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October 1, 2014 Vanasse Hangen Brustlin, Inc.

Ref: 81466.14

Mary Joe Perry

District Highway Director

District 5 Office

Highway Division

Massachusetts Department of Transportation
1000 County Street

Taunton, MA 02780

Re:  Hanover: Washington Street (Route 53)/University Sports Complex
Transportation Improvement Program Project Needs Form.

Dear Ms. Perry;

On behalf of our client, the Town of Hanover, Vanasse Hangen, Brustlin,
Inc. (VHB) is pleased to submit the enclosed two (2) copies of the Project
Needs Form (PNF) for the above referenced project for your consideration.

The Town of Hanover, acting through the office of the Town Mahager, is
embarking on a Transportation Improvement Program (TIP) project
intended to improve traffic operations along Washington Street (Route 53)
at the entrance to the University Sports Complex located at 645 Washington
Street. The University Sports Complex is an indoor/outdoor multi-sport
complex offering sports programs for baseball, basketball, futsal, soccer,
football, volleyball and lacrosse for all ages. The facility also offers laser tag,
go karts, miniature golf, rock walls, bumper cars, batting cages, and an
arcade.

The vast number of activities offered combined with a large population of
participants arriving and departing throughout the week (and weekends), results in
significant traffic delay along Route 53 at the approaches to the Complex.

101 Walnut Street, P.O. Box 9151
Watertown, Massachusetts 02471-9151
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Mary Joe Perry
Project No.: 81466.14
QOctober 1, 2014

Page 2

The Office of Community Development, the Department of Public Works and the
Police Department have been working with representatives of the Complex to
institute interim traffic solutions to minimize disruption to traffic flow on
Washington Street; however, a more permanent solution is needed. This Project
Notification Form has been prepared to solicit technical and funding support for the
construction of a continuous two-way left-turn lane (TWLTL) for improved traffic
operations at both entrances to the Complex. The PNF includes a comprehensive
traffic report that outlines proposed alternatives and provides justification for the
preferred alternative selected by the Town.

Please do not hesitate to contact me should you have questions or require
additional information regarding this PNF.

Very truly yours,

Vanasse Hanin Brusthn Inc.

77 LA }//M s, C
‘ ]osephD Magni, Jr. P
'“‘*mec1pa1

Cc: Troy Clarkson, Town Manager; Victor Diniak, DPW Director; Anthony Marino,
Director of Community Services; Nicolette Hastings, VHB; Laura Castelli; VHB

e
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Highway Division Project Need Form

Commonwealth of Massachusetts
Department of Transportation
Project Notification Form
March 5, 2014

This form is intended to provide preliminary information about the proposed project. It is not expected that all information that is
asked for is available or known but applicants are encouraged to complete the form as fully as possible.

Proponent: Troy Clarkson Title:___Town Manager

Municipality/Organization Town of Hanover

PNF completed by: Joseph Magni (Vanasse Hangen Brustlin, Inc.). Title:___Senior Project Manager
Phone: 617-607-2719 Email: jmagni@vhb.com
Date: March 3, 2014

Part | — Facility Location and General Information

Municipality: Town of Hanover

Route and/or Street(s): Washington Street/State Highway Route 53 @ University Sport Complex Drive

(Starland)
MassDOT District: 5 MPO Region: Boston

Estimated project limits by mile marker, station or other distinguishing landmarks such as cross street(s).
Please include a locus map of the project. (See Figure 1 — Locus Map)

Start:  Station 159+00 approximately 1000 feet south of the Starland entrance

End:  Station 139+00 approximately 1000 feet north of the Starland entrance

Total Mileage: _ Approximately 2000 feet
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What is the federal functional classification of the road? Identify each section.

O Interstate Q Urban Collector O Rural Major Collector
Urban Principal Arterial O Rural Principal Arterial O Rural Minor Collector
O Urban Minor Arterial O Rural Minor Arterial O Other Classification

Is the proposed project on the National Highway System? Yes d No
Is the proposed project eligible for Transportation Alternatives? Yes a No

Who owns the roadway/facility? Commonwealth of Massachusetts Department of Transportation
Route 53 is part of the National Highway System

Project Need: Briefly describe or characterize, in general terms, the primary project need or goal (e.g.
rehabilitate a roadway, improve safety at an intersection, reduce corridor congestion, improve pedestrian
facilities, or provide bike accommodation).

The Town of Hanover evaluated the transportation conditions of Washington Street (Route 53) at the
University Sports Complex at Starland (Starland) northern and southern driveways. Congestion and
safety concerns along State Highway Route 53 have been observed by the Town DPW and Safety Officer
related to weekend and tournament activity at Starland. To alleviate these concerns, the Hanover Police
Department, together with the Starland representatives, set up an interim traffic configuration that

requires that the northern and southern Starland driveways operate as a one-way pair, with the southern
driveway as an entrance only and the northern driveway as an exit only during the peak hours and on
tournament days. (See Figure 2 for location of drive entrances) In addition, a police detail is present
during tournaments to assist in enforcing the one-way pattern. This is perceived as a temporary mitigation
measure and all stakeholders recognize that more long term permanent structural improvements are

required.

The Town commissioned a traffic study at the Starland/Route 53 intersection to assess traffic operational
and safety needs and develop permanent improvement plans to relieve congestion and improve safety
along Route 53 (See Appendix 1 for the Traffic Study). Two (2) improvement options were developed that
consider roadway modifications along Route 53 within the study area as follows:

» Option 1: Route 53 southbound left-turn lanes and northbound right-turn lanes at both the northern
and southern Starland driveways (See Figure 3 for Option 1)

» Option 2: Route 53 two-way (center) left-turn lane (TWLTL) from the northern to the southern
Starland driveways. (See Figure 4 for Option 2)

Traffic operations were evaluated under both Option 1 and Option 2. While traffic operations are projected
to remain relatively consistent when compared with existing conditions, safety and mobility can be
improved under both options by providing storage lanes for turning vehicles.

It should be noted that both concepts consider widening Route 53 to the east (towards Starland) to avoid
impacts to utility poles along the west side of the roadway. Widening to the east would likely have right-of-
way impacts to the Starland property and adjacent parcels.
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Based on discussions with the Town of Hanover, Option 2 is the preferred alternative. Left-turns into
parcels along both sides of Route 53 were observed to be particularly difficult and are the primary
concern for the Town. Right-turns into the parcels were not observed to be a significant issue. As such,
Option 2 more adequately addresses this condition and would more equitably improve safety and mobility
for parcels along both sides of Route 53 when compared to Option 1. Option 2 would also prepare this
section of the Route 53 corridor for potential future development by reserving right-of-way for a potential
future TWLTL. As discussed, Route 53 is under MassDOT jurisdiction and is an NHS roadway. As such,
the roadway is subject to specific design standards. If the Town of Hanover advances Option 2 design
exception request(s) would need to be prepared and accepted by MassDOT and/or FHWA.

Identify the Primary Asset included in the project area (e.g. roadway, intersection, bridge, bike trail,
structure). The primary asset is a section of Massachusetts State Highway

ALPISETEN 91Ty w3 bt wish g S

u frustiia, Loc.
Figure 3 12014

Concrpiual Improvement Plie.
Option 1: Left and Right-I'ven Lncs

Route 53 st Starland
Hasnaver, Massachusets

Fiqure 3 — Option 1 Route 53 southbound left-turn lanes and northbound right-turn lanes at both the
northern and southern Starland driveways
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Figure 4 — Option 2 Route 53 two-way (center) left-turn lane (TWLTL) from the northern to the southern
Starland driveways.
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Highway Division Project Need Form

Part Il: Project or Program Description
Provide whatever information is available to characterize the existing, general attributes of the facility.

CHARACTERISTIC DATA Comments
Number of Lanes One in each direction

Lane Width 12'-0"

Shoulder Width 2’-0" and varies See Note # 1

Existing Right of Way

60’

(See Appendix 2 for ROW Plan)

Annual Daily Traffic (ADT)

21,000 vehicles/day

Percent Truck Traffic

Weekdays=4.3%

3.6% NB; 4.9% SB

Traffic Control (signal, flash, signs, etc.) None

Roadway Lighting None

35 mph(Northbound)

Posted Speed Limit 40 mph (Southbound)

Transit Routes & Facilities None

Note #1: Right Turn lane existing for northbound motorists entering Starland

In what type of area is the project located? Project limits may include more than one type of area. For
a definition of areas, please refer to Chapter 3 of the Guidebook.

O Rural Natural

O Rural Village

U Rural Developed
Suburban Low Density

O Suburban High Density
O Suburban Village/Town Center
Q Urban Residential or CBD

How does the roadway/facility function in the community?

O High-speed, primary corridor with limited access

X] Moderate speed, major corridor between towns/regions

O Low to moderate speed corridor between towns/regions

0 Moderate speed, major street connecting residential areas to a town center or major connector
O Low to moderate speed street connecting residential areas with other streets

QO Primarily or exclusively a residential street

O Exclusive pedestrian/bicycle facility

Regional Considerations: Identify any regional use of the roadway (Characterize how neighboring
communities use the roadway, what kind of link it provides to major arterials or highways).

Route 53 provides regional connections to State Highway Route 3 for both Pembroke and Hanover.
Route 53 also serves as an evacuation route for these communities and a Route 3 bi-pass route in the
event of an emergency situation or major construction.

Part lll: Identification of Problem, Need or Opportunity

A. Condition of Existing Facilities - Problem, Need, or Opportunity

1. Please describe the condition of the roadway, path, or other horizontal facility, such as type and extent
of cracking, ride-ability, utility patching or other surface defects such as rutting, raveling, shoving,
bleeding, etc. This may be based on visual inspection or automatic detection methods. Are deformations
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related to the pavement structure, indicating road sub-base issues? Include any PMS (Pavement
Management System) ratings, PCI (Pavement Condition Index) data and/or photos, if available.

The section of Route 53 in the project area was constructed in 1939. A 2% inch hot mix asphalt overlay

was constructed in 1969 and a 34" Surface Treatment (ST) course was placed in 1988. As shown in Photo
#1, the road structure is in poor condition. Block cracking combined with longitudinal and transvers cracks
are continuous throughout the project area. Photo #2 illustrates warn shoulders on the southbound side of
the road as a result of vehicle maneuvering around left turn vehicles accessing Starland.

Photo #1: Pavement Distresses

MassDOT Highway Division Page 9 of 17 Rev 12/13



Highway Division Project Need Form

Photo 2 — Southbound Shoulder Damage

2. Please describe the condition of facility appurtenances, such as signs, signals, lighting, median
barriers, guardrail, pavement markings, curbing, landscaping, fences, ITS components, etc.

There is one section of guardrail on the southbound side of the road at the southerly limit of the project.
This facility is in good condition. Pavement markings. which include a double yellow centerline and solid
white edge lines, are in fair condition. Requlatory (Speed limit) signs are in good condition. There are no
traffic signals, highway lighting, median barrier, curbing, formal landscaping, or fencing within the project
limits.

3. Please describe any specific concerns related to the existing drainage system. If there is a history of
flooding in the project area, describe the potential solutions under consideration, such as increased
maintenance, repair/replacement of drainage infrastructure, raising the vertical profile, or culvert
replacement, etc. Are there opportunities for improving storm water management, including drainage
outfalls, within the project limits?

The Starland entrance drive is nearly at the top of a vertical crest curve. There is no visual or MassDOT
record information demonstrating the existence of catch basins and/or manholes within the study area.

(See Appendix 3 for MassDOT construction plans and highway drainage sketches for the project area).
There are very limited formal drainage systems within the project limits.

4. Please describe the condition of any other structures, or equipment (retaining walls, buildings, noise
barriers, bus shelters, bike racks, etc.)

Not Applicable
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5. If the project/program includes a bridge or bridges, please describe the condition, such as bridge
ratings, dates of inspection, weight restrictions, closings, structural adequacy, functional obsolescence,
condition of other bridge elements, etc. Identify the bridge location and ID number (if known).

There are no bridges located on Route 53 within the project limits.

6. Please describe the condition of any existing pedestrian facilities. Include the limits and width of any
existing sidewalks and identify any obstructions. Are the existing sidewalks ADA/AAB compliant? In
addition, please characterize the pedestrian need, including any indication that pedestrians use the
corridor beyond existing sidewalks (rutted paths, pedestrian using the roadway shoulder, etc.). ®
GreenDOT

There are no pedestrian facilities on Route 53 within the project limits.

7. Please describe the existing bike accommodation (4" minimum shoulder width, bike lane, or shared
use path), including the limits and width of any existing facility. In addition, please characterize existing
bike traffic. @ GreenDOT .

At 2'-0” in width, the existing shoulder is insufficient in width to support bicycle accommodation. (See

Photo # 2)

8. Identify and locate any underground utilities (water, sewer, gas, other) and overhead utilities (electric
phone, cable). Identify any larger utility appurtenances, above ground or underground, such as cabinets
or vaults. Identify any active or inactive railroad crossings.

Water supply exists within the project area. Communication and electric utilities are located overhead on
utility poles. (See Photo #3)

Photo #3- Overhead Utilities
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9. Describe any repair or preventive maintenance to the roadway or appurtenances. Include the extent
of the work (resurfacing, rehabilitation, reconstruction or replacement) and when the last repair was
done? @ GreenDOT

The section of Route 53 in the project area was constructed in 1939. A 2% inch hot mix asphalt overlay
was constructed in 1969 and a 34" Surface Treatment (ST) course was placed in 1988.

B. Mobility - Problem, Need, or Opportunity

1. Please describe any existing or prospective highway congestion issues. Identify the nature and extent
of congestion, including when it occurs and whether there is queuing. Include any traffic analysis,
including LOS (Level of Service) data, if available. @ GreenDOT

Traffic Operations Analysis

VHB conducted capacity analyses using SYNCHRO 8 software, which is based on the criteria
recommended in the 2010 Highway Capacity Manual (HCM)', to evaluate operations of the existing
driveways and provide a baseline to assess the operational benefits of the improvement options. (See
Appendix 1 for results of the operations analysis at the two unsignalized study area intersections)

As shown in Table 4 of the Attachment 1, the Route 53 approaches to the intersections operate an
acceptable LOS D or better during the weekday evening, Saturday midday, and Sunday midday peak
hours. All driveway approaches at both Starland driveway intersectionss operate at an unacceptable
LOS F during all three peak hours; with the exception of the eastbound approach of the Subaru driveway,
which operates at an acceptable LOS C under the Sunday midday peak hour. Poor operations at the
Starland driveways and the two adjacent driveways can be attributed to high traffic volumes along Route
53 with minimal gaps in traffic to allow movements out of the driveways. ‘

Discussions with the Hanover Police Department indicated that queuing issues exist on Route 53 due to
left-turning vehicles into Starland. These queuing issues are worst on tournament days, where traffic to
the Starland facility comes in waves, corresponding to the beginning of games.

Signal Warrant Analysis
A traffic signal warrant analysis at each of the two unsignalized study area intersections. The Manual on

Uniform Traffic Control Devices (MUTCD)? lists specific criteria, or warrants, for the consideration of
installation of a traffic signal at an intersection. The MUTCD also notes that, “the satisfaction of a traffic
signal warrant or warrants shall not, in itself, require the installation of a traffic control signal.” The traffic
signal warrant analysis provides guidance as to locations where signals would not be appropriate and
locations where they could be considered further.

Traffic signal warrant analyses were performed for three volume-based warrants (Warrant 1: Eight-Hour
Vehicular Volume; Warrant 2: Four-Hour Vehicular Volume; and Warrant 3: Peak Hour Volume) for the
weekday evening peak period. Traffic signal warrant analyses for the Saturday midday and Sunday
midday peak periods were performed for Warrant 3 (Peak Hour Volume) only. The results of all the signal
warrant analyses are displayed in Table 1 and are included in an attachment to this memorandum. As
shown, none of the warrants are met at either study area intersection for any of the peak hours.
Additionally, none of the unsignalized intersections meet the traffic signal warrants based on pedestrian
volumes or history of vehicle crashes.

i Highway Capacity Manual, Transportation Research Board, Washington D.C. [2010].
2 MUTCD, Part 4 — Highway Traffic Signals, USDOT/FHWA, December 2009.
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Table 1 Signal Warrants Analysis Summary
Warrant Met?
Warrant 1: Warrant 2: Warrant 3:
Intersection Peak Period Eight-Hour Volume Four-Hour Volume Peak Hour Volume

Route 53 at Northern . Weekday Evening No No No
Starland Driveway Saturday Midday n/a n/a No
Driveway Sunday Midday n/a nfa No
Route 53 at Southern  Weekday Evening No No No
Starland Driveway Saturday Midday n/a n/a No

Sunday Midday n/a n/a No

Source: Vanasse Hangen Brustlin, Inc.

2. Please describe any need or opportunity for greater connectivity or improved access along the corridor
or to particular points along the facility. Identify any missing connection or constraint in access that could
be improved for greater mobility. @ GreenDOT

Not Applicable

3. Please identify any mobility issues for pedestrians, bicyclists and transit users. Identify if roadway is
included in any local, regional or statewide bicycle routes. Include any obstacles or missing connection of
existing pedestrian facilities, as well as any impediments that effect pedestrian access and mobility.
Include any pedestrian or bicycle data, including bicycle LOS (Level of Service) analysis, or user count
data, if available. @ GreenDOT

Based on review of the MassDOT 2011 Bicycle Inventory Facility Report, there are no pedestrian, transit
or bicycle facilities existing along the section of Route 53 in the study area. Route 53 is, however,
identified in the “Every Trail” Web Site as an acceptable regional bike route connecting Plymouth to
Quincy. There has been no visual evidence that this section of Route 53 supports significant bicycle
activity.

C. Safety and_Security - Problem, Need, or Opportunity

1. Please describe any safety concerns on the facility. Provide any crash history within the project limits,
including number and severity of crashes, type of crashes and whether there have been any fatalities.
Include the calculated crash rate, if available.

To identify potential vehicle crash trends in the study area, reported vehicular crash data for the study-
area intersections was obtained from MassDOT for the years 2009 through 2011, the most recent three-
year history available. The current MassDOT average crash rates for unsignalized intersections in District
5 (the MassDOT district designation for Hanover) is 0.58. Neither of the study area intersections exceeds
this threshold. It should also be noted that the study area intersections are not included in MassDOT'’s
2011 Top Crash Locations Report and are not designated Highway Safety Improvement Program (HSIP)
eligible locations. (see Appendix 4 for vehicle crash summary table and the MassDOT Intersection Crash

Rate Worksheet)
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2. Please describe adjacent significant activity centers (schools, senior centers, places of assembly,
industrial operations, or parks). Please describe any safety issues for other users such as pedestrians,
bicyclists, persons with disabilities, transit riders, trucks, school children, etc. ® GreenDOT

There are no schools, senior centers, places of assembly, industrial operations. or park within the project
area.
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3. Please describe whether there are any known evacuation routes identified at the state, local or private
level.

Route 53 is on the National Highway System and therefore is important to the area as an emergency
evacuation route connecting Pembroke and Hanover to State Highway Route 3. Furthermore, Route 53
serves as a Route 3 by-pass route for traffic to circumvent road maintenance and emergencies on Route
3.

D. Economic Development - Problem, Need, or Opportunity
1. Please describe any current, planned, or potential economic development opportunities within the

project limits, that would be supported by improvements to the facility. Do these developments reflect
Smart Growth Development and Sustainable Development principles? @ GreenDOT

N/A

2. ldentify any need or opportunity to improve access to services, promote industry clusters, and facilitate
affordable housing or job creation within the area. @ GreenDOT

N/A

E. Environmental - Problem, Need, or Opportunity

Please describe any need or opportunity associated with environmental aspects, as listed below. Links to
guidance clarifying the resource areas are provided in brackets.

1. Wetland(s) [http://www.mass.gov/dep/water/waterres.htm]

Based on a review of Mass GIS Data, there are no there are no known regulated wetlands in the project
area. ]

2. Water Supply Watershed(s) [http://www.mass.qgov/dep/water/drinking/sourcewa.htm]

Based on a review of Mass GIS Data, there are no Water Supply Watersheds within the project limits

3. Impaired Water Body(ies) [http://www.mass.gov/dep/water/resources/10list3.pdf]

Based on a review of Mass GIS Data, the 3" Herring Brook is classified as an impaired water body.

4. Priority Habitat(s) [http://www.mass.qgov/dfwele/dfw/nhesp/gis resources.htm]

Based on a review of Mass GIS Data, there are no priority habitats in the project area.
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9. HistoriC/CuIturaI/S‘cenic Resource(s): Are there listed or eligible properties, any archeological resources
or scenic by-ways within or adjacent to the project area?

The Massachusetts Historical Commission’s [nventory of Historical and Archaeological Assets
of the Commonwealth lists no previously recorded archaeological or above-ground resources in
or adjacent to the project area. In addition; there are no state-designated Scenic Byways adjacent
to the project area.

6. Air Quality and Greenhouse Gases: Is there a potential to reduce greenhouse gases, through
construction methods; operational modifications; changes in connectivity, access, or travel behavior; or
other methods? @ GreenDOT

Introduction of Option 2; a two-way (center) left-turn lane (TWLTL) from the northern to the southern
Starland driveways. would reduce vehicular delay for northbound and southbound through vehicles, that
currently queue behind left-turning vehicles, thereby reducing vehicle emissions.

7. Hazardous Materials: Are there concerns about hazardous materials within the project limits or on any
adjacent properties? Could any prior use of adjacent properties be an issue?

Based on a review of Mass GIS Data, the following sites are located on adjacent properties:
1. Planet Subaru
2. Haddon Lincoln Mercury
3. Sullivan Brothers Used Cars.

F. Community - Problem, Need, or Opportunity

Please provide some background about the area where the facility is located and describe any need or
opportunity that may be may address or impact the community or neighborhood, as outlined below.

1. Please characterize the abutting land use in the area surrounding the facility. How does the facility
function within the area? Please note if some or all of the area falls within an environmental justice (EJ)
area.

The land abutting Route 3 in the project area is commercial. Based on a review of the Mass 2010
Environmental Justice Population mapping, the project is not located in an Environmental Justice Area.

2. Are there opportunities to promote healthy transportation modes of walking, biking or transit use by
improving pedestrian, bicycle or public transit infrastructure or operations? ® GreenDOT

Based on review of the MassDOT 2011 Bicycle Inventory Facility Report, there are no pedestrian facilities
existing along the section of Route 53 in the study area.

3. Identify any need or opportunity to improve access to services, jobs, housing, transit or recreation for
residents within the area. @ GreenDOT
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N/A

G. Transportation Enhancements - Problem, Need, or Opportunity

1. Identify any need or opportunity to incorporate transportation alternatives, such as provisions and
programs related to pedestrians, bicyclists or rail trail facilities or education; landscaping; scenic/historic
acquisition, beautification, preservation, programs, or facilities; outdoor advertising management;
archeological planning and research; environmental mitigation or wildlife mortality reduction efforts.

N/A

H. Planning and Public Outreach - Problem, Need, or Opportunity

1. Describe any Public Outreach that has occurred so far on the proposed improvements, including public
informational meetings, local mailings, workshops, etc.

N/A

2. Are there any special needs that need to be accommodated to fully engage the public with respect to
public outreach?

There are no known special needs that need to be accommodated to fully engage the public with respect
to public outreach.

3. Identify any local or regional planning documents that identify the problem, need or opportunity outlined
within this PNF.

There are no local or regional planning documents that identify the problem, need or opportunity outlined
within this PNF.

4. Identify efforts to coordinate with relevant government agencies, including RTA(s), DCR, regulatory
agencies, or neighboring municipalities.

N/A

Thank you for completing this form. Please submit the PNF to the Regional MPO/RPA and the
MassDOT Highway Division District office.
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Transportation
Land Development

Environmental
Services

101 Walnut Street
@ i P. O. Box 9151
Watertown, MA 02471-9151

Memorandum

617 924 1770
FAX 617 924 2286
To:  Victor Diniak Date: February 6, 2014
Hanover DPW Director
40 Pond Street
Hanover, MA 02339
Project No.:  12511.00

From: Nicolette Hastings, P.E. Re: Route 53 at Starland
Transportation Improvements

INTRODUCTION -

Vanasse Hangen Brustlin, Inc. (VHB), at the request of the Town of Hanover, has evaluated the
transportation conditions of Washington Street (Route 53) at the University Sports Complex at
Starland (Starland) northern and southern driveways. Congestion and safety concerns along State
Highway Route 53 have been observed by the Town related to weekend and tournament activity at
Starland. To alleviate these concerns, the Hanover Police Department has recommended that the
northern and southern Starland driveways operate as a one-way pair, with the southern driveway as
an entrance only and the northern driveway as an exit only during the peak hours and on
tournament days. In addition, a police detail is present during tournaments to assist in enforcing the
one-way pattern.

VHB has evaluated the intersections of Route 53 at the Starland driveways and has developed
potential permanent improvement plans to relieve congestion and improve safety along Route 53.
This memorandum summarizes the results of this evaluation and includes sketch level conceptual
improvement plans for the Town'’s consideration.

EXISTING CONDITIONS

The existing conditions evaluation consisted of an inventory of intersection geometry, a review of
Starland operations, and the collection of daily and peak period traffic volumes. Input from various
stakeholders has informed the existing conditions evaluation presented herein. These stakeholders
include the Town of Hanover Department of Public Works, Town planning staff, Hanover Police
Department, and Starland operators.

Study Area

This memorandum evaluates Washington Street (Route 53) in the vicinity of the Starland athletic
complex, as shown in Figure 1. Route 53 is an urban principal arterial under State jurisdiction and
generally runs in a north-south direction. Additionally, Route 53 is part of the National Highway
System (NHS) which consists of roadways important to the nation's economy, defense, and mobility.
NHS roadways are subject to unique design requirements. Designs that deviate from the NHS
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Date: February 6,2014
Project No.: 12511.00

design standards may be considered based on the conditions, context, and consequences of a project.
A design exception states the reason(s) for a specific deviation from an established standard for a
specific highway feature and may also include features to mitigate any negative effects.

Route 53 consists of one travel lane in each direction with striped shoulders of varying width. Speed
limits are posted as 35 miles per hour (mph) northbound and 40 mph southbound in the vicinity of
the two Starland driveways. The study area includes the following two intersections:

> Route 53 at Starland northern driveway/shopping plaza: Unsignalized intersection with the
Starland and shopping plaza driveway approaches under STOP-control. The Starland northern
driveway consists of a left-turn and right-turn only lane while the shopping plaza driveway
consists of one general purpose lane.

> Route 53 at Starland southern driveway/car dealership: Unsignalized intersection with the
Starland and car dealership driveway approaches, each consisting of one general purpose lane
under STOP-control.

Starland Driveway Operations

During the peak hours and on tournament days, the northern and southern Starland driveways
operate as a one-way pair, with all vehicles entering the southern driveway and exiting the northern
driveway. The entrance lane of the northern driveway is coned off and a sign directs vehicles to use
the southern driveway to enter the facility. On tournament days (in addition to the cones and
signage) a police detail is present for the length of the tournament to assist in enforcing the one-way
pattern.

Traffic Volumes

Automatic traffic recorder (ATR) counts were conducted along Route 53 between the Starland
driveways for a 4-day period (Thursday to Sunday) in October 2013. A summary of the ATR traffic
data are presented in Table 1 and summarized graphically in Figure 2. As shown, Route 53 carries
approximately 20,000 to 21,000 vehicles per day on both weekdays and Saturdays. Daily volumes on
‘Sunday are less with Route 53 carrying approximately 15,700 vehicles. All three peak hours show a

higher directional distribution southbound, ranging from 52 percent to 59 percent of the peak hour
traffic volumes.

Table 1 ATR Summary
Location Peak Hour Daily * Volume®  KFactor’  Dir. Dist. "
Weekday Evening 21,100 1,725 8.2% 59% SB
Route 53 : 0 9
between Starland Driveways Saturday Midday 20,400 1,695 8.3% 54% SB
Sunday Midday 15,700 1,690 10.7% 52% SB

Source: Vanasse Hangen Brustlin, Inc. Based on automatic traffic recorder (ATR) counts conducted in October 2013

a average daily traffic (ADT) volume expressed in vehicles per day

b peak period traffic volumes expressed in vehicles per hour

¢ percent of daily traffic that occurs during the peak period

d directional distribution of peak period traffic

Note: peak hours do not necessarily coincide with the peak hours of the individual intersection tuming movement counts
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Figure 2 ATR Summary

ATR Summary
Route 53 between Starland Driveways
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Source: Vanasse Hangen Brustlin, Inc. Based on automatic traffic recorder (ATR) counts conducted in October 2013

Manual turning movement counts (TMCs) were also conducted at both study area intersections
during the weekday from 7:00 AM to 6:00 PM; and during a Saturday and Sunday midday from
11:00 AM to 1:00 PM. The weekday counts were conducted to assist in evaluating traffic signal
warrants. Only the weekday evening peak period (4:00 PM to 6:00 PM) is evaluated herein, as
Starland is not open prior to 3:00 PM during the week and has no influence on morning peak hour
traffic operations. Although open at 3:00, the facility has minimal after school activities from 3:00 to
5:00 PM". On Saturdays and Sundays, the facility opens at 10:00 AM and 11:00 AM, respectively, and
has a consistent traffic flow throughout the day. On tournament days, Starland opens as early as 8:00
or 9:00 AM.

A review of the data collected indicate that the weekday evening peak hour is from 5:00 to 6:00 PM,
the Saturday midday peak hour is from 11:30 AM to 12:30 PM and the Sunday midday peak hour is
from 12:00 to 1:00 PM. Figures 3 through 5 show the peak hour turning movements for each of the
three peak periods.

At the request of the Town of Hanover, traffic counts were also conducted in December 2013 during
a tournament at the Starland facility to capture traffic volumes on a worst case scenario day. The

" Based on information provided by Starland.
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counts were conducted in the same locations as the October 2013 counts, with TMCs at both the
Starland driveways and an ATR between the two Starland driveways. In addition, TMCs were
conducted at the intersection of Route 53 at East Street and an ATR was placed on Route 53 south of
East Street. Comparisons between the October 2013 and December 2013 counts showed only minor
differences. Traffic volumes entering and exiting the Starland driveways were similar, as well as
through traffic along Route 53. Given the minimal difference, the October data was used in the
analysis.

Vehicular Speeds

Vehicular speed data along Route 53 was also collected concurrent with traffic volume data. Table 2
summarizes the travel speeds. The 85" percentile speed is the speed at or below which 85 percent of
vehicles travel. The 85th percentile speed is used extensively in the field of traffic engineering and is
a dominant factor in establishing posted speed limits. As shown, the highest 85" percentile speeds
are on weekdays (45 mph northbound and 43 mph southbound) and the lowest are on Saturday (40
mph northbound and 39 mph southbound). The posted speed limits of 35 mph in the northbound
direction and 40 mph in the southbound direction are all exceeded by the 85" percentile speeds with
the exception of the southbound direction on Saturday.

Table 2 Vehicular Speeds

85'" Percentile Speed (mph)
Weekday Saturday Sunday
Location NB SB NB SB NB SB
Route 53 bgtween the 45 05 40 39 3 43
Starland Driveways

Source: Vanasse Hangen Brustlin, Inc. Based on automatic traffic recorder (ATR) counts conducted in October 2013

TRANSPORTATION EVALUATION

VHB evaluated the available sight distance for the Starland driveways, reviewed recent vehicular
crash history, evaluated intersection operations, and performed a signal warrant analysis using data
collected as part of this effort.

—Sight Distance Evaluation
Sight distance analysis, in conformance with guidelines of American Association of State Highway
and Transportation Officials (AASHTO)” was performed for the two unsignalized study area
intersections. Speed observations recorded during the data collection (Table 2) were used to calculate
the required stopping sight distance (5S5D) and intersection sight distance (ISD). SSD is the distance
required for a vehicle approaching an intersection from either direction to perceive, react, and come
to a complete stop before colliding with the exiting vehicle from a driveway or minor street. ISD is
the distance that is based on the time required for perception, reaction and completibn of the desired
critical exiting maneuver (in this case, a left turn) once the driver on a minor street approach or
driveway decides to execute the maneuver. Calculation for the critical ISD includes the time to (1)
turn left, and to clear the near half of the intersection without conflicting with the vehicles
approaching from the left; and (2) upon turning left, to accelerate to the operating speed on the
roadway without causing approaching vehicles on the main road to unduly reduce their speed.

2 A Policy on the Geometric Design of Highways and Streets, American Association of State Highway and Transportation Officials, 2011
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Table 3

Table 3 summarizes the available and required SSD and ISD for the two unsignalized study area
intersections.

Sight Distance Analysis Summary

Stopping Sight Distance Intersection Sight Distance
Intersection Traveling Required * Measured ® Looking Required Measured
Route 53 at Northem northbound 360 500+ left 500 700+
Starland Driveway southbound 340 500 right 475 500
Route 53 at Southern northbound 360 500 left 500 700+
Starland Driveway southbound 340 500 right 475 500

Source: based on guidelines established in A Policy on the Geometric Design of Highways and Streets, American Association of State Highway and Transportation Officials

[AASHTO], 2011
a required sight distance in feet, based on an 85" percentile speed of 45 mph traveling northbound and 43 mph traveling southbound
b in feet

The sight distance measurements summarized in Table 3 indicate that both the northern and
southern Starland driveways exceed the required stopping sight distance. The desirable intersection
sight distance requirements are met or exceeded for left turns out of both the northern and southern
Starland Driveways. '

Vehicular Crash History

To identify potential vehicle crash trends in the study area, reported vehicular crash data for the
study-area intersections was obtained from MassDOT for the years 2009 through 2011, the most
recent three-year history available. The current MassDOT average crash rates for unsignalized
intersections in District 5 (the MassDOT district designation for Hanover) is 0.58. Neither of the
study area intersections exceeds this threshold. It should also be noted that the study area
intersections are not included in MassDOT’s 2011 Top Crash Locations Report and are not
designated Highway Safety Improvement Program (HSIP) eligible locations. A summary table of the
MassDOT vehicle crash history is included in the attachment to this memorandum.

Traffic Operations Analysis

VHB conducted capacity analyses using SYNCHRO 8 software, which is based on the criteria
recommended in the 2010 Highway Capacity Manual (HCM)’, to evaluate operations of the existing
driveways and provide a baseline to assess the operational benefits of the improvement options.
Table 4 shows the results of the operations analysis at the two unsignalized study area intersections.

Highway Capacity Manual, Transportation Research Board, Washington D.C. [2010].
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Table 4 Unsignalized Intersection Capacity Analysis Summary - Existing Condition
2013 Existing Conditions

Weekday Evening Peak Hour

Saturday Midday Peak Hour

Sunday Midday Peak Hour

Intersection Movement

Route 53 at Northern Village Sq EB L/T/R

Starland driveway/ Starland WB L/T

Village Square Starland WB R
Route 53 NB L
Route 53 SB L

Route 53 at Southemn Subaru EB L/T/R

Starland driveway/ Starland WB L/T/R

Subaru dealership Route 53 NB L

, Route 53 SB L

viC!

Delay?

LOS?

Dela

om_m.

o o
o o

Source: VHB, Inc. using Synchro 8 software.
Note: Shaded cells denote LOS E/F conditions.

1 V/C - Volume-to-capacity ratio. V/C ratios range from 1.0 when demand equals capacity to 0 when demand is zero. Values over 1.0 in
2 Delay - Control delay per vehicle, expressed in seconds, includes initial deceleration delay, queue move-up time, stopped delay, and fi

3 LOS - Level-of-Service. LOS A indicates free flow conditions with minimal delays. LOS E and F indicate congested conditions.

4 Q - 95th percentile queue length estimate, in vehicles
NB = Northbound; SB = Southbound; EB = Eastbound; WB = Westbound L = Left-turn; T = Through; R = Right-turn
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As shown in Table 4, the Route 53 approaches to the intersections operate an acceptable LOS D or
better during the weekday evening, Saturday midday, and Sunday midday peak hours. All
driveway approaches at both Starland driveway intersectionss operate at an unacceptable LOS F
during all three peak hours; with the exception of the eastbound approach of the Subaru driveway,
which operates at an acceptable LOS C under the Sunday midday peak hour. Poor operations at the
Starland driveways and the two adjacent driveways can be attributed to high traffic volumes along
Route 53 with minimal gaps in traffic to allow movements out of the driveways.

Discussions with the Hanover Police Department indicated that queuing issues exist on Route 53
due to left-turning vehicles into Starland. These queuing issues are worst on tournament days,
where traffic to the Starland facility comes in waves, corresponding to the beginning of games.

Signal Warrant Analysis

VHB performed a traffic signal warrant analysis at each of the two unsignalized study area
intersections. The Manual on Uniform Traffic Control Devices (MUTCD)’ lists specific criteria, or
warrants, for the consideration of installation of a traffic signal at an intersection. The MUTCD also
notes that, “the satisfaction of a traffic signal warrant or warrants shall not, in itself, require the
installation of a traffic control signal.” The traffic signal warrant analysis provides guidance as to
locations where signals would not be appropriate and locations where they could be considered
further.

Traffic signal warrant analyses were performed for three volume-based warrants (Warrant 1: Eight-
Hour Vehicular Volume; Warrant 2: Four-Hour Vehicular Volume; and Warrant 3: Peak Hour
Volume) for the weekday evening peak period. Traffic signal warrant analyses for the Saturday
midday and Sunday midday peak periods were performed for Warrant 3 (Peak Hour Volume) only.
The results of all the signal warrant analyses are displayed in Table 5 and are included in an
attachment to this memorandum. As shown, none of the warrants are met at either study area
intersection for any of the peak hours. Additionally, none of the unsignalized intersections meet the
traffic signal warrants based on pedestrian volumes or history of vehicle crashes.

Table 5 Signal Warrants Analysis Summary
Warrant Met?
Warrant 1: Warrant 2: Warrant 3:
Intersection Peak Period Eight-Hour Volume Four-Hour Volume Peak Hour Volume

Route 53 at Northern  Weekday Evening No No No
Starland Driveway Saturday Midday - n/a n/a No
Driveway Sunday Midday n/a n/a No
Route 53 at Southern ~ Weekday Evening No No No
Starland Driveway Saturday Midday n/a n/a No

Sunday Midday n/a n/a No

Source: Vanasse Hangen Brustlin, Inc.

¢ MUTCD, Part 4 — Highway Traffic Signals, USDOT/FHWA, December 2008.
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IMPROVEMENT OPTIONS
In coordination with the Town of Hanover, two improvement options were developed that consider
roadway modifications along Route 53 within the study area:

» Option 1: Route 53 southbound left-turn lanes and northbound right-turn lanes at both the
northern and southern Starland driveways

» Option 2: Route 53 two-way (center) left-turn lane (TWLTL) from the northern to the southern
Starland driveways

As discussed, Route 53 is under MassDOT jurisdiction and is an NHS roadway. As such, the
roadway is subject to specific design standards. Considering these requirements, the following
assumptions were made when evaluating the two improvement options in terms of the conceptual
layout:

»  Minimum 50-foot long turn lanes;

»  Minimum 11-foot wide lanes. It should be noted that the minimum lane width on an NHS
principal arterial roadway is 12-feet. Review and approval by MassDOT of a design exception
for lane widths less than this minimum would be required;

> Minimum 5-foot wide shoulders. This shoulder would be of sufficient width to accommodate
bicycles. No additional bicycle accommodations are assumed. It should be noted that the
minimum shoulder width on an NHS principal arterial roadway is 8-feet. Review and approval
by MassDOT of a design exception for shoulder widths less than this minimum would be
required;

» To minimize impacts to the utility poles along the west side of Route 53, both concepts consider
widening Route 53 to the east (towards Starland). Widening to the east would likely have right-
of-way impacts to the Starland property and adjacent parcels; and

> Sidewalks are not included because there are none currently in the study area. It should be noted
__that a draft Engineering Directive for Design Criteria for MassDOT Highway Division Projects

has been issued by MassDOT which introduces new controlling criteria for pedestrian
accommodation. The draft directive states that “wherever adjacent land uses include commercial
or residential development greater than 5 units per acre, a sidewalk shall be provided along the
roadway adjacent to the use. “ If this draft directive is adopted in its current form, a design
exception request would need to be prepared and accepted by MassDOT for the exclusion of
sidewalks. '

The following sections include a discussion of each improvement option and summarize impacts to
traffic operations and preliminary lump sum cost estimates.

° Draft Engineering Directive; Design Criteria for MassDOT Highway Division Projects; MassDOT; December 18, 2013.
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Option 1: Left- and Right-Turn Lanes

As shown in Figure 6, Option 1 includes southbound left-turn lanes and northbound right-turn lanes
along Route 53 at both the northern and southern Starland driveways. To accommodate these turn
lanes, widening of Route 53 would be required. The preliminary lump sum cost estimate for

Option 1 is approximately $525,000. This cost estimate does not include right-of-way acquisition.

As shown in Table 6, traffic operations under Option 1 generally remain the same as under existing
conditions. The northbound and southbound approaches of Route 53 at both intersections continue
to operate at an acceptable LOS D or better. Operations at the northern and southern Starland
driveways and the adjacent driveways continue to operate at an unacceptable LOS F. It should be
noted that although Option 1 maintains the same level of operations as existing conditions, safety
and mobility along Route 53 can be improved by providing storage lanes for vehicles waiting to turn
into the Starland site.

Option 2: Two-Way (Center) Left-Turn Lane Preparation

As shown in Figure 7, Option 2 includes preparation of this section of Route 53 for a two-way
(center) left-turn lane (TWLTL). As described in the MassDOT Project Development and Design
Guide®, “The TWLTL is a special application of a flush median which allows turning movements
along its entire length. The treatment may be appropriate in areas with frequent driveway spacing in
highly developed or commercialized areas.” North of the study area, a TWLTL is provided along
Route 53 from Route 3 to Old Washington Street to serve the various developments along the
corridor. It is envisioned a TWLTL along Route 53 from Old Washington Street to the Pembroke
Town Line will be evaluated in detail as part of a subsequent Route 53 corridor study.

Option 2 includes northbound and southbound left-turn lanes along Route 53 at both the northern
and southern Starland driveways and would prepare this segment of Route 53 for a potential future
TWLTL. To accommodate these turn lanes, widening of Route 53 would be required. The
preliminary lump sum cost estimate for Option 2 is approximately $470,000. This cost estimate does
not include right-of-way acquisition.

As shown in Table 7, traffic operations under Option 2 change minimally when compared with
existing conditions. Operations in the northbound and southbound directions along Route 53
continue to operate at an acceptable LOS D or better. Similarly, operations at the northern and
southern Starland Driveways and the adjacent driveways continue to operate at an unacceptable
LOS F. It should be noted that although Option 2 maintains the same level of operations as existing
conditions, safety and mobility can be improved by providing storage lanes for vehicles waiting to
turn left into the Starland, Village Square, and Subaru driveways.

8 MassDOT Project Development and Design Guide, MassDOT, January 2006.
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Table 6 Unsignalized Intersection Capacity Analysis Summary - Option 1
Option 1: Left- and Right-Turn Lanes
Weekday Evening Peak Hour Saturday Midday Peak Hour Sunday Midday Peak Hour

Intersection Movement Delay? LOS? Q! VIC Dela; LOS Q Dela LOS
Route 53 at Northern Village Sq EB L/T/R ; Rl 0o o
Starland driveway/ Starland WB L/T ok 1.2 120 8
Village Square Starland WB R B 0 0.45 26 D 2 0.39 26 D

Route 53 NB L B 0 0.02 11 B 0 0.01 1 B

Route 53 SB L 9 A 0 0.00 0 A 0 0.01 10 B
Route 53 at Southern Subaru EB L/T/R 0.06 18 C
Starland driveway/ Starland WB L/T/R 04l 5120
Subaru dealership Route 53 NB L 0 0.01 10 B

Route 53 SB L 1 0.17 1 B

Source: VHB, Inc. using Synchro 8 software.
Note: Shaded cells denote LOS E/F conditions.
1 V/C - Volume-to-capacity ratio. V/C ratios range from 1.0 when demand equals capacity to 0 when demand is zero. Values over 1.0 indicate demand in excess of capacity.
2 Delay — Control delay per vehicle, expressed in seconds, includes initial deceleration delay, queue move-up time, stopped delay, and ?m_ acceleration delay.

3 LOS - Level-of-Service. LOS A indicates free flow conditions with minimal delays. LOS E and F indicate congested conditions.
4 Q - 95th percentile queue length estimate, in vehicles

NB = Northbound; SB = Southbound; EB = Eastbound; WB = Westbound L = Left-turn; T = Through; R = Right-turn
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Table 7 Unsignalized Intersection Capacity Analysis Summary — Option 2
Option 2: Two-Way (Center) Left-Turn Lane Preparation
Weekday Evening Peak Hour Saturday Midday Peak Hour Sunday Midday Peak Hour

Intersection Movement VIC! Delay? LOS? Q4 viC Dela LOS Q vic Dela: LOS Q
Route 53 at Northern Village Sq EB L/T/R 4. i iisp ; 5120 e j
Starland driveway/ Starland WB LT
Village Square Starland WB R

Route 53 NB L

Route 53 SB L
Route 53 at Southern Subaru EB L/T/R
Starland driveway/ Starland WB L/T/R ‘ . >1 oF
Subaru %m_ma:n Route 53 NB L 0.01 12 B 0 0.02 10 B 0 0.01 10 B 0

Route 53 SB L 0.01 9 A 0 0.17 11 B 1 0.17 11 B 1

Source: VHB, Inc. using Synchro 8 software.

Note: Shaded cells denote LOS E/F conditions.

1 VIC ~ Volume-to-capacity ratio. V/C ratios range from 1.0 when demand equals capacity to 0 when demand s zero. Values over 1.0 indicate demand in excess of capacity.
2 Delay — Control delay per vehicle, expressed in seconds, includes initial deceleration delay, queue move-up time, stopped delay, and final acceleration delay.

3 LOS - Level-of-Service. LOS A indicates free flow conditions with minimal delays. LOS E and F indicate congested conditions.

4 Q - 95th percentile queue length estimate, in vehicles

NB = Northbound; SB = Southbound; EB = Eastbound; WB = Westbound L = Left-turn; T = Through; R = Right-turmn
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SUMMARY

VHB has evaluated the intersections of Route 53 at the Starland driveways and has developed
potential permanent improvements to relieve congestion and improve safety along Route 53. In
coordination with the Town of Hanover, two improvement options were developed that consider
roadway modifications along Route 53 within the study area: '

> Option 1: Route 53 southbound left-turn lanes and northbound right-turn lanes at both the
northern and southern Starland driveways

> Option 2: Route 53 two-way (center) left-turn lane (TWLTL) from the northern to the southern
Starland driveways

VHB evaluated traffic operations under both Option 1 and Option 2. While traffic operations are
projected to remain relatively consistent when compared with existing conditions, safety and
mobility can be improved under both options by providing storage lanes for turning vehicles.

Based on preliminary conceptual improvement plans presented in Figure 6, the lump sum cost
estimate for Option 1 is $525,000. The lump sum cost estimate for Option 2, presented in Figure 7, is
$470,000. It should be noted that both concepts consider widening Route 53 to the east (towards
Starland) to avoid impacts to utility poles along the west side of the roadway. Widening to the east
would likely have right-of-way impacts to the Starland property and adjacent parcels.

Based on discussions with the Town of Hanover, Option 2 is the preferred alternative. Left-turns into
parcels along both sides of Route 53 were observed to be particularly difficult and are the primary
concern for the Town. Right-turns into the parcels were not observed to be a significant issue. As
such, Option 2 more adequately addresses this condition and would more equitably improve safety
and mobility for parcels along both sides of Route 53 when compared to Option 1. Option 2 would
also prepare this section of the Route 53 corridor for potential future development by reserving
right-of-way for a potential future TWLTL. As discussed, Route 53 is under MassDOT jurisdiction
and is an NHS roadway. As such, the roadway is subject to specific design standards. If the Town of

MassDOT and /or FHWA.
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Table X Vehicle Crash Summary (2009 to 2011)

Route 53 at Route 53 at
Starland Starland
Driveway Noith  Driveway South Total
District 5 Average Crash Rate 0.58 0.58
MassDOT Calculated Crash Rate 026 0.05
Year
2009 2 0 2
2010 1 1 2
2011 3 0 3
Total 6 1 7
Average 200 0.3 233
Collision Type
Angle 3 0 3
Head-on 1 0 1
Rear-end 2 1 3
Sideswipe, opposite direction 0 0 0
Sideswipe, same direction 0 0 0
Single vehide crash 0 0 0
Unknowr/Not Reported 0 0 0
Total 6 1 7
Crash Severity
Fatal injury 0 0 0
Non-fatal injury 3 1 4
Property Damege Only (no
injuries) : 0 3
Unknowr/Not Reported 0 0 0
Total 6 1 7
Time of Day
Weekday, 7:00 AM - 9:00 AM 0 0 0
Weekday, 4:00 PM - 6:00 PM 3 0 3
Saturday, 11:00 AM- 2:00 PM 0 0 0
Weekday, other time 2 1 3
W\eekend, other time 1 0 1
Total 6 1 7
Pavement Conditions
Dry 6 1 7
Wet 0 0 0
Snow/lce 0 0 0
Cther 0 0 0
Unknowr/Not Reported 0 0 0
Total 6 1 7
Non-Motorist (Bike, Pedestrian). 0 0 0

Source: Massachusetts Department of Transportation Crash Data 2009-2011.
1. Crashrate, expressed in arashes per million entering vehides, determined using MassDOT methods.
2. MassDOT District 5 average crash rate for signalized and unsignalized intersections (http:/Aww.nhd.state.ma.us).



Mowng Mus achusetts Forwar D O T

:m @) Highway
INTERSECTION CRASH RATE WORKSHEET

CITY/TOWN : Hanover, MA COUNT DATE : 10/17/2013
DISTRICT : 5 UNSIGNALIZED : sieNALIZED: [ ]
0.58 0.77

~ INTERSECTION DATA ~

MAJOR STREET : Route 53 (Washington Street)

MINOR STREET(S) : Northern Starland Driveway

Village Square

T Route 53
INTERSECTION North
DIAGRAM
(Label Approaches) Village Square Northern Starland Dwy
PEAK HOUR VOLUMES
Total Peak
APPROACH 1 2 3 4 5 Hourly
DIRECTION : NB SB EB WB Approach
Volume
PEAK HOURLY
VOLUMES (ANVPM) : 630 1,190 25 40 1,885
. . INTERSECTION ADT (V) = TOTAL DAILY
K" FACTOR : 0.090 APPROACH VOLUME 20,944
4 OF AVERAGE # OF
TOTAL # OF CRASHES 6 , 3 CRASHES PER YEAR (|  2.00
YEARS : A
CRASH RATE CALCULATION : 0.26 RATE = o

Comments : MassDOT Accident Data

Project Title & Date:




ATR Location :  Washington Street (Route 53) POIFles:  133679A
north of Starland South Driveway pREciion Client# : 1251100
City, State :  Hanover, MA WOUSTRESUC Client: VHB/ K. Keen
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ATR Location :  Washington Street (Route 53) PDIFlle#:  133679A
north of Starland South Driveway POELISION Client ; 12511.00
City, State :  Hanover, MA INDUSTRES, LLC Client : VHB/ K. Keen
kS 73 ok A I
Direction : _ Southbound [ ed s
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ATR Location:  Washington Street (Route 53) 133679A
north of Starland South Driveway prECISlon 1251100
City, State:  Hanover, MA WoUSTRES L VHB/ K. Keen
oSt S For oL 134
Direction: _Southbound koo
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ATR Location:  Washington Street (Route 53) « 1336794
north of Starland South Driveway RN 12511.00
City, State:  Hanover, MA INOUSTRIES, LC Client VHB/ K. Keen
Direction : _Southbound
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File Name : 133679 CCC

-~

wni-n_ye
[T
0

Cars
Heavy Vehicles

Total
Skeat Route 53)

N/S: Washington Street (Route 53) PRECISION File Name : 133679 CCC N/S: Washington Street (Route 53) PRECISION
E: East Street WED =_Mm :w Site Code : 12511.00 E: East Street chw =_mm o Site Code :12511.00
City, State: Hanover, MA 0.Bon 307 Sl MA 1580 Start Date :12/29/2013 City, State: Hanover, MA P BR0T Dk MSTEn Start Date :12/29/2013
Client: VHB/ K. Keen b~ it i PageNo :1 Client: VHB/ K. Keen o s PageNo :1
Groups Printed- Peds and Bicycles
_ Washington Street Route 53) East Street E..z.im._ v..:m«_ wss__n 53)
From North From East rom Soutl > o - 3
[ Start Tims Thew | Lo | Peds Right | Le ] Peds Right | Thew | Peds Tt Total ) _ _ Wiskingios S6rst fome 1) peafe Washinglon Siowe Joste ) M
11:00 AM 0 0 0 0 0 0 0 0 0 0 [ Start Time | Thiu | Left | U-Tum [ Right Left | U-Tum [ App.Total | Right | Thru | U-Tum | App. Total | lnt Total |
11:15 AM 0 0 0 0 0 0 0 0 0 0 Peak Hour Analysis From 11:00 AM to 12:45 PM - Peak 1 of |
11:30 AM 0 0 [ 0 0 0 0 [ 0 0 Peak Hour for Entire Intersection Begins at 12:00 PM
11:45 AM 0 0 0 0 0 0 0 (1] 0 0 12:00 PM 179 14 0 193 27 4 197 0 201 421
Total 0 0 0 0 0 0 0 0 0 0 197 8 0 205 32 10 221 0 231 468
191 15 0 206 31 7 231 0 238 475
12:00 PM 0 0 0 0 0 0 0 0 0 0 192 8 0 200 26 7 190 0 197 423
12:15PM 0 0 [} 0 0 0 0 0 0 0 759 45 o 804 116 28 839 0 867 1787
12:30 PM 0 0 0 0 0 0 0 0 0 0 94.4 56 0 32 96.8 0 I
N 12:45 PM 0 0 0 0 0 0 0 0 0 0 963 .750 000 976 700 908 000 911 941
Total 0 0 i} 0 0 0 0 0 0 0 57 45 0 802 116 28 836 0 864 1782
% Cars 99.7 100 0 998 100 100 99.6 0 99.7 99.7
Grand Total 0 0 0 [ 0 0 0 0 0 0 Heavy Vehicles 2 0 0 2 0 0 3 0 3 s
Appreh % 0 0 0 0 0 0 0 0 0 % Heavy Vehicles 03 0 0 02 0 0 0.4 0 03 03
Total %
Waslhiington Street Route 53) East Street _ Washington Street Route 53)
From North From East From South
L Stant Time Thru | LeA |  Peds | App. Tou Right | Lefi [ Peds [ App.Tol |  Right|  Thu[  Peds | App. Towl |
Peak Hour Analysis From 11:00 AM to 12:45 PM - Peak 1of 1
Peak Hour for Entire Intersection Begins at 11:00 AM
11:00 AM 0 0 0 0 0 0 o0 0 0 0 0 0 0
11:15 AM 0 0 0 0 0 0 0 0 0 0 0 0 0
11:30 AM 0 0 0 0 0 0 0 0 0 0 0 0 0
11:45 AM 0 0 0 0 0 0 0 0 0 0 0 0 [1]
Total Volume 0 0 0 0 0 0 0 0 0 [ 0 0 0
% App. Total 0 0 0 0 1] 0 0 0 0
PHF 000 000 000 000 000 .000 000 .000 .000 .000 .000 .000 000
1 ok o8
2| =
Notth ﬂow, ke E o d




N/S: Washington Street (Route 53) PRECISION File Name : 133679 CCC N/S: Washington Street (Route 53) PRECISION File Name : 133679 CCC

E: East Street _chw;_Mm rm Site Code :12511.00 E: East Street m_ucw;.mm oA Site Code :12511.00
City, State: Hanover, MA 70.80x 301 Bl VA 01503 Start Date :12/29/2013 City, State: Hanover, MA N BN Start Date : 12/29/2013
Client: VHB/ K. Keen Ot tatuenastsbpdiic o Page No 1 Client: VHB/ K. Keen ek S R Page No  :1
Groups Printed- Cars Groups Printed: Heavy Vehicles
Washington Street Route 53) East Street Washington Street Route 53) ﬁ Washington Street Route 53) East Street Washinglon Sireel Route 53)
From North From East From South From North From East | FromSou
[ Start Time Thru | L [ U-Tum Lef|  UTum Right | Theu | U-Tum Int. Total | [ Start Time Thru [ Left | U-Tum Right | Left | U-Tum Right | Thru | U-Tum | Int. Total |
11:00 AM 140 13 0 3 0 7 168 0 351 0 0 0 0 0 [ 0 0 0 0
11:15 AM 138 15 0 7 0 11 196 0 380 2 0 0 0 0 0 0 0 0 2
11:30 AM 145 19 0 3 0 14 190 0 397 2 0 0 0 0 0 0 0 0 2
11:45 AM 154 15 0 3 1 8 183 0 378 1 0 0 0 0 0 0 0 of
Total 577 62 0 18 1 40 737 0 1506 S 0 0 [ (] [ 0 0 0 5
12:00 PM 179 14 0 25 2 0 4 197 0 421 12:00 PM 0 0 0 0 0 [ 0 0 0 0
12:15PM 197 8 0 25 7 0 10 219 0 466 12:15PM 0 0 0 0 0 0 0 2 0 2
12:30 PM 190 15 [ 25 6 0 7 230 0 473 12:30 PM 1 0 0 0 0 0 0 1 0 2
12:45 PM 191 8 0] 15 11 0 1 190 0 422 12:45PM 1 0 0 0 0 0 0 0 0 1
Total 757 45 0 90 26 0 28 836 0 1782 Total 2 0 0 0 0 0 0 3 0 5
Grand Total 1334 107 0 161 44 1 68 1573 0 3288 Grand Total ¥ 0 0 0 0 0 0 3 [ 10
Apprch % 926 74 . 0 782 214 0.5 4.1 95.9 0 Appreh % 100 0 0 0 [¢] 0 0 100 0
Total % 406 33 0 49 13 0 21 478 0 Total % 70 0 0 0 0 0 0 30 0
_‘ ‘Washington Sireet Route 53) East Street ton Sircet Route 53) Washington Street Route 53) East Strect Washington Street Route 53)
From North From East B : From South From North From East
[ Start Time | Theu | Lef | U-Tum | App. Total | Right | Lef |  U-Tum | App. Tof Right | Thru | U-Tum | App Total | Int Total ] [ Start Time_|_ Theu | Left | um | App.Total | Right |_ Lef | U-Tum | App Total | Right | App_Total |
Peak Hour Analysis From 11:00 AM 10 12:45 PM - Peak 1 of 1 Peak Hour Analysis From 11:00 AM to 12:45 PM - Peak | of |
Peak Hour for Entire Intersection Begins at 12:00 PM Peak Hour for Entire Intersection Begins at 11:00 AM
179 14 0 193 25 2 0 27 4 197 0 201 421 11:00 AM | 0 0 0 0 0 0 0 0 0 0 0 0
197 g 0 205 25 7 0 32 10 219 0 229 466 11:15 AM 2 0 2 0 0 0 0 0 0 0 0 2
190 15 0 205 25 6 0 31 7 230 0 237 473 11:30 AM 2 0 2 0 0 0 0 0 0 0 0 2
12:45PM 191 8 0 199 15 1 0 2 7 190 0 197 422 11:45 AM 1 0 1 0 0 0 0 0 0 0 0 1
Total Volume 757 45 0 802 90 26 0 116 28 836 0 864 1782 Total Volume 5 0 5 0 0 0 0 0 0 0 0 s
% App. Tol 94.4 56 0 716 224 0 32 96.8 0 % App. Total 100 0 0 0 0 0 0 0
PHF 961 0 .000 9718 | .900 _.391 000 906 700 909 000 911 942 PHF 625 .000 000 625 000 000 .000 .000 000 .000 000 .000 625




N/S: Washington Street (Route 53)

E: East Street
City, State: Hanover, MA
Client: VHB/ K. Keen

PRECISION
DATA
INDUSTRIES, LLC

P0.Box 301 Berlin, MA 01503
Office: 508 4813999 Fax 5085451234
Email:ditarequests@pdillc.com

File Name : 133679 CC
Site Code :12511.00
Start Date :12/28/2013
PageNo :1

* Washington Street Route 53) East Street Washington Street Route 53) _
From North From East From South
L Start Time | Theu | Lef [ U-Tum [ App.Total | Right | Lef | U-Tum [ App.Total | Rigt [ Thu [ U-Tun [ App. Total | Int Total
Peak Hour Analysis From 11:00 AM to 12:45 PM - Peak 1 of |
Peak Hour for Entire [ntersection Begins at 12:00 PM
12:00 PM 239 0 258 25 7 [ 32 2 274 0 281 571
12:15PM 230 0 248 21 12 0 33 10 300 0 310 591
12:30 PM 221 0 238 32 7 0 39 5 225 0 230 507
12:45PM 250 0 267 23 15 0 38 2 239 0 246 551
Volume 940 0 1011 101 41 0 142 29 1038 0 1067 2220
% App. Total 9 0 711 289 0 27 973 0
PHF 940 000 .947 789 683 .000 910 725 865 .000 860 939
Cars 937 0 1006 100 41 0 141 29 1033 0 1062 2209
% Cars 9.7 0 99.5 99.0 100 0 993 100 99.5 0 99.5 9.5
Heavy Vehicles 3 0 s 1 [} [ 1 0 5 0 S 1
% Heavy Vehicles 03 0 0.5 1.0 0 0 0.7 0 0.5 0 0.5 05

/ashinglon Street Route 53)

73 [t (28

Out In
Streel Route 53)

&)

Q—‘

wni-n_ya

File Name : 133679 CCC

N/S: Washington Street (Route 53) PRECISION
E: East Street mocbam._w _.Fw Site Code : 12511.00
City, State: Hanover, MA 700301 Berles WA 01503 Start Date :12/29/2013
Client: VHB/ K. Keen O o PageNo :1
Sroups Printed- Cars - Heavy Vehicles
‘Washington Stueet Route 53) East Street ‘Washington Strect Route 53)
FromNorth From East From South
Thru Len | U-Tum Right | Left | U-Tum Right | Thu | UTum | Int. Total |
140 13 0 18 5 0 7 168 0 351
140 15 0 13 Z 0 11 196 0 382
147 19 0 26 3 0 14 190 0 399
155 15 0 14 3 1 8 183 0 379
582 62 0 7 18 1 40 737 0 1511
12:00 PM 179 14 0 25 2 0 4 197 0 421
12:15PM 197 8 0 25 7 0 10 221 0 468
12:30 PM 191 15 0 25 6 o 7 231 0 475
12:45PM 192 8 0 P - S ! | 0] 7 190 ol 423
Total 759 45 0 920 26 0 28 839 0 1787
Grand Total 1341 107 0 161 44 1 68 1576 0 3298
Apprch % 926 74 0 782 214 0s 4.1 959 0
Total % 40.7 32 0 49 13 Q 21 478 0
Cars 1334 107 0 161 44 1 68 1573 0 3288
% Cars 9.5 100 0 100 100 100 100 998 0 99.7
Heavy Vehicles 7 0 0 o0 0 0 0 3 0 10
% Heavy Vehicles 0.5 0 0 0 0 0 0 02 0 03
Washington Strect Route 53) ﬂ East Street Washington Street Route 53)
From North From East . From South -
| Start Time | Thru | Left | U-Tum [ App Total | Right | Lef | U-Tum [ App. Total T | U-Tum [ App. Total ]
Peak Hour Analysis From 11:00 AM to 12:45 PM - Peak 1 of |
Peak Hour for Entire Intersection Begins at 12:00 PM
179 14 0 193 25 2 0 27 4 197 0 201 421
197 8 0 205 25 7 0 k7] 10 221 0 231 468
191 15 0 206 25 6 0 31 7 231 0 238 475
192 8 0 200 15 11 0 26 7 190 0 197 423
759 45 0 804 EY 26 0 116 28 839 0 867 1787
94.4 56 0 72.6 224 0 32 96.8 0 .
963 750 000 9761 900 591 000 906 _.700 908 000 911 941
757 45 0 802 %0 26 0 116 28 836 0 864 1782
% Cars 99.7 100 0 99.8 100 100 0 100 100 99.6 0 99.7 99.7
Heavy Vehicles 2 0 0 2 0 0 0 0 0 3 0 3 5
% Heavy Vehicles 03 0 0 0.2 0 0 0 0 0 04 0 03 03




N/S: Washington Street (Route 53) PRECISION File Name : 133679 CC N/S: Washington Street (Route 53) PRECISION File Name : 133679 CC

E: East Street D ATA Site Code : 12511.00 E: East Street D AT A Site Code  : 12511.00
TRIES, LLC y !

City, State: Hanover, MA u.n,h“_w...h_mh.__h.ﬁ 1503 Start Date :12/28/2013 City, State: Hanover, MA 70, hownmu._wﬁmza Start Date : 12/28/2013

Client: VHB/ K. Keen el emalg PageNo :1 Client: VHB/ K. Keen Rl sy e v Page No  :1

Groups Printed- Peds and Bicycles

 Groups Printed- Heavy Vehicles

ton Sireet Route 53) East Street Washington Sireet Roule 53) _‘ Washington Street Route $3) East Street glon Street Re
From North From East From South From North From East From Sout
Stant Time Thru | LeR | U-Tum Right | Len| U-Tum Right | Thru | U-Tum Int Total | [ Stant Time. Thnd | Len | Peds Right | Left | Peds w ] Thru | Peds Int. Total |
11:00 AM 2 [ 0 0 0 0 0 3 0 S 11:00 AM 0 0 0 0 0 0 0 1 1
11:15 AM 2 ] 0 0 0 0 0 3 0 ] 11:15 AM 0 0 0 0 0 0 0 0
11:30 AM 3 0 0 1 0 0 0 0 [ 4 11:30 AM 0 0 0 0 1 0 0 0
N 11:45 AM 3 0 0 0 0 0 0 53 0 8 11:45 AM 0 0 0 0 0 0 0 0
Total 10 ] 0 1 0 0 0 11 0 22 Total 0 0 0 0 1 0 0 1
12:00 PM 1 0 0 0 0 0 0 1 ) 2 12.00 PM 0 0 0 0 0 0 0 0 0
12:15PM 0 2 0 0 0 0 0 2 0 4 12:15PM 0 0 0 0 0 0 0 0 [
12:30 PM 1 0 0 1 0 0 0 1 0 3 12:30 PM a 0 0 0 0 0 [ 0 0 0
12:45PM 1 [ 0] 0 0 0 Q 1 0 2 12:45PM a [¢] 0 0 o (1] 0 0 0 0
Total 3 2 0 1 0 0 0 5 0 11 Total a 0 0 0 0 0 0 0 0 0
Grand Total 13 2 0 2 0 0 0 16 0 33 Grand Total a 0 0 0 0 1 0 0 1 2
Appreh % 86.7 133 0 100 0 0 0 100 0 Apprch % q 0 0 0 0 100 0 0 100
Total % 394 6.1 0 6.1 0 0 0 485 0 Total % q 0 [ 0 0 50 ) 0 50
Washinglon Strcel Route 53) East Street _ Washington Street Route 53) Washingtor| Street Route 53) East Street Washington Sireet Roule 53)
From North From East From South From North From East
| Stant Time | Thru | Left [ U-Tum | ight | Left | U-Tum | App. Total | Right | T | U-Tum | App. Total | Int. Total | Start Time | Theu | Left|  Peds | App Total |  Right [ Left | Peds |  App. Total | Right | Thru | Peds | App.Total | Int Total |
Peak Hour Analysis From 11:00 AM to 12:45 PM - Peak 1 of 1 Peak Hour Analysis From 11:00 AM 10 12:45 PM } Peak 1 of |
Peak Hour for Entire Intersection Begins at 11:00 AM Peak Hour for Entire Intersection Begins lat 11:00 AM
11:00 AM 2 0 0 2 0 0 0 0 0 3 0 3 5 11:00 AM 0 0 0 0 0 0 0 0 0 1 1 1
11:15 AM 2 0 0 2 0 0 0 0 0 3 0 3 5 0 0 o o 0 0 0 0 0 0 0 0
11:30 AM 3 0 1] 3 1 0 0 1 0 0 0 0 4 0 0 0 0 0 1 1 0 0 0 0 1
11:45 AM 3 0 1] 3L 0 [ 0 0 1] 5 0 5 8 11:45 AM 0 0 0 (1] 0 0 0 0 0 0 0 0
Total Volume 10 0 0 10 1 0 0 1 ] 11 0 11 22 Total Volume 0 0 0 0 0 1 1 [ 0 1 1 2
% App. Total 100 0 0 100 0 0 0 100 0 % App. Total 0 0 0 (1] 100 0 0 100
PHF 833 000 .000 833 .250 000 .000 .250 000 550 000 550 688 PHE 000 000 000 000_| 00( 000 250 250 000 000 250 250 500




Ao vmg Mn‘mrﬁumr{s Forw: vrdD O T

m @ Highway
INTERSECTION CRASH RATE WORKSHEET

CITY/TOWN : Hanover, MA COUNT DATE : 10/17/2013
DISTRICT : 5 UNSIGNALIZED : siGNaLIZED: [ |
0.58 0.77

~ INTERSECTION DATA ~

MAJOR STREET : Route 53 (Washington Street)

MINOR STREET(S) : Southern Starland Driveway

Subaru Dealership

T Route 53
INTERSECTION North
DIAGRAM
(Label Approaches) Subaru Dealership Southern Starland Dwy
PEAK HOUR VOLUMES
APPROACH : 1 2 3 4 5 Total Peak
Hourly
DIRECTION : NB SB EB WB Approach
Volume
PEAK HOURLY
VOLUMES (AM/PM) - 635 1,165 20 5 1,825
Wi . INTERSECTION ADT (V) = TOTAL DAILY
K" FACTOR:: 0.090 APPROACH VOLUME : G
# OF AVERAGE # OF
TOTAL # OF CRASHES : 1 ) 3 CRASHES PER YEAR ( 0.33
YEARS : o
CRASH RATE CALCULATION : 0.05 RATE = %L

Comments : MassDOT Accident Data

Project Title & Date:
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2009 MUTCD
TRAFFIC SIGNAL WARRANT ANALYSIS (VOLUME BASED)

Intersection: Route 53 at Northern Starland Driveway/Village Square
Major Street Direction:  Northbound-Southbound v

Year: 2013 Condition: Existing - Weekday Evening
Operating speed on major roadway: 45 mph Required
Number of approaches: 4 approach volumes
Adjusted
Warrant 1 EIGHT-HOUR VEHICULAR VOLUME Minimum*  Minimum**
Warrant 1A MINIMUM VEHICULAR VOLUME (8 hours of day)
Major Street : 1 Lane(s) on each approach 500 350
Minor Street : 1 Lane(s) on each approach 150 X 105
Warrant 1B INTERRUPTION OF CONTINUOUS TRAFFIC (8 hours of day)
Major Street : 1 Lane(s) on each approach 750 525
Minor Street : 1 Lane(s) on each approach 75 53
80 PERCENT SATISFACTION OF WARRANT 1A AND WARRANT 1B Warrant 1A Warrant 1B
Major Street : 1 Lane(s) on each approach 400 600
Minor Street : 1 Lane(s) on each approach 120 60
Warrant2 FOUR HOUR VEHICULAR VOLUME
Major Street : 1 Lane(s) on each approach If "verify" indicated, see Figure 4C-1 or 4C-2.
Minor Street : 1 Lane(s) on each approach 25 = accuracy of regression equations
Warrant 3 PEAK HOUR VOLUME
Major Street : 1 Lane(s) on each approach If "verify" indicated, see Figure 4C-3 or 4C-4.
Minor Street : 1 Lane(s) on each approach 25 = accuracy of regression equations
Entering Vol. Entering Vol. on Major Road  Tot. Ent. Vol. Meets the following volume-based warrants?
Hour Minor Road+ Northbound ~ Southbound  On Major Rd 1A 1B 80%(1A&1B) 2 3
6:00 - 7:00 AM 0 0 0 0 No No No No No
7:00 - 8:00 AM 0 1096 278 1374 No No No No No
8:00 - 9:00 AM 0 791 376 1167 No No No No No
9:00 - 10:00 AM 1 695 444 1139 No No No No No
10:00 - 11.00 AM 3 683 535 1218 No No No No No
11:00 - 12:00 AM 14 688 670 1358 No No No No No
12:00 - 1:00 PM 28 721 823 1544 No No No No No
1:00 - 2:00 PM 6 667 818 1485 No No No No No
2:00 - 3:00 PM 22 637 852 1489 No No No No No
3:00 - 4:00 PM 12 639 947 1586 No No No No No
4:00 - 5:00 PM 12 636 1035 1671 No No No No No
5.00 - 6:00 PM 25 633 1185 1818 No No No No No
7:00 PM 0 0 0 0 No No No No No
i L No No No No No
Warrants 1 2 3
Met? NO No No

*From the criteria described for the warrant in the MUTCD.
**If the operating speed is higher than 40mph then the volumes can be adjusted to 70%. (If no adjusted minimum, the minimum from the previous column is shown)
+|f more than one approach, report the approach that has the higher volume.

NON-VOLUME-BASED WARRANTS

Warrant 4, Minimum Pedestrian Volume: No Warrant 5, School Crossing:
Peak Four Hour Pedestrian Volumes: 0 See MUTCD for details.
(non-concurrent) 0
0
0 Warrant 7, Crash Experience: No
# of accidents "correctable by
Warrant 6, Coordinated Signal System: signalization" occuring in the last 12 months: 0

See MUTCD for details.

Warrant 8, Roadway Network:
See MUTCD for details.

Source:  Manual on Uniform Traffic Control Devices (MUTCD); 2009 Edition [2009]

last updated: 08/05/05 [version]



2009 MUTCD

TRAFFIC SIGNAL WARRANT ANALYSIS (VOLUME BASED)

Intersection:

Major Street Direction:  Northbound-Southbound | W |

Route 53 at Northern Starland Driveway/Village Square

Year: 2013 Condition: Existing - Saturday Midday
Operating speed on major roadway: 40 mph Required
Number of approaches: 4 approach volumes
¢ ; Adjusted
Warrant1  EIGHT-HOUR VEHICULAR VOLUME g Minimum?*  Minimum™*
Warrant 1A MINIMUM VEHICULAR VOLUME (8 hours of day) ; L
Major Street : 1 Lane(s) on each approach L 5007
MII’\OI’ Street 2 Lane(s) on each appro'ch #9200
Warrant 1B INTERRUPTION OF CONTINUOUS TRAFFIC (8 hours of day)
- Major Street : 1 Lane(s) on each approach
Minor Stree i &2 Lane(s) on e ch approach
80 PERCENT SATISFACTION OF WARRANT 1A AND WARRANT 1B _Warrant 1A Wa
Major Street ; 'A i) Lane(s) on each approach 400 RN 6 00
Minor Street: = 2 Lane(s) on each approach Te0s = 80
Warrant 2 FOUR HOUR VEHICULAR VOLUME SR SRR e
Major Street : 1 Lane(s) on each approach If "verify" indicated, seé Figure 4C-1 or 4C-2.
Minor Street : 2 Lane(s) on each approach 25 = accuracy of regression equations £
Warrant3 PEAK HOUR VOLUME : ; : SEEgie e T . £
& - Major Street : 1 Lane(s) on each approach If "verify" indicated, see Figure 4C-3 or4C-4.
Minor Street: = 2 Lane(s) on each approach 25 = accuracy of regression equations A
Entering Vol. Entering Vol. on Major Road  Tot. Ent. Vol. Meets the following volume-based warrants?
Hour Minor Road+ Northbound ~ Southbound  On Major Rd 1A 1B 80%(1A&1B) 2 3
0 0 0 0 No No No No No
0 0 0 0 No No No No No
0 0 0 0 No No No No No
0 0 0 0 No No No
0 0 0 0 No No No
94 939 904 1843 No No No
78 915 1048 1963 No No No
0 0 No No No
0 0 No No No
0 0 No No No
0 0 No No No
0 0 No No No
0 0 No No No
: H No & No ~No
_Warrants 3 i S PR
. Met? NOZi i

*From the criteria described for the warrant in the MUTCD.
**If the operating speed is higher than 40mph then the volumes can be adjusted to 70%. (If no adjusted minimum, the minimum from the previous column is shown)
+|f more than one approach, report the approach that has the higher volume.

NON-VOLUME-BASED WARRANTS

Warrant 4, Minimum Pedestrian Volume: No
Peak Four Hour Pedestrian Volumes: 0
(non-concurrent) 0

0

0

Warrant 6, Coordinated Signal System:
See MUTCD for details.

Warrant 8, Roadway Network:
See MUTCD for details.

Source:

Manual on Uniform Traffic Control Devices (MUTCD);

Warrant 5, School Crossing:
See MUTCD for details.

Warrant 7, Crash Experience: No
# of accidents "correctable by

signalization" occuring in the last 12 months: 0

2009 Edition [2009]

last updated: 08/05/05 [version]




2009 MUTCD
TRAFFIC SIGNAL WARRANT ANALYSIS (VOLUME BASED)

Intersection: Route 53 at Northern Starland Driveway/Village Square

Major Street Direction:  Northbound-Southbound v

Year: 2013 Condition: Existing - Sunday Midday
Operating speed on major roadway: 43 mph Required
Number of approaches: 4 approach volumes
Adjusted

Warrant1  EIGHT-HOUR VEHICULAR VOLUME
Warrant 1A - MINIMUM VEHICULAR VOLUME (8 hours of day)

Minimum*  Minimum**

500 350

80 PERCENT SATISFACTION OF WARRANT 1A AND WARRANT 1B

Major Street : 1 Lane(s) on each approach :
Minor Street : 2 Lane(s) on each approach 200 140
Warrant 1B INTERRUPTION OF CONTINUOUS TRAFFIC (8 hours of day) i S : ' 
Major Street : 1 Lane(s) on each approach 750 525
Minor Street : 2 Lane(s) on each approach _‘IQO 70

Warrant 1A Warrant 1B

Major Street : 1 Lane(s) on each approach
Minor Street : 2 Lane(s) on each approach

400 1600
- 160 808!

Warrant2 FOUR HOUR VEHICULAR VOLUME
Major Street : 1 Lane(s) on each approach

Minor Street : 2 Lane(s) on each approach

If “verify" indicated, see Figure 4C-1 or 4C-2.
25 = accuracy of regression equations

VOLUME
Major Street :
Minor Street :

Warrant3 PEAK HOUR : :
; If "verify" indicated, see Figure 4C-3 or 4C-4.
25 = accuracy of regression equations

1 Lane(s) on each approach
2 Lane(s) on each approach

Entering Vol. Entering Vol. on Major Road  Tot. Ent. Vol. Meets the following volume-based warrants?
Hour Minor Road+ Northbound  Southbound  On Major Rd 1A 1B 80%(1A&1B) 2 3
6:00 - 7:00 AM 0 0 0 0 No No No No No
7.00 - 8:00 AM 0 0 0 0 No No No No No
8:00 - 9:00 AM 0 0 0 0 No No No No No
9:00 - 10.00 AM 0 0 0 0 No No No No No
10:.00 - 11:00 AM 0 0 0 0 No No No No No
11:.00 - 12:.00 AM 57 741 703 1444 No No No No No
12:00 - 1:00 PM 72 874 951 1825 No Yes No Verify No
1:00 - 2:00 PM 0 0 0 0 No No No No No
2:00 - 3:00 PM 0 0 0 0 No No No No No
3:00 - 4:00 PM 0 0 0 0 No No No No No
4:00 - 5:.00 PM 0 0 0 0 No No No No No
5:00 - 6:00 PM 0 0 0 0 No No
6:00 - 7:00 PM 0 0 0 0 No No
i T a5 E : ‘No =
Warrants 1
Met? | NO

*From the criteria described for the warrant in the MUTCD.
**If the operating speed is higher than 40mph then the volumes can be adjusted to 70%. (If no adjusted minimum, the minimum from the previous column is shown)
+If more than one approach, report the approach that has the higher volume.

NON-VOLUME-BASED WARRANTS

Warrant 4, Minimum Pedestrian Volume:
Peak Four Hour Pedestrian Volumes:
(non-concurrent)

Warrant 5, School Crossing:l:]

See MUTCD for details.

O O oo

Warrant 7, Crash Experience:

# of accidents "correctable by
Warrant 6, Coordinated Signal System: signalization" occuring in the last 12 months:

See MUTCD for details.

0

Warrant 8, Roadway Network:
See MUTCD for details.

Source:  Manual on Uniform Traffic Control Devices (MUTCD); 2009 Edition [2009]

last updated: 08/05/05 [version]



2009 MUTCD
TRAFFIC SIGNAL WARRANT ANALYSIS (VOLUME BASED)

Intersection: Route 53 at Southern Starland Driveway/Village Square

Major Street Direction:  Northbound-Southbound | ¥ |

Year: 2013 Condition: Existing - Weekday Evening
Operating speed on major roadway: 45 mph Required
Number of approaches: 4 approach volumes
Adjusted
Warrant 1 EIGHT-HOUR VEHICULAR VOLUME Minimum®. - Minimum**

Warrant 1A MINIMUM VEHICULAR VOLUME (8 hours of day)

Major Street :
Minor Street :

Warrant 1B

Major Street :
Minor Street :

Minor Street :

8‘0 PERCENT SATISFACTION OF WARRANT 1A AND WARRANT 1B
Major Street:

13 Lane(s) on each approach
1 Lane(s) on each approach :

INTERRUPTION OF CONTINUOUS TRAFFIC (8 hours of day)

1 Lane(s) on each approach
1 Lane(s) on each approach

1 Lane(s) on each approac'h :
1 Lane(s) on each approach

48] Warrant 1A 7jwarrar1t'>1B
i120 58 60

Warrant2 FOUR HOUR VEHICULAR VOLUME
Major Street : 1 Lane(s) on each approach I "verify" mdlcated see Flgure 4C 1 or 4C-2.}
Minor Street : 1 Lane(s) on each approach 25 = accuracy of regression equations
Warrant 3 PEAK HOUR VOLUME : : o
. Major Street : 1 Lane(s) on each approach If ”venfy" |nd|cated see Fxgure 4C 3 or 4C-4.' ok
Minor Street : 1 Lane(s) on each approach 25 =‘accuracy of regression equations
Entering Vol. Entering Vol. on Major Road  Tot. Ent. Vol. Meets the following volume-based warrants?
Hour Minor Road+ Northbound  Southbound ~ On Major Rd 1A 1B 80%(1A&1B) 2 3
6:00 - 7:00 AM 0 0 0 0 No No No No No
No No No No No
No No No No No
No No No No No
No No No No No
No No No No No
No No No No No
No No No No No
No No No No No
No No No No No
No No No No No
No No No No No
No No No No No
il No No No No - No
Warrants 1 a2 |3
Met? ~NO “No | ‘No
*From the criteria described for the warrant in the MUTCD.
**If the operating speed is higher than 40mph then the volumes can be adjusted to 70%. (If no adjusted minimum, the minimum from the previous column is shown)
+If more than one approach, report the approach that has the higher volume.
NON-VOLUME-BASED WARRANTS
Warrant 4, Minimum Pedestrian Volume: No Warrant 5, School Crossing:
Peak Four Hour Pedestrian Volumes: 0 See MUTCD for details.
(non-concurrent) 0
0
0 Warrant 7, Crash Experience: No

# of accidents "correctable by
Warrant 6, Coordinated Signal System: signalization" occuring in the last 12 months: 0

See MUTCD for details.

Warrant 8, Roadway Network:
See MUTCD for details.

Source:  Manual on Uniform Traffic Control Devices (MUTCD); 2009 Edition [2009]

last updated: 08/05/Q5 [version]



2009 MUTCD
TRAFFIC SIGNAL WARRANT ANALYSIS (VOLUME BASED)

Intersection: Route 53 at Southern Starland Driveway/Village Square
Major Street Direction:  Northbound-Southbound v

Year: 2013 Condition: Existing - Saturday Midday
Operating speed on major roadway: 40 mph Required
Number of approaches: 4 approach volumes
Adjusted
Warrant1 EIGHT-HOUR VEHICULAR VOLUME Minimum*  Minimum™*
Warrant 1A MINIMUM VEHICULAR VOLUME (8 hours of day) : ¢
Major Street 1-Lane(s) on each approach 500 1+ 500
Minor Street : 1 Lane(s) on each approach 150 #4150
Warrant 1B INTERRUPTION OF CONTINUOUS TRAFFIC (8 hours of day) :
Major Street : 1 Lane(s) on each approach =750 750
Minor Street : 1 Lane(s) on each approach 75 T A
80 PERCENT SATISFACTION OF WARRANT 1A AND WARRANT 1B Warrant 1A' Warrant 1B
: Major Street : 1 Lane(s) on each approach 400 600
Minor Street : 1 Lane(s) on each approach : 120 60
Warrant2  FOUR HOUR VEHICULAR VOLUME 7
Major Street : 1 Lane(s) on each approach ; If "verify" indicated, see Figure 4C-1 or 4C-2.
Minor Street : 1 Lane(s) on each approach 25 = accuracy of regression equations
Warrant3 PEAK HOUR VOLUME
Major Street : 1 Lane(s) on each approach = If "verify" indicated, see Figure 4C-3 or 4C-4.
Minor Street : 1 Lane(s) on each approach 25 = accuracy of regression equations
Entering Vol. Entering Vol. on Major Road  Tot. Ent. Vol. Meets the following volume-based warrants?
Hour Minor Road+ Northbound ~ Southbound ~ On Major Rd 1A 1B 80%(1A&1B) 2 3
6:00 - 7:00 AM 0 0 0 0 No No No No No
7:00 - 8:00 AM 0 0 0 0 No No No No No
8:00 - 9:00 AM 0 0 0 0 No No No No No
9:.00 - 10:00 AM 0 0 0 0 No No No No No
10:00 - 11:00 AM 0 0 0 0 No No No No No
11:00 - 12:00 AM 13 959 912 1871 No No No No No
12:00 - 1:00 PM 11 934 1031 1965 No No No No No
1:00 - 2:00 PM 0 0 0 0 No No No No No
2:00 - 3:00 PM 0 0 0 0 No No No No No
3:00 - 4:00 PM 0 0 0 0 No No No No No
4:00 - 5:00 PM 0 0 0 0 No No No No No
5:00 - 6:00 PM 0 © (¢ (6] No No No No No
6:00 - 7:00 PM 0 0 0 0 No No No No No
No No No No No
Warrants 1 2 3
Met? NO ! No No

*From the criteria described for the warrant in the MUTCD.
**If the operating speed is higher than 40mph then the volumes can be adjusted to 70%. (If no adjusted minimum, the minimum from the previous column is shown)
+|f more than one approach, report the approach that has the higher volume.

NON-VOLUME-BASED WARRANTS

Warrant 4, Minimum Pedestrian Volume: No Warrant 5, School Crossing:
Peak Four Hour Pedestrian Volumes: 0 See MUTCD for details.
(non-concurrent) 0
0
0 Warrant 7, Crash Experience: No
# of accidents "correctable by
Warrant 6, Coordinated Signal System: signalization" occuring in the last 12 months: 0

See MUTCD for details.

Warrant 8, Roadway Network:
See MUTCD for details.

Source:  Manual on Uniform Traffic Control Devices (MUTCD); 2009 Edition [2009]

last updated: 08/05/05 [version]



2009 MUTCD
TRAFFIC SIGNAL WARRANT ANALYSIS (VOLUME BASED)

Intersection:

Major Street Direction:  Northbound-Southbound L‘

Route 53 at Southern Starland Driveway/Village Square

Year: 2013 Condition: Existing - Sunday Midday
Operating speed on major roadway: 43 mph Required
Number of approaches: 4 approach volumes
Adjusted
Warrant 1 =~ EIGHT-HOUR VEHICULAR VOLUME Minimum*  Minimum**
Warrant 1A = MINIMUM VEHICULAR VOLUME (8 hours of day) :
Major Street : 1 Lane(s) on each approach 500 350
Minor Street : 1 Lane(s) on each approach 150 105
Warrant 1B INTERRUPTION OF CONTINUOUS TRAFFIC (8 hours of day) 5
Major Street: 1 Lane(s) on each approach 750 525
Minor Street ;- 1 Lane(s) on each approach <75 53

80 PERCENT SATISFACTION OF WARRANT 1A AND WARRANT 1B

Major Street : 1 Lane(s) on each approach
Minor Street : 1 Lane(s) on each approach

Warrant 1A . Warrant 1B

400 600
120 60

Warrant2 FOUR HOUR VEHICULAR VOLUME :
Major Street : 1 Lane(s) on each approach If "verify" indicated, see Figure 4C-1 or 4C-2.
Minor Street : 1 Lane(s) on each approach 25 = accuracy of regression equations
Warrant3 PEAK HOUR VOLUME s 2 :
: Major Street : 1 Lane(s) on each approach If “verify" indicated, see Figure 4C-3 or 4C-4.
Minor Street : 1 Lane(s) on each approach 25 = accuracy of regression equations
Entering Vol. Entering Vol. on Major Road  Tot. Ent. Vol. Meets the following volume-based warrants?
Hour Minor Road+ Northbound ~ Southbound  On Major Rd 1A 1B 80%(1A&1B) 2 3

0 0 0 0 No No No No No
0 0 0 0 No No No No No
0 0 0 0 No No No No No
0 0 0 0 No No No No No
0 0 0 0 No No No No No
7 775 709 1484 No No No No No
11 893 963 1856 No No No No No
(o] 0 0 0 No No No No No
0 0 0 0 No No No No No
0 0 0 0 No No No No No
0 0 0 0 No No No No No
0 0 0 0 No No No No No
0 0 0 0 No No No No No
| No No ~ No No “No
Warrants 1 : 2 g3
Met? NO ~ No - No

*From the criteria described for the warrant in the MUTCD.

**If the operating speed is higher than 40mph then the volumes can be adjusted to 70%. (If no adjusted minimum, the minimum from the previous column is shown)

+|f more than one approach, report the approach that has the higher volume.

NON-VOLUME-BASED WARRANTS

Warrant 4, Minimum Pedestrian Volume: No
Peak Four Hour Pedestrian Volumes: 0
(non-concurrent) 0
. 0
0

Warrant 6, Coordinated Signal System:
See MUTCD for details.

Warrant 8, Roadway Network:
See MUTCD for details.

Source:

Warrant 5, School Crossing:
See MUTCD for details.

Warrant 7, Crash Experience:

# of accidents "correctable by

signalization" occuring in the last 12 months:

Manual on Uniform Traffic Control Devices (MUTCD); 2009 Edition [2009]

No

0

last updated: 08/05/05 [version]
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Moving Massachusetts FarwaﬂD O T

) Highway

INTERSECTION CRASH RATE WORKSHEET

CITY/TOWN : Hanover, MA COUNT DATE : 10/17/2013

DISTRICT : 5

UNSIGNALIZED : SIGNALIZED: [ ]

0.58 0.77
~ INTERSECTION DATA ~

MAJOR STREET :

MINOR STREET(S) :

Route 53 (Washington Street)

Northern Starland Driveway

Village Square

T Route 53
INTERSECTION North
DIAGRAM
(Label Approaches) Village Square Northern Starland Dwy
PEAK HOUR VOLUMES
Total Peak
APPROACH : 1 2 3 4 5 Hourly
DIRECTION : NB SB EB WB Approach
Volume
PEAK HOURLY
VOLUMES (AM/PM) : B30 1,830 25 40 1,885
- , INTERSECTION ADT (V) = TOTAL DAILY
K" FACTOR: 0.090 APPROACH VOLUME : 20,944
4 OF AVERAGE # OF
TOTAL # OF CRASHES : 6 , 3 CRASHES PER YEAR ( 2.00
YEARS : A):
CRASH RATE CALCULATION : 0.26 RATE = %

Comments : MassDOT Accident Data

Project Title & Date:




tiovi n9 Massachusetts Fww.mD O T

M @ Highway

INTERSECTION CRASH RATE WORKSHEET

CITY/TOWN : Hanover, MA COUNT DATE : 10/17/2013
DISTRICT : 5 UNSIGNALIZED : siGNALiZED: [ ]
0.58 0.77
~ INTERSECTION DATA ~
MAJOR STREET : Route 53 (Washington Street)

MINOR STREET(S) :

Southern Starland Driveway

Subaru Dealership

T Route 53
INTERSECTION North
DIAGRAM
(Label Approaches) Subaru Dealership Southern Starland Dwy
PEAK HOUR VOLUMES
Total Peak
APPROACH : 1 2 3 4 5 Hourly
DIRECTION : NB SB EB WB Approach
Volume
PEAK HOURLY
VOLUMES (AM/PM) 635 1,165 20 5 1,825
Wi , INTERSECTION ADT (V) = TOTAL DAILY
K* FACTOR. 0.090 APPROACH VOLUME : 20278
HOF AVERAGE # OF
TOTAL # OF CRASHES : 1 _ 3 CRASHES PER YEAR ( 0.33
YEARS : A%
CRASH RATE CALCULATION : 0.05 RATE = %‘5@)@_

Comments : MassDOT Accident Data

Project Title & Date:




Table X Vehicle Crash Summary (2009 to 2011)

Route 53 at Route 53 at

Starland Starland

Driveway North  Driveway South Total
District 5 Average Crash Rate 058 0.58
MassDOT Calculated Crash Rate 026 0.05
Year
2009 2 0 2
2010 1 1 2
2011 3 0 3
Total 6 1 7
Average 200 0.3 233
Collision Type
Angle 3 0 3
Head-on 1 0 1
Rear-end 2 1 3
Sideswipe, opposite direction 0 0 0
Sideswipe, same direction 0 0 0
Single vehide crash 0 0 0
Unknown/Not Reported 0 0 0
Total 6 1 7
Crash Severity
Fatal injury 0 0 0
Nor+-fatal injury 3 1 4
Property Damege Only (o 3 0 3
injuries)
UnknowvNot Reported 0 0 0
Total 6 1 7
Time of Day
Weekday, 7:00 AM - 9:00 AM 0 0 0
\eekday, 4:00 PM - 6:00 PM 3 0 3
Saturday, 11:00 AM - 2:00 PM 0 0 0
Weekday, other time 2 i 3
Weekend, other time 1 0 1
Total 6 1 7
Pavement Conditions
Dry 6 1 7
Wet 0 0 0
Snowllce 0 0 0
Other 0 0 0
Unknown/Not Reported 0 0 0
Total 6 1 7
Non-Motorist (Bike, Pedestrian) 0 0 0

Source: Massachusetts Departrment of Transportation Crash Data 2009-2011.
1. Crashrate, expressed in crashes per million entering vehides, determined using MassDOT methods.
2. MassDOT District 5 average crash rate for signalized and unsignalized intersections (http:/Aww.mhd.state.ma.us).



