 4: Potential Safety Enhancement Summary
Safety Issue

Traffic Control

Sight Distance

Potential Safety Enhancement

Safety Payoff

Time Frame

Cost

Remove the yield-control from the North Street [East] northbound approach
at Groton Road and replace with stop-control. Install new stop-sign(s) and
new stop-line pavement markings along the approach. Relocate stop-line to
directly coincide with the location of the new stop-line pavement marking.
Consider adding a “STOP” legend pavement marking with the stop-line.

High

Short-Term

Low

Provide advance traffic control warning signage (W3-1 if stop-control and/or
W3-2 if yield-control) to each North Street approach in advance of the
intersection.

Medium

Short-Term

Low

Relocate the stop-sign and stop-line along North Street [West] northbound
approach at Groton Road to a position closer to the Groton Road shoulder
line. Consider adding a “STOP” legend pavement marking with the stop-line.

Medium

Short-Term

Low

Relocate the yield-control signage along the North Street [West] southbound
approach to a position closer to the North Street [East] shoulder line. Install
new yield-line pavement markings (“shark teeth”) along the approach.
Consider adding a “YIELD” legend pavement marking with the yield-line.

Medium

Short-Term

Low

Consider removing the yield-control from the North Street [West] southbound
approach at North Street [East] and replace with stop-control. Install new
stop-sign(s) and new stop-line pavement markings along the approach.
Consider adding a “STOP” legend pavement marking with the stop.

Medium

Short-Term

Low

Consider providing all-way stop-control, if warranted, at the North Street
[West] / North Street [East] southerly apex intersection.

Medium

Short-Term

Low

Evaluate MUTCD traffic signal warrants at the intersection of Groton Road /
North Street to potentially change the overall intersection traffic control to
signalization.

High

Long-Term

High

Trim vegetation along the southerly side of Groton Road, west of the
intersection, to further open sight lines to the west.

High

Short-Term

Low

Install advanced intersection warning signage (W2-3) along Groton Road
eastbound.

Medium

Short-Term

Low

Consider placement of 30 mph advisory speed signage along Groton Road
eastbound, west of North Street [West] and in advance of the horizontal curve
to promote a vehicle speed allowing available sight lines to exceed minimum
recommendations.

Medium

Short-Term

Low
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Table 4: Potential Safety Enhancement Summary (Continued)
Safety Issue

Sight Distance

Ped / Bike
Accommodations

North Street
Alignment

Potential Safety Enhancement

Safety Payoff

Time Frame

Cost

Consider placement of dynamic radar speed feedback signage along Gorton
Ro ad eastbound, west of North Street [West] and in advance of the
horizontal curve to promote the advisory and/or posted speed.

Medium

Short-Term

Medium

Consider eliminating traffic flow along the North Street [West] northbound
approach to Groton Road, thereby redirecting all North Street northbound
traffic to North Street [East]. This may include resetting the curb line along
the westerly side of North Street to lower travel speeds for Groton Road
eastbound right-turn movements.

High

Mid-Term

Medium to
High

Consider full removal of the North Street [West] leg, thereby redirecting all
entering and exiting traffic for North Street to North Street [East].

High

Mid-Term

Medium to
High

Consider a full reconstruction of the North Street [West] northbound approach
to intersect Groton Road at 90-degrees.

High

Long-Term

High

Consider construction of sidewalks along each approach to the intersection
allowing for future connections along each approach as part of future Town /
State projects.

Medium

Long-Term

Medium to
High

In conjunction with sidewalk construction, provide pedestrian crossing
opportunities at the intersection of Groton Street / North Street. Construct
ADA/AAB compliant pedestrian curb ramps on each intersection corner at
the ends of each marked crosswalk.

Medium

Long-Term

Medium

Consider formalizing the wide shoulder along Groton Road as a bicycle lane
in the vicinity of the intersection which could be expanded as part of a future
Town / State project.

Medium

Short-Term

Low

Consider minor box widening of the Groton Road cross-section to provide
buffered separation for bicycle lanes.

High

Long-Term

High

Evaluate the opportunity to provide bicycle accommodations along North
Street. Based on the current cross-sectional nature of North Street, this may
include shared-use pavement markings and traffic signage.

Medium

Short-Term

Low

Consider slight realignment of the pavement markings along the North Street
[East] northbound approach to intersect Groton Road at an angle closer to
90-degrees. This may include minor box widening of the approach.

High

Short-Term

Low to
Medium
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Table 4: Potential Safety Enhancement Summary (Continued)
Safety Issue

North Street
Alignment

Ped / Bike
Accommodations

Potential Safety Enhancement

Safety Payoff

Time Frame

Cost

Consider a full reconstruction of the North Street [East] northbound approach
to intersect Groton Road at 90-degrees. This may require relocation of the
landscape feature within the island.

High

Long-Term

High

Consider a full reconstruction of the North Street [West] northbound approach
to intersect Groton Road at 90-degrees.

High

Long-Term

High

Install advanced intersection warning signage (W2-3) along Groton Road
westbound.

Medium

Short-Term

Low

Replace all faded traffic signs with new, MUTCD compliant retro-reflective
signage.

Medium

Short-Term

Low

Review the location of all traffic signage at the intersection to be moved to
optimal locations to reduce solar glare impacts.

Medium

Short-Term

Low

Should an overhead flasher or traffic signal be installed at the intersection,
install retroreflective backplates to provide increased visibility and decrease
the effects of solar glare.

Medium

Long-Term

Low
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Appendix A. RSA Meeting Agenda

Road Safety Audit
LOCATION
Meeting Location:
Westford Highway Facility
28 North Street
Westford, MA 01886
Thursday, August 26, 2021
9:00 PM – 11:00 AM

Type of meeting:
Attendees:
Please bring:

Fatal Crash Location – Road Safety Audit
Invited Participants to Comprise a Multidisciplinary Team
Thoughts and Discussion!

9:00 AM

Welcome and Introductions
• Introductions

9:15 AM

Review of Site Specific Material
• Crash Summaries
• Existing Geometries and Conditions

9:45 AM

Visit the Site Virtually
• Conduct Field Visit
• As a group, identify areas for improvement

10:15 AM

Post Visit Discussion / Completion of RSA
• Discuss observations and finalize findings
• Discuss potential improvements and finalize recommendations

11:00 AM

Adjourn for the Day – but the RSA has not ended

Instructions for Participants:
• Before attending the RSA on August 26th, participants are encouraged to drive
through the North Street at Groton Road intersection and complete / consider
elements on the RSA Prompt List, with a focus on safety.
• All participants will be actively involved throughout the RSA process. Participants
are encouraged to come with thoughts and ideas; however, remember that the
synergy that develops and respect for others’ opinions are key elements to the
success of the overall RSA process.
• After the RSA meeting, participants will be asked to comment and respond to the
document materials to assure it is reflective of the RSA completed by the
multidisciplinary team.

Appendix B. Detailed Crash Data

Groton Road (Route 40) at North Street - Westford, Massachusetts

Not to Scale

Groton Road (Route 40) / North Street
Westford, Massachusetts
01/01/2017- 06/15/2021
TEC, Inc.
Town of Westford Police Department

North

LOCATION:
CITY/STATE:
TIME PERIOD:
PREPARED BY:
SOURCE:

Road Safety Audit
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13 16
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LEGEND

SHOW FOR COLLISION

VEHICLE PATH

HEAD-ON COLLISION

FIXED OBJECT

BACKING VEHICLE

ANGLED COLLISION

MOVEABLE OBJECT

SIDESWIPE COLLISION

FIXED OBJECT COLLISION

PARKED VEHICLE

PEDESTRIAN COLLISION

OVERTURNED VEHICLE

PERSONAL INJURY

CYCLIST COLLISION

OUT-OF-CONTROL VEHICLE

REAR-END COLLISION

NIGHT TIME CRASH

1. Approximate location of collision,
2. Direction of collision,
3. Type of collision and vehicles involved,
4. Time, Day, Date
5. Any other pertinent factors mentioned
on the report.

FATALITY
A

ANIMAL

SUMMARY OF CRASHES ON DIAGRAM [no fatal collisions]
REAR-END

SIDESWIPE

HEAD-ON

ANGLED

SINGLE VEH

PED/BIKE

OTHER / UNK

TOTAL

PROPERTY DAMAGE ONLY

13

1

0

0

1

0

0

15

FATAL /NON-FATAL INJURY

0

0

0

0

0

1

0

1

UNKNOWN / NOT REPORTED

0

0

0

0

0

0

0

0

TOTAL

13

1

0

0

1

1

0

16

Figure F-1
Collision Diagram
2017-2021 Collision Data

Crash Data Summary Tables
Groton Road (Route 40) @ North Street - Westford, MA
01/01/2017 - 06/15/2021
Collision
Diagram Crash Date Crash Time

Ambient Light

Weather Condition

Road Surface

Number of
Vehicles

Vehicle Travel
Directions
V1 V2 V3 V4

Crash Severity

Number of
NonFatal Injuries

Manner of Collision

Driver Contributing Codes

Detailed Narrative (from Crash Report)
NB V1 was stopped on North Street when NB V2, traveling
behind V1, stopped then rolled into the rear of V1.
NB V1 was on North Street approaching the yield sign. The
operator V1 started to go then stopped for oncoming traffic and
was rear-ended by NB V2, which turned to look left thinking V1
had proceeded.

1

4/2/2017

12:56 PM

Daylight

Clear

Dry

2

N

N

Property Damage Only

0

Rear-end

Inattention / Distracted

2

4/3/2017

8:40 AM

Daylight

Clear

Dry

2

N

N

Property Damage Only

0

Rear-end

Inattention / Distracted

3

2/9/2018

8:57 AM

Daylight

Clear

Dry

2

N

N

Property Damage Only

0

Rear-end

Inattention / Distracted

4

5/26/2018

3:23 PM

Daylight

Clear

Dry

3

N

N

Property Damage Only

0

Rear-end

Inattention / Distracted

5

7/19/2018

2:00 PM

Daylight

Clear

Dry

2

N

N

Property Damage Only

0

Rear-end

Not Reported

6

7/9/2018

12:16 PM

Daylight

Clear

Dry

2

N

N

Property Damage Only

0

Rear-end

Followed Too Closely

7

9/13/2018

6:08 PM

Daylight

Clear

Dry

2

N

N

Property Damage Only

0

Rear-end

No Improper Driving

NB V2 was yielding to oncoming traffic from Groton Road when
NB V1 failed to stop behind V2 and rear-ended it.

8

11/16/2018

8:51 AM

Daylight

Snow

Wet

2

N

N

Property Damage Only

0

Rear-end

Other

NB V1 was stopped on North Street, with NB V2 traveling
behind. As V2 slowed, the operator's foot slipped off the brake,
causing the vehicle to rear-end V1.

9

1/31/2019

5:42 PM

Dusk

Clear

Dry

2

N

N

Property Damage Only

0

Rear-end

Failure to Yield Right-of-Way

NB V2 was slowing down on North Street when it was rearended by NB V1, which was looking left prior to the collision.

10

2/27/2019

5:41 PM

Dark - Not Lighted

Clear

Dry

2

N

N

Property Damage Only

0

Rear-end

Inattention / Distracted

NB V1 was traveling on North Street when it started to proceed
and had to stop. NB V2 then struck V1 in the rear.

11

8/13/2019

3:16 PM

Daylight

Cloudy

Dry

2

N

12

2/6/2020

7:05 AM

Daylight

Snow

Snow

1

S

13

9/11/2020

4:51 PM

Daylight

Clear

Dry

2

N

14

3/30/2021

5:35 PM

Daylight

Clear

Dry

1

15

4/14/2021

9:06 PM

Dark - Lighted

Clear

Dry

16

6/15/2021

5:10 PM

Daylight

Clear

Dry

N

N

Property Damage Only

0

Rear-end

Followed Too Closely

Property Damage Only

0

Single Vehicle

No Improper Driving

N

Property Damage Only

0

Rear-end

Followed Too Closely

W

E

Fatal Injury

0

Head-on

Glare

2

W

E

Property Damage Only

0

Sideswipe

Other

2

N

N

Property Damage Only

0

Rear-end

Followed Too Closely

Sheet 1 of 1

NB V1 was stopped on North Street to yield to oncoming traffic
when NB V2, looking over their shoulder, struck in the rear.
NB V1 and V2 were stopped on North Street when NB V3,
unable to stop in time, rear-ended V2 into V1.
NB V1 was slowing on North Street approaching Groton Road
when NB V2, traveling behind, rear-ended V1.
NB V1 was stopped on North Street when NB V2, thinking V1
had proceeded, struck V1 in the rear.

NB V1 and V2 were stopped on North Street with V2 behind V1.
V2, thinking V1 had proceeded, moved forward and rear-ended
V1.
SB V1 was attempting to turn right onto North Street from
Groton Road EB when it slid off the roadway due to icy
conditions and struck a utility pole.
NB V1 was rear-ended by NB V2, which was following too close.
WB V1, traveling on Groton Road, struck EB B2, a bicyclist, headon.
WB V1 was traveling on Groton Road when EB V2, attempting to
turn right from North Street, crossed over the centerline and
sideswiped V1. V2 was OUI.
NB V1 and V2 were traveling on North Street. V1 slowed to a
stop to yield to oncoming traffic when it V2, thinking V1 will
proceed, struck V1 in the rear.

9/13/2021

Crash Data Summary Charts
Groton Road (Route 40) @ North Street - Westford, MA
01/01/2017 - 06/15/2021

Groton Road (Route 40) @ North Street
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Month
January
February
March
April
May
June
July
August
September
October
November
December

#
1
3
1
3
1
1
2
1
2
0
1
0

%
6%
19%
6%
19%
6%
6%
13%
6%
13%
0%
6%
0%

20%
18%
16%
14%
12%
10%
8%
6%
4%
2%
0%

Day of Week
Sunday
Monday
Tuesday
Wednesday
Thursday
Friday
Saturday

#
1
2
3
2
4
3
1

%
6%
13%
19%
13%
25%
19%
6%

30%

Time of Day
6AM - 9AM
9AM - 12PM
12PM-3PM
3PM - 6PM
6PM - 9PM
9PM - 6AM

#
4
0
3
7
1
1

%
25%
0%
19%
44%
6%
6%

60%

Manner of Collision
Single Vehicle
Rear-end
Angled
Sideswipe
Head-on
Ped/Bike
Other / Not Reported

#
1
13
0
1
1
0
0

%
6%
81%
0%
6%
6%
0%
0%

100%
80%
60%
40%
20%
0%

Weather Conditions
Clear
Cloudy
Rain
Snow
Other
Not Reported

#
13
1
0
2
0
0

%
81%
6%
0%
13%
0%
0%

100%

Road Surface
Dry
Wet
Snow / Ice
Other / Not Reported

#
14
1
1
0

%
88%
6%
6%
0%

100%
50%
0%

Crash Severity
Property Damage Only
Non-Fatal Injury
Fatal Injury
Not Reported

#
15
0
1
0

%
94%
0%
6%
0%

100%
50%
0%

Main Contributing Factor from Narrative
Following Too Closely
Visibility Obstructed / Glare
Failure to Yield Right-Of-Way
Inattention / Distracted
Disregarded Traffic Controls
Excessive Speed
Wrong Side / Wrong Way
Erratic / Aggressive / Reckless Driving
Swerving / Avoiding / Over-Steering / Over-Correcting
Failure to Keep in Proper Lane
Made an Improper Turn
No Improper Driving
Other / Not Reported

#
4
1
1
5
0
0
0
0
0
0
0
2
3

%
25%
6%
6%
31%
0%
0%
0%
0%
0%
0%
0%
13%
19%

20%
10%
0%

40%
20%
0%
6AM - 9AM 9AM - 12PM 12PM-3PM 3PM - 6PM 6PM - 9PM 9PM - 6AM

Single
Vehicle

Rear-end

Angled

Sideswipe Head-on Ped/Bike

Other /
Not
Reported

50%
0%
Clear

Cloudy

Rain

Snow

Other

Not
Reported

Dry

Wet

Snow / Ice

Other / Not
Reported

Property Damage
Only

Non-Fatal Injury

Fatal Injury

Not Reported

35%
30%
25%
20%
15%
10%
5%
0%

Sheet 1 of 1
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Appendix C. Road Safety Audit References

Road Safety Audit References
FHWA Office of Safety - Proven Safety Countermeasures, U.S. Department of Transportation, Federal
Highway Administration https://safety.fhwa.dot.gov/provencountermeasures/.
Road Safety Audits, A Synthesis of Highway Practice. NCHRP Synthesis 336. Transportation Research
Board, National Cooperative Highway Research Program, 2004.
Road Safety Audits. U.S. Department of Transportation, Federal Highway Administration,
https://safety.fhwa.dot.gov/rsa/
FHWA Road Safety Audit Guidelines. U.S. Department of Transportation, Federal Highway
Administration, 2006.
Road Safety Audit, 2nd edition. Austroads, 2000.
Road Safety Audits. ITE Technical Council Committee 4S-7. Institute of Transportation Engineers,
February 1995.

