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MEMORANDUM

DATE: November 5, 2014

TO: Andrew DeFranza, Executive Director
Harborlight Community Partners
PO Box 507

Beverly, MA 01915 VV(\/
FROM:  Robert ]. Michaud, P.E. - Managing Principal
Courtney E. Jones, P.E. — Senior Transportation Engineer

RE: Proposed Age-Restricted Residential 40B Development (“Maple Woods”)
62 Maple Street - Wenham, Massachusetts

MDM Transportation Consultants, Inc. (MDM) has prepared this traffic impact assessment
(TIA) for a proposed age restricted (55+) residential development to be located at 62 Maple
Street in Wenham, Massachusetts. This memorandum describes existing (baseline) traffic
conditions for adjacent roadways, trip generation characteristics of the proposed development,
quantifies incremental traffic impacts of the site development on area roadways, and evaluates
safety-related conditions at key study locations that provide access to the site.

Key findings of the traffic assessment are as follows:

0 Baseline Traffic Volumes. The weekday daily traffic volume on Maple Street adjacent to
the Site is approximately 4,561 vehicles per day (vpd) on a weekday. Peak hour traffic
flow on Maple Street ranges from approximately 372 to 488 vehicles per hour (vph)
representing approximately 8 to 11 percent of daily traffic flow. Vehicle flow is slightly
skewed in the westbound direction during the weekday morning peak hour and
generally split evenly in both travel directions during the weekday evening peak hour.

0 Observed Travel Speeds. A survey of travel speeds along Maple Street, adjacent to the
proposed site driveway, using a radar recorder indicates 85% percentile speeds of
39 mph for both travel directions. The observed travel speeds are higher than the posted
(regulatory) speed limit of 30 mph on Maple Street.
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0 Adequate Driveway Sight Lines. Safe stopping sight distance (SSD) is available for
oncoming vehicles to detect, react and stop for vehicles exiting the proposed site
driveways onto Maple Street based on the regulatory speed limit and observed travel
speeds. Likewise, the available ISD looking east and west from the proposed site
driveway onto Maple Street exceed the minimum sight line requirements.

o Site Traffic Generation. Based on industry standard trip rates and methodology published
by the Institute of Transportation Engineers (ITE), the proposed development is
estimated to generate approximately 298 weekday daily trips. Weekday peak hour trips
are estimated to be 40 vehicle trips during the weekday morning peak hour and
31 vehicle trips during the weekday evening peak hour.

0 Adequate Roadway Capacity & Operations. The proposed residential development is not
expected to materially impact operating conditions along Maple Street. Likewise, the
anticipated increase in total trips at any study intersection amounts to one (1) additional
vehicle or less every 1.5 minutes during peak hours relative to No-Build conditions - a
level that falls within normal day-to-day traffic fluctuation along Maple Street.

The proposed age-restricted residential development represents a land use with modest traffic
generation. Site traffic increases will not materially impact operating conditions along Maple
Street or nearby roadways and the site driveway will operate below capacity with modest delay
during the peak hours. The anticipated traffic increases at study intersections amounts to
approximately one (1) additional 1 vehicle trip or less every 1 minute - a level that falls within
normal day-to-day traffic fluctuation along area roadways. Safe stopping sight distance (SSD)
is available for oncoming vehicles to detect, react and stop for vehicles exiting onto Maple Street
from the proposed site driveway based on regulatory speed limits and observed (85% percentile)
travel speeds. MDM recommends several site access design elements which will provide ample
capacity to accommodate site-generated traffic while also enhancing safety and capacity.
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PROJECT DESCRIPTION

The project site is an approximate 3.5-acre tract of land located at 62 Maple Street in Wenham,
Massachusetts. The site is currently comprised of wooded area and shares access with the
immediately adjacent parcels consisting of a single-family home (68 Maple Street) and Burnett’s
Garage, an auto repair store and small used auto dealership at 60 Maple Street. An existing
cross connection provides access between the adjoining parcels. The location of the site relative
to adjacent roadways is shown in Figure 1.

Under the proposed development plan, 60 age-restricted (55+) residential units will be
constructed. Parking will be supported by a 66-space paved parking field. Access for the
project includes a full-access unsignalized driveway on Maple Street in the location of the
existing driveway to 68 Maple Street. The proposed site driveway will serve as the primary
access to 68 Maple Street and a secondary access to Burnett’s Garage. The existing driveways
along Maple Street serving Burnett’s Garage are proposed to remain. The preliminary site
layout prepared by Meridian Associates, Inc. is presented in Figure 2.

STUDY AREA

This TIA evaluates transportation characteristics of roadways and intersections that provide a
primary means of access to the site, and that are likely to sustain a measurable level of traffic
impact from the development. The study area includes the following intersections, which are
also identified in Figure 1:

o Route 97 at Maple Street and Cherry Street (Signalized)
o Maple Street at Burnett’s Garage Driveways (Unsignalized)
o Maple Street at 68 Maple Street/Proposed Site Driveway (Unsignalized)

EXISTING TRAFFIC & SAFETY CHARACTERISTICS

An overview of existing roadway conditions, traffic volumes and safety characteristics is
provided below.

Maple Street

Maple Street is classified by the Massachusetts Department of Transportation (MassDOT) as an
Urban Minor Arterial roadway under local (Town) jurisdiction. Maple Street is generally an
east-west roadway which provides a connection between Topsfield Road (Route 97) to the east
and the Danvers Town line to the west. The roadway- provides a single travel lane in each
direction separated by a double yellow centerline. Single white edge lines are provided along
both sides of Maple Street. The total pavement width is approximately 26 feet. The regulatory
(posted) speed limit along Maple Street is 30 miles per hour (mph) in both travel directions. A
sidewalk is provided along the northerly side of Maple Street between Route 97 and Birch Road
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(just east of the Danvers Town line). Land use along Maple Street primarily consists of single-
family residential homes with Burnett’s Garage auto shop located immediately to the east of the
site and a small commercial plaza that includes Richdale convenience store and Winfrey’s
Fudge & Chocolates at the intersection with Route 97.

Topsfield Road (Route 97)

Route 97 in the immediate study area is classified by the MassDOT as an Urban Minor Arterial
roadway under Town jurisdiction within the study area. Route 97 is generally a north-south
roadway which provides a connection between the Town lines with Topsfield and Beverly.
Within the study area, Route 97 generally provides a single travel lane in each direction with an
additional turn lane at its intersection with Maple Street and Cherry Street. Pavement markings
include a double yellow centerline and single white edge lines. The regulatory (posted) speed
limit along Route 97 is 30 mph in both travel directions through the intersection with Maple
Street/ Cherry Street and 40 mph leaving the intersection. Within the study area, sidewalks are
provided along both sides of Route 97 north of the Maple Street/ Cherry Street intersection and
along the easterly side of Route 97 south of the Maple Street/ Cherry Street intersection. Land
uses along Route 97 near Maple Street include residential single-family homes and a small
commercial plaza that include Richdale convenience store and Winfrey’s Fudge & Chocolates.

Cherry Street

Cherry Street is classified by the MassDOT as an Urban Minor Arterial roadway under local
(Town) jurisdiction. Maple Street is generally an east-west roadway which provides a
connection between Topsfield Road (Route 97) to the west and Main Street (Route 1A) to the
east. The roadway provides a single travel lane in each direction separated by a double yellow
centerline with single white edge lines provided along both sides of Cherry Street within the
study area. The regulatory (posted) speed limit along Cherry Street within the study area is
30 miles per hour (mph). A sidewalk is provided along the northerly side of Cherry Street.
Land use along Cherry Street primarily consists of single-family residential homes.

Baseline Traffic Data

Traffic volume data was collected at the study area intersections during the weekday morning
(7:00 AM - 9:00 AM) and weekday evening (4:00 PM — 6:00 PM) periods to coincide with peak
traffic activity of the adjacent streets. Traffic data used in this evaluation was collected in
May 2014 and June 2014. Review of MassDOT permanent count station data indicates that May
and June are above-average traffic months. In order to provide a conservative analysis, no
seasonal adjustment (reduction) of the data was made to the observed traffic volumes.
Permanent count station data is provided in the Attachments. The resulting existing weekday
morning and weekday evening peak-hour traffic volumes for the study intersections are
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depicted in Figure 3 and Figure 4.

Daily traffic volumes along Maple Street in the site vicinity were obtained using a radar-based
automatic traffic recorder (ATR). The results of the counts are summarized in Table 1, and are
discussed below.

TABLE 1
EXISTING TRAFFIC VOLUME SUMMARY
MAPLE STREET NEAR #62
Peak Hour
Daily Percent Peak Hour Peak Flow Directional
Time Period Volume (vpd)! Daily Trafficc Volume (vph)®  Direction*  Volume (vph)
Weekday Morning Peak Hour 4,561 8% 372 55% WB 204
Weekday Evening Peak Hour 4,561 11% 488 51% EB 249

'Two-way daily traffic expressed in vehicles per day without seasonal adjustment.
2The percent of daily traffic that occurs during the peak hour.

3Two-way peak-hour volume expressed in vehicles per hour.

4EB = Eastbound, WB = Westbound

As summarized in Table 1, the weekday daily traffic volume on Maple Street in the site vicinity
is approximately 4,561 vehicles per day (vpd) on a weekday. Peak hour traffic flow on Maple
Street ranges from approximately 372 to 488 vehicles per hour (vph) representing
approximately 8 to 11 percent of daily traffic flow. Vehicle flow is slightly skewed in the
westbound direction during the weekday morning peak hour and generally split evenly in both
travel directions during the weekday evening peak hour.

Intersection Crash History

In order to identify crash trends and safety characteristics for study area intersections, crash
data were obtained from MassDOT for the Town of Wenham for the three-year period
2010 through 2012 (the most recent data currently available from MassDOT). A summary of the
crash data with crash rates for the study intersection with reported crashes is detailed in
Table 3. The crash rate quantifies the number of crashes per million entering vehicles.
MassDOT has determined the official District 4 (which includes the Town of Wenham) crash
rate to be 0.77 for signalized intersections and 0.58 for unsignalized intersections. This rate
represent MassDOT’s “average” crash rate and serves as a basis for comparing the reported
crash rate for the study intersections.
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TABLE 3
INTERSECTION CRASH SUMMARY
2010 THROUGH 2012!

Route 97 at
Data Category Maple St
Traffic Control Unsignalized
Crash Rate? 0.34
District 4 Avg? 0.77

Year:
2010
2011
2012
Total
Type:
Angle
Rear-End
Head-On
Sideswipe
Single Vehicle
Other/Unknown
Severity:
P. Damage Only
Personal Injury
Fatality
Other/Unknown
Conditions:
Dry
Wet
Snow
Other
Time:
7:00 to 9:00 AM
4:00 to 6:00 PM
Rest of Day 5
1Source: MassDOT Crash Database

2 Crashes per million entering vehicles
3 District 4 averages = 0.58 (unsignalized), 0.77 (signalized)

O O = O = O O NN o o
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As summarized in Table 3:

0 There are a total of five (5) crashes reported at the Topsfield Road (Route 97)/ Maple
Street/ Cherry Street signalized intersection during the three-year study period —
approximately 2 crashes per year. The crash data indicates a reduction in crashes during
the three-year study period with 5 reported crashes in 2010 and no crashes reported in
2011 and 2012. The resulting crash rate of 0.34 is well below the District 4 average of
0.77 for signalized intersections. The majority (80%) involved angle and rear-end type
collisions resulting in property damage only (80%) under dry roadway conditions (80%).
None of the reported crashes occurred during the peak weekday morning and evening
commuter periods. No fatalities or pedestrian-related collisions were reported.

0 There were no reported crashes at the remaining study locations along Maple Street
during the three-year study period.

In summary, review of reported crash data for study locations indicates that all of the study
intersections experience crash rates that are well below the District-wide averages. Therefore,
safety improvements are not warranted at the Route 97/ Maple Street/ Cherry Street intersection
based on the MassDOT crash data.

Measured Travel Speeds

Vehicle speeds were obtained for the Maple Street eastbound and westbound travel directions
using a radar-equipped ATR machine. Table 2 summarizes the regulatory posted speed and
observed average and 85t percentile speeds for Maple Street adjacent to the Site. This speed
data provides a basis for determining appropriate sight lines for the proposed driveway. Field
data are provided in the Attachments.

TABLE 2
SPEED STUDY RESULTS - MAPLE STREET
Travel Speed
Posted Speed 85th
Travel Direction Limit Average!  Percentile?
Eastbound , 30 35 39
Westbound 30 35 39

1 Arithmetic Mean.
2The speed at or below which 85 percent of the vehicles are traveling.
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As summarized in Table 2, the mean (average) travel speed in both travel directions on Maple
Street in the site vicinity is 35 mph and the 85% percentile travel speed was observed to be
39 mph. The observed travel speeds are higher than the posted (regulatory) speed limit of
30 mph on Maple Street in the study area.

Sight Line Evaluation

An evaluation of sight lines was conducted at the proposed site driveway location to ensure
that minimum recommended sight lines are available at the proposed site driveway intersection
with Maple Street. The evaluation documents sight lines under proposed conditions for
vehicles as they relate to Maple Street with comparison to recommended guidelines.

The American Association of State Highway and Transportation Officials’ (AASHTO)
standards! reference two types of sight distance which are relevant at the proposed site
driveway intersection along Maple Street: stopping sight distance (SSD) and intersection sight
distance (ISD). Sight lines for critical vehicle movements at the proposed site driveway
intersection with Maple Street were compared to minimum SSD and ISD recommendations for
the regulatory speed limit posted in the area as well as ambient travel speeds recorded along
Maple Street near the site.

Stopping Sight Distance

Sight distance is the length of roadway visible to the motorist to a fixed object. The minimum
sight distance available on a roadway should be sufficiently long enough to enable a below-
average operator, traveling at or near a regulatory speed limit, to stop safely before reaching a
stationary object in its path, in this case, a vehicle exiting onto Maple Street. The SSD criteria
are defined by AASHTO based on design and operating speeds, anticipated driver behavior
and vehicle performance, as well as physical roadway conditions. SSD includes the length of
roadway traveled during the perception and reaction time of a driver to an object, and the
distance traveled during brake application on wet level pavement. Adjustment factors are
applied to account for roadway grades when applicable.

SSD was estimated in the field using AASHTO standards for driver’s eye (3.5 feet) and object
height equivalent to the taillight height of a passenger car (2.0 feet) for the eastbound and
westbound Maple Street approaches to the proposed site driveway. Table4 presents a
summary of the available SSD as they relate to Maple Street and AASHTO's recommended SSD
based on posted and observed ambient travel speeds along Maple Street.

1 A policy on Geometric Design of Highways and Streets, American Association of State Highway and Transportation Officials
(AASHTO), 2011.
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TABLE 4
STOPPING SIGHT DISTANCE SUMMARY
MAPLE STREET APPROACHES TO SITE DRIVEWAY

AASHTO Recommended!
Approach/
Travel Available Posted Average 85t Percentile
Direction SSD Speed Limit? Observed Speed®* Observed Speed*
Eastbound >400 Feet 200 Feet 250 Feet 295 Feet
Westbound >400 Feet 205 Feet 255 Feet 300 Feet

IRecommended sight distance based on AASHTO, A Policy on Geometric Design of Highways and Streets. Based on driver height
of eye of 3.5 feet to object height of 2.0 feet.

2Posted Speed (Regulatory) = 30 mph.

3Average Speed on Maple Street: 35 mph EB, 35 WB

485th Percentile travel speed on Maple Street: 39 mph EB, 39 mph WB

As summarized in Table 4, analysis results indicate that the existing available sight lines exceed
AASHTO'’s recommended SSD criteria for both travel directions along Maple Street. Stopping
sight distance calculations are provided in the Attachments.

Intersection Sight Distance

Clear sight lines provide sufficient sight distance for a stopped driver on a minor-road approach
to depart from the intersection and enter or cross the major road. As stated under AASHTO's
Intersection Sight Distance (ISD) considerations, “...If the available sight distance for an entering
...vehicle is at least equal to the appropriate stopping sight distance for the major road, then drivers have
sufficient sight distance to avoid collisions...To enhance traffic operations, intersection sight distances
that exceed stopping sight distances are desirable along the major road.” AASHTO's ISD criteria are
defined into several “cases”. In this case, the proposed site driveway approaches to the
intersection are proposed to be under “STOP”-sign control and the ISD in question relates to the
ability to turn left or turn right onto Maple Street.
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Available ISD was estimated in the field using AASHTO standards for driver’s eye (3.5 feet),
object height (3.5 feet) and decision point (8 feet from edge of travel way) for the eastbound and
westbound directions along Maple Street. Table 5 presents a summary of the available ISD for
the departure from the proposed site driveway and AASHTO’s recommended ISD, and
assumes minor roadside clearing of vegetation in the vicinity of proposed site driveway to be
completed as part of the proposed access improvements for the project.

TABLE 5
INTERSECTION SIGHT DISTANCE SUMMARY
SITE DRIVEWAY DEPARTURE TO MAPLE STREET

AASHTO Minimum?!
Approach/
Travel Available Posted Average 85t Percentile
Direction ISD? Speed Limit? Observed Speed® Observed Speeds
Looking East >400 Feet 205 Feet 255 Feet 300 Feet
Looking West >400 Feet 200 Feet 250 Feet 295 Feet

1Recommended sight distance based on AASHTO, A Policy on Geometric Design of Highways and Streets. Based on driver height
of eye of 3.5 feet and an object height of 3.5 feet and adjustments for roadway grade if required. Minimum value as noted
represents SSD per AASHTO guidance.

2Assumes minor roadside clearing of vegetation

3Posted Speed (Regulatory) =30 mph.

¢Average Speed on Maple Street: 35 mph EB, 35 mph WB.

585t Percentile travel speed on Maple Street: 39 mph EB, 39 mph WB

The results of the ISD analysis presented in Table 5 indicate that the available sight lines
looking east and west from the proposed site driveway onto Maple Street will exceed the
minimum sight line requirements from AASHTO for the travel speeds. MDM recommends that
any new plantings (shrubs, bushes) or physical landscape features to be located within the
driveway sight lines should also be maintained at a height of 2 feet or less above the adjacent
existing roadway grade to ensure unobstructed lines of sight.

10
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PROJECTED FUTURE TRAFFIC CONDITIONS

Evaluation of the proposed development impacts requires the establishment of a future baseline
analysis condition. This section estimates future roadway and traffic conditions with and
without the proposed development. For this evaluation, a five-year planning horizon (year
2019) was selected consistent with industry standard guidelines.

To determine the impact of site-generated traffic volumes on the roadway network under future
conditions, baseline traffic volumes in the study area were projected to a future year condition.
Traffic volumes on the roadway network at that time, in the absence of the development (that is,
the No-Build condition), includes existing traffic, new traffic due to general background traffic
growth, and traffic related to specific developments by others that are currently under review at
the local and/or state level. Consideration of these factors resulted in the development of No-
Build traffic volumes. Anticipated site-generated traffic volumes were then superimposed
upon these No-Build traffic-flow networks to develop future Build conditions.

The following sections provide an overview of the future traffic volumes.

Background Growth

Background traffic includes demand generated by other planned developments in the area as
well as demand increases caused by external factors. External factors are general increases in
traffic not attributable to a specific development and are determined using historical data.

Nearby permanent count station data published by MassDOT indicates a declining (-1.2 percent
per year) growth rate. For purposes of this evaluation, a 1.0 percent compounded annual
growth rate was used (5.1 percent increase over a 5-year horizon). This growth rate is higher
than historic rates, and, as such, is also expected to account for any small fluctuation in hourly
traffic as may occur from time to time in the study area and traffic associated with other
potential small developments or vacancies in the area. MassDOT permanent count station data
and background growth calculations are provided in the Attachments.

11
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The following site-specific (permitted) development project in the area was identified in
consultation with the Town Planning department:

0 70 Burley Street: This development is a permitted 20-unit residential condominium
40B development to be located at 70 Burley Street in Wenham. This project is
currently under construction with Phase I (8 units) nearing completion and Phase II
(12 units) to begin construction in the near future. Traffic associated with this
development was estimated using ITE standard rates and trips were added to the
traffic volume networks based on existing travel patterns and Journey to Work data.
The site-specific trip tracings are provided in the Attachments.

2019 No-Build Traffic Volume Networks

In summary, to account for future traffic growth in the study area, future No-Build traffic
volumes are developed by increasing the existing (2014) volumes by approximately 5.1 percent
(1-percent compounded annually over 5 years), as well as traffic associated with the 70 Burley
Street specific development. The resulting 2019 No-Build traffic volumes are displayed in
Figure 5 and Figure 6.

Site Traffic

Future Build traffic conditions on area roadways are developed by estimating additional vehicle
trips associated with the proposed senior residential development, estimating likely travel
patterns for these new trips and adding the resulting trips to the No-Build traffic volume
networks. Specific methodologies and assumptions used to estimate trips and trip distribution
are discussed below.

Proposed Senior Residential Development

The trip generation estimates for the proposed development are provided for the weekday
morning and weekday evening periods, which correspond to the critical analysis periods for the
proposed uses and adjacent street traffic flow. New traffic generated by the project was
estimated using trip rates published in ITE’s Trip Generation? for the Land Use Code (LUC) 251 —
Senior Adult Housing (Detached). ITE has established trip rates for other types of senior
housing, including Senior Adult Housing - Attached (LUC 252) which is more characteristic of
the proposed use. However, LUC 251 (Senior Adult Housing — Detached) generally utilizes
higher trip rates than the other ITE senior housing land use codes and, as such, will result in a
conservative analysis. Table 6 presents the trip-generation estimate for the proposed
development based on ITE methodology using the more conservative LUC 251 trip rates.

2Trip Generation, Ninth Edition; Institute of Transportation Engineers; Washington, DC; 2012.
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TABLE 6
TRIP-GENERATION SUMMARY!

Site Trips
Peak Hour/Direction (Senior Adult Housing)?

Weekday Morning Peak Hour:

Entering 14

Exiting 26

Total 40
Weekday Evening Peak Hour:

Entering 19

Exiting 12

Total 31
Weekday Daily (24 hours) 298

1Source: ITE Trip Generation, Ninth Edition; 2012.
ATE LUC 251 — Senior Adult Housing — Detached applied to 60 units.

As summarized in Table 6, the development is estimated to generate approximately 40 vehicle
trips (14 entering and 26 exiting) during the weekday morning peak hour and 31 vehicle trips
(19 entering and 12 exiting) during the weekday evening peak hour. On a daily basis, the
development is estimated to generate approximately 298 vehicle trips on a weekday with
50 percent entering and exiting. Trip generation calculations are provided in the Attachments.

Trip Distribution

The directional distribution of development-generated trips on the roadway network is
primarily based on existing travel patterns along area roadways. Supporting trip distribution
calculations are provided in the Attachments. The resulting trip distribution for new trips is
presented in Figure 7.

Development-related trips for the proposed development are assigned to the roadway network
using the ITE trip-generation estimates shown in Table 6 and the distribution patterns
presented in Figure 7. Development-related trips at each intersection approach for the weekday
morning and weekday evening peak hours are quantified in Figure 8 and Figure 9.
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2019 Build Traffic Conditions

2019 Build condition traffic volumes are derived by adding the incremental traffic increases for
the site to the 2019 No-Build conditions. Figure 10 and Figure 11 present the 2019 Build
condition traffic-volume networks for the weekday morning and weekday evening peak hours.

OPERATIONS ANALYSIS
This section provides an overview of operational analysis methodology, an assessment of
driveway operations under existing (baseline) and projected future No-Build and Build

conditions.

Analysis Methodology

Intersection capacity analyses are presented in this section for the Existing, No-Build, and Build
traffic-volume conditions. Capacity analyses, conducted in accordance with EEA/MassDOT
guidelines, provide an index of how well the roadway facilities serve the traffic demands placed
upon them. The operational results provide the basis for recommended access and roadway
improvements in the following section.

Capacity analysis of intersections is developed using the Synchro® computer software, which
implements the methods of the 2010 Highway Capacity Manual (HCM). The resulting analysis
presents a level-of-service (LOS) designation for individual intersection movements. The LOS is
a letter designation that provides a qualitative measure of operating conditions based on several
factors including roadway geometry, speeds, ambient traffic volumes, traffic controls, and
driver characteristics. Since the LOS of a traffic facility is a function of the traffic flows placed
upon it, such a facility may operate at a wide range of LOS, depending on the time of day, day
of week, or period of year. A range of six levels of service are defined on the basis of average
delay, ranging from LOS A (the least delay) to LOS F (delays greater than 50 seconds for
unsignalized movements). The specific control delays and associated LOS designations are
presented in the Attachments.

Analysis Results

Level-of-Service (LOS) analyses were conducted for the Existing, No-Build, and Build
conditions for the study intersections. The results of the intersection capacity are summarized
below in Table 8 and Table 9. Detailed analysis results are presented in the Attachments.
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TABLE 8
INTERSECTION CAPACITY ANALYSIS RESULTS
WEEKDAY MORNING PEAK HOUR

2014 Existing 2019 No-Build 2019 Build
Period Approach v/c!  Delay? LOS? v/c Delay LOS v/c Delay LOS
Route 97 at Eastbound  0.53 32 C 0.59 34 C 0.69 39 D
Maple Street/Cherry Street Westbound ~ 0.66 33 C 0.68 34 C 0.68 34 C
Northbound  0.35 15 B 0.37 16 B 0.37 16 B
Southbound  0.77 20 B 0.80 22 C 081 23 C
Overall  0.77 22 C 0.80 24 C 0.81 25 C
Maple Street at Eastbound L. 0.00 8 A 0.00 8 A 0.00 8 A
Burnett’s Garage East SB Exit  0.00 10 A 0.00 10 A 0.00 10 A
Maple Street at Eastbound L. 0.00 8 A 0.00 8 A 0.00 8 A
Burnett’s Garage West SB Exit  0.00 11 B 0.00 11 B 0.00 11 B
Maple Street at Eastbound L 0.00 <5 A 0.00 <5 A n/a n/a n/a
Single-Family Home SB Exit 0.00 <5 A 0.00 <5 A n/a n/a n/a
Driveway (#68)
Maple Street at Eastbound L n/at n/a n/a n/a n/a n/a 0.00 8 A
Proposed Site Driveway SB Exit n/:_a n/a n/a n/a n/a n/a 0.05 11 B
Volume-to-capacity ratio
2Average control delay per vehicle (in seconds)
3Level of service
“n/a =not applicable
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TABLE 9
INTERSECTION CAPACITY ANALYSIS RESULTS
WEEKDAY EVENING PEAK HOUR

2014 Existing 2019 No-Build 2019 Build
Period Approach v/ct  Delay? LOS® v/c Delay  LOS v/c Delay  LOS
Route 97 at Eastbound  0.51 31 C 0.54 32 C 0.56 32 C
Maple Street/Cherry Street Westbound ~ 0.69 32 C 0.72 34 C 0.73 34 C
Northbound  0.75 24 C 0.78 26 C 0.78 26 C
Southbound  0.34 13 B 0.35 13 B 0.38 15 B
Overall 0.75 24 C 0.78 25 C 0.78 26 C
Maple Street at Eastbound L  0.00 <5 A 0.00 <5 A 0.00 <5 A
Burnett’s Garage East SB Exit  0.00 <5 A 0.00 <5 A 0.00 <5 A
Maple Street at Eastbound L.~ 0.00 <5 A 0.00 <5 A 0.00 <5 A
Burnett’s Garage West SB Exit  0.00 9 A 0.00 9 A 0.00 10 A
Maple Street at Eastbound L 0.00 <5 A 0.00 <5 A n/a n/a n/a
Single-Family Home SB Exit 0.00 <5 A 0.00 <5 A n/a n/a n/a
Driveway (#68)
Maple Street at Eastbound L n/at n/a n/a n/a n/a n/a 0.00 8 A
Proposed Site Driveway SB Exit n/a n/a n/a n/a n/a n/a 0.02 12 B
Volume-to-capacity ratio
2Average control delay per vehicle (in seconds)
3Level of service
‘n/a = not applicable
16
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As summarized in Table 8 and Table 9:

o Under Existing, the nearby Route 97/ Maple Street/ Cherry Street intersection operates
below capacity at LOS C (overall). The intersection will continue to operate below
capacity at LOS C (overall) under No-Build conditions. The proposed development is
not expected to materially impact the intersection under future build conditions
compared to No-Build conditions with modest traffic increases anticipated (+2% or
less during peak hours) and LOS C (overall) operations.

o Under Existing and No-Build conditions, the Burnett's Garage driveways immediately
adjacent to the site along Maple Street operate at LOS B or better operations during
peak hours. The mainline approaches to the intersection operate unimpeded at LOS A
operations. The intersection will continue to operate well below capacity at LOS B or
better operations under No-Build conditions. The proposed development will have no
material impact to the Burnett's Garage driveways with no change in LOS anticipated.
The mainline movements along Maple Street are anticipated to continue to operate
unimpeded at LOS A operations.

o Under Build Conditions, the proposed site driveway along Maple Street will operate
below capacity at LOSB operations during the weekday morning and weekday
evening peak hours. The mainline movements along Maple Street are anticipated to
operate unimpeded at LOS A operations.

In summary, the proposed development is not expected to materially impact study area
intersections and will not result in any material changes in traffic operations in the study area
between future No-Build and Build conditions. Furthermore, the anticipated trip generation of
the proposed residential development is expected to be lower than those used for the analysis

and, as such, the project’s impacts are expected to be even lower than what is shown in
Tables 8 and 9.

17

MDM

G:\Projects\ 768 - Wenham (Harborlight)\ Documents\ 768 MRO01_Final.doc



CONCLUSIONS AND RECOMMENDATIONS

The proposed age-restricted residential development represents a land use with modest traffic
generation. Site traffic increases will not materially impact operating conditions along Maple
Street or nearby roadways and the site driveway will operate below capacity with modest delay
during the peak hours. The anticipated traffic increases at study intersections amounts to
approximately one (1) additional 1 vehicle trip or less every 1 minute - a level that falls within
normal day-to-day traffic fluctuation along area roadways. Safe stopping sight distance (SSD)
is available for oncoming vehicles to detect, react and stop for vehicles exiting onto Maple Street
from the proposed site driveway based on regulatory speed limits and observed (85 percentile)
travel speeds.

MDM recommends the following site access design elements which will provide ample capacity
to accommodate site-generated traffic while also enhancing safety and capacity:

o Selective clearing and/or trimming of roadside vegetation within the driveway “sight
line triangle” to ensure that minimum Intersection Sight Line (ISD) criteria are met for
the 85" percentile travel speeds along Maple Street. Field review indicates that the
proposed location and layout of the site driveway and selective trimming/clearing of
roadside vegetation will achieve sight lines that exceed criteria for SSD and ISD as
recommended in AASHTO.

o Proposed plantings (shrubs, bushes) and structures (walls, fences, etc.) should be
maintained at a height of 2 feet or less within the driveway “sight line triangle” with
respect to Maple Street to provide unobstructed sight lines for vehicles entering and
exiting the unsignalized site driveways.

0 MUTCD compliant “STOP” signs (R1-1) and STOP line pavement markings are
recommended on the driveway approach to Maple Street. The signs and pavement

markings shall be compliant with the Manual on Uniform Traffic Control Devices
(MUTCD).

o Driveway width, alignment and curb radii will be designed to accommodate emergency
apparatus. This includes a minimum driveway width of 24-feet at Maple Street with
curbs of 20-foot radii.

O Based on our review of the vehicle travel speeds along Maple Street and discussions
with the Wenham Police Department, MDM recommends the installation of an
electronic speed radar assembly along Maple Street to encourage slower travel speeds.
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MDM Transportation Consultants, Inc. Page 1

E/W: Maple Street 28 Lord Road, Suite 280
at 62 Maple Street Marlborough, MA 01752
Wenham, MA 508-303-0370
www.mdmtrans.com Site Code: 00768001
Station ID:
768 Mapie Street (Volume)
Start 20-May-14 Eastbound Hour Totals Westbound Hour Totals Combined Totals
Time Tue Morning  Afternoon  Morning  Afternoon  Morning  Afternoon  Morning  Afternoon  Morning  Afternoon
12:00 2 22 1 29
12:15 0 36 L 0 40
12:30 1 40 1 27
12:45 0 27 3125, a1 33 3 129 6 254
01:00 3 23 1 35
01:15 0 18 0 26
01:30 0 37 1 25
01:45 0 30 3 108 0 27 2- 1134000 5 221
02:00 0 41 1 41
02:15 1 42 0 32
02:30 1 27 0 54
02:45 0 47| 2 157 2 51 3 178 5 335
03:00 0 54 0 36
03:15 1 44 1 57
03:30 0 54 0 30
03:45 1 44 2 196 3 39 4 162 6 358
04:00 1 41 0 54
04:15 3 44 0 57
04:30 0 42 0 47 » » ‘
04:45 4 .53 8 180 1 43 : 1 2201 8 Qi 381
05:00 1 58 3 50
05:15 =5 81 5 57
05:30 2 64 12 63
05:45 7 55| 15 2581 11 .56 31 226 246 o484
06:00 10 41 20 40
06:15 9 38 16 35
06:30 19 38 28 19|
06:45. ..o 24 : 241 62 M e 37 2240 101 14600 163 e 257
07:00 36 27 29 24
07:15 36 226 41 23
07:30 35 21 52 18
07:45 : 39 23 ael 974 47 18 S169 83: 315 180
08:00 52 26 47 23
08:15 32 17 39 18
08:30 34 19 52 18 | | o
08:45 o : 47 - 10 165 T2 31 4.4 169 73l 334 145
09:00 23 15 33 10
09:15 23 6 33 6
09:30 28 7 32 6
0945 29 10: 103, 38 37 1 135 23 2238 B
10:00 30 4 24 3
10:15 33 L2 128 5
10:45 22 2 2105 A2 28 4 107 14 212 26
11:00 16 2 23 1
11:15 17 240 ‘33 5
11:30 30 2 29 4
11:45 20 1 83 7 +36 1 121 : 11 204 18
Total 697 1391 846 1329 1543 2720
Percent 0.0% 33.4% 66.6% 38.9% 61.1% 36.2% 63.8%
Combined

Total 2088 2175 4263




E/W: Maple Street

MDM Transportation Consultants, Inc.

28 Lord Road, Suite 280

Page 2

at 62 Maple Street Marlborough, MA 01752
Wenham, MA 508-303-0370
www.mdmfirans.com Site Code: 00768001
Station 1D:
768 Maple Street (Volume)
Start 21-May-14 Eastbound Hour Totals Westbound Hour Totals Combined Totals
Time Wed Morning  Afternoon  Morning  Afternoon  Morning  Afternoon  Morning  Afternoon  Morning  Afternoon
12:00 0 46 1 36
12:15 4 27 2 34
12:30 0 21 1 26
12:45 1 41 5 135 0 50" 4 146 9 281
01:00 1 32 0 44
01:15 0 37 20 34
01:30 0 30 0 44
01:45 0 32 1 131 0 45 0 167 1 298
02:00 0 43 0 36
02:15 2 45 1 27
02:30 1 36 0 38 ,
02:45 0 52 3 176 1 42 2 143 5 319
03:00 0 59 0 49
03:15 0 49 1 45
03:30 2 51 1 47
03:45 1 47 3 206 0 36 2 177 5 383
04:00 2 40 0 47
04:15 1 39 1 61
04:30 0 45 , 0 53
04:45 4 46 7 170" 0.: 46 1 207 8 2377
05:00 1 60 5 59
:05:15 3 75 8 43
05:30 3 61 5 67
05:45:: 4 53 11 249 -6 701 24 239 35 488
06:00 10 42 15 64
06:15: 5 47 28 41
06:30 22 39 » - 21 36 _ _
06:45 242 3049 1158 32 35 96 176 145 334
07:00 39 23 38 22
07:15 33 29 34 34|
07:30 33 17 53 19
07:45 33 21 138 90 70 27 195 1027 333 192
08:00 54 16 53 13
<0815 39 14 36 518
08:30 42 22 45 11
08:45 29 111 164 - 63 43 19 177, 61 341 124
09:00 21 22 34 17
09:15 29 A4 27 4
09:30 23 5 36 7
09:45 25 B 98 46 36 8 133 36 231 82
10:00 30 9 27 5
10:15 31 6 41 -5
10:30 18 2 ‘ 28 2 - -
10:45 35 4 114 21 25 4 121 16, 235 37
11:00 29 6 35 4
14:15 39 2 30 2
11:30 31 1 37 2
11:45 38 2 137 BiEE =40 0 142 8 279 19
Total 730 1456 897 1478 1627 2934
Percent 0.0% 33.4% 66.6% 37.8% 62.2% 35.7% 64.3%
Combined
Total 2186 2375 4561
Total 1427 2847 1743 2807 3170 5654
Percent 33.4% 66.6% 38.3% 61.7% 35.9% 64.1%
Combined 4274 4550 8824
Total
ADT ADT 4,296 AADT 4,296



MDM TRANSPORTATION CONSULTANTS, INC.

28 Lord Road, Suite 280
Mariborough, MA 01752

N/S: Topsfield Road (Route 97) File Name : 768 Rt 97 & Maple St AM
E: Cherry Street Site Code : 00768002
W: Maple Street Start Date : 5/22/2014
Wenham, MA Page No :2
Topsfield Road (Route 97) Cherry Street Topsfield Road (Route 97) Maple Street
From North From East From South From West

Start Time | Right | Thru | Left | Peds | g 1aa | Right | Thru | Left | Peds | sptem | Right | Thru | Left | Peds [ s tew | Rignt | Thru | Left [ Peds | ap o | ot Tata |
Peak Hour Analysis From 07:00 AM to 08:45 AM - Peak 1 of 1
Peak Hour for Entire Intersection Begins at 07:15 AM

07:15 AM 3 164 37 1 195| 24 32 4 0 60 0 49 9 0 58| 10 22 3 0 35| 348
07:30 AM 4 186 41 0 231| 27 30 2 0 59 3 44 15 0 62 2 16 8 0 26| 378
07:45AM| 10 173 38 1 222 25 31 2 1 59 7 8 10 0 97 8 24 6 0 38| 416
08:00 AM 5 141 53 1 200 17 30 3 0 50 4 64 7 0 751 10 31 8 0 49| 374
TotalVoume | 22 654 169 3 848} 93 123 11 1 228 | 14 237 41 0 202y 30 93 25 0 148 1516
%App.Total | 26 771 19.9 04 408 539 48 04 48 81.2 14 0 20.3 62.8 16.9 0
PHF | .550 .879 .797 .750 918 |.861 .961 .688 .250 .950| .500 .741 .683 .000 .753|.750 .750 .781 .000 .755| .11
Passenger Cars
wpassengercas | 90.9 97.4 9589 100 96.9|96.8 943 100 100 956|929 97.0 851 0 96.6|96.7 93.5 88.0 0 932| 963

Heavy Vehicles

%Heayvences | 9.1 2.6 4.1 0 31| 32 57 0 0 44| 71 3.0 49 0 34| 33 65 120 0 6.8 3.7

Topsfield Road (Route 97)

Out in Total
342 822 1164
13 26 39
355 848 1203

20f 637 162 3
2 17 7 0
3
S

22| 654| 169
Eifht Thru  Left Ped

Peak Hour Data

—f O |t o~ M|
I il
gmNE N g tel, o o
g FEle 8l | FR B
5 ol 5 North - d
o [ooo|m =—p . —Z|=| = I
3 |2 7|3 = Peak Hour Begins at 07:15 AM =] e = g
© D ~|ofe m_lggw
3 N Mg Passenger Cars = Bom &
+=3 e vy r v Heavy Vehicles L_;ujo: g
‘:-,'r\w—-cn 4
o e Sl olF
o o o A& O

Left Thru Right Peds
38| 230 13 0

2 7 1 0

41{ 237 14 0

677 282 959
18 10 28
695 292 987
Out In Total

Topsfield Road (Royte 97)




MDM TRANSPORTATION CONSULTANTS, INC.

28 Lord Road, Suite 280
Marlborough, MA 01752

N/S: Topsfield Road (Route 97) File Name : 768 Rt 97 & Maple St AM
E: Cherry Street Site Code : 00768002
W: Maple Street Start Date : 5/22/2014
Wenham, MA Page No :1
Groups Printed- Passenger Cars - Heavy Vehicles
Topsfield Road (Route 97) Cherry Street Topsfield Road (Route 97) Maple Street
From North From East From South From West
Start Time | Right | Thru | Left | Peds | s 1aa | Right | Thru | Left | Peds | smwa | Right | Thru | Left | Peds | s ras | Right | Thru | Left [ Peds [ ap voa | ot Total |
07:00 AM 6 97 25 0 128 19 26 3 0 48 2 35 4 0 41 5 21 4 0 30| 247
07:15 AM 3 154 37 1 195| 24 32 4 0 60 0 49 9 0 58] 10 22 3 0 35| 348
07:30 AM 4 186 41 0 231 27 30 2 0 59 3 44 15 0 62 2 16 8 0 26| 378
0745AM| 10 173 38 1 2221 25 A 2 1 59 7 80 10 0 97 8 24 6 0 381 416
Total | 23 610 141 2 776 95 119 11 1 226| 12 208 38 0 258 25 83 21 0 1291 1389
08:00 AM 5 141 53 1 200 17 30 3 0 50 4 64 7 0 75| 10 31 8 0 49| 374
08:15 AM 3 139 38 0 181 26 34 3 0 63 3 53 8 0 64| 10 26 2 0 38| 346
08:30 AM 3 148 33 1 185 23 39 3 0 65 2 44 8 0 54| 10 25 2 0 37| 341
08:45 AM 3 118 27 0 148] 32 26 4 1 63 3 49 6 0 58] 11 25 7 0 431 312
Total | 14 546 152 2 714 98 129 13 1 241 12 210 29 0 251 41 107 19 0 167 1373
Grand Total | 37 1156 293 4 1490| 193 248 24 2 467| 24 418 67 0 509| 66 190 40 0 296 2762
Apprch % | 2.5 77.6 197 03 413 531 61 04 47 821 13.2 0 22.3 64.2 135 0
Total% | 1.3 419 10.6 0.1 53.9 7 9 09 041 1691 09 151 24 0 184} 24 69 14 0 107
Passenger Cars 1135

wpassengercars | 94.6 982 962 100 977|969 964 917 100 964917 981 955 0 974|955 947 90 0 943| 9741

Heavy Vehicles

%Heavyvenies | 0.4 1.8 3.8 0 23] 31 36 83 0 36| 83 19 45 0 26| 45 53 10 0 57 2.9




MDM TRANSPORTATION CONSULTANTS, INC.

28 Lord Road, Suite 280
Marlborough, MA 01752

N/S: Topsfield Road (Route 97) File Name : 768 Rt 97 & Maple St PM
E: Cherry Street Site Code : 00768001
W: Maple Street Start Date : 5/19/2014
Wenham, MA Page No :2
Topsfield Road (Route 97) Cherry Street Topsfield Road (Route 97) Maple Street
From North From East From South From West
Start Time | Rigt | Thru | Left | Peds | ap rem | Right | Thru | Left | Peds | agram | Right | Thru | Left | Peds | s rew | Right | Thru | Left | Peds [ s 1w | tn. Total |
Peak Hour Analysis From 04:00 PM to 05:45 PM - Peak 1 of 1
Peak Hour for Entire Intersection Begins at 05:00 PM
05:00 PM 6 54 17 1 781 37 34 2 0 73 3 153 18 0 174 7 37 6 0 50| 375
05:15 PM 5 66 30 0 101| 45 31 4 0 80 7 161 6 0 174 2 48 5 0 55| 410
05:30 PM 3 66 31 0 100| 37 38 8 0 83 4 113 17 0 134 4 A 0 0 45| 362
05:45 PM 9 66 31 0 106} 26 23 4 0 53 4 128 4 0 136 2 33 6 0 41 336
Total Volume | 23 252 109 1 385| 145 126 18 0 289 18 555 45 0 618 15 159 17 0 191 | 1483
% App. Total 6 655 283 03 50.2 436 6.2 0 29 898 73 0 79 832 89 0
PHF | 639 .955 .879 .250 .908|.806 .829 .563 .000 .870| .643 .862 625 .000 .888|.536 .828 .708 .000 .868| .904
Passenger Cars
wrassengercas | 100 100 100 100 100 {98.6 984 100 0 98.6| 100 99.3 97.8 0 99.2| 100 98.1 100 0 984 99.2
Heavy Vehicles
% Meavy Vehicles 0 0 0 0 0| 14 16 0 0 1.4 0 07 22 0 0.8 0 19 0] 0 1.6 0.8

Topsfield Road (Route 97)

Out In Total
711 385 1096
5] ¢] 6
717 385 1102

23] 252| 109 1
0 4] 0 0
7

S

23| 2521 109
Eifh’( Thru Left Ped

Peak Hour Data
—|o ©]w ~ O]
[} kY
culL el L2 2 L Wl
= N W =4
North - e S

] 8 °8 = - o
O [ o e el . —T|s| = 3
=1 N =
5 <l |2 = Peak Hour Begins at 05:00 PM R N N_i
O 0 O\ Nl RE
o =°<E Passenger Cars i~ O] & %
E-;ng E ¥ Heavy Vehicles v oz g
3

@ a ~J @D

a #lolo o |~ @

Left Thru Right Peds
44 551 18 0

1 4 0 0

45 555 18 0

285 613 898

1] 5 5
285 618 903
Out In Total

Topsfield Road (Route 97)




MDM TRANSPORTATION CONSULTANTS, INC.

28 Lord Road, Suite 280
Marlborough, MA 01752

N/S: Topsfield Road (Route 97) File Name : 768 Rt 97 & Maple St PM
E: Cherry Street Site Code : 00768001
W: Maple Street Start Date : 5/19/2014
Wenham, MA Page No :1
Groups Printed- Passenger Cars - Heavy Vehicles
Topsfield Road (Route 97) Cherry Street Topsfield Road (Route 97) Mapie Street
From North From East From South From West
Start Time | Right | Thru | Left | Peds | s 7o | Right | Thru | Left | Peds | s rea | Right | Thru | Left | Peds | agmaa | Right | Thru | Left | Peds | s s | int Total |
04:00 PM 2 72 27 0 101 43 25 3 0 71 2 106 12 0 120 6 26 4 0 36| 328
04:15 PM 4 59 32 0 95| 35 34 3 0 72 3 112 11 0 126| 11 39 5 0 55| 348
04:30 PM 4 77 A 0 112} 43 17 5 0 65 2 114 16 0 132 6 35 7 0 48| 357
04:45 PM 5 63 24 0 92] 36 30 3 0 69 3 103 8 0 114 7 43 6 0 56| 331
Total| 15 271 114 0 400|157 106 14 0 277| 10 435 47 0 492 30 143 22 0 195| 1364
05:00 PM 6 54 17 1 78| 37 34 2 0 73 3 153 18 0 174 7 37 6 0 50| 375
05:15 PM 5 66 30 0 101] 45 31 4 0 80 7 161 6 0 174 2 48 5 0 55| 410
05:30 PM 3 66 31 0 100} 37 38 8 0 83 4 113 17 0 134 4 M 0 0 45| 362
05:45 PM 9 66 31 0 106] 26 23 4 0 53 4 128 4 0 136 2 33 6 0 41| 336
Total | 23 252 109 1 385|145 126 18 0 289| 18 555 45 0 618| 15 159 17 0 191] 1483
Grand Total | 38 523 223 1 785|302 232 32 0 566| 28 990 92 0 1110| 45 302 39 0 386| 2847
Apprch % | 4.8 666 28.4 0.1 53.4 41 57 0 25 892 83 0 11.7 78.2 1041 0
Total% | 1.3 184 7.8 0 276106 841 1.1 0 199 1 348 32 0 39| 1.6 106 14 0 136
Passenger Cars
% Pessengercars | 94.7 98,7 99.6 100  98.7 1983 98.7 100 0 98.6] 100 98.7 96.7 0 986|978 99 100 0 99| 987
Heavy Vehicles
%Heayvenices | 5.3 1.3 0.4 0 1.3 1.7 1.3 0 0 1.4 0 13 33 0 1.4 22 1 0 0 1 1.3




MDM TRANSPORTATION CONSULTANTS, INC.

28 Lord Road, Suite 280
Marlborough, MA 01752

N: Burnett's Garage East File Name : Burnett's Garage East @ Maple Street AM
E/W: Maple Street Site Code : 00768001
Wenham, MA Start Date : 6/3/2014
Page No :2
Burnett's Garage East Maple Street Maple Street
From North From East From West
Start Time | Right|  Left| Peds | App.Total | Right] Thru| Peds]App.Total| Thru| Left[ Peds|App. Total| Int. Total|
Peak Hour Analysis From 07:30 AM to 08:15 AM - Peak 1 of 1
Peak Hour for Entire Intersection Begins at 07:30 AM :
07:30 AM 0 0 0 0 0 0 0 0 0 0 0 0 0
07:45 AM 0 0 0 0 0 0 0 0 0 1 0 1 1
08:00 AM 1 0 0 1 1 ] 0 1 0 1 0 1 3
08:15 AM 0 1 0 1 1 0 0 1 0 0 0 0 2
Total Volume 1 1 0 2 2 0 0 2 0 2 0 2 6
% App. Total 50 50 0 100 0 0 0 100 0
PHF .250 .250 .000 .500 .500 000 .000 .500 .000 .500 000 .500 .500
Passenger Vehicles 1 1 0 2 2 0 0 2 0 2 0 2 6
% Passenger Vehicles 100 100 0 100 100 0 0 100 0 100 0 100 100
Heavy Vehicles 0 ] 0 0 0 0 0 0 0 0 0 0 0
% Heavy Vehicles 0 0 0 0 0 0 0 0 0 0 0 0 0
Burnett's Garage East
Out In Total
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MDM TRANSPORTATION CONSULTANTS, INC.

28 Lord Road, Suite 280
Marlborough, MA 01752

N: Burnett's Garage East File Name : Burnett's Garage East @ Maple Street AM
E/W: Maple Street Site Code : 00768001
Wenham, MA Start Date : 6/3/2014
PageNo :1
Groups Printed- Passenger Vehicles - Heavy Vehicles
Burnett's Garage East Maple Street Maple Street
From North From East From West
Start Time | Right|  Left| Peds | App. Total | Right] Thru| Peds|App.Total | Thru| Left| Peds[App. Total| int Total]
07:00 AM 0 0 0] 0 0 0 0 0 0 0 0 0
07:15 AM 0 0 0 0 0 0 0 0 0 0 1 1 1
07:30 AM 0 o] 0 0 6] 0 0 0 0 0 0 0 0
07:45 AM 0 0 0 0 0 0 0 0 0 1 0 1 1
Total 0 0 0 0 0 0 0 0 0 1 1 2 2
08:00 AM 1 0 0 1 1 0 0 1 0 1 0 1 3
08:15 AM 0 1 0 1 1 0 0 1 0 0 0 0 2
08:30 AM 0 1 0 1 0 0 0 0 0 0 0 0 1
08:45 AM 0 0 0 0 2 0 0 2 0 0 0 0 2
Total 1 2 0 3 4 0 0 4 0 1 0 1 8
Grand Total 1 2 0 3 4 0 0 4 0 2 1 3 10
Apprch % 33.3 66.7 0 100 0 0 0 66.7 33.3
Total % 10 20 0 30 40 0 0 40 0 20 10 30
Passenger Vehicles 1 2 0 3 4 0 0 4 0 2 1 3 10
% Passenger Vehicles 100 100 0 100 100 0 0 100 0 100 100 100 100
Heavy Vehicles 0 0 0 0 0 0 0 0 0 0 0 0 0
% Heavy Vehicles 0 0 0 0 0 0 0 0 0 0 0 0 0




MDM TRANSPORTATION CONSULTANTS, INC.

28 Lord Road, Suite 280
Marlborough, MA 01752

N: Burnett's Garage East File Name : Burnett's Garage East @ Maple Street PM
E/W: Maple Street Site Code : 00768002
Wenham, MA Start Date : 6/3/2014
Page No :2
Burnett's Garage East Maple Street Maple Street
From North From East From West
Stari Time | Right]  Left| Peds|App.Total| Right] Thru| Peds|App.Total| Thru| Left[ Peds]App. Total| Int Total]
Peak Hour Analysis From 04:45 PM to 05:30 PM - Peak 1 of 1
Peak Hour for Entire Intersection Begins at 04:45 PM
04:45 PM 0 0 0 0 0 0 0 0 0 0 0 0 0
05:00 PM 0 0 0 0 0 0 0 0 0 0 0 0 0
05:15 PM 0 0 0 0 0 0 0 0 0 0 0 0 0
05:30 PM 0 0 0 0 0 0 0 0 0 0 0 0 0
Total Volume 0 0 0 0 0 0 0 0 0 0 0 0 0
% App. Total 0 0 0 0 0 0 0 0 0
PHF .000 000 .000 000 000 .000 .000 000 000 .000 .000 000 000
Passenger Vehicles 0 0 0 0 0 0 0 0 0 0 0 0 0
% Passenger Vehicles 0 0 0 0 o} 0 0 0 0 0 0 0 0
Heavy Vehicles 0 0 0 0 0 0 0 0 0 0 0 0 0
% Heavy Vehicles 0 0 0 0 0 0 0 0 0 0] 0 0 0
Bumett's Garage East
Out In Total
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
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MDM TRANSPORTATION CONSULTANTS, INC.

28 Lord Road, Suite 280
Marlborough, MA 01752

N: Burnett's Garage East File Name : Burnett's Garage East @ Maple Street PM
E/W: Maple Street Site Code : 00768002
Wenham, MA Start Date : 6/3/2014
PageNo :1
Groups Printed- Passenger Vehicles - Heavy Vehicles
Burnett's Garage East Maple Street : Maple Street
From North From East From West
Start Time | Right]  Lett] Peds | App.Total| Right| Thru]| Peds [App.Total| Thru| Left| Peds [ App. Total| Int Total |
04:00 PM 0 0 0 0 0 0 0 0 0 4] 1
04:15 PM 0 1 0 1 2 0 0 2 0 0 0 0 3
04:30 PM 1 0 0 1 0 0 0 0 0 0 o] 0 1
04:45 PM 0 0 0 0 0 0 0 0 0 0 0 0 0
Total 2 1 0 3 2 0 0 2 0 0 0 0 5
05:00 PM 0 0 0 0 0 0 0 0 0 0 0 0 0
05:15 PM 0 0 0 0 0 0 0 4] 0 0 0 0 0
05:30 PM 0 0 0 0 0 0 0 0 0 0 0 0 0
05:45 PM 0 0 0 0 0 0 0 0 0 0 0 0 0
Total 0 0 0 0 0 0 0 0 0 0 0 0 0
Grand Total 2 1 0 3 2 0 0 2 0 0 0 0 5
Apprch % 66.7 33.3 0 100 0 0 0 0 0
Total % 40 20 0 60 40 0 0 40 0 0 0 0
Passenger Vehicles 1 1 0 2 2 0 0 2 0 0 0 0 4
% Passenger Vehicles 50 100 0 66.7 100 0 0 100 0 0 0 0 80
Heavy Vehicles 1 0 0 1 0 0 0 0 0 0 0 0 1
% Heavy Vehicles 50 0 0 33.3 0 0 0 0 0 0 0 0 20




MDM TRANSPORTATION CONSULTANTS, INC.

28 Lord Road, Suite 280
Marlborough, MA 01752

N: Burnett's Garage West File Name : Burnett's Garage West @ Maple St AM
E/W: Maple Street Site Code : 00768001
Wenham, MA Start Date : 6/3/2014
PageNo :2
Burnett's Garage West Maple Street Maple Street
From North From East From West
Start Time | Right | Left| Peds | App. Total | Right] Thru| Peds[App.Total| Thru| Left| Peds[App. Total| Int Total]
Peak Hour Analysis From 07:00 AM to 08:45 AM - Peak 1 of 1
Peak Hour for Entire Intersection Begins at 07:30 AM
07:30 AM 0 0 0 0 1 51 0 52 41 1 0 42 94
07:45 AM 0 0 0 0 0 50 0 50 39 0 0 39 89
08:00 AM 0 0 0 o] 1 42 0 43 48 0 0 48 91
08:15 AM 0 1 0 1 0 37 0 37 42 1 0 43 81
Tota!l Volume 0 1 0 1 2 180 0 182 170 2 0 172 355
% App. Total 0 100 0 1.1 98.9 0 98.8 1.2 0
PHF .000 250 000 .250 500 .882 000 .875 .885 500 .000 896 .944
Passenger Vehicles 0 1 0 1 2 171 0 173 164 2 0 166 340
% Passenger Vehicles 0 100 0 100 100 95.0 0 95.1 96.5 100 0 96.5 95.8
Heavy Vehicles 0 0 0 0 0 9 0 9 6 0 0 6 15
% Heavy Vehicles 0 0 0 0 0 5.0 0 49 3.5 0 0 3.5 4.2
Bumett's Garage West
Out In Total
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MDM TRANSPORTATION CONSULTANTS, INC.

28 Lord Road, Suite 280
Marlborough, MA 01752

N: Burnett's Garage West File Name : Burnett's Garage West @ Maple St AM
E/W: Maple Street : Site Code : 00768001
Wenham, MA Start Date : 6/3/2014
Page No :1
Groups Printed- Passenger Vehicles - Heavy Vehicles
Burnett's Garage West Maple Street Maple Street
From North From East From West
Start Time | Right|  Left| Peds | App.Total | Right| Thru| Peds[App.Total| Thru| Left| Peds|App. Total| Int Total]
07:00 AM 0 0 0 0 0 36 0 36 43 0 0 43 79
07:15 AM 0 0 0 0] 0 30 0 30 34 1 0 35 65
07:30 AM 0 0 0 0 1 51 0 52 41 1 0 42 94
07:45 AM 0 0 0 0 0 50 0 50 39 0 0 39 89
Total 0 0 0 0 1 167 0 168 157 2 0 158 327
08:00 AM 0 0 0 0 1 42 0 43 48 0 0 48 91
08:15 AM 0 1 0 1 0 37 0 37 42 1 0 43 81
08:30 AM 0 0 0 0 0 46 0 46 33 0 0 33 79
08:45 AM 2 2 0 4 0 41 0 41 24 0 0 24 69
Total 2 3 0 5 1 166 0 167 147 1 0 148 320
Grand Total 2 3 0] 5 2 333 0 335 304 3 0 307 647
Apprch % 40 60 0 0.6 99.4 0 99 1 0 :
Total % 0.3 0.5 0 0.8 0.3 51.5 0 51.8 47 0.5 0 47.4
Passenger Vehicles 2 3 0 5 2 321 0 323 291 3 0 294 622
% Passenger Vehicles 100 100 0 100 100 96.4 0 96.4 95.7 100 0 05.8 96.1
Heavy Vehicles 0 0 0 0 0 12 0 12 13 0 0 13 25
% Heavy Vehicles 0 0 0 0 0 3.6 0 3.6 4.3 0 0 4.2 3.9




MDM TRANSPORTATION CONSULTANTS, INC.

28 Lord Road, Suite 280
Marlborough, MA 01752

N: Burneti's Garage West File Name : Burnett's Garage West @ Maple St PM
E/W: Maple Street Site Code : 00768002
Wenham, MA Start Date :6/3/2014
PageNo :2
Burnett's Garage West Maple Street Maple Street
From North From East From West
Start Time | Right] Left| Peds|App.Total| Right] Thru| Peds | App.Total | Thru| Left| Peds[App. Total| Int. Total|
Peak Hour Analysis From 04:00 PM to 05:45 PM - Peak 1 of 1
Peak Hour for Entire Intersection Begins at 04:45 PM
04:45 PM 1 0 1 2 0 42 0 42 49 0 0 49 93
05:00 PM 0 0 0 0 0 42 0 42 45 0 0 45 87
05:15 PM 0 0 0 0 0 49 0 49 59 0 0 59 108
05:30 PM 0 0 0 0 0 58 0 58 50 0 0 50 108
Total Volume 1 0 1 2 0 191 0 191 203 0 0 203 396
% App. Total 50 0 50 0 100 0 100 0 0
PHF .250 .000 .250 .250 .000 .823 .000 .823 .860 000 .000 .860 917
Passenger Vehicles 1 0 1 2 0 188 0 188 201 0 0 201 391
% Passenger Vehicles 100 0 100 100 0 98.4 0 98.4 99.0 0 0 99.0 98.7
Heavy Vehicles 0 0 0 0 0 3 0 3 2 0 0 2 5
% Heavy Vehicles 0 0 0 0 0 1.6 0 1.6 1.0 0 0 1.0 1.3
Burnett's Garage West
Out in Total
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MDM TRANSPORTATION CONSULTANTS, INC.

28 Lord Road, Suite 280
Marlborough, MA 01752

N: Burnett's Garage West File Name : Burnett's Garage West @ Maple St PM
E/W: Maple Street Site Code : 00768002
Wenham, MA Start Date : 6/3/2014
Page No :1
Groups Printed- Passenger Vehicles - Heavy Vehicles
Burnett's Garage West Maple Street Maple Street
From North From East From West
Start Time | Right|  Left| Peds] App.Total| Right| Thru| Peds|App.Total| Thru[ Left] Peds!App. Total | Int. Total |
04:00 PM 0 1 3 4 0 30 0 30 39 1 0 40 74
04:15 PM 0 1 0 1 0 51 0 51 47 0 0 47 99
04:30 PM 0 0 0 0 0 51 0 51 38 0 0 38 89
04:45 PM 1 0 1 2 0 42 0 42 49 0 0 49 93
Total 1 2 4 7 0 174 0 174 173 1 0 174 355
05:00 PM 0 0 0 0 0 42 0 42 45 0] 0 45 87
05:15 PM 0 0 0 0 0 49 0 49 59 0 0 59 108
05:30 PM 0 0 0 0 0 58 0 58 50 0 0 50 108
05:45 PM 0 0 1 1 0 36 0 36 51 0 0 51 88
Total 0 0 1 1 0 185 0 185 205 0 0 205 391
Grand Total 1 2 5 8 0 359 0 359 378 1 0 379 746
Apprch % 12.5 25 62.5 0 100 0 99.7 0.3 0
Total % 0.1 0.3 0.7 1.1 0 48.1 0 48.1 50.7 0.1 0 50.8
Passenger Vehicles 1 2 5 8 0 351 0 351 369 0 0 369 728
% Passenger Vehicles 100 100 100 100 0 97.8 0 97.8 97.6 0 0 97.4 97.6
Heavy Vehicles 0 0 0 0 0 8 0 8 9 1 0 10 18
% Heavy Vehicles 0 0 0 0 0 2.2 0 2.2 2.4 100 0 2.6 2.4




MDM TRANSPORTATION CONSULTANTS, INC.

28 Lord Road, Suite 280
Marlborough, MA 01752

N: Single-Family Home File Name : 768 Single-Family Home Driveway AM
E/W: Maple Street Site Code : 00768001
Wenham, MA Start Date : 6/3/2014
Page No :1
Groups Printed- Passenger Vehicles - Heavy Vehicles
Single-Family Home Maple Street Maple Street
From North From East From West
Start Time | Right]|  Left| Peds]| App.Total| Right| Thru| Peds|App.Total| Thru] Left[ Peds [ App. Total| Int Total |
07:00 AM 0 0 0 0 0 0 0 0 0 0 0 0
07:15 AM 0 0 0 0 0 0 0 0 0 0 0 0 0
07:30 AM 0 0 0 0 0 0 0 0 0 0 0 0 0
07:45 AM 0 0 0 0 0 0 0 0 0 0 0 0 0
Total 0 0 0] 0 0 0 0 0 0 0 0 0 0
08:00 AM 0 0 0 0 0 0 0 0 0 0 0 0 0
08:15 AM 0 0 0 0 0 0 0 0 0 0 0 0 0
08:30 AM 0 0 0 0 0 0 0 0 0 0 0 0 0
08:45 AM 0 0 0 0 0 0 0 0 0 0 0 0 0
Total 0 0 0 0 0 0 0 0] 0 0 0 0 0
Grand Total 0 0 0 0 0 0 0 0 0 0 0 0 0
Apprch % 0 0 0 0 0 0 0 0 0
Total %
Passenger Vehicles 0
% Passenger Vehicles 0 0 0 0 0 0 0 0 0 0 0 0 0
Heavy Vehicles 0
% Heavy Vehicles 0 0 0 0 0 0 0 0 0 0 0 0 0




MDM TRANSPORTATION CONSULTANTS, INC.

28 Lord Road, Suite 280
Marlborough, MA 01752

N: Single-Family Home File Name : 768 Single-Family Home Driveway PM
E/W: Maple Street Site Code : 00768001
Wenham, MA Start Date : 6/3/2014
Page No :1
Groups Printed- Passenger Vehicles - Heavy Vehicles
Single-Family Home Maple Street Maple Street
From North From East From West
Start Time | Right|  Left| Peds | App.Total| Right| Thru| Peds|[App.Total| Thru] Left] Peds | App. Total| Int. Total |
04:00 PM 0 0 0 0 0 0 0 0 0 0 0 0
04:15 PM 0 0 0 0 0 0 0 0 0 0 0 0 0
04:30 PM 0 0 0 0 0 0 0 0 0 0 0 0 0
04:45 PM 0 0 0 0 0 0 0 0 0 0 0 0 0
Total 0 0 0 0 0 0 0 0 0 0 0 0 0
05:00 PM 0 0 0 0 0 0 0 0 0 0 0 0 0
05:15 PM 0 0 0 0 0 0 0 0 0 0 0 0 0
05:30 PM 0 0 0 0 0 ] 0 0 0 0 0 0 0
05:45 PM 0 0 0 0 0 0 0 0 0 0 0 0 0
Total 0 0 0 0 0 0 0 0 0 0 0 0 0
Grand Total 0 0 0 0 0 0 0 0 0 0 0 0 0
Apprch % 0 0 0 0 0 0 0
Total %
Passenger Vehicles 0
% Passenger Vehicles 0 0 0 0 0 0 0 0 0 0 0 0 0
Heavy Vehicles 0
% Heavy Vehicles 0 0 0 0 0 0 0 0 0 0 0 0} 0




O Seasonal Data
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o Crash Data



- Highway

INTERSECTION CRASH RATE WORKSHEET

CITY/TOWN : Wenham, MA COUNT DATE : May-14

DISTRICT : 4 UNSIGNALIZED: | |  SIGNALIZED:

~ INTERSECTION DATA ~

MAJOR STREET : Topsfield Road (Route 97)
MINOR STREET(S) : Maple Street
Cherry Street
T Route 97
INTERSECTION North )
DIAGRAM
(Label Approaches) Maple Street Cherry Street
(3) (4)
Route 97
(1
PEAK HOUR VOLUMES
. Total Peak
APPROACH : 1 2 3 4 5 Hourly
DIRECTION : EB WB NB SB Approach
Volume
PEAK HOURLY aiaao
VOLUMES (AM/PM) 191 289 618 384 ‘1”,48‘2 o
Wien ) INTERSECTION ADT (V) = TOTAL DAILY L
K" FACTOR: 0.110 APPROACH VOLUME : - 13,473
# OF AVERAGE # OF G
TOTAL # OF CRASHES : 5 . 3 CRASHES PER YEAR (|  1.67
YEARS : A): G
CRASHRATE CALCULATION: | 034 | rae- (50500000

Comments : MassDOT Avgs: Signalized = 0.77, Unsignalized = 0.58
Project Title & Date: 768 - Wenham
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o Stopping Sight Distance Calculations



Stopping Sight Distance

Posted Speed Limit
BRAKE
REACTION CALCULATED STOPPING
SPEED DISTANCE BRAKING DISTANCE SIGHT DISTANCE
(MPH) (FT) (FT) (FT)
Direction 1 EB 30 110.25 88.8 199.1
Direction 2 WB 30 110.25 915 201.8
INPUTS Direction 1 Direction 2
Travel Direction EB WB
Speed 30 30
Grade -0.01 -0.02
t 2.5 2.5
a 11.2 11.2

Stopping Sight Distance (SSD) - Source: AASHTO

SSD = Reaction Distance + Brake Distance
Reaction Distance = 1.47 xt xV
Brake Distance = V2 /(30 x ((a/32.2)+G))

Where:

t = reaction time (sec)

V = travel speed (mph)

G= roadway grade

a - deceleration rate (ft/sec*2)




Average Observed Travel Speeds

Stopping Sight Distance

BRAKE
REACTION CALCULATED STOPPING
SPEED DISTANCE BRAKING DISTANCE SIGHT DISTANCE
(MPH) (FT) (FT) (FT)
Direction 1 EB 35 128.625 120.9 249.5
Direction 2 WB 35 128.625 124.6 253.2
INPUTS Direction 1 Direction 2
Travel Direction EB WB
Speed 35 35
Grade -0.01 -0.02
t 2.5 25
a 11.2 11.2

Stopping Sight Distance (SSD) - Source: AASHTO

SSD = Reaction Distance + Brake Distance
Reaction Distance = 1.47 xt xV
Brake Distance = V*2 /(30 x ((a/32.2)+G))

Where:

t = reaction time (sec)

V = travel speed (mph)

G= roadway grade

a - deceleration rate (ft/sec’2)




Stopping Sight Distance

85th Percentile Observed Travel Speeds

BRAKE
REACTION CALCULATED STOPPING
SPEED DISTANCE BRAKING DISTANCE SIGHT DISTANCE
(MPH) (FT) (FT) (FT)
Direction 1 EB 39 143.325 150.1 293.4
Direction 2 WB 39 143.325 1547 298.0
INPUTS Direction 1 Direction 2
Travel Direction EB WB
Speed 39 39
Grade -0.01 -0.02
t 25 2.5
a 11.2 11.2

Stopping Sight Distance (SSD) - Source: AASHTO

SSD = Reaction Distance + Brake Distance
Reaction Distance = 1.47 xt xV
Brake Distance = VA2 /(30 x ((a/32.2)+G))

Where:

t = reaction time (sec)

V = travel speed (mph)
G=roadway grade

a - deceleration rate (ft/sec”2)




o Background Growth Calculations
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Institute of Transportation Engineers (ITE) 9th Edition
Land Use Code (LUC) 230 - Residential Condominium/Townhouse

Average Vehicle Trips Ends vs:  Dwelling Units
Independent Variable (X): 20

AVERAGE WEEKDAY DAILY
InT= 0.870 Ln (X) +2.46
LnT= 0870Ln 20 +(2.46)
LnT= 5.07
T = 158.58
T =158 vehicle trips
with 50% ( 79 vpd) entering and 50% ( 79 vpd) exiting.

WEEKDAY MORNING PEAK HOUR OF ADJACENT STREET TRAFFIC
LnT= 0.80 Ln (X) +0.26
InT=080Ln 20 +(0.26)
ILnT= 2.66
T=1425
T=14 vehicle trips
with17% ( 2 wvph) entering and 83% ( 12 vph) exiting.

WEEKDAY EVENING PEAK HOUR OF ADJACENT STREET TRAFFIC
InT= 0.82Ln (X)+0.32
InT=082Ln 20 +(0.32)
InT= 278
T=16.06
T=16 vehicle trips
with 67% ( 11 vph)enteringand 33% ( 5 vph) exiting.

SATURDAY DAILY
T=3.62*(X)+427.93
T=23.62% 20 +(427.93)
T = 500.33
T= 500 vehicle trips
with 50% ( 250 vpd) entering and 50% ( 250 vpd) exiting.

SATURDAY MIDDAY PEAK HOUR OF GENERATOR
T = 0.29 * (X) + 42.63
T=029% 20 +(42.63)
T=4843
T=48 vehicle trips
with 54% ( 26 vph) entering and 46% ( 22 vph) exiting.

230 - LUC 230 (Equations)(Burley Street).xls
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o Trip Generation Calculations



Institute of Transportation Engineers (ITE) 9th Edition
Land Use Code (LUC) 251 - Senior Adult Housing - Detached

Average Vehicle Trips Ends vs: Dwelling Units
Independent Variable (X): 60

AVERAGE WEEKDAY DAILY

LnT= 0.89Ln (X) +2.06
InT=089Ln 60 +(2.06)
LnT= 570
T=298.87
T =298 vehicle trips
with 50% ( 149 vpd) entering and 50% ( 149 vpd) exiting.

WEEKDAY MORNING PEAK HOUR OF ADJACENT STREET TRAFFIC

T=0.17*(X) +29.95
T=017* 60 + 2995
T=40.15
T=40 vehicle trips
with 35% ( 14 vpd) entering and 65% ( 26 vpd) exiting.

WEEKDAY EVENING PEAK HOUR OF ADJACENT STREET TRAFFIC

LnT=075Ln(X)+0.35
InT=075Ln 60 +(0.35)
LnT= 342
T=30.59 :
T=231 vehicle trips
with 61% ( 19 vph) entering and 39%( 12 vph) exiting.

SATURDAY DAILY

T=273*(X) (Small Sample Size - Use with Caution)
T=273% 60
T=163.80
T=164 vehicle trips
with 50% ( 82 vpd) entering and 50% ( 82 vpd) exiting.

SATURDAY MIDDAY PEAK HOUR OF GENERATOR

T=0.23%*X) (Small Sample Size - Use with Caution)
T=023*% 60

T=13.80

T=14 vehicle trips

with 48% (7 vph)entering and 52%( 7 vph) exiting.

LUC 251 (Eqns).xls



o Trip Distribution Calculations



‘paAlasal SYSU ([ "ou ‘Siuminsuo) uonenodsuel ], WA A9 @ ySukdod
SMP'SYIL 89L 'ON BMQ
10T JoQWRAON 918

INOT] e SUIULIOIA] ACPYIIAN
SUId))eJ [PALL], SUnSIXY

[ da)g - suonemare) wonnqrysi(q driy,
sIsaurduy 29 SISUUE[J]
IO WYIENY "DNI ‘SINVITNSNOD NOLLVIYOJSNVIL 2@2
2[e0S 01 JON :9[e2S
uonoesIaju| pazijeubis = @ YHON
o|qibl|6aN = 193N
‘S31ON
]
[}
K-}
a4 G69
0B
aa %9¥
- ¢
9.2 N A gc
%8l >898 |—c6 +— 69l +— 0Ll +— oz
JI L L ¢ ¢ — 193N
Joalis @ \/\ joansg
Ausyp =2 J % j 1gL — J ﬂv ogL —» J ﬁv ogL —» J ﬁv ajden
ZL—| 2own (2 2 M9IN —
6 gn - T~ & Zz p
Y * @ Q0 %z ||
i e 081
@ mow _Hil‘h_._v
2 = a5
St 28 ~&3 4 1
Tz Pm, ° & sow T %00L 9061
2 233 3a [ o=
° & onh @8] ez
‘ <5 %9v] 569
£< %vz|  ssE
< —_—
% Lno
ANNT0A

S11aSNYODSSOPY ‘WU A
JUBULSSISS Jo0dul] o1l ]




‘paaIasa1 sjySu [y "oul *sjueynsuo) uoneuodsuel] AN Aq @ WBLAdoD
Bmp'SYIL 89L ON Mg
10T 10qURAON 2%e(

INOT Y3 J SUIUIAT ACPYIIA
suwId) e [PABL], SUnSIXy
Z d=1g - suopemare) uonnqrysiq diry,

s1oourduy 2y s1oue[
‘DNI SINVITASNOD NOILVIAOJISNVIL 2@2

sjuwWIyIe)y
3[e9S 01 10N :9[ed§
uonoesiajuj pazijeubis = @ UHON
e|qibiiGaN = 193N
*S3LON
)
8l9 Hm._
%] 8B
Q
m o
w L Gl ¢0c
BONG | «— BGL +— ¢z +— ¢0Z —coz <=
L h L L2 — To3N — 93N — 9N
jeallg @ L/\ joa118
Auayo gl S J ﬂ ﬁv 16l —» J ﬂv 16l —» J ﬁv Z6L —b J ﬂv ajdepy
3 - 193N 193N T193IN —
g - | B S zz
=, 2 e 2 2e
9 B o2
g8 83 1 1
a9 ® & <o %00L  ¥6¥l
> o m e 05 T
a ves o83 3@ @] <oz
® ol %6l 682
%92 o =
28 Em e
£< %9z|  vse
< —————
% NI
ANNT0A

SHoSNYIDSSOP UIDYU Y
JUDUWISSDSS Jopdui] JLffbA]




PaAasal SYSU [y 'oU] ‘SIUEINSU0D) uonenodsuel], WCAIN A9 @ ySuAdo)
SMP'SVIL 89. ON 3MA
102 12quIaA0N 2B

SIIA))EJ [2ALL], SUNSIXH JO 9SRIAY
¢ doyg - swonemore) uonnqrysiq duiy,

s1ssurduy 23 sIaUUR[
‘“DNI SINVLTINSNOD NOILV.LIOJSNVL 2@ 2

sjuamydB)y

%0L AVS %Sl = Z/(%V L+ %ZL) = 1ISOM Wolj/0) }19a11S a|de|y
%0Z AVS %8| = 2/(%6] + %8l) = 1se3q wouy/o} }9ais Asy)
%G AVS %PV = 2/(% LY + %9%) = UINOS Wouy/o} .6 SINoY
%GZ AVS %SZ = 2/(%92 + %12) = UUON Woiy/0} /6 INoY

‘suleped [eAel] Bunsix3 jo abelaAy

suonenoje) uopnqusiq dul

SHIaSNYODSSOPY UDYUD J
JUBUISSISSY Jopdul] otfiv4]




0 Capacity Analysis Worksheets



LEVEL OF SERVICE METHODOLOGY

Capacity analysis of intersections is developed using the Synchro® computer software,
which implements the methods of the 2010 Highway Capacity Manual (HCM). The
resulting analysis presents a level-of-service (LOS) designation for individual
intersection movements and (for signalized intersections) for the entire intersection. The
LOS is a letter designation that provides a qualitative measure of operating conditions
based on several factors including roadway geometry, speeds, ambient traffic volumes,
traffic controls, and driver characteristics. Since the LOS of a traffic facility is a function
of the traffic flows placed upon it, such a facility may operate at a wide range of LOS,
depending on the time of day, day of week, or period of year. A range of six levels of
service are defined on the basis of average delay, ranging from LOS A (the least delay)
to LOS F (delays greater than 50 seconds for unsignalized movements, and greater than
80 seconds for signalized movements). '

Signalized Intersection Performance Measures

The six LOS designations for signalized intersections may be described as follows:

¢ LOS A describes operations with low control delay; most vehicles do not stop at
all.

e LOS B describes operations with relatively low control delay. However, more
vehicles stop than LOS A.

e LOS C describes operations with higher control delays. Individual cycle failures
may begin to appear. The number of vehicles stopping is significant at this level,
although many still pass through the intersection without stopping.

e LOS D describes operations with control delay in the range where the influence
of congestion becomes more noticeable. Many vehicles stop and individual cycle
failures are noticeable. ’

e LOS E describes operations with high control delay values. Individual cycle
failures are frequent occurrences.

e LOS F describes operations with high control delay values that often occur with
over-saturation. Poor progression and long cycle lengths may also be major
contributing causes to such delay levels.



The LOS for signalized intersections are calculated using the operational analysis
methodology of the 2010 Highway Capacity Manual.! This method assesses the effects of
signal type, timing, phasing, and progression; vehicle mix; and geometrics on delay.
LOS designations are based on the criterion of control or signal delay per vehicle.
Control or signal delay is a measure of driver discomfort, frustration, and fuel
consumption, and includes initial deceleration delay approaching the traffic signal,
queue move-up time, stopped delay and final acceleration delay. Table A1 summarizes
the relationship between LOS and control delay. The tabulated control delay criterion
may be applied in assigning LOS designations to individual lane groups, to individual
intersection approaches, or to entire intersections.

Table A1l
LEVEL-OF-SERVICE CRITERIA
FOR SIGNALIZED INTERSECTIONS!

Control (Signal) Delay per Vehicle
Level of Service (Seconds)

<10.0
10.1 t0 20.0
20.1 to 35.0
35.1 to 55.0
55.1 to 80.0
>80.0

MmO N

Source: Highway Capacity Manual 2010; Transportation Research
Board; Washington, DC; 2010.

Highway Capacity Manual 2010; Transportation Research Board; Washington, DC; 2010.



Unsignalized Intersection Performance Measures

The six LOS designations for unsignalized intersections may be described as follows:

LOS A represents a condition with little or no control delay to minor street traffic.
LOS B represents a condition with short control delays to minor street traffic.
LOS C represents a condition with average control delays to minor street traffic.
LOS D represents a condition with long control delays to minor street traffic.

LOS E represents operating conditions at or near capacity level, with very long
control delays to minor street traffic.

LOS F represents a condition where minor street demand volume exceeds
capacity of an approach lane, with extreme control delays resulting.

The LOS designations of unsignalized intersections are determined by application of a
procedure described in the 2010 Highway Capacity Manual.” LOS is measured in terms of
average control delay. Mathematically, control delay is a function of the capacity and
degree of saturation of the lane group and/or approach under study and is a
quantification of motorist delay associated with traffic control devices such as traffic
signals and STOP signs. Control delay includes the effects of initial deceleration delay
approaching a STOP sign, stopped delay, queue move-up time, and final acceleration
delay from a stopped condition. Definitions for LOS at unsignalized intersections are
also given in the Highway Capacity Manual 2010. Table A2 summarizes the relationship
between LOS and average control delay.

Table A2
LEVEL-OF-SERVICE CRITERIA FOR
UNSIGNALIZED INTERSECTIONS!

Level of Service

Average Control Delay
(seconds per vehicle) vics1 vic>1

<10.0
10.1to 15.0
15.1 t0 25.0
25.1 t0 35.0
35.1 to 50.0

>50.0

MmN w
L o I o B L L B

1Source: Highway Capacity Manual 2010, Transportation Research Board; Washington, DC;
2010.

2 ibid



Lanes, Volumes, Timings
1. Topsfield Road (Route 97) & Maple Street/Cherry Street

2014 Existing Condition
Weekday Morning Peak Hour

Ay ¢ A A2 S
Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations & & % T % T
Volume (vph) 25 93 30 11 123 93 41 237 14 169 654 22
[deal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Lane Width (ft) 13 13 13 14 14 14 12 13 13 13 12 12
Storage Length {ft) 0 0 0 0 200 0 200 0
Storage Lanes 0 0 0 0 1 0 1 0
Taper Length (ft) 25 25 25 25
Lane Util. Factor 100 100 100 100 100 100 100 100 100 100 100 1.00
Frt 0.972 0.945 0.992 0.995
Flt Protected 0.992 0.998 0.950 0.950
Satd. Flow (prof) .0 1769 0 0 1829 0 17119 1887 0 1793 1832 0
Fit Permitted 0.847 0.979 0.217 0.489
Satd. Flow (perm) 0 1510 0 0 1795 0 393 1887 0 923 1832 0
Right Turn on Red Yes Yes No No
Satd. Flow (RTOR) 13 35
Link Speed (mph) 30 30 30 30
Link Distance (ft) 2300 1000 1000 1000
Travel Time (s) 52.3 227 227 22.7
Peak Hour Factor 091 091 09t 091 091 081 091 081 091 091 08 09
Heavy Vehicles (%) 12% % 3% 0% 6% 3% 5% 3% 7% 4% 3% 9%
Adj. Flow (vph) 27 102 33 12 135 102 45 260 15 186 719 24
Shared Lane Traffic (%)
Lane Group Flow (vph) 0 162 0 0 249 0 45 275 0 186 743 0
Enter Blocked Intersection No No No No No No No No No No No No
Lane Alignment Left Left  Right Left Left  Right Left Left  Right Left Left Right
Median Width(ft) 0 0 13 13
Link Offsef(ft) 0 0 0 0
Crosswalk Width(ft) 16 16 16 16
Two way Left Turn Lane .
Headway Factor 09 09 09 092 092 092 100 09 09 09 100 1.00
Turning Speed (mph) 15 9 15 9 15 9 15 9
Number of Detectors 1 2 1 2 1 2 1 2
Detector Template Left  Thru Left  Thru Left  Thru Left  Thru
Leading Detector (ft) 20 100 20 100 20 100 20 100
Trailing Detector (ft) 0 0 0 0 0 0 0 0
Detector 1 Position(ft) 0 0 0 0 0 0 0 0
Detector 1 Size(ff) 20 8 20 8 20 6 20 6
Detector 1 Type Cl+Ex Cl+Ex Cl+Ex CI+Ex CH+Ex CHEx Cl+Ex Ci+Ex
Detector 1 Channel
Detector 1 Extend (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Detector 1 Queue (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Detector 1 Delay (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Detector 2 Position(ft) 94 94 94 84
Detector 2 Size(ft) B 6 6 6
Detector 2 Type Cl+Ex Cl+Ex Cl+Ex Cl+Ex
Detector 2 Channel
Detector 2 Extend (s) 0.0 0.0 0.0 0.0
Turn Type Perm NA Perm NA pm-+pt NA pm+pt NA
Protected Phases 4 8 5 2 1 6

G:\Projects\768 - Wenham (Harborlight)\Synchro\Final\768 XAM.syn

MDM Transportation Consultants, Inc.



Lanes, Volumes, Timings 2014 Existing Condition

1: Topsfield Road (Route 97) & Maple Street/Cherry Street Weekday Morning Peak Hour
S T R N B A O
Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT 8BR
Permitted Phases 4 8 2 6
Detector Phase 4 4 8 8 5 2 1 6
Switch Phase
Minimum Initial {s) 7.0 7.0 7.0 7.0 7.0 8.0 70 8.0
Minimum Split (s) 13.0 130 13.0 130 130 140 130 140
Total Split (s) 290 290 290 290 210 440 21.0 440
Total Split (%) 30.9% 30.9% 30.9% 30.9% 22.3% 46.8% 22.3% 46.8%
Maximum Green (s) 23.0 230 230 230 150 380 150 380
Yellow Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 40
All-Red Time (s) 20 2.0 20 20 20 2.0 20 20
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 6.0 8.0 6.0 6.0 6.0 6.0
Lead/Lag Lead Lag Lead Lag
Lead-Lag Optimize? Yes Yes Yes Yes
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 4.0 3.0 4.0
Recall Mode None  None None  None None Min None Min
Act Effct Green (s) 14.0 14.0 373 297 433 379
Actuated g/C Ratio 0.20 0.20 052 042 081 053
v/c Ratio 0.53 0.66 013 035 028 077
Control Delay 31.7 32.6 72 166 72 2386
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 31.7 32.6 72 1686 72 236
LOS c c A B A C
Approach Delay 317 326 15.3 20.3
Approach LOS C C B C
90th %ile Green (s) 212 212 212 212 82 339 123 380
90th %ile Term Code Hold  Hold Gap Gap Gap  Hold Gap  Max
70th %ile Green (s) 170 170 170 170 74 355 89 380
70th %ile Term Code Hold  Hold Gap Gap Gap  Hold Gap  Max
50th %ile Green (s) 145 145 145 145 70 364 86 380
50th %ile Term Code Hold  Hold Gap  Gap Min  Hold Gap  Max
30th %ile Green (s) 108 108 108 108 00 2386 76 372
30th %ile Term Code Hold  Hold Gap  Gap Skip  Hold Gap  Gap
10th %ile Green (s) 8.2 8.2 8.2 8.2 00 205 70 335
10th %ile Term Code Hold  Hold Gap  Gap Skip  Hold Min  Gap
Queue Length 50th (ft) 66 97 7 79 30 291
Queue Length 95th (ft) 125 173 21 164 68 #592
[nternal Link Dist (f) 2220 920 920 920
Turn Bay Length (ft) 200 200
Base Capacity (vph) 511 620 531 1037 770 1007
Starvation Cap Reductn 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0
Reduced v/c Ratio 0.32 0.40 008 0.27 024 074
Intersection Summary
Area Type: Other

Cycle Length: 94
Actuated Cycle Length: 714

G:\Projects\768 - Wenham (Harborlight)\Synchro\Final\768 XAM.syn
MDM Transportation Consultants, Inc.



Lanes, Volumes, Timings
1: Topsfield Road (Route 97) & Maple Street/Cherry Street

2014 Existing Condition
Weekday Morning Peak Hour

Natural Cycle: 65
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.77

Intersection Signal Delay: 22.3 intersection LOS: C
Infersection Capacity Utilization 73.1% ICU Level of Service D
Analysis Period (min) 15

90th %ile Actuated Cycle: 85.4

70th %ile Actuated Cycle: 80.4

50th %ile Actuated Cycle; 77.5

30th %ile Actuated Cycle: 60

10th %ile Actuated Cycle: 53.7

# 95th percentile volume exceeds capacity, queue may be longer.
Queue shown is maximum after two cycles.

Splits and Phases:  1: Topsfield Road (Route 97) & Maple Street/Cherry Street

G:\Projects\768 - Wenham (Harborlight)\Synchro\Final\768 XAM.syn
MDM Transportation Consultants, Inc.



HCM 2010 TWSC

2: Maple Street & Burnett's Garage East

2014 Existing Condition
Weekday Morning Peak Hour

Intersection

Int Delay, s/veh 0.1

Movement EBL  EBT WBT  WBR SBL SBR

Vol, veh/h 2 169 181 2 1 1

Conflicting Peds, #/hr 0 0 0 0 0 0

Sign Control Free  Free Free  Free Stop Stop

RT Channelized - None - None - None

Storage Length - - - - 0 -

Veh in Median Storage, # - 0 0 - 0 -

Grade, % - 0 0 - 0 -

Peak Hour Factor 94 94 94 94 94 94

Heavy Vehicles, % 0 4 5 0 0 0

Mvmt Flow 2 180 193 2 1 1

Major/Minor Major1 Major?2 Minor2

Conflicting Flow All 195 0 - 0 378 194
Stage 1 - - - - 194 -
Stage 2 - - - - 184 -

Critical Hdwy 41 - - - 6.4 6.2

Critical Hdwy Stg 1 - - - - 54 -

Critical Hdwy Stg 2 - - - - 54 -

Follow-up Hdwy 2.2 - - - 3.5 3.3

Pot Cap-1 Maneuver 1390 - - - 628 853
Stage 1 - - - - 844 -
Stage 2 - - - - 852 -

Platoon blocked, % - - -

Mov Cap-1 Maneuver 1390 - - - 627 853

Mov Cap-2 Maneuver - - - - 627 -
Stage 1 - - - - 844 -
Stage 2 - - - - 850 -

Approach EB WB SB

HCM Control Delay, s 0.1 0 10

HCM LOS B

Minor Lane/Major Mvmt EBL EBT WBT WBR SBLn1

Capacity (veh/h) 1390 - - - 723

HCM Lane V/C Ratio 0.002 - - 0.003

HCM Control Delay (s) 7.6 0 - - 10

HCM Lane LOS A A - - B

HCM 95th %tile Q(veh) 0 - - - 0

G:\Projects\768 - Wenham (Harborlight\Synchro\Final\768 XAM.syn
MDM Transportation Consultants, Inc.



HCM 2010 TWSC

3: Maple Street & Burnett's Garage West

2014 Existing Condition
Weekday Morning Peak Hour

Infersection

Int Delay, siveh 0.1

Movement EBL  EBT WBT  WBR SBL SBR

Vol, veh/h 2 170 180 2 1 0

Conflicting Peds, #/hr 0 0 0 0 0 0

Sign Control Free  Free Free  Free Stop Stop

RT Channelized - None - None - None

Storage Length - - - - 0 -

Veh in Median Storage, # - 0 0 - 0 -

Grade, % - 0 0 - 0 -

Peak Hour Factor 94 94 94 94 94 94

Heavy Vehicles, % 0 4 5 0 0 0

Mvmt Flow 2 181 191 2 1 0

Major/Minor Major1 Major2 Minor2

Conflicting Flow All 194 0 - 0 378 193
Stage 1 - - - - 193 -
Stage 2 - - - - 185 -

Critical Hdwy 4.1 - - - 6.4 6.2

Critical Hdwy Stg 1 - - - - 54 -

Critical Hdwy Stg 2 - - - - 54 -

Follow-up Hdwy 2.2 - - - 3.5 3.3

Pot Cap-1 Maneuver 1391 - - - 628 854
Stage 1 - - - - 845 -
Stage 2 - - - - 852 -

Platoon blocked, % - - -

Mov Cap-1 Maneuver 1391 - - - 627 854

Mov Cap-2 Maneuver - - - - 627 -
Stage 1 - - - - 845 -
Stage 2 - - - - 850 -

Approach EB WB SB

HCM Control Delay, s 0.1 0 10.8

HCM LOS B

Minor Lane/Major Mvmt EBL EBT WBT WBR SBLnt

Capacity (veh/h) 1391 - - - 627

HCM Lane V/C Ratio 0.002 - - - 0.002

HCM Control Delay (s) 7.8 0 - - 108

HCM Lane LOS A A - - B

HCM 95th %tile Q(veh) 0 - - - 0
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HCM 2010 TWSC
4: Maple Street & 68 Maple Street Driveway

2014 Existing Condition
Weekday Morning Peak Hour

Intersection

Int Delay, s/veh 0

Movement EBL  EBT WBT WBR SBL SBR

Vol, veh/h 0 172 180 0 0 0

Conflicting Peds, #/hr 0 0 0 0 0 0

Sign Control Free  Free Free  Free Stop Stop

RT Channelized - None - None - None

Storage Length - - - - 0 -

Veh in Median Storage, # - 0 0 - 0 -

Grade, % - 0 0 - 0 -

Peak Hour Factor 94 94 94 94 94 94

Heavy Vehicles, % 0 4 5 0 0 0

Mvmt Flow 0 183 191 0 0 0

Major/Minor Major1 Major2 Minor2

Confiicting Flow All 191 0 - 0 374 191
Stage 1 - - - - 191 -
Stage 2 - - - - 183 -

Critical Hdwy 4.1 - - - 6.4 6.2

Critical Hdwy Stg 1 - - - 5.4 -

Critical Hdwy Stg 2 - - - - 5.4 -

Follow-up Hdwy 2.2 - - 3.5 3.3

Pot Cap-1 Maneuver 1395 - - 631 856
Stage 1 - - - - 846 -
Stage 2 - - - - 853

Platoon blocked, % - - -

Mov Cap-1 Maneuver 1395 - - - 631 856

Mov Cap-2 Maneuver - - - 631 -
Stage 1 - - - 846 -
Stage 2 - - - 853 -

Approach EB WB SB

HCM Control Delay, s 0 0 0

HCM LOS A

Minor Lane/Major Mvmt EBL EBT WBT WBR SBLnt

Capacity (veh/h) 1395 - - - -

HCM Lane V/C Ratio - - - - -

HCM Control Delay (s) 0 - - - 0

HCM Lane LOS A - - - A

HCM 95th %tile Q(veh) 0 - - - -
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Lanes, Volumes, Timings

1: Topsfield Road (Route 97) & Maple Street/Cherry Street

2019 No-Build Condition

Weekday Morning Peak Hour

S T S N B S S
Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations & & b1 T Y T
Volume (vph) 27 104 33 12 130 98 43 249 15 178 687 23
|deal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1800 1900 1900 1900 1800 1900
Lane Width (ft) 13 13 13 14 14 14 12 13 13 13 12 12
Storage Length {ft) 0 0 0 0 200 0 200 0
Storage Lanes 0 0 0 0 1 0 1 0
Taper Length (ft) 25 25 25 25
Lane Util. Factor 100 100 100 100 100 100 100 100 100 100 1.00 1.00
Frt 0.973 0.945 0.992 0.995
Fit Protected 0.992 0.998 0.950 0.950
Satd. Flow (prot) 0 177 0 0 1829 0 1719 1887 0 1793 1832 0
FIt Permitted 0.827 0.980 0.186 0.472
Satd. Flow (perm) 0 1476 0 0 1796 0 337 1887 0 891 1832 0
Right Turn on Red Yes Yes No No
Satd. Flow (RTOR) 13 35
Link Speed {mph) 30 30 30 30
Link Distance (ft) 2300 1000 1000 1000
Travel Time (s) 523 227 22.7 22.7
Peak Hour Factor 091 09 091 091 091 091 091 091 091 091 091 09
Heavy Vehicles (%) 12% 7% 3% 0% 6% 3% 5% 3% 7% 4% 3% 9%
Adj. Flow (vph) 30 114 36 13 143 108 47 274 16 196 755 25
Shared Lane Traffic (%)
Lane Group Flow (vph) 0 180 0 0 264 0 47 290 0 196 780 0
Enter Blocked Intersection No No No No No No No No No No No No
Lane Alignment Left Left  Right Left Left  Right Left Left  Right Left Left Right
Median Width(ft) 0 0 13 13
Link Offset(ft) 0 0 0 0
Crosswalk Width(ft) 16 16 16 16
Two way Left Turn Lane
Headway Factor 09% 09 09 092 092 092 100 09 09 09 100 1.00
Turning Speed (mph) 15 9 15 9 15 9 15 9
Number of Detectors 1 2 1 2 1 2 1 2
Detector Template Left  Thru Left  Thru Left  Thru Left  Thru
Leading Detector (ft) 20 100 20 100 20 100 20 100
Trailing Detector (ft) 0 0 0 0 0 0 0 0
Detector 1 Position(ft) 0 0 0 0 0 0 0 0
Detector 1 Size(ft) 20 6 20 6 20 6 20 6
Detector 1 Type Cl+Ex CI+Ex Cl+Ex Cl+Ex Cl+Ex  Cl+Ex Cl+Ex  Cl+Ex
Detector 1 Channel
Detector 1 Extend (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Detector 1 Queue (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Detector 1 Delay (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Detector 2 Position(ft) 94 94 94 94
Detector 2 Size(ft) 6 6 6 6
Detector 2 Type Cl+Ex Cl+Ex CH+Ex Cl+Ex
Detector 2 Channel
Detector 2 Extend (s) 0.0 0.0 0.0 0.0
Turn Type Perm NA Perm NA pm+pt NA pm+pt NA
Protected Phases 4 8 5 2 1 8
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Lanes, Volumes, Timings 2019 No-Build Condition
1: Topsfield Road (Route 97) & Maple Street/Cherry Street Weekday Morning Peak Hour

T T S N B

Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Permitted Phases 4 8 2 6
Detector Phase 4 4 8 8 5 2 1 6
Switch Phase

Minimum Initial (s) 7.0 7.0 7.0 7.0 7.0 8.0 7.0 8.0
Minimum Split (s) 13.0 130 13.0 130 13.0 140 13.0 140
Total Split (s) 290 290 290 290 21.0 440 21.0 440
Total Split (%) 30.9% 30.9% 30.8% 30.9% 22.3% 46.8% 22.3% 46.8%
Maximum Green (s) 230 230 230 230 15.0  38.0 15.0 380
Yellow Time (s) 4.0 4,0 4.0 4.0 4.0 4.0 4.0 4.0
All-Red Time (s) 20 2.0 2.0 20 2.0 2.0 2.0 2.0
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 8.0 6.0 6.0 6.0 6.0 6.0
Lead/Lag Lead Lag Lead Lag
Lead-Lag Optimize? Yes Yes Yes Yes
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 4.0 3.0 4.0
Recall Mode None None None  None None Min None Min
Act Effct Green (s) 14.7 14.7 383 308 46 389
Actuated g/C Ratio 0.20 0.20 052 042 061 053
v/c Ratio 0.59 0.68 015 037 030 0.80
Control Delay 33.8 33.6 78 173 76 259
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 33.8 33.6 78 173 76 259
LOS C C A B A C
Approach Delay 33.8 33.6 16.0 222
Approach LOS ’ C C B C
90th %ile Green (s) 223 223 223 223 82 335 127 380
90th %ile Term Code Hold  Hold Gap Gap Gap  Hold Gap  Max
70th %ile Green (s) 179 179 179 179 75 3.2 103 380
70th %ile Term Code Hold  Hold Gap Gap Gap  Hold Gap  Max
50th %ile Green (s) 152 152 152 152 70 381 89 380
50th %ile Term Code Hold  Hold Gap  Gap Min  Hold Gap  Max
30th %ile Green (s) 1.3 1.3 113 113 00 242 78 380
30th %ile Term Code Hold  Hold Gap Gap Skip  Hold Gap  Max
10th %ile Green (s) 8.6 8.6 8.6 8.6 00 250 70 380
10th %ile Term Code Hold  Hold Gap Gap Skip  Hold Min  Max
Queue Length 50th (ft) 75 105 7 86 32 323
Queue Length 95th (ft) 139 183 23 179 74 #649
Internal Link Dist (ft) 2220 920 920 920
Turn Bay Length (ft) 200 200

Base Capacity (vph) 484 602 499 1003 752 974
Starvation Cap Reductn 0 0 0 0 0 0
Spiflback Cap Reductn 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0
Reduced v/c Ratio 0.37 0.44 008 029 026 080
Intersection Summary

Area Type: Other

Cycle Length: 94
Actuated Cycle Length: 73.2
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Lanes, Volumes, Timings
1: Topsfield Road (Route 97) & Maple Street/Cherry Street

2019 No-Build Condition
Weekday Morning Peak Hour

Natural Cycle: 70
Contfrol Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.80
Intersection Signal Delay: 23.9 Intersection LOS: C
Intersection Capacity Utilization 76.3% ICU Level of Service D
Analysis Period (min) 15
90th %ile Actuated Cycle: 86.5
70th %ile Actuated Cycle: 81.4
50th %ile Actuated Cycle: 78.2
30th %ile Actuated Cycle: 61.3
10th %ile Actuated Cycle: 58.6
# 95th percentile volume exceeds capacity, queue may be longer.
Queue shown is maximum after two cycles.

Splits and Phases: 1. Topsfield Road (Route 97) & Maple Street/Cherry Street
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HCM 2010 TWSC

2: Maple Street & Burnett's Garage East

2019 No-Build Condition
Weekday Morning Peak Hour

Intersection

(nt Delay, s/veh 0.1

Movement EBL  EBT WBT  WBR SBL SBR

Vol, veh/h 2 186 191 2 1 1

Conflicting Peds, #/hr 0 0 0 0 0 0

Sign Control Free  Free Free  Free Stop Stop

RT Channelized - None - None - None

Storage Length - - - - 0 -

Veh in Median Storage, # - 0 0 - 0 -

Grade, % - 0 0 - 0 -

Peak Hour Factor 94 94 94 94 94 94

Heavy Vehicles, % 0 4 5 0 0 0

Mvmt Flow 2 198 203 2 1 1

Major/Minor Major1 Major2 Minor2

Confiicting Flow All 205 0 - 0 406 204
Stage 1 - - - 204 -
Stage 2 - - - - 202 -

Critical Hdwy 41 - - - 6.4 6.2

Critical Hdwy Stg 1 - - - - 5.4 -

Critical Hdwy Stg 2 - - - - 54 -

Follow-up Hdwy 2.2 - - - 3.5 3.3

Pot Cap-1 Maneuver 1378 - - - 605 842
Stage 1 - - - 835 -
Stage 2 - - - - 837 -

Platoon blocked, % - - -

Mov Cap-1 Maneuver 1378 - - - 604 842

Mov Cap-2 Maneuver - - - - 604 -
Stage 1 - - - - 835 -
Stage 2 - - - - 835 -

Approach EB WB SB

HCM Control Delay, s 0.1 0 10.1

HCM LOS B

Minor Lane/Major Mymt EBL. EBT WBT WBR SBLn1

Capacity (veh/h) 1378 - - - 703

HCM Lane V/C Ratio 0.002 - - - 0.003

HCM Control Delay (s) 7.8 0 - - 1041

HCM Lane LOS A A - - B

HCM 95th %tile Q(veh) 0 - - - 0
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HCM 2010 TWSC

3: Maple Street & Burnett's Garage West

2019 No-Build Condition
Weekday Morning Peak Hour

Intersection

Int Delay, s/veh 0.1

Movement EBL EBT WBT WBR SBL SBR

Vol, veh/h 2 187 190 2 1 0

Conflicting Peds, #/hr 0 0 0 0 0 0

Sign Control Free  Free Free  Free Stop Stop

RT Channelized - None - None - None

Storage Length - - - - 0 -

Veh in Median Storage, # - 0 0 - 0 -

Grade, % - 0 0 - 0 -

Peak Hour Factor 94 94 94 9 94 94

Heavy Vehicles, % 0 4 5 0 0 0

Mvmt Flow 2 199 202 2 1 0

Major/Minor Major1 Major2 Minor2

Conflicting Flow All 204 0 - 0 406 203
Stage 1 - - - - 203 -
Stage 2 - - - - 203 -

Critical Hdwy 4.1 - - - 6.4 6.2

Critical Hdwy Stg 1 - - - 54 -

Critical Hdwy Stg 2 - - - 5.4 -

Follow-up Hdwy 2.2 - - - 3.5 3.3

Pot Cap-1 Maneuver 1380 - - - 605 843
Stage 1 - - - - 836 -
Stage 2 - - - 836 -

Platoon blocked, % - - -

Mov Cap-1 Maneuver 1380 - - - 604 843

Mov Cap-2 Maneuver - - - - 804 -
Stage 1 - - - 836 -
Stage 2 - - - - 834 -

Approach EB WB SB

HCM Control Delay, s 0.1 0 11

HCMLOS B

Minor Lane/Major Mvmt EBL EBT WBT WBR SBLn1

Capacity (veh/h) 1380 - - - 604

HCM Lane V/C Ratio 0.002 - - - 0.002

HCM Control Delay (s) 7.6 0 - 11

HCM Lane LOS A A - - B

HCM 95th %tile Q(veh) 0 - - - 0
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HCM 2010 TWSC

4. Maple Street & 68 Maple Street Driveway

2019 No-Build Condition
Weekday Morning Peak Hour

Intersection

Int Delay, s/veh

Movement EBL  EBT WBT  WBR SBL SBR

Vol, veh/h 0 189 190 0 0 0

Conflicting Peds, #/hr 0 0 0 0 0 0

Sign Control Free  Free Free  Free Stop Stop

RT Channelized - None - None - None

Storage Length - - - - 0 -

Veh in Median Storage, # - 0 0 - 0 -

Grade, % - 0 0 - 0 -

Peak Hour Factor 94 94 94 94 94 94

Heavy Vehicles, % 0 4 5 0 0 0

Mvmt Flow 0 201 202 0 0 0

Major/Minor Major1 Major2 Minor2

Conflicting Flow All 202 0 - 0 403 202
Stage 1 - - - - 202 -
Stage 2 - - - - 201 -

Critical Hdwy 4.1 - - - 6.4 6.2

Critical Hdwy Stg 1 - - - - 54 -

Critical Hdwy Stg 2 - - - - 54 -

Follow-up Hdwy 2.2 - - - 3.5 3.3

Pot Cap-1 Maneuver 1382 - - - 607 844
Stage 1 - - - - 837 -
Stage 2 - - - - 838 -

Platoon blocked, % - - -

Mov Cap-1 Maneuver 1382 - - - 607 844

Mov Cap-2 Maneuver - - - - 607 -
Stage 1 - - - 837 -
Stage 2 - - - - 838 -

Approach EB WB SB

HCM Control Delay, s 0 0 0

HCM LOS A

Minor Lane/Major Mvmt EBL EBT WBT WBR SBLni

Capacity (veh/h) 1382 - - - -

HCM Lane V/C Ratio - - - - -

HCM Control Delay (s) 0 - - - 0

HCM Lane LOS A - - - A

HCM 95th %tile Q(veh) 0 - - - -
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Lanes, Volumes, Timings
1: Topsfield Road (Route 97) & Maple Street/Cherry Street

2019 Build Condition
Weekday Morning Peak Hour

A ey ¢ AN 2NN S

Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations & ¥4 % T b1 g
Volume (vph) 34 109 44 12 133 98 49 249 15 178 687 27
[deal Flow (vphpl) 1800 1900 1800 1900 1900 1900 1800 1900 1800 1900 1900 1900
Lane Width (ft) 13 13 . 13 14 14 14 12 13 13 13 12 12
Storage Length (ft) 0 0 0 0 200 0 200 0
Storage Lanes 0 0 0 0 1 0 1 0
Taper Length (ft) 25 25 , 25 25
Lane Util. Factor 100 100 100 100 100 100 100 100 100 100 1.00 100
Frt 0.968 0.945 0.992 0.994
FIt Protected 0.991 0.998 0.950 0.950
Satd. Flow (prot) 0 1761 0 0 1829 0 1719 1887 0 1793 1830 0
Fit Permitted 0.788 0.981 0.177 0.475
Satd. Flow (perm) 0 1400 0 0 1798 0 320 1887 0 897 1830 0
Right Turn on Red Yes Yes No : No
Satd. Flow (RTOR) 16 34
Link Speed (mph) 30 30 30 30
Link Distance (f) 2300 1000 1000 1000
Travel Time (s) 52.3 227 227 227
Peak Hour Factor 0.91 091 091 081 091 091 091 091 091 091 091 091
Heavy Vehicles (%) 12% 7% 3% 0% 6% 3% 5% 3% 7% 4% 3% 9%
Adj. Flow (vph) 37 120 48 13 146 108 54 274 16 196 755 30
Shared Lane Traffic (%)
l.ane Group Flow (vph) 0 205 0 0 267 0 54 290 0 196 785 0
Enter Blocked Intersection No No No No No No No No No No No No
Lane Alignment Left Left Right Left Left  Right Left Left  Right Left Left  Right
Median Width(ft) 0 0 13 13
Link Offset(ft) 0 0 0 0
Crosswalk Width(ft) 16 16 16 16
Two way Left Turn Lane
Headway Factor 09% 09 09 092 092 092 100 09 09 09 100 1.00
Turning Speed (mph) 15 9 15 9 15 9 15 9
Number of Detectors 1 2 1 2 1 2 1 2
Detector Template Left ~ Thru Left  Thru Left  Thru Left  Thru
Leading Detector (ft) 20 100 20 100 20 100 20 100
Trailing Detector (ft) 0 0 0 0 0 0 0 0
Detector 1 Position(ft) 0 0 0 0 0 0 0 0
Detector 1 Size(ft) 20 6 20 6 20 6 20 6
Detector 1 Type C+Ex CI+Ex Cl+Ex CHEx Cl+Ex Cl+Ex Cl+Ex Cl+Ex
Detector 1 Channel
Detector 1 Extend (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Detector 1 Queue (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Detector 1 Delay (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

- Detector 2 Position(ft) 94 94 94 94
Detector 2 Size(ft) 6 6 6 6
Detector 2 Type Cl+Ex Cl+Ex ChHEX CI+Ex
Detector 2 Channel
Detector 2 Extend (s) 0.0 0.0 0.0 0.0
Turn Type Perm NA Perm NA pm-+pt NA pm+pt NA
Protected Phases 4 8 5 2 1 8
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Lanes, Volumes, Timings
1: Topsfield Road (Route 97) & Maple Street/Cherry Street

2019 Build Condition
Weekday Morning Peak Hour

A oy ¢ A 2 ML A
Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Permitted Phases 4 8 2 6
Detector Phase 4 4 8 8 5 2 1 6
Switch Phase
Minimum Initial (s) 7.0 7.0 7.0 7.0 7.0 8.0 7.0 8.0
Minimum Split (s) 13.0 130 13.0 130 13.0 140 13.0 140
Total Split (s) 290 290 290 290 210 440 21.0 440
Total Split (%) 30.9% 30.9% 30.9% 30.9% 22.3% 46.8% 22.3% 46.8%
Maximum Green (s) 230 230 230 230 15.0 380 150 380
Yellow Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 40
All-Red Time (s) 2.0 20 2.0 2.0 2.0 2.0 2.0 2.0
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 6.0 6.0 6.0 6.0 6.0 6.0
Lead/Lag Lead Lag Lead Lag
Lead-Lag Optimize? Yes Yes Yes Yes
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 4.0 3.0 4.0
Recall Mode None  None None  None None Min None Min
Act Effct Green (s) 14.9 14.9 385 3089 447 390
Actuated g/C Ratio 0.20 0.20 052 042 061 053
v/c Ratio 0.69 0.68 017 037 030 081
Control Delay 389 33.8 8.1 17.4 7.7 287
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 38.9 33.8 8.1 17.4 7.7 267
LOS D C A B A C
Approach Delay 38.9 33.8 16.0 229
Approach LOS D C B C
90th %ile Green (s) 27 227 227 227 85 338 127 380
90th %ile Term Code Hold  Hold Gap  Gap Gap  Hold Gap  Max
70th %ile Green (s) 182 182 182 182 78 354 104 380
70th %ile Term Code Hold  Hold Gap Gap Gap  Hold Gap  Max
50th %ile Green (s) 154 154 154 154 71 364 90 380
50th %ile Term Code Hold  Hold Gap Gap Gap  Hold Gap Max
30th %ile Green (s) 114 114 114 114 00 242 78 380
30th %ile Term Code Hold  Hold Gap Gap Skip  Hold Gap Max
10th %ile Green (s) 8.7 8.7 8.7 8.7 00 250 70 380
10th %ile Term Code Hold  Hold Gap Gap Skip  Hoid Min  Max
Queue Length 50th (i) 87 107 8 87 33 330
Queue Length 95th (ft) 159 187 26 180 75  #664
Internal Link Dist (ft) 2220 920 920 920
Turn Bay Length (/) 200 200
Base Capacity (vph) 460 599 490 999 752 969
Starvation Cap Reductn 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0
Reduced vic Ratio 045 0.45 011 029 026 081
Intersection Summary
Area Type: Other

Cycle Length: 94

Actuated Cycle Length: 73.6
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Lanes, Volumes, Timings
1: Topsfield Road (Route 97) & Maple Street/Cherry Street

2019 Build Condition
Weekday Morning Peak Hour

Natural Cycle: 75
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.81
Intersection Signal Delay; 25.0 Intersection LOS: C
Intersection Capacity Utilization 80.5% ICU Level of Service D
Analysis Period (min) 15
90th %ile Actuated Cycle: 87.2
70th %ile Actuated Cycle: 82
50th %ile Actuated Cycle: 78.5
30th %ile Actuated Cycle: 61.4
10th %ile Actuated Cycle: 58.7
# 95th percentile volume exceeds capacity, queue may be longer.
Queue shown is maximum after two cycles.

Splits and Phases:  1: Topsfield Road (Route 97) & Maple Street/Cherry Street
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HCM 2010 TWSC

2019 Build Condition
Weekday Morning Peak Hour

2. Maple Street & Burnett's Garage East

Intersection

Int Delay, siveh 0.1

Movement EBL  EBT WBT  WBR SBL SBR

Vol, veh/h 2 209 204 2 1 1

Conflicting Peds, #/hr 0 0 0 0 0 0

Sign Control Free  Free Free  Free Stop Stop

RT Channelized - None - None - None

Storage Length - - - - 0 -

Veh in Median Storage, # - 0 0 - 0 -

Grade, % - 0 0 - 0 -

Peak Hour Factor 94 94 94 94 94 94

Heavy Vehicles, % 0 4 5 0 0 0

Mvmt Flow 2 222 217 2 1 1

Major/Minor Major1 Maijor2 Minor2

Conflicting Fiow Al 219 0 - 0 445 218
Stage 1 - - - - 218 -
Stage 2 - - - - 227 -

Critical Hdwy 4.1 - - - 64 6.2

Critical Hdwy Stg 1 - - - - 54 -

Critical Hdwy Stg 2 - - - 54 -

Follow-up Hdwy 22 - - - 3.5 3.3

Pot Cap-1 Maneuver 1362 - - - 574 827
Stage 1 - - - - 823 -
Stage 2 - - - 815 -

Platoon blocked, % - - -

Mov Cap-1 Maneuver 1362 - - - 573 827

Mov Cap-2 Maneuver - - - - 573 -
Stage 1 - - - - 823 -
Stage 2 - - - - 813 -

Approach EB WB SB

HCM Control Delay, s 0.1 0 10.3

HCM LOS B

Minor Lane/Major Mvmi EBL EBT WBT WBR SBLnf

Capacity (veh/h) 1362 - - - 877

HCM Lane V/C Ratio 0.002 - - - 0.003

HCM Control Delay (s) 7.6 0 - - 103

HCM Lane LOS A A - - B

HCM 95th %tile Q(veh) 0 - - - 0
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HCM 2010 TWSC
3: Maple Street & Burnett's Garage West

2019 Build Condition
Weekday Morning Peak Hour

Intersection

Int Delay, sfveh 0.1

Movement EBL  EBT WBT  WBR SBL SBR

Vol, veh/h 2 210 203 2 1 0

Conflicting Peds, #/hr 0 0 0 0 0 0

Sign Control Free  Free Free  Free Stop Stop

RT Channelized - - None - None - None

Storage Length - - - - 0 -

Veh in Median Storage, # - 0 0 - 0 -

Grade, % - 0 0 - 0 -

Peak Hour Factor 94 94 %4 94 94 94

Heavy Vehicles, % 0 4 5 0 0 0

Mvmt Flow 2 223 216 2 1 0

Major/Minor Major1 Major2 Minor2

Conflicting Flow All 218 0 - 0 445 217
Stage 1 - - - - 217 -
Stage 2 - - - - 228 -

Critical Hdwy 41 - - - 6.4 8.2

Critical Hdwy Stg 1 - - - - 54 -

Critical Hdwy Stg 2 - - - - 54 -

Follow-up Hdwy 2.2 - - - 3.5 3.3

Pot Cap-1 Maneuver 1364 - - - 574 828
Stage 1 - - - - 824 -
Stage 2 - - - - 815 -

Platoon blocked, % - - -

Mov Cap-1 Maneuver 1364 - - - 573 828

Mov Cap-2 Maneuver - - - - 573 -
Stage 1 - - - - 824 -
Stage 2 - - - - 813 -

Approach EB WB SB

HCM Control Delay, s 0.1 0 11.3

HCM LOS B

Minor Lane/Major Mvmt EBL EBT WBT WBR SBLnt

Capacity (veh/h) 1364 - - - 573

HCM Lane V/C Ratio 0.002 - - - 0.002

HCM Control Delay (s) 7.6 0 - - 13

HCM Lane LOS A A - - B

HCM 95th %tile Q(veh) 0 - - - 0
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HCM 2010 TWSC

5: Maple Street & Proposed Site Drive

2019 Build Condition
Weekday Morning Peak Hour

Intersection

Int Delay, s/veh 0.7

Movement EBL  EBT WBT WBR SBL SBR

Vol, veh/h 1 189 190 13 23 3

Conflicting Peds, #/hr 0 0 0 0 0 0

Sign Control Free  Free Free  Free Stop Stop

RT Channelized - None - None - None

Storage Length - - - - 0 -

Veh in Median Storage, # - 0 0 - 0 -

Grade, % - 0 0 - 0 -

Peak Hour Factor 92 92 92 92 92 92

Heavy Vehicles, % 0 4 5 0 0 0

Mvmt Flow 1 205 207 14 25 3

Major/Minor Major1 Major2 Minor2

Conflicting Flow All 221 0 - 0 422 214
Stage 1 - - - - 214 -
Stage 2 - - - - 208 -

Critical Hdwy 41 - - - 6.4 6.2

Critical Hdwy Stg 1 - - - - 54 -

Critical Hdwy Stg 2 - - - - 54 -

Follow-up Hdwy 2.2 - - - 35 3.3

Pot Cap-1 Maneuver 1360 - - - 502 831
Stage 1 - - - - 826 -
Stage 2 - - - - 832 -

Platoon blocked, % - - -

Mov Cap-1 Maneuver 1360 - - - 591 831

Mov Cap-2 Maneuver - - - - 591 -
Stage 1 - - - - 826 -
Stage 2 - - - - 831 -

Approach EB WB SB

HCM Control Delay, s 0 0 11.2

HCM LOS B

Minor Lane/Major Mvmt EBL EBT WBT WBR SBLnt

Capacity (veh/h) 1360 - - - 611

HCM Lane V/C Ratio 0.001 - - - 0.046

HCM Control Delay (s) 7.6 0 - - 12

HCM Lane LOS A A - - B

HCM 95th %tile Q(veh) 0 - - - 0.1
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Lanes, Volumes, Timings

1: Topsfield Road (Route 97) & Maple Street/Cherry Street

2014 Existing Condition

Weekday Evening Peak Hour

A ey ¢ At A2 M4
Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL S8BT SBR
Lane Configurations s & b Ts % T
Volume {vph) 17 159 15 18 126 145 45 555 18 109 252 23
Ideal Flow (vphpl) 1900 1900 1800 1900 1900 1900 1900 1900 1900 1900 1900 1900
Lane Width (ft) 13 13 13 14 14 14 12 13 13 13 12 12
Storage Length (ft) 0 0 0 0 200 0 200 0
Storage Lanes 0 0 0 0 1 0 1 0
Taper Length (ft) 25 25 25 25
Lane Util. Factor 100 100 100 100 100 100 100 100 100 100 100 1.00
Frt 0.989 0.932 0.995 0.987
Flt Protected 0.996 0.997 0.950 0.950
Satd. Flow (prot) 0 1902 0 0 1858 0 1770 1935 0 1865 1875 0
Fit Permitted 0.932 0.973 0.574 0.196
Satd. Flow (perm) 0 1780 0 0 1813 0 1069 1935 0 385 1875 0
Right Turn on Red Yes Yes No No
Satd. Flow (RTOR) 4 51
Link Speed (mph) 30 30 30 30
Link Distance (ft) 2300 1000 1000 1000
Travel Time (s) . 52.3 22.7 22.7 227
Peak Hour Factor 080 09 09 05 09 09 09 09 05 095 080 090
Heavy Vehicles (%) 0% 2% 0% 0% 2% 1% 2% 1% 0% 0% 0% 0%
Adj. Flow {vph) 19 177 17 20 140 161 50 617 20 121 280 26
Shared Lane Traffic (%) ’
Lane Group Flow (vph) 0 213 0 0 321 0 50 637 0 121 306 0
Enter Blocked Intersection No No No No No No No No No No No No
Lane Alignment Left Left  Right Left Left Right Left Left  Right Left Left  Right
Median Width(ft) 0 0 13 13
Link Offset(ft) 0 0 0 0
Crosswalk Width(ft) 16 16 16 16
Two way Left Turn Lane
_Headway Factor 0% 09 09 092 092 092 100 09 09 09 100 1.00
Turning Speed (mph) 15 9 15 9 15 9 15 9
Number of Detectors 1 2 1 2 1 2 1 2
Detector Template Left  Thru Left  Thru Left  Thru Left  Thru
Leading Detector (ft) 20 100 20 100 20 100 20 100
Trailing Detector (ft) 0 0 0 0 0 0 0 0
Detector 1 Position(ft) 0 0 0 0 0 0 0 0
Detector 1 Size(ft) 20 6 20 6 20 6 20 6
Detector 1 Type Ci+Ex CH+Ex Cl+Ex  Cl+Ex Cl+Ex Cl+Ex Cl+Ex Cl+Ex
Detector 1 Channel
Detector 1 Extend (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Detector 1 Queue (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Detector 1 Delay (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Detector 2 Position(ft) 94 94 94 94
Detector 2 Size(f) 6 6 6 6
Detector 2 Type Cl+Ex ClH+Ex Cl+Ex Cl+Ex
Detector 2 Channel
Detector 2 Extend (s) 0.0 0.0 0.0 0.0
Turn Type Perm NA Perm NA pm+pt NA pm+pt NA
Protected Phases 4 8 5 2 1 6
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Lanes, Volumes, Timings

1: Topsfield Road (Route 97) & Maple Street/Cherry Street

2014 Existing Condition
Weekday Evening Peak Hour

Ay ¢ AN

o~ 4

Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL S8BT SBR
Permitted Phases 4 8 2 6
Detector Phase 4 4 8 8 5 2 1 6
Switch Phase

Minimum Initial (s) 7.0 7.0 7.0 7.0 7.0 8.0 7.0 8.0
Minimum Split (s) 13.0 130 13.0 130 13.0 140 130 140
Total Split (s) 290 290 29.0 290 21.0 440 21.0 440
Total Split {%) 30.9% 30.9% 30.9% 30.9% 22.3% 46.8% 22.3% 46.8%
Maximum Green (s) 230 230 230 230 150  38.0 16.0  38.0
Yellow Time (s) 4.0 4.0 4.0 40 4.0 4.0 4.0 4.0
All-Red Time (s) 20 2.0 2.0 2.0 2.0 2.0 20 2.0
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 6.0 6.0 6.0 6.0 6.0 6.0
Lead/Lag Lead Lag Lead Lag
Lead-Lag Optimize? Yes Yes Yes Yes
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 4.0 3.0 4.0
Recall Mode None  None None  None None Min None Min
Act Effct Green (s) 16.8 16.8 364 312 392 347
Actuated g/C Ratio 0.24 0.24 0.51 0.44 055 049
vic Ratio 0.51 0.69 008 075 031 034
Control Delay 30.6 31.5 72 255 9.1 14.6
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 30.6 315 72 255 9.1 14.6
LOS C C A c A B
Approach Delay 30.6 31.5 242 13.0
Approach LOS -~ C C C B
90th %ile Green (s) 230 230 230 230 7.7 380 9.8 401
90th %ile Term Code Hold  Hold Max  Max Gap Max Gap  Hold
70th %ile Green (s) 208 208 208 208 70 380 86 396
70th %ile Term Code Hold  Hoid Gap Gap Min Max Gap  Hold
50th %ile Green (s) 175 175 175 175 70 326 76 332
50th %ile Term Code Hold  Hold Gap Gap Min Gap Gap  Hold
30th %ile Green (s) 13.7 137 137 137 00 267 7.0 397
30th %ite Term Code Hold  Hold Gap Gap Skip Gap Min  Hold
10th %ile Green (s) 0.6 9.6 9.6 9.6 0.0 19.6 00 196
10th %ile Term Code Hold  Hold Gap Gap Skip Gap Skip  Hold
Queue Length 50th (ft) 86 116 8 245 21 93
Queue Length 95th (ff) 166 223 24 435 48 171
Internal Link Dist (ft) 2220 920 920 920
Turn Bay Length (ft) 200 200

Base Capacity (vph) 622 664 780 1114 560 1105
Starvation Cap Reductn 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0
Reduced v/c Ratio 0.34 0.48 006 057 022 028

Intersection Summary

Area Type: Other
Cycle Length: 94
Actuated Cycle Length: 71.3
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Lanes, Volumes, Timings
1: Topsfield Road (Route 97) & Maple Street/Cherry Street

2014 Existing Condition
Weekday Evening Peak Hour

Natural Cycle: 60

Control Type: Actuated-Uncoordinated

Maximum v/c Ratio: 0.75

Intersection Signal Delay: 23.5 [ntersection LOS: C
Intersection Capacity Utilization 71.3% ICU Level of Service C
Analysis Period (min) 15

90th %ile Actuated Cycle: 88.8

70th %ile Actuated Cycle: 85.4

50th %ile Actuated Cycle: 75.7

30th %ile Actuated Cycle: 65.4

10th %ile Actuated Cycle: 41.2

Splits and Phases:  1: Topsfield Road (Route 97) & Maple Street/Cherry Street
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HCM 2010 TWSC

2. Maple Street & Burnett's Garage East

2014 Existing Condition
Weekday Evening Peak Hour

Intersection

Int Delay, s/veh

Movement EBL  EBT WBT  WBR SBL SBR

Vol, vehh 0 203 191 0 0 0

Conflicting Peds, #/hr 0 0 0 0 0 0

Sign Control Free  Free Free  Free Stop Stop

RT Channelized - None - None - None

Storage Length - - - - 0 -

Veh in Median Storage, # - 0 0 - 0 -

Grade, % - 0 0 - 0 -

Peak Hour Factor 92 92 92 92 92 92

Heavy Vehicles, % 0 1 2 0 0 0

Mvmt Flow 0 221 208 0 0 0

Major/Minor Major1 Major2 Minor2

Conflicting Flow All 208 0 - 0 429 208
Stage 1 - - - - 208 -
Stage 2 - - - - 221 -

Critical Hdwy 41 - - - 6.4 6.2

Critical Hdwy Stg 1 - - - - 5.4 -

Critical Hdwy Stg 2 - - - - 5.4 -

Follow-up Hdwy 2.2 - - - 3.5 3.3

Pot Cap-1 Maneuver 1375 - - - 587 837
Stage 1 - - - - 832 -
Stage 2 - - - - 821 -

Platoon biocked, % - - -

Mov Cap-1 Maneuver 1375 - - - 587 837

Mov Cap-2 Maneuver - - - - 587 -
Stage 1 - - - - 832 -
Stage 2 - - - - 821 -

Approach EB WB SB

HCM Control Detay, s 0 0 0

HCM LOS A

Minor Lane/Major Mvmt EBL EBT WBT WBR SBLnt

Capacity (veh/h) 1375 - - - -

HCM Lane V/C Ratio - - - - -

HCM Control Delay (s) 0 - - - 0

HCM Lane LOS A - - A

HCM 95th %tile Q(veh) 0 - - - -
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HCM 2010 TWSC

3: Maple Street & Burnett's Garage West

2014 Existing Condition
Weekday Evening Peak Hour

Intersection

Int Delay, s/veh

Movement

Vol, veh/h

Conflicting Peds, #/hr
Sign Control

RT Channelized

Storage Length

Veh in Median Storage, #
Grade, %

Peak Hour Factor

Heavy Vehicles, %

Mvmt Flow

Major/Minor

Major1

Minor2

Conflicting Flow Al
Stage 1
Stage 2
Critical Hdwy
Critical Hdwy Stg 1
Critical Hdwy Stg 2
Follow-up Hdwy
Pot Cap-1 Maneuver
Stage 1
Stage 2
Platoon biocked, %
Mov Cap-1 Maneuver
Mov Cap-2 Maneuver
Stage 1
Stage 2

Approach

208

EB

429
208
221
6.4
5.4
54
3.5
587
832
821

587
587
832
821

SB

208

HCM Control Delay, s
HCM LOS

Minor Lane/Major Mvmt

EBL

9.3

Capacity (veh/h)

HCM Lane V/C Ratio
HCM Control Delay (s)
HCM Lane LOS

HCM 95th %tile Q(veh)

1375

o rXr o
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HCM 2010 TWSC

4. Maple Street & 68 Maple Street Driveway

2014 Existing Condition
Weekday Evening Peak Hour

Intersection

Int Delay, sfveh

Movement EBL  EBT WBT  WBR SBL SBR

Vol, veh/h 0 203 192 0 0 0

Conflicting Peds, #/hr 0 0 0 0 0 0

Sign Control Free  Free Free  Free Stop Stop

RT Channelized - None - None - None

Storage Length - - - - 0 -

Veh in Median Storage, # - 0 0 - 0 -

Grade, % - 0 0 - 0 -

Peak Hour Factor 92 92 92 92 92 92

Heavy Vehicles, % 0 1 2 0 0 0

Mvmt Flow 0 221 209 0 0 0

Major/Minor Major1 Major2 Minor2

Confiicting Flow All 209 0 - 0 430 209
Stage 1 - - - - 209 -
Stage 2 - - - - 221 -

Critical Hdwy 41 - - - 6.4 6.2

Critical Hdwy Stg 1 - - - - 54 -

Critical Hdwy Stg 2 - - - - 5.4 -

Follow-up Hdwy 2.2 - - - 3.5 3.3

Pot Cap-1 Maneuver 1374 - - - 586 836
Stage 1 - - - - 831 -
Stage 2 - - - - 821 -

Platoon blocked, % - - -

Mov Cap-1 Maneuver 1374 - - - 586 836

Mov Cap-2 Maneuver - - - - 586 -
Stage 1 - - - - 831 -
Stage 2 - - - - 821 -

Approach EB WB SB

HCM Control Delay, s 0 0 0

HCM LOS A

Minor Lane/Major Mvmt EBL EBT WBT WBR SBLnt

Capacity (veh/h) 1374 - - - -

HCM Lane V/C Ratio - - - - -

HCM Control Delay (s) 0 - - - 0

HCM Lane LOS A - - - A

HCM 95th %tile Q(veh) 0 - - - -
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Lanes, Volumes, Timings
1: Topsfield Road (Route 97) & Maple Street/Cherry Street

2019 No-Build Condition

Weekday Evening Peak Hour

Ay ¢ ANt A2 MY
Lane Group EBL  EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations s & b Ts L y
Volume {vph) 18 170 17 19 137 152 48 583 19 115 265 25
Ideal Flow (vphpl) 1900 1900 1900 1500 1900 1900 1900 1900 1800 1900 1800 1800
Lane Width (ft) 13 13 13 14 14 14 12 13 13 13 12 12
Storage Length (f) 0 0 0 0 200 0 200 0
Storage Lanes 0 0 0 0 1 0 1 0
Taper Length (ft) 25 25 25 25
Lane Util. Factor 100 100 100 100 100 100 100 100 100 100 100 1.00
Frt 0.989 0.933 0.995 0.987
FIt Protected 0.996 0.997 0.950 0.950
Satd. Flow (prot) 0 1902 0 0 1859 0 1770 1935 0 1865 1875 0
Fit Permitted 0.922 0.973 0.560 0.175
Satd. Flow (perm) 0 1761 0 0 1815 0 1043 1935 0 344 1875 0
Right Turn on Red Yes ~ Yes No No
Satd. Flow (RTOR) 5 50
Link Speed (mph) 30 30 30 30
Link Distance (ft) 2300 1000 1000 1000
Travel Time (s) 52.3 22.7 22.7 22.7
Peak Hour Factor 090 09 0% 09 09 09 05 05 08 080 08 090
Heavy Vehicles (%) 0% 2% 0% 0% 2% 1% 2% 1% 0% 0% 0% 0%
Adj. Flow (vph) 20 189 19 21 152 169 53 648 21 128 294 28
Shared Lane Traffic (%)
Lane Group Flow {vph) 0 228 0 0 342 0 53 669 0 128 322 0
Enter Blocked Intersection No No No No No No No No No No No No
Lane Alignment Left Left Right Left Left  Right Left Left  Right Left Left  Right
Median Width(t) 0 0 13 13
Link Offset(ft) 0 0 0 0
Crosswalk Width(ft) 16 16 16 16
Two way Left Turn Lane ‘
Headway Factor 096 09 09 092 092 092 100 09 09 096 100 1.00
Turning Speed (mph) 15 9 15 9 15 9 15 9
Number of Detectors 1 2 1 2 1 2 1 2
Detector Template Left  Thru Left  Thru Left  Thru Left  Thru
Leading Detector (ft) 20 100 20 100 20 100 20 100
Trailing Detector (ft) 0 0 0 0 0 0 0 0
Detector 1 Position(ft) 0 0 0 0 0 0 0 0
Detector 1 Size(ft) 20 6 20 8 20 8 20 6
Detector 1 Type Cl+Ex  CI+Ex Cl+Ex Cl+Ex Cl+Ex Cl+Ex ClEx Cl+Ex
Detector 1 Channel
Detector 1 Extend (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Detector 1 Queue (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Detector 1 Delay (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Detector 2 Position(ft) 94 94 94 94
Detector 2 Size(ft) 6 6 6 6
Detector 2 Type Cl+Ex Cl+Ex Cl+Ex Cl+Ex
Detector 2 Channel
Detector 2 Extend (s) 0.0 0.0 0.0 0.0
Turn Type Perm NA Perm NA pm+pt NA pm+pt NA
Protected Phases 4 8 5 2 1 6
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Lanes, Volumes, Timings
1: Topsfield Road (Route 97) & Maple Street/Cherry Street

2019 No-Build Condition

Weekday Evening Peak Hour

e TR 2 N . S S 4
Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL S8BT SBR
Permitted Phases 4 8 2 6
Detector Phase 4 4 8 8 5 2 1 6
Switch Phase
Minimum Initial (s) 7.0 7.0 7.0 7.0 7.0 8.0 7.0 8.0
Minimum Split (s) 130 130 13.0  13.0 130 140 130 140
Total Split (s) 290 290 290 29.0 21.0 440 21.0 440
Total Split (%) 30.9% 30.9% 30.9% 30.9% 22.3% 46.8% 22.3% 46.8%
Maximum Green (s) 230 230 230 230 15.0 380 150 380
Yellow Time {s) 4.0 40 4.0 4.0 4.0 4.0 4.0 4.0
All-Red Time (s) 20 20 2.0 2.0 2.0 2.0 2.0 2.0
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 6.0 6.0 6.0 6.0 6.0 6.0
Lead/Lag Lead Lag Lead Lag
Lead-Lag Optimize? Yes Yes Yes Yes
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 4.0 3.0 4.0
Recall Mode None None None  None None Min None Min
Act Effct Green (s) 17.8 17.8 383 330 413 367
Actuated g/C Ratio 0.24 0.24 052 044 056 049
v/c Ratio 0.54 0.72 008 078 035 035
Control Delay 316 33.7 75 273 98 149
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 316 33.7 75 2713 98 149
LOS C C A C A B
Approach Delay 31.6 33.7 25.8 13.4
Approach LOS C C C B
90th %ile Green (s) 230 230 230 230 78 380 104 406
90th %ile Term Code Hold  Hold Max  Max Gap  Max Gap  Hold
70th %ile Green (s) 223 223 223 223 70 380 88 398
70th %ile Term Code Hold  Hold Gap  Gap Min  Max Gap  Hold
50th %ile Green (s) 188 188 188  18.8 70 368 78 376
50th %ile Term Code Hold  Hold Gap Gap Min Gap Gap  Hold
30th %ile Green (s) 15.1 15.1 151 151 00 293 70 423
30th %ile Term Code Hold  Hold Gap Gap Skip Gap Min  Hold
10th %ile Green (s) 105 1056 105 105 00 214 00 214
10th %ile Term Code Hold  Hold Gap Gap Skip Gap Skip  Hold
Queue Length 50th (ft) 101 139 9 274 24 102
Queue Length 95th (ft) 179 244 25 #5515 51 180
[nternal Link Dist (ft) 2220 920 920 920
Turn Bay Length (ft) 200 200
Base Capacity (vph) 587 635 765 1060 531 1069
Starvation Cap Reductn 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0
Reduced vic Ratio 0.39 0.54 0.07  0.63 024 030
Intersection Summary
Area Type: Other

Cycle Length: 94

Actuated Cycle Length: 74.2
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Lanes, Volumes, Timings
1: Topsfield Road (Route 97) & Maple Street/Cherry Street

2019 No-Build Condition
Weekday Evening Peak Hour

. Natural Cycle: 60
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.78
[ntersection Signal Delay: 24.9 [ntersection LOS: C
Intersection Capacity Utilization 74.5% ICU Level of Service D
Analysis Period (min) 15
90th %ile Actuated Cycle: 89.4
70th %ile Actuated Cycle: 87.1
50th %ile Actuated Cycle: 81.4
30th %ile Actuated Cycle: 69.4
10th %ile Actuated Cycle: 43.9
# 95th percentile volume exceeds capacity, queue may be longer.
Queue shown is maximum after two cycles.

Splits and Phases:  1: Topsfield Road (Route 97) & Maple Street/Cherry Street
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HCM 2010 TWSC

2. Maple Street & Burnett's Garage East

2019 No-Build Condition
Weekday Evening Peak Hour

Intersection

Int Delay, s/veh

Movement EBL  EBT WBT WBR SBL SBR

Vol, veh/h 0 217 208 0 0 0

Conflicting Peds, #/hr 0 0 0 0 0 0

Sign Control Free  Free Free  Free Stop Stop

RT Channelized - None - None - None

Storage Length - - - - 0 -

Veh in Median Storage, # - 0 0 - 0 -

Grade, % - 0 0 - 0 -

Peak Hour Factor 92 92 92 92 92 92

Heavy Vehicles, % 0 1 2 0 0 0

Mvmt Flow 0 236 226 0 0 0

Major/Minor Major1 Major2 Minor2

Conflicting Fiow All 226 0 - 0 462 226
Stage 1 - - - - 226 -
Stage 2 - - - - 236 -

Crifical Hdwy 41 - - - 6.4 6.2

Critical Hdwy Stg 1 - - - - 5.4 -

Critical Hdwy Stg 2 - - - - 54 -

Follow-up Hdwy 2.2 - - - 3.5 3.3

Pot Cap-1 Maneuver 1354 - - - 562 818
Stage 1 - - - - 816 -
Stage 2 - - - - 808 -

Platoon blocked, % - - -

Mov Cap-1 Maneuver 1354 - - - 562 818

Mov Cap-2 Maneuver - - - - 562 -
Stage 1 - - - - 816 -
Stage 2 - - - - 808 -

Approach EB WB SB

HCM Control Delay, s 0 0 0

HCM LOS A

Minor Lane/Major Mvmt EBL EBT WBT WBR SBLnt

Capacity (veh/h) 1354 - - - -

HCM Lane V/C Ratio - - - - -

HCM Control Delay (s) 0 - - - 0

HCM Lane LOS A - - - A

HCM 95th %ftile Q(veh) 0 - - - -
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HCM 2010 TWSC

3: Maple Street & Burnett's Garage West

2019 No-Build Condition
Weekday Evening Peak Hour

Intersection

Int Delay, siveh

Movement EBL  EBT WBT  WBR SBL SBR

Vol, veh/h 0 217 208 0 0 1

Conflicting Peds, #/hr 0 0 0 0 0 0

Sign Control Free  Free Free  Free Stop Stop

RT Channelized - None - None - None

Storage Length - - - - 0 -

Veh in Median Storage, # - 0 0 - 0 -

Grade, % - 0 0 - 0 -

Peak Hour Factor 92 92 92 92 92 92

Heavy Vehicles, % 0 1 2 0 0 0

Mvmt Flow 0 236 226 0 0 1

Major/Minor Major1 Major2 Minor2

Conflicting Flow All 226 0 - 0 462 226
Stage 1 - - - - 226 -
Stage 2 - - - - 236 -

Critical Hdwy 41 - - - 6.4 6.2

Critical Hdwy Stg 1 - - - - 5.4 -

Critical Hdwy Stg 2 - - - - 5.4 -

Follow-up Hdwy 2.2 - - - 35 3.3

Pot Cap-1 Maneuver 1354 - - - 562 818
Stage 1 - - - - 816 -
Stage 2 - - - - 808 -

Platoon blocked, % - - -

Mov Cap-1 Maneuver 1354 - - - 562 818

Mov Cap-2 Maneuver - - - - 562 -
Stage 1 - - - - 816 -
Stage 2 - - - - 808 -

Approach EB WB SB

HCM Control Delay, s 0 0 94

HCM LOS A

Minor Lane/Major Mvmt EBL EBT WBT WBR SBLnt

Capacity (veh/h) 1354 - - - 818

HCM Lane V/C Ratio - - - - 0.001

HCM Control Delay (s) 0 - - - 94

HCM Lane LOS A - - - A

HCM 95th %tile Q(veh) 0 - - - 0
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HCM 2010 TWSC

4. Maple Street & 68 Maple Street Driveway

2019 No-Build Condition
Weekday Evening Peak Hour

Intersection

Int Delay, s/veh

Movement EBL  EBT WBT  WBR SBL SBR

Vol, veh/h 0 217 209 0 0 0

Conflicting Peds, #/hr 0 0 ] 0 0 0

Sign Control Free  Free Free  Free Stop Stop

RT Channelized None - None - None

Storage Length - - - - 0 -

Veh in Median Storage, # - 0 0 0 -

Grade, % - 0 0 - 0 -

Peak Hour Factor 92 92 92 92 92 92

Heavy Vehicles, % 0 1 2 0 0 0

Mvmt Flow 0 236 221 0 0 0

Major/Minor Major1 Major2 Minor2

Conflicting Flow All 227 0 - 0 463 227
Stage 1 - - - - 227 -
Stage 2 - - - - 236 -

Critical Hdwy 4.1 - - 6.4 6.2

Critical Hdwy Stg 1 - - - - 54 -

Critical Hdwy Stg 2 - - - 54 -

Follow-up Hdwy 22 - - - 35 3.3

Pot Cap-1 Maneuver 1353 - - - 561 817
Stage 1 - - - 815 -
Stage 2 - - - 808 -

Platoon blocked, % - -

Mov Cap-1 Maneuver 1353 - - - 561 817

Mov Cap-2 Maneuver - - - - 561 -
Stage 1 - - 815 -
Stage 2 - - - 808 -

Approach EB WB SB

HCM Control Delay, s 0 0 0

HCM LOS A

Minor Lane/Major Mvmt EBL EBT WBT WBR SBLn1

Capacity (veh/h) 1353 - - - -

HCM Lane V/C Ratio - - - - -

HCM Control Delay (s) 0 - - - 0

HCM Lane LOS A - - A

HCM 95th %tile Q{veh) 0 - - - -
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Lanes, Volumes, Timings
1: Topsfield Road (Route 97) & Maple Street/Cherry Street

2019 Build Condition
Weekday Evening Peak Hour

N N R 4
Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations i & b T b T

Volume (vph) 21 172 23 19 141 152 56 583 19 115 265 30
|deal Flow (vphpl) 1900 1800 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Lane Width (ft) 13 13 13 14 14 14 12 13 13 13 12 12
Storage Length (ft) 0 0 0 0 200 0 200 0
Storage Lanes 0 0 0 0 1 0 1 0
Taper Length (ft) 25 25 25 25

Lane Util. Factor 100 100 {00 100 100 100 100 100 100 100 100 1.00
Frt 0.985 0.934 0.995 0.985

Flt Protected 0.995 0.997 0.950 0.950

Satd. Flow (prot) 0 18%4 0 0 1861 0 1770 1935 0 1885 1872 0
Fit Permitted 0.912 0.972 0.522 0.171

Satd. Flow (perm) 0 1736 0 0 1815 0 972 1935 0 336 1872 0
Right Turn on Red Yes Yes No No
Satd. Flow (RTOR) 6 48

Link Speed (mph) 30 30 30 30

Link Distance (ft) 2300 1000 1000 1000

Travel Time (s) 823 22.7 227 22.7

Peak Hour Factor 090 09 05 09 09 09 08 05 09 092 090 090
Heavy Vehicles (%) 0% 2% 0% 0% 2% 1% 2% 1% 0% 0% 0% 0%
Adj. Flow {vph) 23 191 26 21 157 169 62 648 21 128 294 33
Shared Lane Traffic (%)

Lane Group Flow (vph) 0 240 0 0 347 0 62 669 0 128 327 0
Enter Blocked Intersection No No No No No No No No No No No No
Lane Alignment Left Left Right Left Left  Right Left Left  Right Left Left Right
Median Width(ft) 0 0 13 13

Link Offset(ft) 0 0 0 0
Crosswalk Width(ft) 16 16 16 16

Two way Left Turn Lane

Headway Factor 09 09 09 092 092 092 100 09 09 09 100 100
Turning Speed (mph) 15 9 15 9 15 9 15 9
Number of Detectors 1 2 1 2 1 2 1 2

Detector Template Left  Thru Left  Thru Left  Thru Left  Thru

Leading Detector (ff) 20 100 20 100 20 100 20 100

Trailing Detector (ft) - 0 0 0 0 0 0 0 0
Detector 1 Position(ft) 0 0 0 0 0 0 0 0
Detector 1 Size(ft) 20 6 20 6 20 6 20 6
Detector 1 Type ChEx Ch+Ex Cl+Ex  Cl+Ex Cl+Ex  Cl+Ex Cl+Ex  CI+Ex
Detector 1 Channel

Detector 1 Extend (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Detector 1 Queue (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Detector 1 Delay (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Detector 2 Position(ft) 94 94 94 94

Detector 2 Size(ft) 6 6 6 6

Detector 2 Type Cl+Ex CHEXx CIHEX Cl+Ex

Detector 2 Channel

Detector 2 Extend (s) 0.0 0.0 ' 0.0 0.0

Turn Type Perm NA Perm NA pm+pt NA pm+pt NA
Protected Phases 4 8 5 2 1 6
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Lanes, Volumes, Timings

1: Topsfield Road (Route 97) & Maple Street/Cherry Street

2019 Build Condition
Weekday Evening Peak Hour

S R i N S T
Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Permitted Phases 4 8 2 6
Detector Phase 4 4 8 8 5 2 1 6
Switch Phase
Minimum Initial (s) 7.0 7.0 7.0 7.0 7.0 8.0 7.0 8.0
Minimum Split (s) 130 130 13.0  13.0 13.0 140 13.0 140
Total Split (s) 290 290 290 280 21.0 440 21.0 440
Total Split (%) 30.9% 30.9% 30.9% 30.9% 22.3% 46.8% 22.3% 46.8%
Maximum Green (s) 230 230 230 230 150  38.0 15.0  38.0
Yellow Time (s) 4.0 4.0 4.0 4,0 40 4.0 4.0 4.0
All-Red Time (s) 2.0 2.0 20 2.0 2.0 2.0 20 2.0
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 6.0 6.0 6.0 6.0 6.0 6.0
Lead/Lag Lead Lag Lead Lag
Lead-Lag Optimize? Yes Yes Yes Yes
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 4.0 3.0 4.0
Recall Mode None None None None None Min None Min
Act Effct Green (s) 18.2 18.2 385 332 402 340
Actuated g/C Ratio 0.24 0.24 051 044 054 045
v/c Ratio 0.56 0.73 011 078 036 038
Control Delay 323 34.1 76 276 102 166
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 323 34.1 76 2786 102 166
LOS C c A C B B
Approach Delay 323 341 25.9 14.8
Approach LOS C C C B
90th %ile Green (s) 230 230 230 230 81 380 105 404
90th %ile Term Code Max Max Max  Max Gap  Max Gap  Hold
70th %ile Green (s) 229 229 229 2289 73 380 88 395
70th %ile Term Code Hold  Hold Gap  Gap Gap  Max Gap  Hold
50th %ile Green (s) 192 192 192 19.2 70 372 79 381
50th %ile Term Code Hold  Hold Gap  Gap Min  Gap Gap  Hoid
30th %ile Green (s) 155 155 155 155 7.0 295 70 295
30th %ile Term Code Hold  Hold Gap  Gap Min Gap Min  Hold
10th %ile Green (s) 10.8 108 108 108 00 215 00 215
10th %ile Term Code Hold  Hold Gap Gap Skip  Gap Skip  Hold
Queue Length 50th (ft) 107 144 11 278 24 105
Queue Length 95th (ft) 189 249 28 #516 51 185
Internal Link Dist (f) 2220 920 920 920
Turn Bay Length (ft) 200 200
Base Capacity (vph) 575 629 736 1052 524 1035
Starvation Cap Reducin 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0
Reduced v/c Ratio 042 0.55 0.08 064 024 032
Intersection Summary
Area Type: Other

Cycle Length: 94

Actuated Cycle Length: 74.8
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Lanes, Volumes, Timings
1: Topsfield Road (Route 97) & Maple Street/Cherry Street

2019 Build Condition
Weekday Evening Peak Hour

Natural Cycle: 60

Control Type: Actuated-Uncoordinated

Maximum v/c Ratio: 0.78 '

Intersection Signal Delay: 25.5 Intersection LOS: C

Intersection Capacity Utilization 74.4% ICU Level of Service D
Analysis Period (min) 15

90th %ile Actuated Cycle: 89.5

70th %ile Actuated Cycle: 87.7

50th %ile Actuated Cycle: 82.3

30th %ile Actuated Cycle: 70

10th %ile Actuated Cycle: 44.3

# 95th percentile volume exceeds capacity, queue may be longer.
Queue shown is maximum after two cycles.

Splits and Phases:  1: Topsfield Road (Route 97) & Maple Street/Cherry Street
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HCM 2010 TWSC

2: Maple Street & Burnett's Garage East

2019 Build Condition
Weekday Evening Peak Hour

Intersection

Int Delay, siveh

Movement EBL  EBT WBT WBR SBL SBR

Vol, veh/h 0 228 225 0 0 0

Conflicting Peds, #/hr 0 0 0 0 0 0

Sign Control Free  Free Free  Free Stop Stop

RT Channelized - None - None - None

Storage Length - - - - 0 -

Veh in Median Storage, # - 0 0 - 0 -

Grade, % - 0 0 - 0 -

Peak Hour Factor 92 92 92 92 92 92

Heavy Vehicles, % 0 1 2 0 0 0

Mvmt Flow 0 248 245 0 0 0

Major/Minor Major1 Major2 Minor2

Conflicting Flow All 245 0 - 0 493 245
Stage 1 - - - - 245 -
Stage 2 - - - - 248 -

Critical Hdwy 4.1 - - - 6.4 6.2

Critical Hdwy Stg 1 - - - - 54 -

Critical Hdwy Stg 2 - - - - 54 -

Follow-up Hdwy 2.2 - - - 3.5 3.3

Pot Cap-1 Maneuver 1333 - - - 539 799
Stage 1 - - - - 800 -
Stage 2 - - - - 798 -

Platoon blocked, % - - -

Mov Cap-1 Maneuver 1333 - - - 539 799

Mov Cap-2 Maneuver - - - - 539 -
Stage 1 - - - - 800 -
Stage 2 - - - - 798 -

Approach EB WB SB

HCM Control Delay, s 0 0 0

HCM LOS A

Minor Lane/Major Mvmt EBL  EBT WBT WBR SBLn1

Capacity (veh/h) 1333 - - - -

HCM Lane V/C Ratio - - - - -

HCM Control Delay (s) 0 - - - 0

HCM Lane LOS A - - A

HCM 95th %tile Q{veh) 0 - - -
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HCM 2010 TWSC

3. Maple Street & Burnett's Garage West

2019 Build Condition
Weekday Evening Peak Hour

Intersection

Int Delay, s/veh

Movement EBL  EBT WBT  WBR SBL SBR

Vol, veh/h 0 228 225 0 0 1

Conflicting Peds, #hr 0 0 0 0 0 0

Sign Control Free  Free Free  Free Stop Stop

RT Channelized - None - None - None

Storage Length - - - - 0 -

Veh in Median Storage, # - 0 0 - 0 -

Grade, % - 0 0 - 0 -

Peak Hour Factor 92 92 92 92 92 92

Heavy Vehicles, % 0 1 2 0 0 0

Mvmt Flow 0 248 245 0 0 1

Major/Minor . Major1 Major2 Minor2

Conflicting Flow All 245 0 - 0 493 245
Stage 1 - - - - 245 -
Stage 2 - - - - 248 -

Critical Hdwy 4.1 - - - 6.4 6.2

Critical Hdwy Stg 1 - - - - 5.4 -

Critical Hdwy Stg 2 - - - - 5.4 -

Follow-up Hdwy 2.2 - - - 3.5 3.3

Pot Cap-1 Maneuver 1333 - - - 539 799
Stage 1 - - - - 800 -
Stage 2 - - - - 798 -

Piatoon blocked, % - - -

Mov Cap-1 Maneuver 1333 - - - 539 799

Mov Cap-2 Maneuver - - - - 539 -
Stage 1 - - - - 800 -
Stage 2 - - - - 798 -

Approach EB WB SB

HCM Control Delay, s 0 0 9.5

HCM LOS A

Minor Lane/Major Mvmt EBL EBT WBT WBR SBLnt

Capacity (veh/h) 1333 - - - 799

HCM Lane V/C Ratio - - - 0.001

HCM Control Delay (s) 0 - - - 9.5

HCM Lane LOS A - - - A

HCM 95th %tile Q(veh) 0 - - - 0
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HCM 2010 TWSC

5. Maple Street & Proposed Site Drive

2019 Build Condition
Weekday Evening Peak Hour

Intersection

Int Delay, siveh 0.3

Movement EBL  EBT WBT  WBR SBL SBR

Vol, veh/h 2 217 209 17 1 1

Conflicting Peds, #/hr 0 0 0 0 0 0

Sign Control Free  Free Free  Free Stop Stop

RT Channelized - None - None - None

Storage Length - - - - 0 -

Veh in Median Storage, # - 0 0 - 0 -

Grade, % - 0 0 - 0 -

Peak Hour Factor 92 92 92 92 a2 92

Heavy Vehicles, % 0 1 2 0 0 0

Mvmt Flow 2 236 227 18 12 1

Major/Minor Major1 Major2 Minor2

Conflicting Flow All 246 0 - 0 476 236
Stage 1 - - - - 236 -
Stage 2 - - - - 240 -

Critical Hdwy 41 - - 6.4 6.2

Critical Hdwy Stg 1 - - - - 54 -

Critical Hdwy Stg 2 - - - - 54 -

Follow-up Hdwy 22 - - - 35 3.3

Pot Cap-1 Maneuver 1332 - - - 551 808
Stage 1 - - - - 808 -
Stage 2 - - - - 805 -

Platoon blocked, % - - -

Mov Cap-1 Maneuver 1332 - - - 550 808

Mov Cap-2 Maneuver - - - - 550 -
Stage 1 - - - - 808 -
Stage 2 - - - - 803 -

Approach EB WB . SB

HCM Control Delay, s 0.1 0 1.5

HCM LOS B

Minor Lane/Major Mvmt EBL EBT WBT WBR SBLnt

Capacity (veh/h) 1332 - - - 565

HCM Lane V/C Ratio 0.002 - - - 0.023

HCM Control Delay (s) 7.7 0 - - 115

HCM Lane LOS A A - - B

HCM 95th %tile Q{veh) 0 - - - 0.1
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