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1 Executive Summary

The intent of this report is to assess the impact of the proposed development of seven parcels on the east
side of the Providence River on traffic operations on South Main Street, South Water Street, Benefit
Street, and Wickenden Street. This report has been prepared to summarize the study methodology and
study findings.

Community input received throughout the community engagement process has informed the scope of the
traftic study, and recommendations have been developed to address community concern to every extent
possible.

Results of capacity and queue analysis, as well as observations in the field have indicated that congestion
and associated driver frustration in the study area is not attributed to intersection operations, limited
roadway capacity, or excessive volumes, as all intersections in the study area operate at acceptable level of
service (LOS) under future projected tratfic conditions, which includes traffic generated by proposed and
hypothetical build out scenarios on all seven east side parcels.

Instead, congestion appears to be related to obstruction of vehicle travel lanes due to parallel parking,
loading, construction, and deliveries. These types of traffic interruptions are difficult to model and are not
captured in results of capacity analysis.

Fuss & O’Neill recommends the following to improve vehicular traffic flow and overall roadway in the
study area, while recognizing that changes to existing roadway infrastructure are outside of the jurisdiction
of the I-195 District:

e Implement I-195 District review of construction management plans for District parcels with
recommendations to the City, who has jurisdiction over construction-related changes to public
right of way. Implement regular oversight and follow-up during construction.

e Businesses should be encouraged to schedule deliveries to occur off-peak.

e The City of Providence should continue to monitor the operations at signalized intersections in
the study area and perform timing and offset changes if necessary as the area continues to
develop.

e At some point in the future as South Water Street undergoes its cycle of re-surfacing and re-
striping, The City of Providence should consider reducing the buffer width of the bike lane on
South Water Street from seven feet to six feet, and increasing the adjacent parking lane width
from seven feet to eight feet.

e The City of Providence and Rhode Island Department of Transportation (RIDOT) should
prioritize the relocation of the I-195 Exit 1C Off-Ramp to intersect with Tockwotten Street and
the extension of Pike Street to connect with Alves Way. This improves east/west connectivity,
allowing some traffic to be diverted from Wickenden Street. Additionally, relocating the Off-
Ramp will serve to slow vehicles exiting the highway, and resolves the existing pedestrian safety
issue of pedestrians crossing in front of the existing off-ramp to get to South Main Street from
the east.
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2 Community Engagement

In an effort to ensure that the traffic study adequately addressed the concerns of local residents, the
project team hosted a community listening session and conducted a site walk of the study area with
community members and local business owners during weekday afternoon peak hours.

2.1 Listening Session

The community listening session was hosted on May 11, 2022. Approximately 60 community members
attended the session and approximately 50 comments were received in writing. The first portion of the
session was conducted via a Mentimeter poll that prompted attendees to share information about their
traffic and parking concerns and priorities through a series of questions. Results of the traffic related
questions are summarized below:

e Attendee relation to the study area: 31 percent typically travel through the study area on their
way to other destinations, 31 percent visit the study area, 20 percent work in the study area and 19
percent live in the study area.

e Primary modes of transportation through the study area: walking and driving

e Primary traffic concerns: pedestrian safety and congestion

The second portion of the session provided a platform for residents to share their concerns in an open-
ended manner, and major takeaways were noted via a virtual interactive map that was projected to the
room. Primary traffic concerns are summarized below:

e Peak hour congestion on Wickenden Street and South Water Street

e Traffic safety, specifically for pedestrians

e High vehicle volumes and speeds on Benefit Street; vehicle traffic diverted to Benefit Street due
to higher volumes on South Main Street and South Water Street

e Bike lane and buffer are too wide, on-street parking is too narrow

e Congestion related to deliveries, loading and construction

o Westbound left turn restriction at the intersection of Wickenden Street and South Water Street

e Increases in traffic volumes related to seasonal events such as WaterFitre

e Difficulty balancing the needs of all roadway users: how can we create a safe environment for
pedestrians and cyclists while maintaining safe vehicle operations?

Notes from the meeting have been included in Appendix H.
As a result of this listening session, the project study area was expanded north to include traffic counts at
the intersection of Dyer Street/Memorial Boulevard and the Crawford Street Bridge and expanded east to

include counts on Benefit Street. Additionally, members of the project team were able to connect with
community stakeholders to schedule a site walk.
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2.2 Community Site Walk

On June 9, 2022, members of the project team met with community stakeholders, primarily business
owners and property owners in the study area, to observe traffic and parking operations during a weekday
afternoon peak hour.

Significant congestion was not observed during the study period. Some congestion related to a travel lane
obstruction was observed, but traffic cleared after one cycle at the intersection of South Water Street and
Wickenden Street.

The measured roadway width is 44 feet, which includes two five-foot bike lanes, a seven-foot painted
buffer, a seven-foot parking lane, a 12-foot vehicle travel lane, and an eight-foot parking lane.

Concerns raised by the community members present are summarized below:

e Emergency vehicles have trouble navigating the floating bus stops

e The sign for the bus stop after the Crawford Street Bridge appears to be in the incorrect location.
Therefore, buses do not use the floating bus stop and instead pull into the cycle-track for
boarding and alighting

e The merge from two lanes to one lane at the Crawford Street Bridge can be confusing for drivers
that are unfamiliar with the area

e Drivers experience difficulty exiting the traffic flow to parallel park. This can lead to congestion,
especially when vehicle attempts to parallel park are unsuccessful

e Delivery drivers often park in areas that are not designated for loading

e Dumpster pick-up’s at Hemenway’s Restaurant often obstruct vehicle travel lanes

e The parking lane on the west side of the vehicle travel lane on South Water Street is too narrow

e Events such as WaterFire, Providence’s Flea Market, and other festivals draw additional traffic to
the area

e Driving in the area sometimes feels unsafe

e The curb line could be pushed west to allow for angled parking

Notes from the meeting have been included in Appendix H.
As a result of concerns related to peak seasonal traffic, Fuss and O’Neill conducted additional traffic

counts on South Main Street and South Water Street from June 22 to June 28, 2022, to measure traffic
generated by the WaterFire lighting on June 25, 2022.

2.3 Presentation of Findings

On Wednesday, July 20, Fuss & O’Neill presented the findings of the traffic study at the I-195
Redevelopment Commission Meeting. The presentation was generally well received by the members of
the public who were present. No changes to the study resulted from public comment received at the
meeting.
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3 Existing Condition

3.1 Adjacent Roadway Network

The adjacent roadway network consists of the following roadways:

South Water Street
South Main Street
Wickenden Street
Dollar Street

e James Street

o  Dike Street

e Tockwotten Street
o  Benefit Street

South Water Street is classified by Rhode Island Department of Transportation (RIDOT) as a principal
arterial and extends south from the Crawford Street Bridge for approximately 0.7 miles where it
terminates at India Street. The roadway carries one-way southbound traffic and provides one 11-foot
travel lane. Parking is provided on the east side of the roadway, and west of the vehicle travel lane. A
protected two-way cycle track is provided on the west side of the roadway. Sidewalks are provided on
both sides of the roadway. Land use along the roadway is primarily commercial.

South Main Street is classified by RIDOT as a principal arterial and extends south from College Street
for approximately 0.8 miles where it terminates at India Street. The roadway carries one-way northbound
traffic and provides two 11-foot travel lanes. Parking is provided on both sides of the roadway. A
northbound bicycle lane is provided on the east side of the roadway between Tockwotten Street and
James Street, with sharrow pavement markings provided further north. Sidewalks are provided on both
sides of the roadway. Land use along the roadway is primarily commercial.

Wickenden Street is classified by RIDOT as a principal arterial and extends east from its intersection
with Point Street to its terminus at Gano Street. The roadway carties two-way east/west traffic and
provides two 11-foot travel lanes in each direction through the study area. Bicycle lanes are provided in
cach direction through the study area. Sidewalks are provided on both sides of the roadway.

Dollar Street, classified by RIDOT as a local roadway, is approximately 150 feet in length and serves to
connect South Main Street and South Water Street. The roadway provides one 12-foot travel lane in each
direction. Bicycle lanes and sidewalks are provided on both sides of the roadway. Dollar Street intersects
South Main Street at a T-style, unsignalized intersection, and South Water Street at a T-style signalized
intersection.

James Street is classified by RIDOT as a local roadway and extends west from Benefit Street for

approximately 550 feet where it terminates at South Water Street. The roadway provides one 12-foot
travel lane in each direction. Bicycle lanes and sidewalks are provided on both sides of the roadway. James
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Street intersects South Main Street at a four-legged, two-way stop control intersection, and South Water
Street at a T-style, unsignalized intersection.

Pike Street, classified by RIDOT as a local roadway, is approximately 250 feet in length and serves to
connect South Main Street and South Water Street. The roadway is approximately 30 feet wide, is not
striped, and carries two-way traffic. On-street parking is permitted on both sides of the roadway.
Sidewalks are provided on both sides of the roadway, and bicycle facilities are not provided. Pike Street
intersects South Water Street and South Main Street at a T-style, unsignalized intersections.

Tockwotten Street is classified by RIDOT as a local roadway and extends west from South Main Street
for approximately 550 feet to its terminus as Bridge Street. The roadway provides one 11-foot travel lane
in each direction and four-foot shoulders. On-street parking is not permitted. A continuous sidewalk is
provided on the south side of the roadway, and the sidewalk on the north side of the roadway terminates
approximately 100 feet east of South Water Street. Bicycle facilities are not provided. Tockwotten Street
intersects South Water Street at a four-legged, two-way stop-controlled intersection, and South Main
Street at a T-style, unsignalized intersection.

Benefit Street is classified by RIDOT as a major collector and extends south from College Street for
approximately 0.7 miles where it terminates at Alves Way. The roadway carries one 11-foot travel lane in
each direction. Sidewalks are provided on both sides of the roadway north of Wickenden Street. South of
Wickenden Street, a sidewalk is provided alongside the northbound travel lane and a multi-use path is
provided alongside the southbound travel lane. Benefit Street intersects Wickenden Street at a four-legged,
signalized intersection. Land use along the roadway is primarily residential.

Study area roadways are depicted in Figure 1 below.
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3.2 Study Area Intersections

The following study area intersections were reviewed:

Memorial Boulevard at the Crawford Street Bridge
South Water Street at James Street
South Water Street at Dollar Street
South Water Street at Wickenden Street
South Water Street at Pike Street

o South Water Street at Tockwotten Street
e South Main Street at James Street

e South Main Street at Dollar Street

e South Main Street at Wickenden Street

e South Main Street at Pike Street

e South Main Street at Tockwotten Street
o  Wickenden Street at Benefit Street
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The intersection of Memorial Boulevard and the Crawford Street Bridge is a signalized three-way
intersection with Custom House Street providing the eastbound approach, Dyer Street providing the
northbound approach, and Memorial Boulevard providing the southbound approach. Memorial
Boulevard provides two exclusive left turn lanes and two through lanes. Custom House Street provides
one approach lane. Dyer Street provides one through lane and one shared through/right-turn lane.
Sidewalks are provided on all approaches of the intersection and pedestrians may cross during actuated-
concurrent pedestrian signal phases. Dedicated bicycle facilities are not provided at this intersection.

The intersection of South Water Street and James Street is an unsignalized, T-style intersection, with
South Water Street providing the one-way southbound approach and James Street providing the stop-
controlled westbound approach. Each leg of the intersection provides one approach lane shared for all
movements. Sidewalks are provided on all approaches and painted crosswalks are provided on all legs of
the intersection. Along the west side of South Water Street, a two-way cycle track is provided for cyclists.
James Street provides bike lanes on the north and south side of the roadway.

The intersection of South Water Street and Dollar Street is a signalized T-style intersection, with South
Water Street providing a one-way southbound approach and Dollar Street providing the westbound
approach. Each intersection leg provides one intersection approach lane. Sidewalks and painted
crosswalks are provided on each intersection approach and crossing is permitted during concurrent
pedestrian signal phases. A two-way cycle track is provided on the west side of South Water Street, and
Dollar Street provides bike lanes on the north and south side of the roadway.

The intersection of South Water Street and Pike Street is an unsignalized, T-style intersection, with South
Water Street providing the one-way southbound approach and Pike Street providing the stop-controlled
westbound approach. South Water Street provides one through lane and one shatred through/left turn
lane. Pike Street provides one approach lane. Sidewalks and painted crosswalks are provided on all
approaches. North of the intersection, a bicycle lane is provided on the west side of South Water Street.
Dedicated bicycle facilities are not provided; South Water Street is marked with a sharrow pavement
markings to indicate that vehicles and cyclists should share the roadway.

The intersection of South Water Street and Tockwotten Street is an unsignalized, four-legged intersection
with South Water Street providing the one-way southbound approach and Pike Street providing the stop-
controlled eastbound and westbound approaches. South Water Street provides one shared through/right
turn lane and one shared through/left turn lane. Pike Street provides one shared approach lane on the
castbound and westbound approaches. Sidewalks and painted crosswalks are provided on all intersection
approach legs. Dedicated bicycle facilities are not provided.

The intersection of South Main Street and James Street is an unsignalized, four-legged intersection, with
South Water Street providing the one-way northbound approach and James Street providing the stop-
controlled eastbound and westbound approaches. South Main Street provides one shared through/left
turn lane and one shared through/right turn lane. James Street provides one shared approach lane of
travel in each direction. Sidewalks are provided on all approaches and painted crosswalks are provided on
the southern, eastern, and western legs of the intersection. Dedicated bicycle lanes are provided on James
Street on the eastern leg of the intersection. On South Main Street, a dedicated bicycle lane is provided on
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the southern leg for northbound cyclists, and sharrow pavement markings are provided north of the
intersection to indicate that the vehicle travel lane is meant to be shared with cyclists.

The intersection of South Main Street and Dollar Street is an unsignalized, T-style intersection, with South
Main Street providing the one-way northbound approach and Dollar Street providing the stop controlled
eastbound approach. South Main Street provides one through lane and one shared through/left turn lane.
Dollar Street provides one shared approach lane. Sidewalks are provided on all the approaches, and a
painted crosswalk is provided across Dollar Street. Dedicated bicycle lanes are provided on South Main
Street and on Dollar Street.

The intersection of South Main Street and Pike Street is an unsignalized, T-style intersection, with South
Main Street providing a one-way northbound approach and Pike Street providing the stop-controlled
eastbound approach. South Main Street provides one through lane and one shatred through/left turn lane.
Pike Street provides one shared approach lane. Sidewalks are provided on both sides of Pike Street and on
the west side of South Main Street. A painted crosswalk is provided across Pike Street. Dedicated bicycle
facilities are not provided at this intersection.

The intersection of South Main Street and Tockwotten Street is an unsignalized, T-style intersection, with
South Main Street providing the one-way northbound approach and Tockwotten Street providing the
stop-controlled eastbound approach. Each approach provides one shared approach lane. Sidewalks are
provided on the south side of Tockwotten Street and the west side of South Main Street. Painted
crosswalks and bicycle facilities are not provided at this intersection.

The intersection of South Water Street and Wickenden Street is a four-legged signalized intersection with
South Water Street providing the one-way southbound approach and Wickenden Street providing both
the eastbound and westbound approaches. South Water Street provides one shared through/right turn
lane and one shared through/left turn lane. On the eastbound approach, Wickenden Street provides one
exclusive through lane, one shared through/right turn lane, and one exclusive right turn lane. On the
westbound approach, Wickenden Street provides two through lanes. Westbound left and right turns are
prohibited. Sidewalks and painted crosswalks are provided on all approaches. Pedestrians may cross
Wickenden Street and the northern leg of South Water Street during concurrent pedestrian signal phases,
and pedestrians may cross the southern leg of South Water Street during an exclusive pedestrian phase. A
bike lane is provided for southbound cyclists on South Water Street. On the eastern leg of the intersection
bicycle lanes are provided for eastbound and westbound cyclists. On the western leg of the intersection, a
bicycle lane is provided for westbound cyclists heading away from the intersection, and sharrow pavement
markings are provided indicating that eastbound vehicles and cyclists should share the roadway
approaching the intersection.

The intersection of South Main Street and Wickenden Street is a four-legged signalized intersection with
South Main Street providing the one-way northbound approach and Wickenden Street providing the
castbound and westbound approaches. South Main Street provides one shared lane for through/left turns,
one through lane, and one right turn lane. On the eastbound approach, Wickenden Street provides one
through lane and one shared through/right turn lane. On the westbound approach, Wickenden Street
provides one shared through/ right turn lane and one shared through/ left turn lane. Sidewalks are
provided on all approaches, and pedestrians may cross during actuated-concurrent pedestrian signal
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phases. Painted crosswalks are provided across South Main Street and on the western leg of the
intersection across Wickenden Street. Bicycle lanes are provided on Wickenden Street and north of the
intersection on South Main Street. A shared use path begins on the southeast corner of the intersection
and continues south along South Main Street

The intersection of Wickenden Street and Benefit Street is a four-legged signalized intersection with
Wickenden Street providing the eastbound and westbound approaches while Benefit Street provides the
northbound and southbound approaches. On the eastbound and westbound approaches, Wickenden
Street provides one shared through/right turn lane and one shared through/left turn lane. Benefit Street
provides one shared travel lane on both the northbound and southbound approaches. Sidewalks are
provided on all four approaches, and pedestrian crossing is permitted during actuated-concurrent
pedestrian signal phases. Painted crosswalks are provided across Benefit Street, and on the eastern leg of
the intersection across Wickenden Street. The shared use path that begins at the intersection of Main
Street and Wickenden Street continues to the southwest corner of this intersection and runs along the
west side of Benefit Street. Bicycle lanes are provided on Wickenden Street on the western leg of the

intersection.

The intersections of Wickenden Street and Benefit Street, and Wickenden Street and South Main Street
operate using one signal controller. The intersection of South Water Street and Wickenden Street operates
in coordination with the signals at South Main Street and Benefit Street.

3.3 Traffic Volumes, Speeds and
Counts

The greatest potential for traffic impact on the roadway network by the proposed development will occur
during the morning and afternoon peak hours, the periods when commuter related trips are at their
highest levels. In order to determine the traffic impact on adjacent street traffic, Fuss & O’Neill conducted
turning movement counts (TMC) on Tuesday, May 17, 2022, between 7:00 am and 9:00 am, and 4:00 pm
and 6:00 pm at the following intersections:

South Water Street at James Street
South Water Street at Dollar Street
South Water Street at Wickenden Street
South Water Street at Pike Street

South Water Street at Tockwotten Street
South Main Street at James Street

South Main Street at Dollar Street

South Main Street at Wickenden Street
South Main Street at Pike Street

South Main Street at Tockwotten Street

Additionally, in response to comments raised throughout the community outreach process, the data
collection scope was expanded to include morning and afternoon peak hour TMC on Wednesday, June 1,
2022, at the following intersections:
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Wickenden Street and Benefit Street
Dyer Street and Memorial Boulevard at the Crawford Street Bridge.

Automatic Traffic Recorder (ATR) counts are typically collected over a multi-day period to capture daily
volumes, speeds, and classifications. Typical weekday traffic patterns are thought to fall between Tuesday

and Thursday, as data collected on Monday and Friday are impacted by weekend travel patterns. The
following ATR data was collected between Tuesday, May 17 and Wednesday, May 18, 2022:

In response to feedback received during the community outreach process, the same ATR data for

Vehicle volume, speed, and classification data on South Main Street

Vehicle volume, speed, and classification data on South Water Street

Bicycle and pedestrian volume data on South Water Street

vehicles, cyclists and pedestrians was collected between Wednesday, June 22 and Tuesday, June 28, 2022

in order to capture traffic generated by the WaterFire lighting that took place on June 25, 2022.

Additional ATR data was collected to measure vehicle volumes and speeds on Benefit Street. This data
was collected from Wednesday, June 1 to Thursday, June 2, 2022.

ATR data collected on South Water Street is summarized in Table 1 below.

Table 1 - Traffic Data on South Water Street

10/13/2021 | Average Weekday (5/17/2022 — ADT Peak WaterFire (6/25/2022)
5/18/2022) (6/24/2022)
Vehicles Vehicles | Bicycles | Pedestrians Vehicles Vehicles | Bicycles | Pedestrians
ADT 5,001 6,019 259 1,932 6,699 5,997 275 2,510
AM Peak 271 304 14 81 312 336 14 47
PM Peak 465 664 33 196 617 482 35 320
85th - 25 mph - - 22 mph
Percentile
Speeds

Numbers in bold indicate the peak recorded volumes

Traffic data collected by the City of Providence on October 13, 2021, indicates an afternoon peak hour

traffic volume of 465 vehicles.

The traffic data collected for this study indicates higher average weekday daily and peak hour volumes

than previously collected data. This increase in traffic is thought to be attributed to a return to

pre-COVID-19 traffic patterns as restrictions are lifted and more employees return to the office.

On an average weekday, vehicle traffic represents 73 percent of total traffic on South Water Street,

pedestrian traffic represents 24 percent, and bicycle traffic represents three percent. According to the 2020

American Community Survey journey to work data for the City of Providence, approximately 76 percent

F:\P2008\0944\ C92\ Traffic\Report\East_Side_Parcels_TIS_Final.docx

13




0 FUSS & O’NEILL

of the population commutes by vehicle, eight percent of the population commutes on foot, and 0.9
percent of the total population commutes by bicycle. Therefore, the petcentage of people using an
alternate mode of transportation on South Water Street is significantly higher than the city-wide average,
indicating the South Water Street bike trail to be well-utilized.

Peak Average Daily Vehicle Traffic (ADT) related to the WaterFire lighting on June 25, 2022, was
recorded on Friday, June 24, 2022. The ADT of 6,699 is approximately ten percent higher than the
weekday average ADT recorded in May of 2022. However, peak hour traffic volumes are lower than the
average weekday. The increased ADT may be attributed to increased Friday evening traffic and is not
necessarily related to WaterFire.

Data collected the day of the WaterFire lighting indicates that the ADT and evening peak hour volumes
are lower than those recorded on an average weekday in May of 2022 and lower than the ADT peak
recorded on Friday, June 24. The morning peak hour volume was about ten percent higher the day of
WaterFire, but still lower than all previously recorded afternoon peak hour volumes.

Conversely, daily pedestrian volumes during WaterFire were found to be approximately 30 percent higher
than the average weekday, and evening peak pedestrian volumes were approximately 63 percent higher
than the average weekday. This indicates that the increase in foot traffic in the area attributed to WaterFire
is more significant than the increase in vehicle traffic. Additionally, on an average weekday, vehicles
represent 73 percent of all traffic on South Water Street but during WaterFire, vehicles represent only 68
percent of all traffic on South Water Street.

ATR data collected on South Main Street is summarized in Table 2 below.

Table 2 - Traffic Data on South Main Street

Average Weekday WaterFire Peak (6/24/2022)
(5/17/2022 - 5/18/2022)
Vehicles Vehicles
ADT 8,185 9,604
AM Peak 713 561
PM Peak 668 681
85t Percentile Speeds 30 mph 30 mph

Numbers in bold indicate the peak recorded volumes

Vehicle volumes on South Main Street are found to be six percent higher during the average weekday
morning peak hour than the average weekday afternoon peak hour.

Peak ADT related to the WaterFire lighting on June 25, 2022, was recorded on Friday, June 24, 2022. The
ADT of 9,604 vehicles is approximately 17 percent higher than the weekday average ADT of 8,185
vehicles recorded in May of 2022. However, peak hour traffic volumes are substantially similar to the
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average weekday, with an increase in afternoon peak hour traffic of just 13 vehicles (approximately two
percent).

The 85t percentile speed of 30 miles per hour recorded on South Main Street is five miles per hour higher
than the 85% percentile speed of 25 miles per hour recorded on South Water Street. This difference in 85t
percentile speed can be attributed to the difference in the percentage of vehicles traveling at high speeds.
On South Main Street, approximately 17 percent of vehicles were recorded to be traveling between 30 and
40 miles per hour, and the maximum recorded speed was 48 miles per hour. Comparatively, on South
Water Street, fewer than two percent of vehicles were recorded to be traveling between 30 and 40 miles
per hour, and the maximum recorded speed was 40 miles per hour.

This speed data indicates that the traffic calming measures implemented on South Water Street have been
effective in reducing vehicle speeds. Reducing vehicle speeds is critical in creating safer roadways,
especially for pedestrians. If a pedestrian is involved in a collision with a vehicle, the risk of serious injury
or fatality is 73 percent when the vehicle is traveling 40 miles per hour, 40 percent when the vehicle is
traveling 30 miles per hour, and 13 percent when the vehicle is traveling 20 miles per hour. Additionally,
when traveling at slower speeds, a driver’s cone of vision is expanded to include the entire roadway and
roadside, reducing the likelihood of collision with pedestrians, fixed roadside objects, and parked vehicles.
Therefore, a five mile per hour reduction in 85% percentile speed creates a significantly safer roadway and
roadside environment.

ATR data collected on Benefit Street is summarized in Table 3 below.

Table 3 - Traffic Data on Benefit Street

Average Weekday (March Average Weekday
2022) (6/1/2022 - 6/2/2022)
Vehicles Vehicles
ADT 3,400 3,839
AM Peak - 273
PM Peak - 343
85t Percentile Speeds - 23 mph

Numbers in bold indicate the peak recorded volumes

At the community listening session, community members expressed concern about future increases in
vehicle volumes and speeds on Benefit Street as traffic volumes on South Water Street and South Main
Street grow. Benefit Street carries two-way traffic, yet the recorded ADT is approximately 36 percent
lower than the southbound vehicle traffic on South Water Street, and 53 percent lower than the
northbound vehicle traffic on South Main Street. Additionally, the measured 85% percentile speed is 23
miles per hour, with fewer than one percent of vehicles traveling between 30 and 40 miles per hour.
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The City of Providence intends to implement traffic calming measures on Benefit Street to incorporate
the roadway into the city’s expanding network of neighborhood greenways. Such improvements will
include improved pavement markings and painted curb extensions. Consequently, any future increase in
vehicle volumes and speeds is unlikely.

Copies of the TMC and ATR traffic data have been included in Appendix I of this report.

3.4 Multimodal Access

The development area is serviced by the Rhode Island Public Transit Authority (RIPTA) bus system.
Routes 35, 60, and 78 run along South Main Street and South Water Street with northbound and
southbound stops located at James Street, Wickenden Street, and Tockwotten Street. Bus Route 92 runs
along Wickenden Street with stops located at South Main Street and South Water Street.

A total of eight bus routes travel along Dyer Street on the west side of the Providence River, where
dedicated bus lanes have recently been implemented. Dyer Street is accessible to the development area via
a newly constructed pedestrian bridge across the river. A bus stop is located approximately 500 feet from
the bridge. Several buses that service this stop provide access to the Providence train station, located
within one mile of the site. Notably, the Downtown Transit Connector runs along Dyer Street and
provides high frequency bus service (every five minutes) between Providence train station and the
Hospital district.

The train station provides regional connectivity via the Amtrak Northeast Regional Rail, the Amtrak Acela
Train, and the Massachusetts Bay Transit Authority (MBT'A) Commuter Rail.

Additionally, the East Bay Bike Path is located at India Point Park, just south of the study area. The East

Bay Bike Path extends south from Providence for approximately 10 miles where it terminates in Bristol,
thereby providing regional bicycle connectivity to the development area.

4 Background Traffic Conditions

4.1 Growth Rate

Consultation with the City of Providence traffic department did not yield a specific annual growth rate to
use to grow existing traffic data to a future build year of 2032. An annual growth rate of one percent has
been previously utilized on other projects in the City of Providence to account for city-wide ambient
traffic growth related to ongoing development and the City’s changing population.

For this traffic study, it is assumed that future increases in traffic volumes in the study area may be
attributed primarily to the development of the seven development parcels on the east side of the river. For
this reason, an annual growth rate of 0.25 percent was applied to existing traffic to an analysis year of
2032. This growth rate accounts for ambient development and population growth that is unrelated to the
development of the east side parcels.
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This volume adjustment develops the 2032 No-Build condition, depicted in Figure No. 2 of Appendix B.

4.2 Future Roadway Improvements

The City of Providence Great Streets plan was reviewed to identify proposed changes to roadways in the
study area that should be accounted for in the future year analysis condition. In the plan, Benefit Street
has been identified as a future neighborhood greenway. Recent public outreach related to the
neighborhood greenway program has indicated that roadway improvements will include refreshed
pavement markings, painted curb extensions and other traffic calming techniques, but will not include the
relocation of curb lines, or the removal of vehicle travel lanes or on-street parking.

Additionally, Wickenden Street has been identified in the plan as a candidate for walkability
improvements, and the intersections of Wickenden Street with South Main Street and South Water Street
have been identified as candidates for future intersection improvement projects. Both intersections have
been re-timed within the past year, and the City has explored the possibility of removing the westbound
left turn restriction at the intersection of South Water Street and Wickenden Street.

The 195 Redevelopment District and the City of Providence are exploring the feasibility of relocating the
1-195 Exit 1C off-ramp to intersect with South Main Street and Tockwotten Street. This relocation would
serve to slow vehicle traffic exiting the highway, and also allow Alves Way to be extended to intersect with
Pike Street. If these roadway improvements are realized, east/west neighborhood connectivity will be
improved for vehicles and pedestrians. The realization of these improvements is dependent of support
from the City of Providence and RIDOT. The I-195 District is engaging in conversations with these key
stakeholders to maintain project momentum.

5 Proposed Conditions

5.1 Development Parcels

The 1-195 Redevelopment District is charged with overseeing the redevelopment of land freed up when
Interstate 195 was relocated. A mix of uses is envisioned for these parcels including residential, office,
retail, and potentially hospitality or lab. Potential future traffic impacts were modeled based on the actual,
proposed, or conservative hypothetical build out scenarios.

The development on Parcel 6 is under construction and the actual development program is known.
Parcels 2 and 9 are under agreement, but not yet under construction, so the current program for each
parcel was used. These development programs could change slightly prior to construction, but any such
changes would not significantly impact traffic. The more conservative of two proposals that have been
received for Parcels 8/8A was used for the purpose of this study, and development programs for Parcels
1A and 5 are based on conservative build out scenatios.

Development Under Construction
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Parcel 6

Parcel 6 is located between Wickenden Street and Pike Street and has a total area of approximately 64,700
square feet. A 13,000 square foot grocery store, as well as a five-story residential building with 62 units and
10,000 square feet of first floor retail space is currently under construction. A total of 162 parking spaces
will be provided on site, and parcel access will be provided via South Main Street and South Water Street.

Proposed Developments
Parcel 2

Parcel 2 is located between James Street and Dollar Street and has a total area of approximately 48,900
square feet. A six-story residential building with 194 residential units and three restaurant land-uses on the
first floor is proposed to be constructed on site. A total of 90 parking spaces are proposed on site, and
proposed site access will be located on James Street. The proposed development is not yet through the
design review process, so some of the development data is subject to minor changes.

Parcel 9

Parcel 9 is located south of Wickenden Street and east of South Main Street, adjacent to the 1-195 Exit 1C
off-ramp. The parcel has a total area of approximately 45,900 square feet. Two five-story residential
buildings with a total of 135 units and 5,000 square feet of ground floor commercial space are proposed to
be constructed on site. The access point for parcel 9 will be on Bessie Way, accessed from Wickenden
Street to the north primarily via Brook Street, Traverse Street, and Benefit Street.

Developments Under Consideration

Parcels 8/8A

Parcels 8/8A are located between Pike Street and Tockwotten Street and the combined total area is
approximately 37,500 square feet. The more conservative of the two development proposals from a traffic
perspective includes a five-story residential building with 69 units, as well as a five-story office building
with 58,000 square feet of office space. This proposal includes 169 parking spaces on site, which may be
accessed via Pike Street and Tockwotten Street.

Hypothetical Development Scenarios
Parcel 1A

Parcel 1A is located west of South Water Street and south of the Crawford Street Bridge and has a total
area of approximately 12,400 square feet. A five-story residential building with 37 units and a 5,000 square
foot restaurant on the first floor is the most conservative development program anticipated for the parcel.
The site access points are not yet known, but South Water Street is the only option based on parcel
location.
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Parcel 5

Parcel 5 is located between Dollar Street and Wickenden Street and has a total area of approximately
65,000 square feet. A projected scenario including a five-story building with 175,500 square feet of office
or lab space and 15,000 squate feet of ground floor retail has been utilized for the putposes of this study.
Site access is not yet known but assumed to be located on Dollar Street based on the parcel location.

5.2 Trip Generation

The greatest potential for traffic impact on the surrounding roadway network will occur during weekday
morning and afternoon peak hours, when adjacent traffic volumes are at their highest levels. The expected
site generated traffic data was calculated for the morning and afternoon peak hours using existing
empirical data from the Institute of Transportation Engineers (ITE) publication Trip Generation Manual,
11th edition. This publication is an industry-accepted resource for determining trip generation.

Residential land use in the development area was represented by land use code (LUC) 231 “Mid-Rise
Residential with Ground-Floor Commercial.” The LUC was analyzed for a Dense Multi-Use Urban
setting, which is defined by the Trip Generation Manual as a developed area with diverse and interacting
complementary land uses, good pedestrian connectivity, and convenient and frequent transit. This type of
setting is thought to be appropriate for assessing the proposed development given the robust network of
pedestrian and bicycle facilities in the area and the site’s proximity to local and regional transit.

Based on 37 residential units and 5,000 square feet of ground floor commercial space, the potential
development for Parcel 1A is expected to generate seven vehicle trips (2 entering, 5 exiting) during the
morning peak hour and ten vehicle trips (4 entering, 6 exiting) during the afternoon peak hour.

Based on 194 residential units and 15,000 square feet of ground floor commercial space, the proposed
development on Parcel 2 is expected to generate 107 vehicle trips (44 entering, 63 exiting) during the
morning peak hour and 130 vehicle trips (74 entering, 56 exiting) during the afternoon peak hour

Based on 135 residential units and 5,000 square feet of ground floor commercial space, the proposed
development Parcel 9 is expected to generate 74 vehicle trips (30 entering, 44 exiting) during the morning
peak hour and 90 vehicle trips (51 entering, 39 exiting) during the afternoon peak hour.

Based on 62 residential units and 10,000 square feet of ground floor commercial space, the residential
building on Parcel 6 is expected to generate 34 vehicle trips (14 entering, 20 exiting) during the morning
peak hour, and 42 vehicle trips (24 entering, 18 exiting) during the afternoon peak hour. The grocery store
on Parcel 6 was represented by LUC 850 “Supermarket” for a dense multi-use urban setting. Based on a
building area of 13,000 square feet, the proposed supermarket on Parcel 6 is expected to generate 65
vehicle trips (36 entering, 29 exiting) during the morning peak hour, and 121 vehicle trips (60 entering, 60
exiting) during the afternoon peak hour. Therefore, Parcel 6 is expected to generate 99 total vehicle trips
(50 entering, 49 exiting) during the morning peak hour, and 163 total vehicle trips (84 entering, 79 exiting)
during the afternoon peak hour.
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The hypothetical development programs for Parcels 8/8A and Parcel 5 both include office or lab space
with ground floor retail space. Lab space was represented with LUC 760 “Research and Development
Center,” office space was represented with LUC 710 “General Office Building” and general retail was
represented with LUC 822 “Strip Retail Plaza.” The aforementioned LUCs do not include data for dense,
multi-use urban settings, so trip generation was adjusted to better represent this type of setting.

According to the 2020 United States Census American Five-Year Community Survey for the City of
Providence, approximately 76 percent of workers commute by vehicle, eight percent commute on foot,
five percent commute via public transportation, one percent commute by bicycle, and the remaining ten
percent work from home or commute another way. In order to account for trips to the site that take place
via an alternate mode of transportation, vehicle trips were reduced by 20 percent.

Additionally, given the mixed-use nature of the proposed development, it is assumed that some of the
trips to different parcels will occur internally to the study area. In other words, an individual may live in
one of the residential developments and work at one of the office spaces, or an employee may make a trip
to one of the retail uses after work. A ten percent reduction was applied to the vehicle trips to account for
these internal trips.

After applying the aforementioned adjustment, based on 175,500 square feet of lab space and 15,000
square feet of first floor retail, the most conservative potential development for Parcel 5 is expected to
generate 162 vehicle trips (125 entering, 37 exiting) during the morning peak hour and 220 vehicle trips
(69 entering, 151 exiting) during the afternoon peak hour.

Based on 69 units and 4,000 square feet of ground floor retail, the potential residential building on Parcels
8/8A is expected to generate 14 vehicle trips (5 entering, 9 exiting) during the morning peak hour and 19
vehicle trips (8 entering, 11 exiting) during the afternoon peak hour. After applying the adjustment factors
for internal capture and mode share, based on 58,000 square feet of office space, the proposed office
building is expected to generate 69 vehicle trips (61 entering, 8 exiting) during the morning peak hour and
66 vehicle trips (11 entering, 55 exiting) during the afternoon peak hour. Thus, the potential development
on Parcels 8/8A is expected to generate 83 total vehicle trips (66 entering, 17 exiting) during the morning
peak hour and 85 total vehicle trips (19 entering, 66 exiting) during the afternoon peak hour.

The total anticipated trip generation for all of the east side parcels is 532 vehicle trips (317 entering, 215
exiting) during the morning peak hour and 698 vehicle trips (301 entering, 397 exiting) during the
afternoon peak hour. Although reduction factors have been applied to account for internal capture and
mode share, this trip generation estimate is thought to be conservative. Data collected for the Trip
Generation Manual is not representative of urban infill development, and the development programs for
Parcels 5 and 1A represent conservative build-out scenarios.

A summary of the peak hour trip generation information for the proposed facility is provided in Twble No.
1 of Appendix A. Trip Generation worksheets have been provided in Appendix C.
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5.3 Trip Distribution

The distribution of traffic entering and exiting the proposed site was applied to the road network based on
the existing regional traffic distributions and the layout of the adjacent roadway network. During the
morning peak hour, the following arrival and departure distributions of traffic are anticipated:

e 10 percent entering from the north via Memorial Boulevard and 35 percent exiting to the north
via South Main Street

e 40 percent entering from the west and 25 percent exiting to the west via Wickenden Street

e 15 percent entering from the east and 20 percent exiting to the west via Wickenden Street

e 35 percent entering from the south via the 1-195 West Off-Ramp and 20 percent exiting to the
south via South Water Street to the south

The following arrival and departure distributions of traffic are anticipated during the afternoon peak hour:

e 25 percent entering from north via Memorial Boulevard and 25 percent exiting to the north via
South Main Street

e 45 percent entering from the west and 20 percent exiting to the west via Wickenden Street

e 15 percent entering from the east and 15 percent exiting to the east via Wickenden Street

e 15 percent entering from the south via the 1-195 West Off-Ramp and 40 percent exiting to the
south via South Water Street

An atrival/departure distribution for the new site generated traffic traveling to and from each parcel is
shown in Figures No. 3-14 of Appendix B.

5.4 Combined Volumes

The site generated traffic was distributed to the roadway system based on the arrival/departure
distributions with the results shown in Figure No. 15 of Appendix B. These volumes were then added to the
No-Build traffic volumes to yield the 2032 morning and afternoon peak hour Build traffic volumes shown
in Figure No. 16 of Appendix B.

6 Analyses

6.1 Crash Analysis

Crash data was gathered for South Main Street and South Water Street between India Street and James
Street and at all of the study area intersections via a City of Providence records request.

The records were gathered for the most recent five years of available data, 2017 through 2021. A summary
of the crash data per intersection and roadway segment is provided in Table No. 2 of Appendix A. More
detailed crash summary information is provided in Appendix G.
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The intersection of the Crawford Street Bridge and Memorial Boulevard experienced four crashes during
the five-year study period. Of these collisions, two were collisions with fixed objects, one was an angle
collision, and one was a sideswipe collision. None of these collisions resulted in injury.

The intersection of South Water Street and James Street experienced 11 crashes during the five-year study
period. Of these collisions, three were angle collisions, three were sideswipe collisions, two were collisions
with parked vehicles, one was a rear end collision, one was a collision with a fixed object, and the manner
of one collision was unknown. The majority of collisions (9) resulted in property damage only, one
collision resulted in injury, and the severity of one collision is unknown.

The intersection of South Water Street and Dollar Street experienced four crashes during the five-year
study period. Of these collisions, two were angle collisions and two were sideswipe collisions. None of
these collisions resulted in injury.

South Main Street between James Street and Dollar Street experienced 14 crashes during the five-year
period. Of these collisions, five were angle collisions, three were sideswipe collisions, two were collisions
with parked vehicles, two were collisions with pedestrians, one was a collision with a fixed object, and one
was unknown. The majority of collisions (11) resulted in property damage only, and three collisions
resulted in injury. The pedestrian collisions took place in January 2018 and August 2019. Both of the
pedestrian collisions occurred in the vicinity of Transit Street. One of the collisions was a hit and run
collision and both resulted in injury.

The intersection of South Water Street and Wickenden Street experienced 17 crashes during the five-year
study petiod. Of these collisions, six were angle collisions, five were sideswipe collisions, three were
collisions with parked vehicles, one was a collision with a fixed object, one was a rear end collision, and
one collision took place with a pedestrian. The majority of collisions (11) resulted in property damage
only, and six collisions resulted in injury. The collision with a pedestrian occurred in May of 2018. The
pedestrian was injured.

The intersection of South Main and Wickenden Street experienced seven crashes during the five-year
study period. Of the seven crashes, three were rear end collisions, three were sideswipe collisions, and one
was an angle collision. None of these collisions resulted in injury.

The intersection of South Water and Pike Street experienced five crashes during the five-year study
period. Of the five crashes, one was an angle collision, one was a rear-end collision, one was a sideswipe
collision, one was a collision with a fixed object, and the manner of one collision is unknown. Two of the
collisions resulted in property damage only, two resulted in injuries, and the severity of one of the
collisions is unknown.

South Water Street between Tockwotten Street and India Street experienced 11 crashes during the five-
year study period. Of these collisions, four were angle collisions, three were sideswipe collisions, two were
with parked vehicles, and one was with a pedestrian. The majority of collisions (10) resulted in property
damage only, and the pedestrian collision resulted in injury. The pedestrian collision was a hit and run
collision that took place in October 2019 in the vicinity of Tockwotten Street.
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South Main Street between Tockwotten Street and India Street experienced nine crashes during the five-
year study period. Of these collisions, four were angle collisions, three were sideswipe collisions, and two
were rear end collisions. The majority of collisions (8) resulted in property damage only, and the severity
of one of the collisions is unknown.

The merge between the 1-195 West Exit 1C Off-Ramp South Main Street experienced seven crashes
during the five-year study period. Of the seven collisions, three were angle collisions, two were rear end
collisions, one was a head on collision, and one was a collision with a fixed object. None of the collisions
resulted in injury.

For a total of 31 collisions along South Water Street the locations are not specified. Of these collisions, 11
were angle collisions, five were rear end collisions, six were sideswipe collisions, two were collisions with
pedestrians three were collisions with parked vehicles, one was a collision with a fixed object, and the
manner of three collisions is unknown. The majority of collisions (23) resulted in property damage only,
seven of the collisions resulted in injuries, and the severity of one of the collisions is unknown. The
pedestrian collisions took place in December 2018 and September 2021. Both collisions resulted in injury.

For a total of 15 collisions along South Main Street the locations are not specified. Of these collisions,
three were angle collisions, seven were rear end collisions, three were sideswipe collisions, one was a
collision with a parked vehicle, and one was a collision with a fixed object. The majority of collisions (12)
resulted in property damage only, one of the collisions resulted in injury, and the severity of two of the
collisions is unknown.

Members of the community identified pedestrian safety as a primary traffic concern during the traffic and
parking listening session hosted during the community outreach process. A total of six pedestrian
collisions occurred over the five-year study period, averaging approximately 1.2 pedestrian collisions per
year. These numbers are not abnormally high, especially considering that South Main Street and South
Water Street are well traveled by pedestrians. However, pedestrian safety should be prioritized as the
development of the parcels moves forward and pedestrian volumes are expected to grow.

Members of the community expressed concern that the addition of the two-way cycle track on South
Main Street was creating unsafe conditions for drivers given the narrow width of the travel lane and
adjacent parking lanes. Crash data on South Water Street from the eight months that the cycle track has
been open (November 2021-June 2022) was compared to crash history during the same eight-month
period of the previous four years.

A total of seven collisions occurred on South Water Street since the bike lane has opened, compared to 15
collisions between November 2020 and June 2021, eight collisions between November 2019 and June
2020, 13 collisions between November 2018 and June 2019, and 15 collisions between November 2017
and June 2018. Although the study period is limited, this cursory review of available crash data indicates a
reduction in collisions since the installation of the cycle track.
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6.2 Intersection Capacity Analysis

Capacity analyses for both signalized and unsignalized intersections were conducted using Synchro
Professional Software, version 10.0.

In discussing intersection capacity analyses results, two terms are used to describe the operating condition
of the road or intersection. These two terms are volume to capacity ratio (v/c) and level of service (LOS).

The v/c ratio is a ratio of the volume of traffic using an intersection to the total capacity of the
intersection (the maximum number of vehicles that can utilize the intersection during an hour). The v/c
ratio can be used to describe the percentage of capacity utilized by a single intersection movement, a
combination of movements, an entire intersection approach, or the intersection as a whole.

LOS is a measure of the delay experienced by stopped vehicles at an intersection. LOS is rated on a scale
from A to I, with A describing a condition of very low delay (less than 10 seconds per vehicle), and F
describing a condition where delays will exceed 50 seconds per vehicle for unsignalized intersections and
80 seconds per vehicle for signalized intersections. Delay is described as a measure of driver discomfort,
frustration, fuel consumption, and lost travel time. Therefore, intersections with longer delay times are less
acceptable to most drivers.

LOS is generally used to describe the operation (based on delay time) of both signalized and unsignalized
intersections, while v/c ratio is applied to signalized intersections only. These definitions for v/c ratio and
LOS, as well as the methodology for conducting signalized and unsignalized intersection capacity analyses,
are taken from the “2000 Highway Capacity Manual” published by the Transportation Research Board.

In discussing two way stop controlled unsignalized intersection capacity analyses, LOS is used to provide a
description of the delay and operational characteristics of the turns from the minor street (stop sign
controlled) to the major street, and turns from the major street to the minor street. Through vehicles are
not delayed by the minor street and do not experience delay, therefore they are not rated with a level of
service.

LOS D or better at signalized and unsignalized intersections is thought to be acceptable in urban settings.

Using the above referenced methodologies, morning and afternoon peak hour capacity analyses were
conducted at each of the study area intersections. It is important to note that capacity analysis does not
reflect congestion that is attributed to obstructions of vehicle travel lanes caused by loading or parking.

Tables No. 3 and 4 of Appendix A present summaries of the levels of service at the unsignalized and
signalized intersections for both the background and combined condition traffic volumes. Copies of the
analysis worksheets can be found in Appendices D and E, for the morning and afternoon peak hours,

respectively.
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The determination of the traffic impact from the proposed development is made through a comparison of
the No-Build condition LOS (without the proposed development) versus the Build condition LOS (with
the proposed development).

During the morning and afternoon peak hours, all approaches at unsignalized intersections operate at
LOS C or better under Build conditions.

During the morning peak hour, all signalized intersections operate at LOS B or better under Build
conditions, with the exception of South Main Street and Wickenden Street which operates at an overall
LOS D. At this intersection control delay is increased by approximately nine seconds between No-Build
and Build conditions, and northbound vehicles experience an increase in delay of approximately 27
seconds per vehicle.

During the afternoon peak hour, all signalized intersections operate at LOS C or better during the Build
conditions, with the exception of the intersection of South Water Street and Wickenden Street, which
operates at an overall LOS D. At this intersection, control delay is increased by approximately 13 seconds
between No-Build and Build conditions, and southbound vehicles experience an increase in delay of
approximately 30 seconds per vehicle.

Projected LOS in the Build condition is thought to be acceptable at all of the study area intersections
during both the morning and afternoon peak hours.

6.3 Quevue Analysis

No-Build and Build condition 95t percentile queue lengths were reviewed at each intersection in the study
area. The 95% percentile vehicle queue lengths represent the maximum queue lengths that can be expected
at each of the critical approach lanes of the study area intersections. Queue lengths are examined to
determine if vehicle queues extend into adjacent intersections (i.e. exceed available storage length) or are
contained within the distance between two intersections. The queue lengths are provided in the Synchro
capacity analysis worksheets, which are located in Appendix D and E, for the morning and afternoon peak
hours, respectively. Tables No. 5 and 6 of Appendixc A provide a summary of the queue lengths for the
critical lanes at each intersection.

In general, the morning peak hour queue lengths do not increase significantly between No-Build and Build
conditions. The most significant increase in queue length occurs at the intersection of South Main Street
and Wickenden Street, where the northbound queue increases by four to five vehicles. The queue length is
contained within available storage.

During the afternoon peak hour, the most significant increase in queue length between No-Build and
Build conditions occurs at the intersection of South Water Street and Wickenden Street, where
southbound vehicles experience an increase in queue length of approximately nine vehicles. The 95%
percentile queue length at this intersection exceeds available storage by approximately 135 feet.
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Additionally, an increase in queue length of approximately three vehicles on the eastbound approach at
the intersection of South Main Street and Wickenden Street results in a 95* percentile queue length that
exceeds available storage by approximately 30 feet.

The intersections of South Main Street and Wickenden Street, and South Water Street and Wickenden
operate in a coordinated system, and changes to signal timings and offsets at these intersections will
mitigate any impacts caused by increases in queue length at these intersections.

7 Conclusions & Recommendations

In an effort to ensure that the traffic study adequately addressed the concerns of local residents, the
project team hosted a community listening session and conducted a site walk of the study area with
community members and local business owners during weekday afternoon peak hours.

The following traffic related concerns were received throughout the community engagement process:

e Traffic safety, specifically for pedestrians

e High vehicle volumes and speeds on Benefit Street

e Bike lane and buffer on South Water Street are too wide, on-street parking is too narrow

e Congestion related to deliveries, loading and construction

e Increases in traffic volumes related to seasonal events such as WaterFire cause additional
congestion

e Prohibited left turn at the intersection of Wickenden Street and South Water Street

e Difficulty balancing the needs of all roadway users: how can we create a safe environment for
pedestrians and cyclists while maintaining safe vehicle operations?

e Driving in the area sometimes feels uncomfortable

e Drivers experience difficulty exiting the traffic flow to parallel park. This can lead to congestion,
especially when vehicle attempts to parallel park are unsuccessful.

Community input received at the public listening session and the community site walk has informed the
scope of the traffic study, and recommendations have been developed to address community concern to
every extent possible.

The study efforts have indicated that the proposed development of the I-195 District’s east side parcels
will generate a total of 532 vehicle trips (317 entering, 215 exiting) during the morning peak hour and a
total of 698 vehicle trips (301 entering, 397 exiting) during the afternoon peak hour. These estimates
reflect the multi-use urban context of the study area through use of available data collected in urban
settings and through the application of reduction factors to account for internal capture and mode split.
However, this is thought to be a conservative estimate given the limited trip generation information on
urban infill development.

A review of the most recent five years of available crash data provided by the City of Providence indicated
that the number of collisions at the study intersections are not abnormally high for the traffic volumes
experienced, and crash patterns are not expected to be exacerbated by the proposed development.
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Review of traffic count data collected on Benefit Street indicates that traffic volumes and speeds are lower
than those measured on South Main Street and South Water Street. The City of Providence has planned
traffic calming and improvements on Benefit Street that will further reduce vehicle speeds and limit traffic
diversion.

Throughout the community outreach process, some community members noted the westbound left turn
restriction at the intersection of South Water Street and Wickenden Street as an existing traffic concern.
The City of Providence studied the possibility of removing the left turn restriction at this intersection in
September of last year and found this to be infeasible given the current intersection configuration. We
concur that the addition of a westbound left turn at this intersection is not recommended. The proposed
roadway improvements at Pike Street would alleviate driver frustration related to the prohibited left turn
at this intersection by allowing vehicles to turn left east of South Water Street.

Results of capacity analysis indicate that all intersections in the study area are found to operate at LOS D
or better under Build conditions, and the most significant increase in delay experienced on any approach
at any intersection is just 30 seconds per vehicle. This increase in delay is experienced by southbound

vehicles at the intersection of South Water Street and Wickenden Street during the afternoon peak hour.
Projected intersection operations under the Build condition are thought to be acceptable considering the

study area is located in an urban area.

The most significant increase in queue length between No-Build and Build conditions occurs during the
afternoon peak hour at the intersection of South Water Street and Wickenden Street, where southbound
vehicles experience an increase in queue length of approximately nine vehicles. The 95% percentile queue
length at this intersection exceeds available storage by approximately 135 feet.

Additionally, an increase in queue length of approximately three vehicles on the eastbound approach at
the intersection of South Main Street and Wickenden Street results in a 95t percentile queue length that
exceeds available storage by approximately 30 feet.

The intersections of South Main Street and Wickenden Street, and South Water Street and Wickenden
operate in a coordinated system, and changes to signal timings and offsets at these intersections will
mitigate any impacts caused by increases in queue length at these intersections.

Consequently, concerns of congestion and driver frustration raised by the community is not thought to be
tied to roadway capacity, intersection operations, or excessively high volumes. Instead, congestion appears
to be related to obstruction of vehicle travel lanes due to parallel parking, loading, construction, and
deliveries. These types of traffic interruptions are difficult to model and are not captured in results of
capacity analysis.

Fuss & O’Neill recommends the following to improve vehicular traffic flow in the study area, while
recognizing that changes to existing roadway infrastructure are outside of the jurisdiction of the 1-195
District:
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e Implement I-195 District review of construction management plans for District parcels with
recommendations to the City, who has jurisdiction over construction-related changes to public
right of way. Implement regular oversight and follow-up during construction.

e Businesses should be encouraged to schedule deliveries to occur off-peak.

e The City of Providence should continue to monitor the operations at signalized intersections in
the study area and perform timing and offset changes if necessary as the area continues to
develop.

e At some point in the future as South Water Street undergoes its cycle of re-surfacing and re-
striping, The City of Providence should consider reducing the buffer width of the bike lane on
South Water Street from seven feet to six feet, and increasing the adjacent parking lane width
from seven feet to eight feet.

e The City of Providence and Rhode Island Department of Transportation (RIDOT) should
prioritize the relocation of the I-195 Exit 1C Off-Ramp to intersect with Tockwotten Street and
the extension of Pike Street to connect with Alves Way. This improves east/west connectivity,
allowing some traffic to be diverted from Wickenden Street. Additionally, relocating the Off-
Ramp will serve to slow vehicles exiting the highway, and resolves the existing pedestrian safety
issue of pedestrians crossing in front of the existing off-ramp to get to South Main Street from
the east.
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Table 1

Peak Hour Site Generated Traffic Volumes

Parcel 1A - LUC 231 - Mid-Rise Residential Over First Floor Commercial

AM Peak Hour Trips 7 | PM Peak Hour Trips 10
Entering | 2 Entering | 4
Exiting | 5 Exiting| 6
Parcel 2 - LUC 231 - Mid-Rise Residential Over First Floor Commercial
AM Peak Hour Trips 107 | PM Peak Hour Trips 130
Entering | 44 Entering | 74
Exiting | 63 Exiting | 56

Parcel 5 - LUC 760 - Mid-Rise Residential Over First Floor Commercial
LUC 822 - Strip Retail Plaza (<40k)

AM Peak Hour Trips 162 | PM Peak Hour Trips 220
Entering | 125 Entering | 69
Exiting | 37 Exiting | 151

Parcel 6 - LUC 231 - Mid-Rise Residential Over First Floor Commercial
LUC 850 - Supermarket

AM Peak Hour Trips 99 | PM Peak Hour Trips 163
Entering | 50 Entering | 84

Exiting | 49 Exiting | 79

Parcel 8 & 8A - LUC 231 - Mid-Rise Residential Over First Floor
Commercial LUC 710 - General Office Building

AM Peak Hour Trips 83 | PM Peak Hour Trips 85
Entering | 66 Entering | 19

Exiting | 17 Exiting | 66

Parcel 9 - LUC 231 - Mid-Rise Residential Over First Floor Commercial
AM Peak Hour Trips 74 | PM Peak Hour Trips 90
Entering | 30 Entering | 51

Exiting | 44 Exiting | 39

Total Trips

AM Peak Hour Trips 532 | PM Peak Hour Trips 698
Entering | 317 Entering | 301
Exiting | 215 Exiting | 397
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Table 2

Intersection Crash Data Summary

Intersections/Road Segments

Crashes Per Year

2017 2018 2019 2020 2021 Average/Year

S Water at Dyer St/Memorial Blvd 0 1 2 0 1 0.8
S Water at James St 2 3 1 2 3 2.2
S Water at Dollar St 0 0 0 0 4 0.8
S Main between James St & Dollar St 2 2 5 2 3 2.8
S Water at Wickenden St/Point St 3 5 5 3 1 3.4
S Main at Wickenden St/Point St 2 1 1 2 1 1.4
S Water at Pike St 2 1 1 0 1 1

S Water between Tockwotton St & India St 1 0 5 1 4 2.2
S Main between Tockwotton St & India St 5 2 0 2 0 1.8
S Water - Location not Specified 6 3 6 4 12 6.2
S Main - Loation not Specified 0 4 4 2 5 3
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Table 3

Unsignalized Intersection Level of Service Summary

Stop Controlled Intersections 2(:,120?23?::9 20?,2:;‘:?;0'1
(Critical Movements)
No Build Build No Build Build

South Water Street at James Street

Westbound Approach LOSB LOSB LOSC LOS C
South Main Street at James Street

Eastbound Approach LOS C LOSC LOSC LOS C

Westbound Approach LOSC LOSC LOSC LOS C
South Main Street at Dollar Street

Eastbound Approach LOS A LOS B LOS B LOS C
South Water Street at Pike Street

Westbound Approach LOS A LOSB LOSB LOS B
South Main Street at Pike Street

Eastbound Approach LOS C LOSD LOSB LOS C
South Water Street at Tockwotten
Street

Eastbound Approach LOSB LOSB LOSC LOS C

Westbound Approach LOSB LOSB LOSC LOS C
South Main Street at Tockwotten
Street

Eastbound Approach LOS A LOS A LOS A LOS A
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Table 4

Signalized Intersection Level of Service Summary

2032 Morning Peak Hour 2032 Afternoon
Signalized Intersections Peak Hour
No Build Build No Build Build
erxzfizls]ife“elfg‘i’gg DyerStreetatthe | 37/108 B+ | 038/LOSB | 058/LOSB | 0.60/LOS B
Eastbound Approach C C C C
Northbound Approach B B C C
Southbound Approach A A B B
South Water Street at Dollar Street 0.17/LOS A 0.25/LLOSB | 0.49/1.OS A 0.67/LOS B
Westhound Approach D D D D
Southbound Approach A A A A
South Water Street at Wickenden Street 0.33/L.LOS B 0.41/LOSB | 0.57/LOSC | 0.70/LOS D
Easthound Approach A B B C
Westhound Approach A A B B
Southbound Approach D D D E
South Main Street at Wickenden Street 0.64/LOSC | 0.76/LOSD | 0.54/LOSB 0.69/1.OS C
Easthound Approach C C B C
Westbonnd Approach A A A A
Northbound Approach D E D D
Wickenden Street at Benefit 0.32/LOS B 0.39/LOSB | 0.32/LOSB 0.42/LOS B
Easthound Approach A A A A
Westbonnd Approach C C C C
Northbound Approach D D D D
Southbound Approach D D D D

*Values indicated are intersection v/c Ratio/LOS
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Table 5
Morning Peak Hour Queue Length Summary
Intersection Approach Lane 20‘?)2 No 2.032 AS‘::::gie
Build (ft) Build (ft) (ft)
Memorial Boulevard at Dyer Street EB 40 40 295
NB 80 80 320
SB Left 60 70 200
SB Through 125 125 360
South Water Street at James Street WB 5 10 105
South Main Street at James Street EB 5 20 105
WB 10 10 325
NB 0 5 265
South Water Street at Dollar Street WB 60 110 155
SB 40 40 455
South Main Street at Dollar Street EB 0 5 155
NB 0 10 495
South Water Street at Wickenden Street EB Through 185 245 250
EB Right 35 45 110
WB 130 155 150
SB 105 145 335
South Main Street at Wickenden Street EB 130 155 150
WB 0 0 75
NB Through 395 485 920
NB Right 70 90 150
Benefit Street at Wickenden Street EB 15 30 65
WB 135 150 185
NB 25 70 455
SB 60 55 225
South Water Street at Pike Street WB 0 230
SB 0 365
South Main Street at Pike Street EB 5 25 235
South Water Street at Tockwotten Street EB 0 190
WB 0 280
South Main Street at Tockwotten Street EB 0 280

NOTE: Values indicated represent 95 percentile (design) vehicle queue lengths. Values are rounded to

the nearest 5 feet. Italicized values represent values that exceed the available storage.
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Table 6

Afternoon Peak Hour Queue Length Summary

Intersection Approach Lane 20:.52 No 2.'032 AS‘:(I)f:lg)::e
Build (ft) Build (ft) (ft)
Memorial Boulevard at Dyer Street EB Through 70 70 295
NB Through 270 270 320
SB Left 80 100 200
SB Through 70 70 360
South Water Street at James Street WB 20 45 105
SB 0 5 285
South Main Street at James Street EB 10 20 105
WB 5 20 325
NB 0 5 265
South Water Street at Dollar Street WB 205 240 155
SB 80 345 455
South Main Street at Dollar Street EB 0 10 155
NB 5 10 495
South Water Street at Wickenden Street EB Through 300 350 250
EB Right 65 65 110
WB 160 170 150
SB 280 470 335
South Main Street at Wickenden Street EB 110 182 150
WB 0 0 75
NB Through 205 285 460
NB Right 10 35 150
Benefit Street at Wickenden Street EB Through/Ieft 15 25 65
WB Through/Left 165 180 185
NB 40 80 455
SB 65 60 225
South Water Street at Pike Street WB 0 5 230
SB 0 5 365
South Main Street at Pike Street EB 0 25 235
South Water Street at Tockwotten Street EB 5 5 190
WB 5 5 280
South Main Street at Tockwotten Street EB 0 5 280

NOTE: Values indicated represent 95% percentile (design) vehicle queue lengths. Values are rounded to
the nearest 5 feet. Italicized values represent values that exceed the available storage.
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Land Use: 231
Mid-Rise Residential with Ground-Floor Commercial

Description

Mid-rise residential with ground-floor commercial is a mixed-use multifamily housing building with
between four and 10 floors of residential living space and commercial space open to the public
on the ground level. These facilities are typically found in dense multi-use urban and center city
core settings. Multifamily housing (mid-rise) (Land Use 221), low-rise residential with ground floor
commercial (Land Use 230), and high-rise residential with ground-floor commercial (Land Use
232) are related land uses.

Land Use Subcategory

The data included in this land use have been stratified into two subcategories: (1) sites with a
commercial gross leasable area that ranges between 1,000 and 25,000 square feet (2) sites with a
commercial gross leasable area that ranges between 25,000 and 65,000 square feet.

Additional Data
The trips displayed in the data plots represent the total trips that enter or exit the site. Any trips
internal to the site between its residential and commercial components are not included.

The ITE Trip Generation Handbook (TGH) presents an alternative approach for estimating trips
generated by a site that fits this land use. The TGH method involves the estimation of the internal
trip-making at a mixed-use site.

The technical appendices provide supporting information on time-of-day distributions for this
land use. The appendices can be accessed through either the ITETripGen web app or the trip

The sites were surveyed in the 2010s in Alberta (CAN), District of Columbia, and Utah.

Source Numbers
855, 949, 950, 951, 970, 1023
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Mid-Rise Residential with Ground-Floor Commercial
GFA (1-25k) (231)

Vehicle Trip Ends vs:
On a:

Setting/Location:

Number of Studies:

Avg. Num. of Dwelling Units:
Directional Distribution:

Dwelling Units

Weekday,

Peak Hour of Adjacent Street Traffic,
One Hour Between 7 and 9 a.m.
Dense Multi-Use Urban

14

181

39% entering, 61% exiting

Vehicle Trip Generation per Dwelling Unit

Average Rate Range of Rates Standard Deviation
0.20 0.02-0.44 0.12
Data Plot and Equation
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Mid-Rise Residential with Ground-Floor Commercial
GFA (1-25k) (231)

Vehicle Trip Ends vs: Dwelling Units
On a: Weekday,
Peak Hour of Adjacent Street Traffic,
One Hour Between 4 and 6 p.m.
Setting/Location: Dense Multi-Use Urban
Number of Studies: 5
Avg. Num. of Dwelling Units: 161
Directional Distribution: 44% entering, 56% exiting

Vehicle Trip Generation per Dwelling Unit

Average Rate Range of Rates Standard Deviation
0.28 0.19-0.43 0.09
Data Plot and Equation
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Fitted Curve Equation: Not Given R2= ***
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Mid-Rise Residential with Ground-Floor Commercial
GFA (25-65k) (231)

Vehicle Trip Ends vs: Dwelling Units
On a: Weekday,
Peak Hour of Adjacent Street Traffic,
One Hour Between 7 and 9 a.m.
Setting/Location: Dense Multi-Use Urban
Number of Studies: 5
Avg. Num. of Dwelling Units: 239
Directional Distribution: 41% entering, 59% exiting

Vehicle Trip Generation per Dwelling Unit

Average Rate Range of Rates Standard Deviation
0.55 0.21-0.97 0.30
Data Plot and Equation
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Fitted Curve Equation: Not Given R2= ***
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Mid-Rise Residential with Ground-Floor Commercial
GFA (25-65k) (231)

Vehicle Trip Ends vs: Dwelling Units
On a: Weekday,
Peak Hour of Adjacent Street Traffic,
One Hour Between 4 and 6 p.m.

Setting/Location: Dense Multi-Use Urban
Number of Studies: 3
Avg. Num. of Dwelling Units: 239
Directional Distribution: 57% entering, 43% exiting

Vehicle Trip Generation per Dwelling Unit

Average Rate Range of Rates Standard Deviation
0.67 0.28 - 1.45 0.61
Data Plot and Equation
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Land Use: 850
Supermarket

Description

A supermarket is a free-standing retail store that sells a complete assortment of food, beverage,
food preparation materials, and household products. A supermarket may also provide additional
products and services such as a bakery, dry cleaning, floral arrangements, greeting cards, a
limited-service bank, and a pharmacy.

Additional Data

In prior editions of Trip Generation Manual, a separate land use code was assigned to a discount
supermarket. With the addition of new supermarket data points, an examination of the database
reveals very little difference between trip generation rates for the traditional supermarket and a
reported discount supermarket. This examination looked at both the small discount supermarkets
and the large discount supermarkets. As a result, all types of supermarkets are included in this
land use database.

The technical appendices provide supporting information on time-of-day distributions for this

land use. The appendices can be accessed through either the ITETripGen web app or the trip
generation resource page on the ITE website (https://www.ite.org/technical-resources/topics/trip-
and-parking-generation/).

The sites were surveyed in the 1980s, the 1990s, the 2000s, the 2010s, and the 2020s in Alberta
(CAN), California, Colorado, Connecticut, District of Columbia, Florida, Georgia, lllinois, Kentucky,
Maryland, Minnesota, Nevada, New Jersey, New York, Ontario (CAN), Oregon, Pennsylvania, South
Dakota, Texas, Vermont, Virginia, Washington, and Wisconsin.

Source Numbers

213,221, 236, 251, 273, 305, 359, 365, 438, 440, 442, 447, 448, 514, 520, 537, 552, 577,610, 715,
716,728,738, 746, 854, 870, 882, 893, 917, 926, 935, 946, 959, 961, 966, 975, 1004, 1009, 1025,
1058, 1063, 1064
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Supermarket
(850)

Vehicle Trip Ends vs:
On a:

Setting/Location:
Number of Studies:
Avg. 1000 Sq. Ft. GFA:
Directional Distribution:

1000 Sq. Ft. GFA

Weekday,

Peak Hour of Adjacent Street Traffic,
One Hour Between 7 and 9 a.m.
Dense Multi-Use Urban

9

30

55% entering, 45% exiting

Vehicle Trip Generation per 1000 Sq. Ft. GFA

Average Rate Range of Rates Standard Deviation

4.99 3.06 - 6.58 1.05

Data Plot and Equation

300

200

Trips Ends

T=

100

0 10 20

X Study Site

Fitted Curve Equation: Ln(T) = 0.99 Ln(X) + 1.64

30 40

X =1000 Sq. Ft. GFA

Fitted Curve @~ = - ---- Average Rate

R?=0.50

50
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Supermarket
(850)

Vehicle Trip Ends vs: 1000 Sq. Ft. GFA
On a: Weekday,
Peak Hour of Adjacent Street Traffic,
One Hour Between 4 and 6 p.m.
Setting/Location: Dense Multi-Use Urban
Number of Studies: 9
Avg. 1000 Sq. Ft. GFA: 30
Directional Distribution: 50% entering, 50% exiting

Vehicle Trip Generation per 1000 Sq. Ft. GFA

Average Rate Range of Rates Standard Deviation
9.32 6.20 - 15.67 2.28
Data Plot and Equation
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Fitted Curve Equation: Not Given R2= ***
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Land Use: 710
General Office Building

Description

A general office building is a location where affairs of businesses, commercial or industrial
organizations, or professional persons or firms are conducted. An office building houses multiple
tenants that can include, as examples, professional services, insurance companies, investment
brokers, a banking institution, a restaurant, or other service retailers. A general office building

with a gross floor area of 10,000 square feet or less is classified as a small office building (Land
Use 712). Corporate headquarters building (Land Use 714), single tenant office building (Land

Use 715), medical-dental office building (Land Use 720), office park (Land Use 750), research and
development center (Land Use 760), and business park (Land Use 770) are additional related uses.

Additional Data

If two or more general office buildings are in close physical proximity (within a close walk) and
function as a unit (perhaps with a shared parking facility and common or complementary tenants),
the total gross floor area or employment of the paired office buildings can be used for calculating
the site trip generation. If the individual buildings are isolated or not functionally related to one
another, trip generation should be calculated for each building separately.

For study sites with reported gross floor area and employees, an average employee density of

3.3 employees per 1,000 square feet GFA (or roughly 300 square feet per employee) has been
consistent through the 1980s, 1990s, and 2000s. No sites counted in the 2010s reported both GFA
and employees.

The average building occupancy varies considerably within the studies for which occupancy data
were provided. The reported occupied gross floor area was 88 percent for general urban/suburban
sites and 96 percent for the center city core and dense multi-use urban sites.

The technical appendices provide supporting information on time-of-day distributions for this
land use. The appendices can be accessed through either the ITETripGen web app or the trip

The average numbers of person trips per vehicle trip at the eight center city core sites at which
both person trip and vehicle trip data were collected are as follows:

+ 2.8 during Weekday, Peak Hour of Adjacent Street Traffic, one hour between 7 and 9 a.m.
+ 2.9 during Weekday, AM Peak Hour of Generator
+ 2.9 during Weekday, Peak Hour of Adjacent Street Traffic, one hour between 4 and 6 p.m.

+ 3.0 during Weekday, PM Peak Hour of Generator
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The average numbers of person trips per vehicle trip at the 18 dense multi-use urban sites at
which both person trip and vehicle trip data were collected are as follows:

+ 1.5 during Weekday, Peak Hour of Adjacent Street Traffic, one hour between 7 and 9 a.m.
+ 1.5 during Weekday, AM Peak Hour of Generator
+ 1.5 during Weekday, Peak Hour of Adjacent Street Traffic, one hour between 4 and 6 p.m.

+ 1.5 during Weekday, PM Peak Hour of Generator

The average numbers of person trips per vehicle trip at the 23 general urban/suburban sites at
which both person trip and vehicle trip data were collected are as follows:

+ 1.3 during Weekday, Peak Hour of Adjacent Street Traffic, one hour between 7 and 9 a.m.
+ 1.3 during Weekday, AM Peak Hour of Generator
+ 1.3 during Weekday, Peak Hour of Adjacent Street Traffic, one hour between 4 and 6 p.m.

+ 1.4 during Weekday, PM Peak Hour of Generator

The sites were surveyed in the 1980s, the 1990s, the 2000s, the 2010s, and the 2020s in Alberta
(CAN), California, Colorado, Connecticut, Georgia, lllinois, Indiana, Kansas, Kentucky, Maine,
Maryland, Michigan, Minnesota, Missouri, Montana, New Hampshire, New Jersey, New York,
Ontario (CAN)Pennsylvania, Texas, Utah, Virginia, and Washington.

Source Numbers

161,175,183, 184,185, 207, 212,217, 247, 253, 257, 260, 262, 273, 279, 297, 298, 300, 301, 302,
303, 304, 321, 322, 323, 324, 327,404, 407, 408, 419, 423, 562, 734, 850, 859, 862, 867, 869, 883,
884, 890, 891, 904, 940, 944, 946, 964, 965, 972, 1009, 1030, 1058, 1061
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General Office Building
(710)

Vehicle Trip Ends vs:
On a:

Setting/Location:
Number of Studies:
Avg. 1000 Sq. Ft. GFA:
Directional Distribution:

1000 Sq. Ft. GFA

Weekday,

Peak Hour of Adjacent Street Traffic,
One Hour Between 7 and 9 a.m.
General Urban/Suburban

221

201

88% entering, 12% exiting

Vehicle Trip Generation per 1000 Sq. Ft. GFA

Average Rate Range of Rates Standard Deviation

1.52 0.32-4.93 0.58

Data Plot and Equation

2000

Trips Ends

1000

T=

X Study Site

Fitted Curve Equation: Ln(T) = 0.86 Ln(X) + 1.16

1000
X =1000 Sq. Ft. GFA

Fitted Curve @~ = - ---- Average Rate

R?*=0.78

2000
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General Office Building
(710)

Vehicle Trip Ends vs: 1000 Sq. Ft. GFA
On a: Weekday,
Peak Hour of Adjacent Street Traffic,
One Hour Between 4 and 6 p.m.
Setting/Location: General Urban/Suburban
Number of Studies: 232
Avg. 1000 Sq. Ft. GFA: 199
Directional Distribution: 17% entering, 83% exiting

Vehicle Trip Generation per 1000 Sq. Ft. GFA

Average Rate Range of Rates Standard Deviation

1.44 0.26 -6.20 0.60

Data Plot and Equation

2000

Trips Ends

1000

T=

0 1000 2000

X =1000 Sq. Ft. GFA
X Study Site —— FittedCurve @ - ---- Average Rate
Fitted Curve Equation: Ln(T) = 0.83 Ln(X) + 1.29 R?=0.77
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Land Use: 822
Strip Retail Plaza (<40k)

Description

A strip retail plaza is an integrated group of commercial establishments that is planned,
developed, owned, and managed as a unit. Each study site in this land use has less than 40,000
square feet of gross leasable area (GLA). Because a strip retail plaza is open-air, the GLA is the
same as the gross floor area of the building.

The 40,000 square feet GFA threshold between strip retail plaza and shopping plaza (Land Use
821) was selected based on an examination of the overall shopping center/plaza database. No
shopping plaza with a supermarket as its anchor is smaller than 40,000 square feet GLA.

Shopping center (>150k) (Land use 820), shopping plaza (40-150k) (Land Use 821), and factory
outlet center (Land Use 823) are related uses.

Additional Data

The technical appendices provide supporting information on time-of-day distributions for this
land use. The appendices can be accessed through either the ITETripGen web app or the trip

The sites were surveyed in the 1980s, the 1990s, the 2000s, and the 2010s in Alberta (CAN),
California, Delaware, Florida, New Jersey, Ontario (CAN), South Dakota, Vermont, Washington, and
Wisconsin.

Source Numbers
304, 358, 423, 428, 437, 507, 715, 728, 936, 960, 961, 974, 1009
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Strip Retail Plaza (<40k)
(822)

Vehicle Trip Ends vs: 1000 Sq. Ft. GLA
On a: Weekday,
Peak Hour of Adjacent Street Traffic,
One Hour Between 7 and 9 a.m.
Setting/Location: General Urban/Suburban
Number of Studies: 5
Avg. 1000 Sq. Ft. GLA: 18
Directional Distribution: 60% entering, 40% exiting

Vehicle Trip Generation per 1000 Sq. Ft. GLA

Average Rate Range of Rates Standard Deviation

2.36 1.60-3.73 0.94

Data Plot and Equation

80 | | | .7

60

Trips Ends

40

T=

20

0 10 20 30
X =1000 Sq. Ft. GLA
X Study Site —— FittedCurve @ - ---- Average Rate
Fitted Curve Equation: Ln(T) = 0.66 Ln(X) + 1.84 R?=0.57

40
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Strip Retail Plaza (<40k)
(822)

Vehicle Trip Ends vs: 1000 Sq. Ft. GLA
On a: Weekday,
Peak Hour of Adjacent Street Traffic,
One Hour Between 4 and 6 p.m.

Setting/Location: General Urban/Suburban
Number of Studies: 25

Avg. 1000 Sq. Ft. GLA: 21

Directional Distribution: 50% entering, 50% exiting

Vehicle Trip Generation per 1000 Sq. Ft. GLA

Average Rate Range of Rates Standard Deviation

6.59 2.81-15.20 2.94

Data Plot and Equation

300

200

Trips Ends

T=

100

0 10 20 30 40
X'=1000 Sq. Ft. GLA
X Study Site —— FittedCurve @ - ---- Average Rate
Fitted Curve Equation: Ln(T) = 0.71 Ln(X) + 2.72 R?=0.56
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Land Use: 760
Research and Development Center

Description

A research and development center is a facility or group of facilities devoted almost exclusively to
research and development activities. The range of specific types of businesses contained in this
land use category varies significantly. Research and development centers may contain offices and
light fabrication areas. General office building (Land Use 710), corporate headquarters building
(Land Use 714), single tenant office building (Land Use 715), office park (Land Use 750), and
business park (Land Use 770) are related uses.

Additional Data

The average numbers of person trips per vehicle trip at the 11 general urban/suburban sites at
which both person trip and vehicle trip data were collected were as follows:

+ 1.4 during Weekday, Peak Hour of Adjacent Street Traffic, one hour between 7 and 9 a.m.
+ 1.4 during Weekday, AM Peak Hour of Generator
+ 1.4 during Weekday, Peak Hour of Adjacent Street Traffic, one hour between 4 and 6 p.m.

+ 1.4 during Weekday, PM Peak Hour of Generator

The sites were surveyed in the 1980s, the 1990s, the 2000s, and the 2010s in Alberta (CAN),
California, lowa, Maryland, Minnesota, Montana, and Pennsylvania.

Source Numbers
105, 157, 213, 218, 253, 332, 384, 423, 630, 723,911, 973
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Research and Development Center
(760)

Vehicle Trip Ends vs:
On a:

Setting/Location:
Number of Studies:
Avg. 1000 Sq. Ft. GFA:
Directional Distribution:

1000 Sq. Ft. GFA

Weekday,

Peak Hour of Adjacent Street Traffic,
One Hour Between 7 and 9 a.m.
General Urban/Suburban

39

173

82% entering, 18% exiting

Vehicle Trip Generation per 1000 Sq. Ft. GFA

Average Rate Range of Rates Standard Deviation

1.03 0.17-3.73 0.65

Data Plot and Equation
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% 200 400 600 800
X =1000 Sq. Ft. GFA
X Study Site Fitted Curve @~ = - ---- Average Rate
Fitted Curve Equation: T = 0.89(X) + 24.54 R?=0.70
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Research and Development Center
(760)

Vehicle Trip Ends vs: 1000 Sq. Ft. GFA
On a: Weekday,
Peak Hour of Adjacent Street Traffic,
One Hour Between 4 and 6 p.m.

Setting/Location: General Urban/Suburban
Number of Studies: 39

Avg. 1000 Sq. Ft. GFA: 173

Directional Distribution: 16% entering, 84% exiting

Vehicle Trip Generation per 1000 Sq. Ft. GFA

Average Rate Range of Rates Standard Deviation

0.98 0.13-4.13 0.64

Data Plot and Equation

1000

Trips Ends

T=

0 200 400 600 800 1000
X =1000 Sq. Ft. GFA
X Study Site —— FittedCurve @ - ---- Average Rate
Fitted Curve Equation: T = 0.84(X) + 25.08 R?=0.70
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Intersection Capacity Analysis Worksheets
AM Peak Hour



Lanes, Volumes, Timings
2: S Water St & Dollar St

2032 No-Build
AM Peak Hour

v St o2
Lane Group WBL WBR NBT NBR SBL  SBT
Lane Configurations b <
Traffic Volume (vph) 38 0 0 0 8 200
Future Volume (vph) 38 0 0 0 8 200
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Lane Util. Factor 1.00 100 100 100 100 1.00
Frt
Flt Protected 0.950 0.998
Satd. Flow (prot) 1752 0 0 0 0 1793
Flt Permitted 0.950 0.998
Satd. Flow (perm) 1752 0 0 0 0 1793
Right Turn on Red Yes Yes
Satd. Flow (RTOR)
Link Speed (mph) 30 30 30
Link Distance (ft) 213 448 507
Travel Time (s) 4.8 10.2 11.5
Peak Hour Factor 092 092 092 092 092 092
Heavy Vehicles (%) 3% 0% 0% 0% 0% 6%
Ad. Flow (vph) 41 0 0 0 9 217
Shared Lane Traffic (%)
Lane Group Flow (vph) 41 0 0 0 0 226
Turn Type Prot Split NA
Protected Phases 2 1 1
Permitted Phases
Detector Phase 2 1 1
Switch Phase
Minimum Initial (s) 5.0 5.0 5.0
Minimum Split (s) 22.0 225 225
Total Split (s) 56.0 740 740
Total Split (%) 43.1% 56.9% 56.9%
Maximum Green (s) 51.0 69.5 695
Yellow Time (s) 3.0 3.0 3.0
All-Red Time (s) 2.0 15 15
Lost Time Adjust (s) 0.0 0.0
Total Lost Time (s) 5.0 4.5
Lead/Lag Lag Lead Lead
Lead-Lag Optimize? Yes Yes Yes
Vehicle Extension (s) 3.0 3.0 3.0
Recall Mode None Max Max
Walk Time (s) 7.0 7.0 7.0
Flash Dont Walk (s) 10.0 10.0 10.0
Pedestrian Calls (#/hr) 0 0 0
Act Effct Green (s) 7.7 86.9
Actuated g/C Ratio 0.08 0.89
v/c Ratio 0.29 0.14
Control Delay 49.3 1.7
Queue Delay 0.0 0.0
Total Delay 49.3 1.7
LOS D A
Approach Delay 49.3 1.7

Fuss & O'Neill - KRO
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Lanes, Volumes, Timings

2032 No-Build

2: S Water St & Dollar St AM Peak Hour
P N

Lane Group WBL WBR NBT NBR  SBL  SBT
Approach LOS D A
Queue Length 50th (ft) 26 20
Queue Length 95th (ft) 60 39
Internal Link Dist (ft) 133 368 427
Turn Bay Length (ft)

Base Capacity (vph) 922 1600
Starvation Cap Reductn 0 0
Spillback Cap Reductn 0 0
Storage Cap Reductn 0 0
Reduced vic Ratio 0.04 0.14

Intersection Summary

Area Type: Other
Cycle Length: 130

Actuated Cycle Length: 97.4

Natural Cycle: 45

Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.29

Intersection Signal Delay: 9.0
Intersection Capacity Utilization 39.3%
Analysis Period (min) 15

Splits and Phases:  2: S Water St & Dollar St

Intersection LOS: A
ICU Level of Service A

bﬁl

(@ 2
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HCM Signalized Intersection Capacity Analysis 2032 No-Build

2. S Water St & Dollar St AM Peak Hour
" .
Movement WBL WBR NBT NBR  SBL  SBT
Lane Configurations b <
Traffic Volume (vph) 38 0 0 0 8 200
Future Volume (vph) 38 0 0 0 8 200
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 4.5
Lane Util. Factor 1.00 1.00
Frt 1.00 1.00
Flt Protected 0.95 1.00
Satd. Flow (prot) 1752 1793
Flt Permitted 0.95 1.00
Satd. Flow (perm) 1752 1793
Peak-hour factor, PHF 092 092 092 092 092 092
Adj. Flow (vph) 41 0 0 0 9 217
RTOR Reduction (vph) 0 0 0 0 0 0
Lane Group Flow (vph) 41 0 0 0 0 226
Heavy Vehicles (%) 3% 0% 0% 0% 0% 6%
Turn Type Prot Split NA
Protected Phases 2 1 1
Permitted Phases
Actuated Green, G (s) 5.1 84.9
Effective Green, g (s) 5.1 84.9
Actuated g/C Ratio 0.05 0.85
Clearance Time (s) 5.0 45
Vehicle Extension (s) 3.0 3.0
Lane Grp Cap (vph) 89 1529
v/s Ratio Prot c0.02 c0.13
v/s Ratio Perm
v/c Ratio 0.46 0.15
Uniform Delay, d1 45.9 1.2
Progression Factor 1.00 1.00
Incremental Delay, d2 3.7 0.2
Delay (s) 49.6 1.4
Level of Service D A
Approach Delay (s) 49.6 0.0 1.4
Approach LOS D A A
Intersection Summary
HCM 2000 Control Delay 8.8 HCM 2000 Level of Service A
HCM 2000 Volume to Capacity ratio 0.17
Actuated Cycle Length (s) 99.5 Sum of lost time (s) 9.5
Intersection Capacity Utilization 39.3% ICU Level of Service A
Analysis Period (min) 15

¢ Critical Lane Group

Fuss & O'Neill - KRO Synchro 11 Report
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Lanes, Volumes, Timings
3: S Water St & Wickenden St

2032 No-Build
AM Peak Hour

A ey ¢ ANt 2 M4
Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations 1= i J4 Fil
Traffic Volume (vph) 0 656 220 5 494 0 0 0 0 31 166 35
Future Volume (vph) 0 656 220 5 494 0 0 0 0 31 166 35
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Storage Length (ft) 0 200 0 0 0 0 0 0
Storage Lanes 0 1 0 0 0 0 0 0
Taper Length (ft) 25 25 25 25
Lane Util. Factor 1.00 091 0.91 095 09 100 100 100 100 095 095 095
Frt 0.995 0.850 0.977
Flt Protected 0.993
Satd. Flow (prot) 0 3369 1386 0 3472 0 0 0 0 0 3306 0
Flt Permitted 0.950 0.993
Satd. Flow (perm) 0 3369 1386 0 3299 0 0 0 0 0 3306 0
Right Turn on Red Yes Yes Yes Yes
Satd. Flow (RTOR) 4 215 20
Link Speed (mph) 30 30 30 30
Link Distance (ft) 890 256 459 448
Travel Time (s) 20.2 5.8 10.4 10.2
Peak Hour Factor 092 092 092 092 092 092 092 092 092 092 092 092
Heavy Vehicles (%) 0% 2% 6% 0% 4% 0% 0% 0% 0% % % 0%
Adj. Flow (vph) 0 713 239 5 537 0 0 0 0 34 180 38
Shared Lane Traffic (%) 10%
Lane Group Flow (vph) 0 737 215 0 542 0 0 0 0 0 252 0
Turn Type NA Prot Perm NA custom NA
Protected Phases 2 2 2 4 4
Permitted Phases 2 4
Detector Phase 2 2 2 2 4 4
Switch Phase
Minimum Initial (s) 5.0 5.0 5.0 5.0 5.0 5.0
Minimum Split (s) 230 230 230 230 230 230
Total Split (s) 450 450 450 450 290 290
Total Split (%) 474% 474% 474% 47.4% 30.5% 30.5%
Maximum Green (s) 400 400 400 400 240 240
Yellow Time (s) 3.0 3.0 3.0 3.0 3.0 3.0
All-Red Time (s) 2.0 2.0 2.0 2.0 2.0 2.0
Lost Time Adjust (s) 0.0 0.0 0.0 0.0
Total Lost Time (s) 5.0 5.0 5.0 5.0
Lead/Lag
Lead-Lag Optimize?
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Recall Mode C-Max C-Max C-Max C-Max None  None
Walk Time (s)
Flash Dont Walk (s)
Pedestrian Calls (#/hr)
Act Effct Green (s) 610 61.0 61.0 12.0
Actuated g/C Ratio 0.64 064 0.64 0.13
v/c Ratio 034 022 0.26 0.58
Control Delay 10.4 2.3 9.8 41.0
Queue Delay 0.0 0.0 04 0.0
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Lanes, Volumes, Timings
3: S Water St & Wickenden St

2032 No-Build
AM Peak Hour

Lane Group @9

Lane Configurations

Traffic Volume (vph)

Future Volume (vph)

Ideal Flow (vphpl)

Storage Length (ft)

Storage Lanes

Taper Length (ft)

Lane Util. Factor

Frt

Flt Protected

Satd. Flow (prot)

Flt Permitted

Satd. Flow (perm)

Right Turn on Red

Satd. Flow (RTOR)

Link Speed (mph)

Link Distance (ft)

Travel Time (s)

Peak Hour Factor

Heavy Vehicles (%)

Adj. Flow (vph)

Shared Lane Traffic (%)

Lane Group Flow (vph)

Turn Type

Protected Phases 9
Permitted Phases

Detector Phase

Switch Phase

Minimum Initial (s) 5.0
Minimum Split (s) 20.0
Total Split (s) 21.0
Total Split (%) 22%
Maximum Green (s) 19.0
Yellow Time (s) 2.0
All-Red Time (s) 0.0
Lost Time Adjust (s)

Total Lost Time (s)

Lead/Lag

Lead-Lag Optimize?

Vehicle Extension (s) 3.0
Recall Mode None
Walk Time (s) 7.0
Flash Dont Walk (s) 11.0
Pedestrian Calls (#/hr) 30
Act Effct Green (s)

Actuated g/C Ratio

v/c Ratio

Control Delay

Queue Delay

Fuss & O'Neill - KRO
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Lanes, Volumes, Timings 2032 No-Build

3: S Water St & Wickenden St AM Peak Hour
A ey ¢ ANt 2 M4

Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Total Delay 10.4 2.3 10.2 41.0

LOS B A B D

Approach Delay 8.6 10.2 41.0

Approach LOS A B D

Queue Length 50th (ft) 128 0 85 70

Queue Length 95th (ft) 187 37 128 105

Internal Link Dist (ft) 810 176 379 368

Turn Bay Length (ft) 200

Base Capacity (vph) 2163 966 2116 850

Starvation Cap Reductn 0 0 1037 0

Spillback Cap Reductn 0 0 0 0

Storage Cap Reductn 0 0 0 0

Reduced v/c Ratio 034 022 0.50 0.30

Intersection Summary

Area Type: Other

Cycle Length: 95

Actuated Cycle Length: 95

Offset: 57 (60%), Referenced to phase 2:EBWB, Start of Green

Natural Cycle: 70

Control Type: Actuated-Coordinated

Maximum v/c Ratio: 0.58

Intersection Signal Delay: 13.7 Intersection LOS: B
Intersection Capacity Utilization 42.0% ICU Level of Service A
Analysis Period (min) 15

Splits and Phases:  3: S Water St & Wickenden St

S0 oo Fhos

Fuss & O'Neill - KRO Synchro 11 Report
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Lanes, Volumes, Timings
3: S Water St & Wickenden St

2032 No-Build
AM Peak Hour

Lane Group @9

Total Delay

LOS

Approach Delay
Approach LOS

Queue Length 50th (ft)
Queue Length 95th (ft)
Internal Link Dist (ft)
Turn Bay Length (ft)
Base Capacity (vph)
Starvation Cap Reductn
Spillback Cap Reductn
Storage Cap Reductn
Reduced v/c Ratio

Intersection Summary
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HCM Signalized Intersection Capacity Analysis

2032 No-Build

3: S Water St & Wickenden St AM Peak Hour
A ey ¢ ANt 2 M4

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations 1= i J4 Fil

Traffic Volume (vph) 0 656 220 5 494 0 0 0 0 31 166 35

Future Volume (vph) 0 656 220 5 494 0 0 0 0 31 166 35

Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900

Total Lost time (s) 5.0 5.0 5.0 5.0

Lane Util. Factor 0.91 0.91 0.95 0.95

Frt 1.00 0.85 1.00 0.98

Flt Protected 1.00  1.00 1.00 0.99

Satd. Flow (prot) 3369 1386 3471 3308

Flt Permitted 1.00  1.00 0.95 0.99

Satd. Flow (perm) 3369 1386 3298 3308

Peak-hour factor, PHF 092 092 092 092 092 092 09 09 092 092 092 092

Ad. Flow (vph) 0 713 239 5 537 0 0 0 0 34 180 38

RTOR Reduction (vph) 0 1 79 0 0 0 0 0 0 0 17 0

Lane Group Flow (vph) 0 736 136 0 542 0 0 0 0 0 235 0

Heavy Vehicles (%) 0% 2% 6% 0% 4% 0% 0% 0% 0% 7% 7% 0%

Turn Type NA Prot  Perm NA custom NA

Protected Phases 2 2 2 4 4

Permitted Phases 2 4

Actuated Green, G (s) 60.2 602 60.2 12.0

Effective Green, g (s) 60.2 602 60.2 12.0

Actuated g/C Ratio 0.63 0.63 0.63 0.13

Clearance Time (s) 5.0 5.0 5.0 5.0

Vehicle Extension (s) 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 2134 878 2089 417

v/s Ratio Prot c0.22 0.0 c0.07

v/s Ratio Perm 0.16

v/c Ratio 034 0.16 0.26 0.56

Uniform Delay, d1 8.2 7.1 7.6 39.0

Progression Factor 1.00 1.00 1.00 1.00

Incremental Delay, d2 0.4 0.4 0.3 1.7

Delay (s) 8.6 74 7.9 40.8

Level of Service A A A D

Approach Delay (s) 8.3 7.9 0.0 40.8

Approach LOS A A A D

Intersection Summary

HCM 2000 Control Delay 12.9 HCM 2000 Level of Service B

HCM 2000 Volume to Capacity ratio 0.33

Actuated Cycle Length (s) 95.0 Sum of lost time (s) 12.0

Intersection Capacity Utilization 42.0% ICU Level of Service A

Analysis Period (min) 15

¢ Critical Lane Group
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Lanes, Volumes, Timings 2032 No-Build

6: S Main St & Wickenden St AM Peak Hour
A ey ¢ ANt 2 M4

Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations J4 1= J4 i

Traffic Volume (vph) 239 442 0 0 256 83 236 478 133 0 0 0

Future Volume (vph) 239 442 0 0 256 83 236 478 133 0 0 0

Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900

Storage Length (ft) 0 0 0 0 0 150 0 0

Storage Lanes 0 0 0 0 0 1 0 0

Taper Length (ft) 25 25 25 25

Lane Util. Factor 095 09 100 100 095 09 09 09 100 100 100 1.00

Frt 0.963 0.850

Flt Protected 0.983 0.984

Satd. Flow (prot) 0 3459 0 0 3311 0 0 3427 1553 0 0 0

Flt Permitted 0.691 0.984

Satd. Flow (perm) 0 2431 0 0 3311 0 0 3427 1553 0 0 0

Right Turn on Red Yes Yes Yes Yes

Satd. Flow (RTOR) 68 115

Link Speed (mph) 30 30 30 30

Link Distance (ft) 256 137 401 566

Travel Time (s) 5.8 3.1 9.1 12.9

Peak Hour Factor 092 092 092 092 092 092 092 092 092 092 092 092

Heavy Vehicles (%) 0% 4% 0% 0% 5% 5% 3% 4% 4% 0% 0% 0%

Adj. Flow (vph) 260 480 0 0 278 90 257 520 145 0 0 0

Shared Lane Traffic (%)

Lane Group Flow (vph) 0 740 0 0 368 0 0 777 145 0 0 0

Turn Type custom NA NA Split NA Prot

Protected Phases 5 256 246 8 8 8

Permitted Phases 2

Detector Phase 5 256 246 8 8 8

Switch Phase

Minimum Initial (s) 5.0 5.0 5.0 5.0

Minimum Split (s) 10.0 235 235 235

Total Split (s) 11.0 300 300 300

Total Split (%) 10.6% 28.8% 28.8% 28.8%

Maximum Green (s) 6.0 245 245 245

Yellow Time (s) 3.0 3.5 3.5 3.5

All-Red Time (s) 2.0 2.0 2.0 2.0

Lost Time Adjust (s) 0.0 0.0

Total Lost Time (s) 55 55

Lead/Lag

Lead-Lag Optimize?

Vehicle Extension (s) 3.0 3.0 3.0 3.0

Recall Mode None None None None

Walk Time (s) 7.0 7.0 7.0

Flash Dont Walk (s) 1.0 10 1.0

Pedestrian Calls (#/hr) 0 0 0

Act Effct Green (s) 45.7 45.8 305 305

Actuated g/C Ratio 0.44 0.44 029 029

v/c Ratio 0.62 0.25 077 027

Control Delay 16.1 0.4 40.6 10.4

Queue Delay 0.7 0.1 0.0 0.0
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Lanes, Volumes, Timings
6: S Main St & Wickenden St

2032 No-Build

AM Peak Hour

Lane Group

@2

@24 26

Lane Configurations
Traffic Volume (vph)
Future Volume (vph)
Ideal Flow (vphpl)
Storage Length (ft)

Storage Lanes

Taper Length (ft)
Lane Util. Factor

Frt
Flt Protected

Satd. Flow (prot)

Flt Permitted

Satd. Flow (perm)
Right Turn on Red
Satd. Flow (RTOR)
Link Speed (mph)
Link Distance (ft)

Travel Time (s)

Peak Hour Factor
Heavy Vehicles (%)

Adj. Flow (vph)

Shared Lane Traffic (%)
Lane Group Flow (vph)

Turn Type

Protected Phases
Permitted Phases

Detector Phase
Switch Phase

Minimum Initial (s)
Minimum Split (s)

Total Split (s)
Total Split (%)

Maximum Green (s)

Yellow Time (s)

All-Red Time (s)
Lost Time Adjust (s)
Total Lost Time (s)

Lead/Lag

Lead-Lag Optimize?
Vehicle Extension (s)

Recall Mode
Walk Time (s)

Flash Dont Walk (s)
Pedestrian Calls (#/hr)
Act Effct Green (s)
Actuated g/C Ratio

v/c Ratio
Control Delay
Queue Delay

5.0
23.0
37.0
36%
32.0

3.0

2.0

3.0
C-Max
7.0
11.0

5.0 5.0
225 230
260 370
25%  36%
220 320

3.0 3.0

1.0 2.0

3.0 3.0
None C-Max
7.0 7.0
11.0 11.0
0 0

Fuss & O'Neill - KRO
F:\P2008\0944\C92\Traffic\Synchro\195 District 2032 No Build AM.syn

Synchro 11 Report

Page 14



Lanes, Volumes, Timings 2032 No-Build

6: S Main St & Wickenden St AM Peak Hour
A ey ¢ ANt 2 M4

Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Total Delay 16.8 0.5 40.6 10.4

LOS B A D B

Approach Delay 16.8 0.5 35.9

Approach LOS B A D

Queue Length 50th (ft) 132 0 235 14

Queue Length 95th (ft) 129 0 #393 67

Internal Link Dist (ft) 176 57 321 486

Turn Bay Length (ft) 150

Base Capacity (vph) 1187 1923 1006 537

Starvation Cap Reductn 176 679 0 0

Spillback Cap Reductn 0 0 0 0

Storage Cap Reductn 0 0 0 0

Reduced v/c Ratio 0.73 0.30 0.77 027

Intersection Summary

Area Type: Other

Cycle Length: 104
Actuated Cycle Length: 104

Offset: 0 (0%), Referenced to phase 2:EBWB and 6:EBWB, Start of Green, Master Intersection

Natural Cycle: 90

Control Type: Actuated-Coordinated

Maximum v/c Ratio: 0.77

Intersection Signal Delay: 22.5

Intersection Capacity Utilization 61.9%

Analysis Period (min) 15

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

Splits and Phases:  6: S Main St & Wickenden St

Intersection LOS: C
ICU Level of Service B

26 #7 2% 27 |#6_#7

il iT@"I- 'A)EE ‘¢"A!38
||
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Lanes, Volumes, Timings
6: S Main St & Wickenden St

2032 No-Build
AM Peak Hour

Lane Group @2 @4

06

Total Delay

LOS

Approach Delay
Approach LOS

Queue Length 50th (ft)
Queue Length 95th (ft)
Internal Link Dist (ft)
Turn Bay Length (ft)
Base Capacity (vph)
Starvation Cap Reductn
Spillback Cap Reductn
Storage Cap Reductn
Reduced v/c Ratio

Intersection Summary
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HCM Signalized Intersection Capacity Analysis 2032 No-Build

6: S Main St & Wickenden St AM Peak Hour
A ey ¢ ANt 2 M4

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations J4 1= J4 i

Traffic Volume (vph) 239 442 0 0 256 83 236 478 133 0 0 0

Future Volume (vph) 239 442 0 0 256 83 236 478 133 0 0 0

Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900

Total Lost time (s) 5.0 5.0 55 55

Lane Util. Factor 0.95 0.95 0.95 1.00

Frt 1.00 0.96 1.00 085

Flt Protected 0.98 1.00 098  1.00

Satd. Flow (prot) 3458 3312 3426 1553

Flt Permitted 0.69 1.00 098  1.00

Satd. Flow (perm) 2430 3312 3426 1553

Peak-hour factor, PHF 092 092 092 092 092 09 092 092 092 092 092 092

Adj. Flow (vph) 260 480 0 0 278 90 257 520 145 0 0 0

RTOR Reduction (vph) 0 0 0 0 37 0 0 0 81 0 0 0

Lane Group Flow (vph) 0 740 0 0 331 0 0 77 64 0 0 0

Heavy Vehicles (%) 0% 4% 0% 0% 5% 5% 3% 4% 4% 0% 0% 0%

Turn Type custom NA NA Split NA Prot

Protected Phases 5 256 246 8 8 8

Permitted Phases 2

Actuated Green, G (s) 45.7 46.9 305 305

Effective Green, g (s) 45.7 46.9 305 305

Actuated g/C Ratio 0.44 0.45 029 0.29

Clearance Time (s) 55 55

Vehicle Extension (s) 3.0 3.0

Lane Grp Cap (vph) 1187 1493 1004 455

v/s Ratio Prot c0.07 c0.10 c0.23  0.04

v/s Ratio Perm c0.20

v/c Ratio 0.62 0.22 0.77 0.14

Uniform Delay, d1 22.5 17.4 336 271

Progression Factor 1.00 0.00 1.00 1.00

Incremental Delay, d2 1.0 0.1 3.8 0.1

Delay (s) 235 0.1 374 272

Level of Service C A D C

Approach Delay (s) 235 0.1 35.8 0.0

Approach LOS C A D A

Intersection Summary

HCM 2000 Control Delay 24.8 HCM 2000 Level of Service C

HCM 2000 Volume to Capacity ratio 0.64

Actuated Cycle Length (s) 104.0 Sum of lost time (s) 19.5

Intersection Capacity Utilization 61.9% ICU Level of Service B

Analysis Period (min) 15

¢ Critical Lane Group
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Lanes, Volumes, Timings
7: Benefit St & Wickenden St

2032 No-Build
AM Peak Hour

A ey ¢ ANt 2 M4
Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations i 8 i 8 Fi Y Fi Y
Traffic Volume (vph) 179 422 39 2 303 20 9 2 2 15 4 58
Future Volume (vph) 179 422 39 2 303 20 9 2 2 15 4 58
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Lane Util. Factor 095 09 09 09 09 09 100 100 100 100 100 1.00
Frt 0.991 0.991 0.981 0.898
Flt Protected 0.986 0.966 0.990
Satd. Flow (prot) 0 3333 0 0 3439 0 0 1801 0 0 1606 0
Flt Permitted 0.709 0.952 0.786 0.937
Satd. Flow (perm) 0 2397 0 0 3274 0 0 1465 0 0 1520 0
Right Turn on Red Yes Yes Yes Yes
Satd. Flow (RTOR) 13 7 2 63
Link Speed (mph) 30 30 30 30
Link Distance (ft) 137 583 344 423
Travel Time (s) 3.1 13.3 7.8 9.6
Peak Hour Factor 092 092 092 092 092 09 09 092 09 092 092 09
Heavy Vehicles (%) 2% 8% 0% 0% 4% 5% 0% 0% 0% 7% 0% 5%
Ad. Flow (vph) 195 459 42 2 329 22 10 2 2 16 4 63
Shared Lane Traffic (%)
Lane Group Flow (vph) 0 696 0 0 353 0 0 14 0 0 83 0
Turn Type custom NA custom NA Perm NA Perm NA
Protected Phases 58 268 26 4 4
Permitted Phases 8 6 4 4
Detector Phase 58 268 6 26 4 4 4 4
Switch Phase
Minimum Initial (s) 5.0 5.0 5.0 5.0 5.0
Minimum Split (s) 23.0 225 225 225 225
Total Split (s) 37.0 260  26.0 260  26.0
Total Split (%) 35.6% 25.0% 25.0% 25.0% 25.0%
Maximum Green (s) 32.0 220 220 220 220
Yellow Time (s) 3.0 3.0 3.0 3.0 3.0
All-Red Time (s) 2.0 1.0 1.0 1.0 1.0
Lost Time Adjust (s) 0.0 0.0
Total Lost Time (s) 4.0 4.0
Lead/Lag
Lead-Lag Optimize?
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Recall Mode C-Max None  None None  None
Walk Time (s) 7.0 7.0 7.0 7.0 7.0
Flash Dont Walk (s) 11.0 11.0 11.0 11.0 11.0
Pedestrian Calls (#/hr) 0 0 0 0 0
Act Effct Green (s) 81.7 33.5 8.3 8.3
Actuated g/C Ratio 0.79 0.32 0.08 0.08
v/c Ratio 0.30 0.33 0.12 0.46
Control Delay 1.1 27.8 40.3 24.8
Queue Delay 0.5 0.0 0.0 0.0
Total Delay 1.6 27.8 40.3 24.8
LOS A C D C
Approach Delay 1.6 27.8 40.3 24.8
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Lanes, Volumes, Timings
7: Benefit St & Wickenden St

2032 No-Build
AM Peak Hour

Lane Group @2 @5

28

Lane Configurations

Traffic Volume (vph)

Future Volume (vph)

Ideal Flow (vphpl)

Lane Util. Factor

Frt

Flt Protected

Satd. Flow (prot)

FIt Permitted

Satd. Flow (perm)

Right Turn on Red

Satd. Flow (RTOR)

Link Speed (mph)

Link Distance (ft)

Travel Time (s)

Peak Hour Factor

Heavy Vehicles (%)

Ad. Flow (vph)

Shared Lane Traffic (%)

Lane Group Flow (vph)

Turn Type

Protected Phases 2 5
Permitted Phases

Detector Phase

Switch Phase

Minimum Initial (s) 5.0 5.0
Minimum Split (s) 23.0 10.0
Total Split (s) 37.0 11.0
Total Split (%) 36% 11%
Maximum Green (s) 32.0 6.0
Yellow Time (s) 3.0 3.0
All-Red Time (s) 2.0 2.0
Lost Time Adjust (s)

Total Lost Time (s)

Lead/Lag

Lead-Lag Optimize?

Vehicle Extension (s) 3.0 3.0
Recall Mode C-Max  None
Walk Time (s) 7.0

Flash Dont Walk (s) 11.0
Pedestrian Calls (#/hr) 0

Act Effct Green (s)

Actuated g/C Ratio

v/c Ratio

Control Delay

Queue Delay

Total Delay

LOS

Approach Delay

5.0
23.5
30.0
29%
24.5

3.5

2.0

3.0
None
7.0
11.0
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Lanes, Volumes, Timings 2032 No-Build

7: Benefit St & Wickenden St AM Peak Hour
A ey ¢ ANt 2 M4

Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Approach LOS A C D C

Queue Length 50th (ft) 12 93 8 13

Queue Length 95th (ft) 17 134 26 57

Internal Link Dist (ft) 57 503 264 343

Turn Bay Length (ft)

Base Capacity (vph) 2319 1060 311 371
Starvation Cap Reductn 1101 0 0 0
Spillback Cap Reductn 0 0 0 0

Storage Cap Reductn 0 0 0 0
Reduced v/c Ratio 0.57 0.33 0.05 0.22

Intersection Summary

Area Type: Other

Cycle Length: 104

Actuated Cycle Length: 104

Offset: 0 (0%), Referenced to phase 2:EBWB and 6:EBWB, Start of Green, Master Intersection
Natural Cycle: 90

Control Type: Actuated-Coordinated

Maximum v/c Ratio: 0.77

Intersection Signal Delay: 11.8 Intersection LOS: B
Intersection Capacity Utilization 43.4% ICU Level of Service A
Analysis Period (min) 15

Splits and Phases:  7: Benefit St & Wickenden St
26 =7 26 =7 26 =7

il iT@"I- 'A)EE ‘¢"A!38
||
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Lanes, Volumes, Timings
7: Benefit St & Wickenden St

2032 No-Build
AM Peak Hour

Lane Group @2 @5

@8

Approach LOS

Queue Length 50th (ft)
Queue Length 95th (ft)
Internal Link Dist (ft)
Turn Bay Length (ft)
Base Capacity (vph)
Starvation Cap Reductn
Spillback Cap Reductn
Storage Cap Reductn
Reduced vic Ratio

Intersection Summary
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HCM Signalized Intersection Capacity Analysis

2032 No-Build

7: Benefit St & Wickenden St AM Peak Hour
A ey ¢ ANt 2 M4

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations i 8 i 8 Fi Y Fi Y

Traffic Volume (vph) 179 422 39 2 303 20 9 2 2 15 4 58

Future Volume (vph) 179 422 39 2 303 20 9 2 2 15 4 58

Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900

Total Lost time (s) 5.0 5.0 4.0 4.0

Lane Util. Factor 0.95 0.95 1.00 1.00

Frt 0.99 0.99 0.98 0.90

Flt Protected 0.99 1.00 0.97 0.99

Satd. Flow (prot) 3333 3436 1799 1606

Flt Permitted 0.71 0.95 0.79 0.94

Satd. Flow (perm) 2397 3273 1464 1519

Peak-hour factor, PHF 092 092 092 092 092 092 09 09 092 092 092 092

Ad. Flow (vph) 195 459 42 2 329 22 10 2 2 16 4 63

RTOR Reduction (vph) 0 3 0 0 5 0 0 2 0 0 58 0

Lane Group Flow (vph) 0 693 0 0 348 0 0 12 0 0 25 0

Heavy Vehicles (%) 2% 8% 0% 0% 4% 5% 0% 0% 0% 7% 0% 5%

Turn Type custom NA custom NA Perm NA Perm NA

Protected Phases 58 268 26 4 4

Permitted Phases 8 6 4 4

Actuated Green, G (s) 81.2 33.6 8.3 8.3

Effective Green, g (s) 81.2 33.6 8.3 8.3

Actuated g/C Ratio 0.78 0.32 0.08 0.08

Clearance Time (s) 4.0 4.0

Vehicle Extension (s) 3.0 3.0

Lane Grp Cap (vph) 2299 1057 116 121

v/s Ratio Prot c0.14

v/s Ratio Perm 0.10 c0.11 0.01 c0.02

v/c Ratio 0.30 0.33 0.10 0.21

Uniform Delay, d1 3.3 26.7 44.4 44.8

Progression Factor 0.36 1.00 1.00 1.00

Incremental Delay, d2 0.1 0.8 0.4 0.9

Delay (s) 1.2 275 44.8 45.6

Level of Service A C D D

Approach Delay (s) 1.2 27.5 44.8 45.6

Approach LOS A C D D

Intersection Summary

HCM 2000 Control Delay 13.1 HCM 2000 Level of Service B

HCM 2000 Volume to Capacity ratio 0.32

Actuated Cycle Length (s) 104.0 Sum of lost time (s) 19.5

Intersection Capacity Utilization 43.4% ICU Level of Service A

Analysis Period (min) 15

¢ Critical Lane Group

Fuss & O'Neill - KRO
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Lanes, Volumes, Timings

2032 No-Build

8: S Main St & Tockwotton St AM Peak Hour
2 T I

Lane Group EBL EBR NBL NBT SBT SBR

Lane Configurations b <

Traffic Volume (vph) 12 0 2 71 0 0

Future Volume (vph) 12 0 2 71 0 0

Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900

Lane Util. Factor 1.00 100 100 1.00 1.00 1.00

Frt

Flt Protected 0.950 0.999

Satd. Flow (prot) 1530 0 0 1793 0 0

Flt Permitted 0.950 0.999

Satd. Flow (perm) 1530 0 0 1793 0 0

Link Speed (mph) 30 30 30

Link Distance (ft) 323 374 363

Travel Time (s) 7.3 8.5 8.3

Peak Hour Factor 092 092 09 092 092 092

Heavy Vehicles (%) 18% 0% 0% 6% 0% 0%

Adj. Flow (vph) 13 0 2 77 0 0

Shared Lane Traffic (%)

Lane Group Flow (vph) 13 0 0 79 0 0

Sign Control Stop Free  Free

Intersection Summary

Area Type: Other
Control Type: Unsignalized
Intersection Capacity Utilization 13.8%
Analysis Period (min) 15

ICU Level of Service A
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HCM Unsignalized Intersection Capacity Analysis
8: S Main St & Tockwotton St

2032 No-Build

AM Peak Hour

2 T N I
Movement EBL EBR NBL NBT SBT SBR
Lane Configurations b <
Traffic Volume (veh/h) 12 0 2 71 0 0
Future Volume (Veh/h) 12 0 2 71 0 0
Sign Control Stop Free  Free
Grade 0% 0% 0%
Peak Hour Factor 092 092 092 092 092 092
Hourly flow rate (vph) 13 0 2 77 0 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None  None
Median storage veh)
Upstream signal (ft) 764

pX, platoon unblocked
vC, conflicting volume
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol

81 0 0

81 0

tC, single (s) 6.6 6.2 4.1
tC, 2 stage (s)

tF (s) 3.7 3.3 22
p0 queue free % 99 100 100
cM capacity (veh/h) 882 1091 1636
Direction, Lane # EB1 NB1

Volume Total 13 79

Volume Left 13 2

Volume Right 0 0

cSH 882 1636

Volume to Capacity 0.01 0.00

Queue Length 95th (ft) 1 0

Control Delay (s) 9.1 0.2

Lane LOS A A
Approach Delay (s) 9.1 0.2
Approach LOS A

Intersection Summary

Average Delay 15
Intersection Capacity Utilization 13.8% ICU Level of Service
Analysis Period (min) 15
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HCM 2010 TWSC 2032 No-Build

8: S Main St & Tockwotton St AM Peak Hour
Intersection
Int Delay, s/veh 1.3
Movement EBL EBR NBL NBT SBT SBR
Lane Configurations % )
Traffic Vol, veh/h 12 0 2 M 0 0
Future Vol, veh/h 12 0 2 M 0 0
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - - -
Veh in Median Storage, # 0 - - 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 18 0 0 6 0 0
Mvmt Flow 13 0 2 17 0 0
Major/Minor Minor2 Major1
Conflicting Flow All 81 - 0 0

Stage 1 0 - - -

Stage 2 81 - -
Critical Hdwy 6.58 - 41

Critical Hdwy Stg 1 - -
Critical Hdwy Stg 2 5.58 - -

Follow-up Hdwy 3.662 - 22
Pot Cap-1 Maneuver 883 0 -
Stage 1 - 0 -
Stage 2 903 0 -

Platoon blocked, %
Mov Cap-1 Maneuver 883 - -
Mov Cap-2 Maneuver 883

Stage 1 - - -

Stage 2 903 - -
Approach EB NB
HCM Control Delay,s 9.1
HCM LOS A
Minor Lane/Major Mvmt NBL NBT EBLn1
Capacity (veh/h) - - 883
HCM Lane V/C Ratio - - 0.015
HCM Control Delay (s) - - 91
HCM Lane LOS - - A
HCM 95th %tile Q(veh) - - 0
Fuss & O'Neill - KRO Synchro 11 Report
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Lanes, Volumes, Timings
9: S Water St & Pike St

2032 No-Build
AM Peak Hour

v St o2

Lane Group WBL WBR NBT NBR  SBL  SBT
Lane Configurations b J4
Traffic Volume (vph) 14 0 0 0 8 405
Future Volume (vph) 14 0 0 0 8 405
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Lane Util. Factor 1.00 100 100 1.00 095 095
Frt

Flt Protected 0.950 0.999
Satd. Flow (prot) 1805 0 0 0 0 3388
Flt Permitted 0.950 0.999
Satd. Flow (perm) 1805 0 0 0 0 3388
Link Speed (mph) 30 30 30
Link Distance (ft) 285 339 459
Travel Time (s) 6.5 7.7 10.4
Peak Hour Factor 092 092 09 092 092 092
Heavy Vehicles (%) 0% 0% 0% 0%  29% 6%
Adj. Flow (vph) 15 0 0 0 9 440
Shared Lane Traffic (%)

Lane Group Flow (vph) 15 0 0 0 0 449
Sign Control Stop Free Free

Intersection Summary

Area Type: Other
Control Type: Unsignalized
Intersection Capacity Utilization 62.9%
Analysis Period (min) 15

ICU Level of Service B

Fuss & O'Neill - KRO

F:\P2008\0944\C92\Traffic\Synchro\195 District 2032 No Build AM.syn

Synchro 11 Report
Page 30



HCM Unsignalized Intersection Capacity Analysis
9: S Water St & Pike St

2032 No-Build

AM Peak Hour

v St o2
Movement WBL WBR NBT NBR SBL  SBT
Lane Configurations b J4
Traffic Volume (veh/h) 14 0 0 0 8 405
Future Volume (Veh/h) 14 0 0 0 8 405
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 092 092 092 092 092 092
Hourly flow rate (vph) 15 0 0 0 9 440
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 459
pX, platoon unblocked 0.99
vC, conflicting volume 238 0 0
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 207 0 0
tC, single (s) 6.8 6.9 4.7
tC, 2 stage (s)
tF (s) 3.5 3.3 25
p0 queue free % 98 100 99
cM capacity (veh/h) 755 1091 1446
Direction, Lane # WB1 SB1 SB2
Volume Total 15 156 293
Volume Left 15 9 0
Volume Right 0 0 0
cSH 755 1446 1700
Volume to Capacity 0.02  0.01 0.17
Queue Length 95th (ft) 2 0 0
Control Delay (s) 9.9 0.5 0.0
Lane LOS A A
Approach Delay (s) 9.9 0.2
Approach LOS A
Intersection Summary
Average Delay 0.5
Intersection Capacity Utilization 62.9% ICU Level of Service

Analysis Period (min)

15
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HCM 2010 TWSC 2032 No-Build

9: S Water St & Pike St AM Peak Hour
Intersection
Int Delay, s/veh 0.3
Movement WBL WBR NBT NBR SBL SBT
Lane Configurations % &4
Traffic Vol, veh/h 14 0 0 0 8 405
Future Vol, veh/h 14 0 0 0 8 405
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - - -
Veh in Median Storage, # 0 - - - - 0
Grade, % 0 - 0 - - 0
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 0 0 0 0 29 6
Mvmt Flow 15 0 0 0 9 440
Major/Minor Minor1 Major2
Conflicting Flow All 238 - 0 0
Stage 1 0 - - -
Stage 2 238 - -
Critical Hdwy 6.8 - 4.68

Critical Hdwy Stg 1 - -
Critical Hdwy Stg 2 5.8 - -

Follow-up Hdwy 3.5 - 249
Pot Cap-1 Maneuver 735 0 -
Stage 1 - 0 -
Stage 2 785 0 -

Platoon blocked, %
Mov Cap-1 Maneuver 735 - -
Mov Cap-2 Maneuver 735

Stage 1 - - -
Stage 2 785 - -
Approach WB SB
HCM Control Delay, s 10
HCM LOS B

Minor Lane/Major Mvmt WBLn1 SBL SBT

Capacity (veh/h) 735 -
HCM Lane V/C Ratio 0.021 -
HCM Control Delay (s) 10 -
HCM Lane LOS B -
HCM 95th %tile Q(veh) 0.1 -
Fuss & O'Neill - KRO Synchro 11 Report
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Lanes, Volumes, Timings

2032 No-Build

10: S Main St & Pike St AM Peak Hour
2 T N I

Lane Group EBL EBR NBL NBT SBT SBR

Lane Configurations b <

Traffic Volume (vph) 10 0 17 834 0 0

Future Volume (vph) 10 0 17 834 0 0

Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900

Lane Util. Factor 1.00 100 100 1.00 1.00 1.00

Frt

Flt Protected 0.950 0.999

Satd. Flow (prot) 1770 0 0 1861 0 0

Flt Permitted 0.950 0.999

Satd. Flow (perm) 1770 0 0 1861 0 0

Link Speed (mph) 30 30 30

Link Distance (ft) 285 363 401

Travel Time (s) 6.5 8.3 9.1

Peak Hour Factor 092 092 09 092 092 092

Adj. Flow (vph) 11 0 18 907 0 0

Shared Lane Traffic (%)

Lane Group Flow (vph) 11 0 0 925 0 0

Sign Control Stop Free  Free

Intersection Summary

Area Type: Other
Control Type: Unsignalized
Intersection Capacity Utilization 62.9%
Analysis Period (min) 15

ICU Level of Service B
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HCM Unsignalized Intersection Capacity Analysis
10: S Main St & Pike St

2032 No-Build

AM Peak Hour

2 T N I
Movement EBL EBR NBL NBT SBT SBR
Lane Configurations b <
Traffic Volume (veh/h) 10 0 17 834 0 0
Future Volume (Veh/h) 10 0 17 834 0 0
Sign Control Stop Free  Free
Grade 0% 0% 0%
Peak Hour Factor 092 092 092 092 092 092
Hourly flow rate (vph) 11 0 18 907 0 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None  None
Median storage veh)
Upstream signal (ft) 401

pX, platoon unblocked
vC, conflicting volume
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol

943 0 0

943 0

tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)

tF (s) 3.5 3.3 22
p0 queue free % 96 100 99
cM capacity (veh/h) 288 1085 1623
Direction, Lane # EB1 NB1

Volume Total 11 925

Volume Left 11 18

Volume Right 0 0

cSH 288 1623

Volume to Capacity 0.04  0.01

Queue Length 95th (ft) 3 1

Control Delay (s) 18.0 0.3

Lane LOS C A
Approach Delay (s) 18.0 0.3
Approach LOS C

Intersection Summary

Average Delay 0.5
Intersection Capacity Utilization 62.9% ICU Level of Service
Analysis Period (min) 15
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HCM 2010 TWSC 2032 No-Build

10: S Main St & Pike St AM Peak Hour
Intersection
Int Delay, s/veh 0.2
Movement EBL EBR NBL NBT SBT SBR
Lane Configurations % )
Traffic Vol, veh/h 10 0 17 834 0 0
Future Vol, veh/h 10 0 17 834 0 0
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - - -
Veh in Median Storage, # 0 - - 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 11 0 18 907 0 0
Major/Minor Minor2 Major1
Conflicting Flow All 943 - 0 0

Stage 1 0 - - -

Stage 2 943 - -
Critical Hdwy 6.42 - 412

Critical Hdwy Stg 1
Critical Hdwy Stg 2 5.42 - -
Follow-up Hdwy 3.518 - 2218

Pot Cap-1 Maneuver 291 0 -
Stage 1 - 0 -
Stage 2 379 0 -

Platoon blocked, %
Mov Cap-1 Maneuver 291 - -
Mov Cap-2 Maneuver 291

Stage 1 - - -

Stage 2 379 - -
Approach EB NB
HCM Control Delay,s 17.9
HCM LOS C
Minor Lane/Major Mvmt NBL NBT EBLn1
Capacity (veh/h) - - 291
HCM Lane V/C Ratio - - 0.037
HCM Control Delay (s) - - 179
HCM Lane LOS - - C
HCM 95th %tile Q(veh) - - 01
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Lanes, Volumes, Timings

2032 No-Build

13: S Main St & Dollar St AM Peak Hour
2 T N I

Lane Group EBL EBR NBL NBT SBT SBR

Lane Configurations b J4

Traffic Volume (vph) 8 0 38 729 0 0

Future Volume (vph) 8 0 38 729 0 0

Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900

Lane Util. Factor 1.00 100 095 095 1.00 1.00

Frt

Flt Protected 0.950 0.998

Satd. Flow (prot) 1805 0 0 3466 0 0

Flt Permitted 0.950 0.998

Satd. Flow (perm) 1805 0 0 3466 0 0

Link Speed (mph) 30 30 30

Link Distance (ft) 213 566 448

Travel Time (s) 4.8 12.9 10.2

Peak Hour Factor 092 092 09 092 092 092

Heavy Vehicles (%) 0% 0% 3% 4% 0% 0%

Adj. Flow (vph) 9 0 41 792 0 0

Shared Lane Traffic (%)

Lane Group Flow (vph) 9 0 0 833 0 0

Sign Control Stop Free  Free

Intersection Summary

Area Type: Other
Control Type: Unsignalized
Intersection Capacity Utilization 39.3%
Analysis Period (min) 15

ICU Level of Service A
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HCM Unsignalized Intersection Capacity Analysis
13: S Main St & Dollar St

2032 No-Build

AM Peak Hour

2 T N I
Movement EBL EBR NBL NBT SBT SBR
Lane Configurations b J4
Traffic Volume (veh/h) 8 0 38 729 0 0
Future Volume (Veh/h) 8 0 38 729 0 0
Sign Control Stop Free  Free
Grade 0% 0% 0%
Peak Hour Factor 092 092 092 092 092 092
Hourly flow rate (vph) 9 0 41 792 0 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None  None
Median storage veh)
Upstream signal (ft) 566
pX, platoon unblocked 0.88

vC, conflicting volume
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol

478 0 0

125 0 0

tC, single (s) 6.8 6.9 4.2
tC, 2 stage (s)

tF (s) 3.5 3.3 22
p0 queue free % 99 100 97
cM capacity (veh/h) 737 1091 1614
Direction, Lane # EB1 NB1 NB2
Volume Total 9 305 528
Volume Left 9 41 0
Volume Right 0 0 0
cSH 737 1614 1700
Volume to Capacity 0.01 0.03  0.31
Queue Length 95th (ft) 1 2 0
Control Delay (s) 9.9 1.2 0.0
Lane LOS A A
Approach Delay (s) 9.9 04
Approach LOS A

Intersection Summary

Average Delay 0.5
Intersection Capacity Utilization 39.3% ICU Level of Service
Analysis Period (min) 15
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HCM 2010 TWSC
13: S Main St & Dollar St

2032 No-Build
AM Peak Hour

Intersection
Int Delay, s/veh 0.1
Movement EBL EBR NBL NBT SBT SBR
Lane Configurations % &4
Traffic Vol, veh/h 8 0 38 729 0 0
Future Vol, veh/h 8 0 38 729 0 0
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - - -
Veh in Median Storage, # 0 - - 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 0 0 3 4 0 0
Mvmt Flow 9 0 41 792 0 0
Major/Minor Minor2 Maijor1
Conflicting Flow All 478 - 0 0

Stage 1 0 - - -

Stage 2 478 - -
Critical Hdwy 6.8 - 416
Critical Hdwy Stg 1 - -
Critical Hdwy Stg 2 5.8 - -
Follow-up Hdwy 3.5 - 2283
Pot Cap-1 Maneuver 521 0 -

Stage 1 - 0 -

Stage 2 595 0 -
Platoon blocked, %
Mov Cap-1 Maneuver 521 - -
Mov Cap-2 Maneuver 521 - -

Stage 1 - - -

Stage 2 595 - -
Approach EB NB
HCM Control Delay, s 12
HCM LOS B
Minor Lane/Major Mvmt NBL NBT EBLnf1
Capacity (veh/h) - - 521
HCM Lane V/C Ratio - - 0.017
HCM Control Delay (s) - - 12
HCM Lane LOS - - B
HCM 95th %tile Q(veh) - - 041
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Lanes, Volumes, Timings
14: S Water St & James St

2032 No-Build
AM Peak Hour

T

A R

§ v

Lane Group NBT NBR SBL SBT SWL SWR
Lane Configurations < b

Traffic Volume (vph) 0 0 33 178 43 0
Future Volume (vph) 0 0 33 178 43 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Lane Util. Factor 1.00 100 100 1.00 1.00 1.00
Frt

Flt Protected 0.992 0.950

Satd. Flow (prot) 0 0 0 1780 1805 0
Flt Permitted 0.992 0.950

Satd. Flow (perm) 0 0 0 1780 1805 0
Link Speed (mph) 30 30 30

Link Distance (ft) 507 1637 194

Travel Time (s) 11.5 37.2 4.4

Peak Hour Factor 092 092 09 092 092 092
Heavy Vehicles (%) 0% 0% 0% 7% 0% 0%
Adj. Flow (vph) 0 0 36 193 47 0
Shared Lane Traffic (%)

Lane Group Flow (vph) 0 0 0 229 47 0
Sign Control Free Free  Stop

Intersection Summary

Area Type: Other
Control Type: Unsignalized
Intersection Capacity Utilization 21.2%
Analysis Period (min) 15

ICU Level of Service A
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HCM Unsignalized Intersection Capacity Analysis

14: S Water St & James St

2032 No-Build
AM Peak Hour

Movement

T

NBT

A R

NBR

SBL

SBT

§ v

SWL  SWR

Lane Configurations
Traffic Volume (veh/h)
Future Volume (Veh/h)
Sign Control

Grade

Peak Hour Factor
Hourly flow rate (vph)
Pedestrians

Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type

Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol
tC, single (s)

tC, 2 stage (s)

tF (s)

p0 queue free %

cM capacity (veh/h)

Direction, Lane #

0

0
Free
0%
0.92

None

507

SB 1

0
0

0.92

SW 1

33
33

0.92
36

2.2
98
1636

ul
178

178
Free
0%
0.92
193

None

b
43 0

43 0
Stop
0%
092 092
47 0

265 0

265 0
6.4 6.2

3.5 3.3
93 100
72 1091

Volume Total

Volume Left

Volume Right

cSH

Volume to Capacity
Queue Length 95th (ft)
Control Delay (s)

Lane LOS

Approach Delay (s)
Approach LOS

Intersection Summary

229
36

1636
0.02

1.3

1.3

47
47

712
0.07

10.4

10.4

Average Delay

Intersection Capacity Utilization

Analysis Period (min)

2.8
21.2%
15

ICU Level of Service
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HCM 2010 TWSC 2032 No-Build

14: S Water St & James St AM Peak Hour
Intersection
Int Delay, s/veh 1.7
Movement NBT NBR SBL SBT SWL SWR
Lane Configurations d 5
Traffic Vol, veh/h 0 0 33 178 43 0
Future Vol, veh/h 0 0 33 178 43 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 Storagé;18048 - - 0 0
Grade, % 0 - - 0 0 -
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 0 0 0 7 0 0
Mvmt Flow 0 0 36 193 47 0
Major/Minor Major2 Minor1
Conflicting Flow All 0 0 265
Stage 1 - - 0
Stage 2 - - 265
Critical Hdwy 41 - 64
Critical Hdwy Stg 1 - - -
Critical Hdwy Stg 2 - - 54
Follow-up Hdwy 22 - 35 -
Pot Cap-1 Maneuver - - 728 0
Stage 1 - - - 0
Stage 2 - - 784 0
Platoon blocked, % -
Mov Cap-1 Maneuver - - 728
Mov Cap-2 Maneuver - - 728
Stage 1 - - -
Stage 2 - - 784
Approach SB SW
HCM Control Delay, s 10.3
HCM LOS B
Minor Lane/Major Mvmt SBL SBTSWLn1
Capacity (veh/h) - - 728
HCM Lane V/C Ratio - - 0.064
HCM Control Delay (s) - - 103
HCM Lane LOS - - B
HCM 95th %tile Q(veh) - - 02
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Lanes, Volumes, Timings

2032 No-Build

15: James St & S Main St AM Peak Hour
»n t .l A XY

Lane Group NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR

Lane Configurations i 8 i | 1a

Traffic Volume (vph) 21 723 2 0 0 0 18 11 0 0 23 11

Future Volume (vph) 21 723 2 0 0 0 18 11 0 0 23 11

Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900

Lane Util. Factor 095 095 09 100 100 100 100 100 100 100 100 1.00

Frt 0.956

Flt Protected 0.999 0.970

Satd. Flow (prot) 0 3472 0 0 0 0 0 1776 0 0 1759 0

Flt Permitted 0.999 0.970

Satd. Flow (perm) 0 3472 0 0 0 0 0 1776 0 0 1759 0

Link Speed (mph) 30 30 30 30

Link Distance (ft) 448 786 194 199

Travel Time (s) 10.2 17.9 4.4 4.5

Peak Hour Factor 092 092 092 092 092 09 092 092 092 092 092 092

Heavy Vehicles (%) 0% 4% 0% 0% 0% 0% 6% 0% 0% 0% 0%  10%

Adj. Flow (vph) 23 786 2 0 0 0 20 12 0 0 25 12

Shared Lane Traffic (%)

Lane Group Flow (vph) 0 811 0 0 0 0 0 32 0 0 37 0

Sign Control Free Free Stop Stop

Intersection Summary

Area Type: Other
Control Type: Unsignalized

Intersection Capacity Utilization 35.6%

Analysis Period (min) 15

ICU Level of Service A
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HCM Unsignalized Intersection Capacity Analysis

15: James St & S Main St

2032 No-Build
AM Peak Hour

»n t .l A XY
Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations i 8 i | 1a
Traffic Volume (veh/h) 21 723 2 0 0 0 18 1 0 0 23 11
Future Volume (Veh/h) 21 723 2 0 0 0 18 11 0 0 23 11
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 092 092 092 092 092 092 09 092 092 092 092 092
Hourly flow rate (vph) 23 786 2 0 0 0 20 12 0 0 25 12
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 1014
pX, platoon unblocked 0.99 0.99 0.99 0.99 0.99 0.99
vC, conflicting volume 0 788 464 834 0 839 833 394
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 765 437 811 0 816 810 366
tC, single (s) 4.1 4.1 7.6 6.5 6.9 75 6.5 7.1
tC, 2 stage (s)
tF (s) 22 22 3.6 4.0 3.3 3.5 4.0 34
p0 queue free % 99 100 96 96 100 100 92 98
cM capacity (veh/h) 1636 848 445 308 1091 258 308 602
Direction, Lane # NB1 NB2 NE1 SW1
Volume Total 416 395 32 37
Volume Left 23 0 20 0
Volume Right 0 2 0 12
cSH 1636 1700 381 366
Volume to Capacity 0.01 0.23 0.08 0.10
Queue Length 95th (ft) 1 0 7 8
Control Delay (s) 0.5 0.0 15.3 15.9
Lane LOS A C C
Approach Delay (s) 0.3 15.3 15.9
Approach LOS C C
Intersection Summary
Average Delay 15
Intersection Capacity Utilization 35.6% ICU Level of Service A
Analysis Period (min) 15
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HCM 2010 TWSC 2032 No-Build

15: James St & S Main St AM Peak Hour

Intersection

Int Delay, s/veh 1.2

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR

Lane Configurations P 8 4 8

Traffic Vol, veh/h 21 723 2 0 0 0o 18 N 0 0 23 N

Future Vol, veh/h 21 723 2 0 0 0o 18 M1 0 0 23 M

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

Sign Control Free Free Free Free Free Free Stop Stop Stop Stop Stop Stop

RT Channelized - - None - - None - - None - - None

Storage Length - - - - - - - - - - - -

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

Grade, % - 0 - - 0 - - 0 - - 0 -

Peak Hour Factor 92 92 92 92 92 92 92 92 92 92 92 9

Heavy Vehicles, % 0 4 0 0 0 0 6 0 0 0 0 10

Mvmt Flow 23 786 2 0 0 0 20 12 0 0 25 12

Major/Minor Maijor1 Minor2 Minor1

Conflicting Flow All 0 0 0 452 834 - - 833 3%
Stage 1 - - - 0 0 - - 833 -
Stage 2 - - - 452 834 - - 0 -

Critical Hdwy 4.1 - - 762 6.5 - - 65 741

Critical Hdwy Stg 1 - - - - - - - 55 -

Critical Hdwy Stg 2 - - - 6.62 55 - - - -

Follow-up Hdwy 22 - - 3.56 4 - - 4 34

Pot Cap-1 Maneuver - - - 482 306 0 0 307 583
Stage 1 - - - - - 0 0 386 -
Stage 2 - - - 546 386 0 0 - -

Platoon blocked, % - -

Mov Cap-1 Maneuver - - - 442 306 - - 307 583

Mov Cap-2 Maneuver - - - 442 306 - - 307 -
Stage 1 - - - - - - - 386 -
Stage 2 - - - 500 386 - - - -

Approach NB NE SW

HCM Control Delay, s 154 16

HCM LOS C C

Minor Lane/Major Mvmt NELn1 NBL NBT NBRSWLn1

Capacity (veh/h) 378 - - - 363

HCM Lane V/C Ratio 0.083 - - - 0.102

HCM Control Delay (s) 15.4 - - - 16

HCM Lane LOS C - - - C

HCM 95th %tile Q(veh) 0.3 - - - 03
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Lanes, Volumes, Timings

16: S Water St & Tockwotton Street/Tockwotton St

2032 No-Build
AM Peak Hour

S e T Y A P T N N
Lane Group EBL EBT EBR WBL WBT WBR SEL SET SER NWL NWT NWR
Lane Configurations 1a i | i 8
Traffic Volume (vph) 0 2 2 2 3 0 8 387 17 0 0 0
Future Volume (vph) 0 2 2 2 3 0 8 387 17 0 0 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Lane Util. Factor 100 100 100 100 100 100 095 09 095 100 1.00 1.00
Frt 0.932 0.994
Flt Protected 0.980 0.999
Satd. Flow (prot) 0 1771 0 0 1862 0 0 3360 0 0 0 0
Flt Permitted 0.980 0.999
Satd. Flow (perm) 0 1771 0 0 1862 0 0 3360 0 0 0 0
Link Speed (mph) 30 30 30 30
Link Distance (ft) 327 323 339 315
Travel Time (s) 7.4 7.3 7.7 7.2
Peak Hour Factor 092 092 092 092 092 09 092 092 092 092 092 092
Heavy Vehicles (%) 0% 0% 0% 0% 0% 0%  14% 6%  19% 0% 0% 0%
Adj. Flow (vph) 0 2 2 2 3 0 9 421 18 0 0 0
Shared Lane Traffic (%)
Lane Group Flow (vph) 0 4 0 0 5 0 0 448 0 0 0 0
Sign Control Stop Stop Free Stop
Intersection Summary
Area Type: Other

Control Type: Unsignalized
Intersection Capacity Utilization 21.5%
Analysis Period (min) 15

ICU Level of Service A
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HCM 2010 TWSC

16: S Water St & Tockwotton Street/Tockwotton St

2032 No-Build

AM Peak Hour

Intersection
Int Delay, s/veh 0.2
Movement EBL EBT EBR WBL WBT WBR SEL SET SER NWL NWT NWR
Lane Configurations B 4 1
Traffic Vol, veh/h 0 2 2 2 3 0 8 387 17 0 0 0
Future Vol, veh/h 0 2 2 2 3 0 8 387 17 0 0 0
Conflicting Peds, #/hr 0 0 0 0 0 0 0 0 0 0 0 0
Sign Control Stop Stop Stop Stop Stop Stop Free Free Free Stop Stop Stop
RT Channelized - - None - - None - - None - - None
Storage Length - - - - - - -
Veh in Median Storage, # - 0 - 0 0 - - -
Grade, % - 0 - - 0 - - 0 - - 0 -
Peak Hour Factor 92 92 92 92 92 92 92 92 92 92 92 9
Heavy Vehicles, % 0 0 0 0 0 0 14 6 19 0 0 0
Mvmt Flow 0 2 2 2 3 0 9 42 18 0 0 0
Major/Minor Minor1 Minor2 Major1
Conflicting Flow All 448 220 230 457 0 0 0

Stage 1 - 448 - 0 0 - - -

Stage 2 - 0 - 230 457 - -
Critical Hdwy - 65 69 75 65 - 438 -
Critical Hdwy Stg 1 55 - - - - -
Critical Hdwy Stg 2 - - - 65 55 - - :
Follow-up Hdwy 4 33 35 4 - 234
Pot Cap-1 Maneuver 0 509 790 711 503 0 - -

Stage 1 0 576 - - - 0

Stage 2 0 - - 758 571 0 -
Platoon blocked, %
Mov Cap-1 Maneuver - 509 790 707 503 -
Mov Cap-2 Maneuver 509 - 707 503

Stage 1 - 576 - - - -

Stage 2 - - 753 571
Approach EB WB SE
HCM Control Delay, s  10.9 114
HCM LOS B B
Minor Lane/Major Mvmt EBLn1WBLn1 SEL SET SER
Capacity (veh/h) 619 569 - =
HCM Lane V/C Ratio 0.007 0.01
HCM Control Delay (s) 109 114 -
HCM Lane LOS B B
HCM 95th %tile Q(veh) 0 0 -
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Lanes, Volumes, Timings

2032 No-Build

24 AM Peak Hour
A ey ¢ ANt 2 M4

Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations i Y 1= L] 44

Traffic Volume (vph) 6 18 22 0 0 0 0 280 21 217 724 0

Future Volume (vph) 6 18 22 0 0 0 0 280 21 217 724 0

Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900

Lane Util. Factor 1.00 100 100 100 100 100 100 095 095 097 095 1.00

Frt 0.936 0.989

Flt Protected 0.993 0.950

Satd. Flow (prot) 0 1766 0 0 0 0 0 3341 0 3273 3539 0

Flt Permitted 0.993 0.950

Satd. Flow (perm) 0 1766 0 0 0 0 0 3341 0 3273 3539 0

Right Turn on Red Yes Yes Yes Yes

Satd. Flow (RTOR) 24 12

Link Speed (mph) 30 30 30 30

Link Distance (ft) 368 129 395 217

Travel Time (s) 8.4 2.9 9.0 4.9

Peak Hour Factor 092 092 092 092 092 09 09 092 09 092 092 09

Heavy Vehicles (%) 0% 0% 0% 0% 0% 0% 0% 7% 5% 7% 2% 0%

Ad. Flow (vph) 7 20 24 0 0 0 0 304 23 236 787 0

Shared Lane Traffic (%)

Lane Group Flow (vph) 0 51 0 0 0 0 0 327 0 236 787 0

Turn Type Perm NA NA Prot NA

Protected Phases 4 1 23 12

Permitted Phases 4

Detector Phase 4 4 1 23 12

Switch Phase

Minimum Initial (s) 5.0 5.0 5.0

Minimum Split (s) 10.0  10.0 235

Total Split (s) 11.0 11.0 29.0

Total Split (%) 15.7% 15.7% 41.4%

Maximum Green (s) 6.0 6.0 235

Yellow Time (s) 3.0 3.0 3.0

All-Red Time (s) 2.0 2.0 25

Lost Time Adjust (s) 0.0 0.0

Total Lost Time (s) 5.0 55

Lead/Lag Lag Lag Lead

Lead-Lag Optimize? Yes Yes Yes

Vehicle Extension (s) 3.0 3.0 3.0

Recall Mode None  None C-Max

Walk Time (s) 7.0

Flash Dont Walk (s) 11.0

Pedestrian Calls (#/hr) 15

Act Effct Green (s) 6.7 30.0 220 46.0

Actuated g/C Ratio 0.10 0.43 0.31 0.66

v/c Ratio 0.27 0.23 023 0.34

Control Delay 21.9 14.4 18.3 6.9

Queue Delay 0.0 0.0 0.0 0.0

Total Delay 21.9 14.4 18.3 6.9

LOS C B B A

Approach Delay 21.9 14.4 9.6
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Lanes, Volumes, Timings
24.

2032 No-Build
AM Peak Hour

Lane Group @2

@3

Lane Configurations

Traffic Volume (vph)

Future Volume (vph)

Ideal Flow (vphpl)

Lane Util. Factor

Frt

Flt Protected

Satd. Flow (prot)

FIt Permitted

Satd. Flow (perm)

Right Turn on Red

Satd. Flow (RTOR)

Link Speed (mph)

Link Distance (ft)

Travel Time (s)

Peak Hour Factor

Heavy Vehicles (%)

Ad. Flow (vph)

Shared Lane Traffic (%)

Lane Group Flow (vph)

Turn Type

Protected Phases 2
Permitted Phases

Detector Phase

Switch Phase

Minimum Initial (s) 5.0
Minimum Split (s) 13.0
Total Split (s) 16.0
Total Split (%) 23%
Maximum Green (s) 11.0
Yellow Time (s) 3.0
All-Red Time (s) 2.0
Lost Time Adjust (s)

Total Lost Time (s)

Lead/Lag Lag
Lead-Lag Optimize? Yes
Vehicle Extension (s) 3.0
Recall Mode Max
Walk Time (s) 5.0
Flash Dont Walk (s) 3.0
Pedestrian Calls (#/hr) 50
Act Effct Green (s)

Actuated g/C Ratio

v/c Ratio

Control Delay

Queue Delay

Total Delay

LOS

Approach Delay

5.0
11.5
14.0
20%

9.5

3.5

1.0

Lead
Yes
3.0
None
4.0
3.0
50

Fuss & O'Neill - KRO

F:\P2008\0944\C92\Traffic\Synchro\195 District 2032 No Build AM.syn

Synchro 11 Report
Page 49



Lanes, Volumes, Timings 2032 No-Build

24 AM Peak Hour
A ey ¢ ANt 2 M4

Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Approach LOS C B A

Queue Length 50th (ft) 1 48 37 83

Queue Length 95th (ft) 40 82 62 126

Internal Link Dist (ft) 288 49 315 137

Turn Bay Length (ft)

Base Capacity (vph) 195 1440 1168 2327
Starvation Cap Reductn 0 0 0 0
Spillback Cap Reductn 0 0 0 0

Storage Cap Reductn 0 0 0 0
Reduced v/c Ratio 0.26 0.23 020 0.34

Intersection Summary

Area Type: Other

Cycle Length: 70

Actuated Cycle Length: 70

Offset: 41 (59%), Referenced to phase 1:NBSB, Start of Green

Natural Cycle: 60

Control Type: Actuated-Coordinated

Maximum v/c Ratio: 0.34

Intersection Signal Delay: 11.1 Intersection LOS: B
Intersection Capacity Utilization 32.9% ICU Level of Service A
Analysis Period (min) 15

Splits and Phases:  24:

“@1 b’m \’@3 g4
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Lanes, Volumes, Timings
24.

2032 No-Build
AM Peak Hour

Lane Group @2

@3

Approach LOS

Queue Length 50th (ft)
Queue Length 95th (ft)
Internal Link Dist (ft)
Turn Bay Length (ft)
Base Capacity (vph)
Starvation Cap Reductn
Spillback Cap Reductn
Storage Cap Reductn
Reduced vic Ratio

Intersection Summary
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HCM Signalized Intersection Capacity Analysis 2032 No-Build

24 AM Peak Hour
A ey ¢ ANt 2 M4

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations i Y 1= L] 44

Traffic Volume (vph) 6 18 22 0 0 0 0 280 21 217 724 0

Future Volume (vph) 6 18 22 0 0 0 0 280 21 217 724 0

Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900

Total Lost time (s) 5.0 55 5.0 55

Lane Util. Factor 1.00 0.95 0.97 0.95

Frt 0.94 0.99 1.00  1.00

Flt Protected 0.99 1.00 095 1.00

Satd. Flow (prot) 1767 3343 3273 3539

Flt Permitted 0.99 1.00 095 1.00

Satd. Flow (perm) 1767 3343 3273 3539

Peak-hour factor, PHF 092 092 092 092 092 09 092 092 092 092 092 092

Adj. Flow (vph) 7 20 24 0 0 0 0 304 23 236 787 0

RTOR Reduction (vph) 0 22 0 0 0 0 0 7 0 0 0 0

Lane Group Flow (vph) 0 29 0 0 0 0 0 320 0 236 787 0

Heavy Vehicles (%) 0% 0% 0% 0% 0% 0% 0% 7% 5% 7% 2% 0%

Turn Type Perm NA NA Prot NA

Protected Phases 4 1 23 12

Permitted Phases 4

Actuated Green, G (s) 4.5 28.0 225 445

Effective Green, g (s) 4.5 28.0 225 445

Actuated g/C Ratio 0.06 0.40 032 0.64

Clearance Time (s) 5.0 55

Vehicle Extension (s) 3.0 3.0

Lane Grp Cap (vph) 113 1337 1052 2249

v/s Ratio Prot 0.10 c0.07 ¢c0.22

v/s Ratio Perm 0.02

v/c Ratio 0.25 0.24 022 035

Uniform Delay, d1 31.2 13.9 17.4 6.0

Progression Factor 1.00 1.00 1.00 1.00

Incremental Delay, d2 1.2 0.4 0.1 0.4

Delay (s) 32.3 14.4 17.5 6.4

Level of Service C B B A

Approach Delay (s) 32.3 0.0 14.4 9.0

Approach LOS C A B A

Intersection Summary

HCM 2000 Control Delay 1.1 HCM 2000 Level of Service B

HCM 2000 Volume to Capacity ratio 0.37

Actuated Cycle Length (s) 70.0 Sum of lost time (s) 20.0

Intersection Capacity Utilization 32.9% ICU Level of Service A

Analysis Period (min) 15

¢ Critical Lane Group
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Lanes, Volumes, Timings
2. S Water St & Dollar St

2032 Build
AM Peak Hour

"SR BV
Lane Group WBL WBR NBT NBR SBL SBT
Lane Configurations b 4
Traffic Volume (vph) 98 0 0 0 20 259
Future Volume (vph) 98 0 0 0 20 259
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Lane Util. Factor 1.00 100 100 1.00 100 100
Frt
Flt Protected 0.950 0.996
Satd. Flow (prot) 1752 0 0 0 0 1793
FIt Permitted 0.950 0.996
Satd. Flow (perm) 1752 0 0 0 0 1793
Right Turn on Red Yes Yes
Satd. Flow (RTOR)
Link Speed (mph) 30 30 30
Link Distance (ft) 213 448 507
Travel Time (s) 4.8 10.2 11.5
Peak Hour Factor 092 09 09 09 092 092
Heavy Vehicles (%) 3% 0% 0% 0% 0% 6%
Adj. Flow (vph) 107 0 0 0 22 282
Shared Lane Traffic (%)
Lane Group Flow (vph) 107 0 0 0 0 304
Turn Type Prot Split NA
Protected Phases 2 1 1
Permitted Phases
Detector Phase 2 1 1
Switch Phase
Minimum Initial (s) 5.0 5.0 5.0
Minimum Split (S) 22.0 225 225
Total Split (s) 56.0 740 740
Total Split (%) 43.1% 56.9% 56.9%
Maximum Green (S) 51.0 69.5 695
Yellow Time (s) 3.0 3.0 3.0
All-Red Time (s) 2.0 15 15
Lost Time Adjust (s) 0.0 0.0
Total Lost Time (s) 5.0 4.5
Lead/Lag Lag Lead Lead
Lead-Lag Optimize? Yes Yes Yes
Vehicle Extension (s) 3.0 3.0 3.0
Recall Mode None Max  Max
Walk Time (s) 7.0 7.0 7.0
Flash Dont Walk (s) 10.0 100 100
Pedestrian Calls (#/hr) 0 0 0
Act Effct Green (s) 11.4 79.0
Actuated g/C Ratio 0.11 0.79
vlc Ratio 0.54 0.21
Control Delay 50.7 3.3
Queue Delay 0.0 0.0
Total Delay 50.7 3.3
LOS D A
Approach Delay 50.7 3.3
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Lanes, Volumes, Timings
2. S Water St & Dollar St

2032 Build
AM Peak Hour

'O BV

Lane Group WBL WBR NBT NBR SBL SBT
Approach LOS D A
Queue Length 50th (ft) 66 38
Queue Length 95th (ft) 111 72
Internal Link Dist (ft) 133 368 427
Turn Bay Length (ft)

Base Capacity (vph) 895 1418
Starvation Cap Reductn 0 0
Spillback Cap Reductn 0 0
Storage Cap Reductn 0 0
Reduced v/c Ratio 0.12 0.21

Intersection Summary

Area Type: Other
Cycle Length: 130

Actuated Cycle Length: 99.9

Natural Cycle: 45

Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.54

Intersection Signal Delay: 15.7
Intersection Capacity Utilization 49.6%
Analysis Period (min) 15

Splits and Phases:  2: S Water St & Dollar St

Intersection LOS: B
ICU Level of Service A

b’!ﬂl

(@ 2
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HCM Signalized Intersection Capacity Analysis

2: S Water St & Dollar St

2032 Build
AM Peak Hour

"SR BV
Movement WBL WBR NBT NBR  SBL  SBT
Lane Configurations b 4
Traffic Volume (vph) 98 0 0 0 20 259
Future Volume (vph) 98 0 0 0 20 259
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 4.5
Lane Util. Factor 1.00 1.00
Frt 1.00 1.00
Flt Protected 0.95 1.00
Satd. Flow (prot) 1752 1793
Flt Permitted 0.95 1.00
Satd. Flow (perm) 1752 1793
Peak-hour factor, PHF 092 092 092 092 092 092
Adj. Flow (vph) 107 0 0 0 22 282
RTOR Reduction (vph) 0 0 0 0 0 0
Lane Group Flow (vph) 107 0 0 0 0 304
Heavy Vehicles (%) 3% 0% 0% 0% 0% 6%
Turn Type Prot Split NA
Protected Phases 2 1 1
Permitted Phases
Actuated Green, G (s) 11.4 79.0
Effective Green, g (s) 11.4 79.0
Actuated g/C Ratio 0.11 0.79
Clearance Time (S) 5.0 4.5
Vehicle Extension (s) 3.0 3.0
Lane Grp Cap (vph) 199 1417
v/s Ratio Prot c0.06 c0.17
v/s Ratio Perm
v/c Ratio 0.54 0.21
Uniform Delay, d1 41.8 2.6
Progression Factor 1.00 1.00
Incremental Delay, d2 2.8 0.3
Delay (s) 445 3.0
Level of Service D A
Approach Delay (s) 44.5 0.0 3.0
Approach LOS D A A
Intersection Summary
HCM 2000 Control Delay 13.8 HCM 2000 Level of Service B
HCM 2000 Volume to Capacity ratio 0.25
Actuated Cycle Length (s) 99.9 Sum of lost time (S) 9.5
Intersection Capacity Utilization 49.6% ICU Level of Service A
Analysis Period (min) 15

¢ Critical Lane Group
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Lanes, Volumes, Timings
3: S Water St & Wickenden St

2032 Build
AM Peak Hour

A ey v ANt 2 M4
Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations 1 'l 44 4
Traffic Volume (vph) 0 737 266 5 521 0 0 0 0 55 235 61
Future Volume (vph) 0 737 266 5 521 0 0 0 0 55 235 61
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Storage Length (ft) 0 200 0 0 0 0 0 0
Storage Lanes 0 1 0 0 0 0 0 0
Taper Length (ft) 25 25 25 25
Lane Util. Factor 100 091 091 09 09 100 100 100 100 095 095 09
Frt 0.995 0.850 0.974
Flt Protected 0.992
Satd. Flow (prot) 0 3369 1386 0 3472 0 0 0 0 0 3297 0
FIt Permitted 0.949 0.992
Satd. Flow (perm) 0 3369 1386 0 3295 0 0 0 0 0 3297 0
Right Turn on Red Yes Yes Yes Yes
Satd. Flow (RTOR) 4 260 25
Link Speed (mph) 30 30 30 30
Link Distance (ft) 890 256 459 448
Travel Time () 20.2 5.8 104 10.2
Peak Hour Factor 092 092 092 092 092 092 092 092 092 092 092 092
Heavy Vehicles (%) 0% 2% 6% 0% 4% 0% 0% 0% 0% % % 0%
Adj. Flow (vph) 0 801 289 5 566 0 0 0 0 60 255 66
Shared Lane Traffic (%) 10%
Lane Group Flow (vph) 0 830 260 0 571 0 0 0 0 0 381 0
Turn Type NA Prot  Perm NA custom NA
Protected Phases 2 2 2 4 4
Permitted Phases 2 4
Detector Phase 2 2 2 2 4 4
Switch Phase
Minimum Initial (s) 5.0 5.0 5.0 5.0 5.0 5.0
Minimum Split (s) 230 230 230 230 230 230
Total Split (s) 450 450 450 450 290 29.0
Total Split (%) 474% 474% 47.4% 47.4% 30.5% 30.5%
Maximum Green (S) 40.0 400 400 40.0 240 240
Yellow Time (s) 3.0 3.0 3.0 3.0 3.0 3.0
All-Red Time (s) 2.0 2.0 2.0 2.0 2.0 2.0
Lost Time Adjust (s) 0.0 0.0 0.0 0.0
Total Lost Time () 5.0 5.0 5.0 5.0
Lead/Lag
Lead-Lag Optimize?
Vehicle Extension (S) 3.0 3.0 3.0 3.0 3.0 3.0
Recall Mode C-Max C-Max C-Max C-Max None  None
Walk Time (s)
Flash Dont Walk (s)
Pedestrian Calls (#/hr)
Act Effct Green (s) 572  57.2 57.2 15.8
Actuated g/C Ratio 0.60 0.60 0.60 0.17
v/c Ratio 041 0.28 0.29 0.67
Control Delay 13.2 2.7 12.0 40.4
Queue Delay 0.0 0.0 0.5 0.0
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Lanes, Volumes, Timings
3: S Water St & Wickenden St

2032 Build
AM Peak Hour

Lane Group 29

Lane Configurations
Traffic Volume (vph)
Future Volume (vph)
Ideal Flow (vphpl)
Storage Length (ft)
Storage Lanes

Taper Length (ft)

Lane Util. Factor

Frt

Flt Protected

Satd. Flow (prot)

Flt Permitted

Satd. Flow (perm)
Right Turn on Red
Satd. Flow (RTOR)
Link Speed (mph)

Link Distance (ft)
Travel Time (S)

Peak Hour Factor
Heavy Vehicles (%)
Adj. Flow (vph)

Shared Lane Traffic (%)
Lane Group Flow (vph)
Turn Type

Protected Phases 9
Permitted Phases
Detector Phase

Switch Phase

Minimum Initial (s) 5.0
Minimum Split (s) 20.0
Total Split (s) 21.0
Total Split (%) 22%
Maximum Green (S) 19.0
Yellow Time (s) 2.0
All-Red Time (s) 0.0
Lost Time Adjust (s)

Total Lost Time ()

Lead/Lag

Lead-Lag Optimize?

Vehicle Extension (S) 3.0
Recall Mode None
Walk Time (s) 7.0
Flash Dont Walk (s) 11.0
Pedestrian Calls (#/hr) 30
Act Effct Green (s)

Actuated g/C Ratio

v/c Ratio

Control Delay

Queue Delay
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Lanes, Volumes, Timings 2032 Build

3: S Water St & Wickenden St AM Peak Hour
A ey v ANt 2 M4

Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Total Delay 13.2 2.7 12,5 40.4

LOS B A B D

Approach Delay 10.7 12,5 40.4

Approach LOS B B D

Queue Length 50th (ft) 165 0 100 107

Queue Length 95th (ft) 245 45 154 146

Internal Link Dist (ft) 810 176 379 368

Turn Bay Length (ft) 200

Base Capacity (vph) 2031 938 1985 851

Starvation Cap Reductn 0 0 909 0

Spillback Cap Reductn 0 0 0 0

Storage Cap Reductn 0 0 0 0

Reduced v/c Ratio 041  0.28 0.53 0.45

Intersection Summary

Area Type: Other

Cycle Length: 95

Actuated Cycle Length: 95

Offset: 57 (60%), Referenced to phase 2:EBWB, Start of Green
Natural Cycle: 70

Control Type: Actuated-Coordinated

Maximum v/c Ratio: 0.67

Intersection Signal Delay: 16.7 Intersection LOS: B
Intersection Capacity Utilization 48.1% ICU Level of Service A
Analysis Period (min) 15
Splits and Phases: ~ 3: S Water St & Wickenden St
.‘_
<02 i\’m *hao
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Lanes, Volumes, Timings
3: S Water St & Wickenden St

2032 Build
AM Peak Hour

Lane Group 29

Total Delay

LOS

Approach Delay
Approach LOS

Queue Length 50th (ft)
Queue Length 95th (ft)
Internal Link Dist (ft)
Turn Bay Length (ft)
Base Capacity (vph)
Starvation Cap Reductn
Spillback Cap Reductn
Storage Cap Reductn
Reduced v/c Ratio

Intersection Summary
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HCM Signalized Intersection Capacity Analysis
3: S Water St & Wickenden St

2032 Build
AM Peak Hour

A ey v ANt 2 M4
Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations 1 'l 44 4
Traffic Volume (vph) 0 737 266 5 521 0 0 0 0 55 235 61
Future Volume (vph) 0 737 266 5 521 0 0 0 0 55 235 61
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0
Lane Util. Factor 091 091 0.95 0.95
Frt 099 0.85 1.00 0.97
Flt Protected 1.00 1.00 1.00 0.99
Satd. Flow (prot) 3368 1386 3471 3298
Flt Permitted 100 1.00 0.95 0.99
Satd. Flow (perm) 3368 1386 3295 3298
Peak-hour factor, PHF 092 09 09 09 09 09 09 09 09 092 092 092
Adj. Flow (vph) 0 801 289 5 566 0 0 0 0 60 255 66
RTOR Reduction (vph) 0 2 106 0 0 0 0 0 0 0 21 0
Lane Group Flow (vph) 0 828 154 0 571 0 0 0 0 0 360 0
Heavy Vehicles (%) 0% 2% 6% 0% 4% 0% 0% 0% 0% % % 0%
Turn Type NA Prot  Perm NA custom NA
Protected Phases 2 2 2 4 4
Permitted Phases 2 4
Actuated Green, G (s) 564 564 56.4 15.8
Effective Green, g (s) 564  56.4 56.4 15.8
Actuated g/C Ratio 059 059 0.59 0.17
Clearance Time (S) 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 1999 822 1956 548
v/s Ratio Prot c0.25 011 c0.11
v/s Ratio Perm 0.17
v/c Ratio 041 019 0.29 0.66
Uniform Delay, d1 10.4 8.8 9.5 37.1
Progression Factor 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.6 0.5 0.4 2.8
Delay (s) 11.0 9.3 9.9 39.9
Level of Service B A A D
Approach Delay (s) 10.6 9.9 0.0 39.9
Approach LOS B A A D
Intersection Summary
HCM 2000 Control Delay 15.9 HCM 2000 Level of Service B
HCM 2000 Volume to Capacity ratio 0.41
Actuated Cycle Length (s) 95.0 Sum of lost time (S) 12.0
Intersection Capacity Utilization 48.1% ICU Level of Service A
Analysis Period (min) 15

¢ Critical Lane Group
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Lanes, Volumes, Timings
6: S Main St & Wickenden St

2032 Build
AM Peak Hour

A ey v ANt 2 M4
Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations 44 1 44 'l
Traffic Volume (vph) 308 478 0 0 267 150 252 571 157 0 0 0
Future Volume (vph) 308 478 0 0 267 150 252 571 157 0 0 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Storage Length (ft) 0 0 0 0 0 150 0 0
Storage Lanes 0 0 0 0 0 1 0 0
Taper Length (ft) 25 25 25 25
Lane Util. Factor 095 095 100 100 09 09 095 09 100 100 100 1.00
Frt 0.946 0.850
Flt Protected 0.981 0.985
Satd. Flow (prot) 0 3457 0 0 3252 0 0 3429 1553 0 0 0
Flt Permitted 0.639 0.985
Satd. Flow (perm) 0 2252 0 0 3252 0 0 3429 1553 0 0 0
Right Turn on Red Yes Yes Yes Yes
Satd. Flow (RTOR) 64 115
Link Speed (mph) 30 30 30 30
Link Distance (ft) 256 137 401 566
Travel Time (S) 5.8 3.1 9.1 12.9
Peak Hour Factor 092 092 092 092 092 092 092 092 092 092 092 092
Heavy Vehicles (%) 0% 4% 0% 0% 5% 5% 3% 4% 4% 0% 0% 0%
Adj. Flow (vph) 335 520 0 0 290 163 274 621 171 0 0 0
Shared Lane Traffic (%)
Lane Group Flow (vph) 0 855 0 0 453 0 0 895 171 0 0 0
Turn Type custom NA NA Split NA Prot
Protected Phases 5 256 246 8 8 8
Permitted Phases 2
Detector Phase 5 256 246 8 8 8
Switch Phase
Minimum Initial (s) 5.0 5.0 5.0 5.0
Minimum Split (s) 10.0 235 235 235
Total Split (s) 11.0 300 300 300
Total Split (%) 10.6% 28.8% 28.8% 28.8%
Maximum Green (S) 6.0 245 245 245
Yellow Time (s) 3.0 35 3.5 3.5
All-Red Time (s) 2.0 2.0 2.0 2.0
Lost Time Adjust (s) 0.0 0.0
Total Lost Time () 55 55
Lead/Lag
Lead-Lag Optimize?
Vehicle Extension (S) 3.0 3.0 3.0 3.0
Recall Mode None None None None
Walk Time (s) 7.0 7.0 7.0
Flash Dont Walk (s) 11.0 110 110
Pedestrian Calls (#/hr) 0 0 0
Act Effct Green (s) 46.8 46.6 211 2711
Actuated g/C Ratio 0.45 0.45 026  0.26
v/c Ratio 0.72 0.30 1.00 035
Control Delay 17.5 0.6 705 144
Queue Delay 1.6 0.2 0.0 0.0
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Lanes, Volumes, Timings
6: S Main St & Wickenden St

2032 Build
AM Peak Hour

Lane Group @2 @4 @6

Lane Configurations
Traffic Volume (vph)
Future Volume (vph)
Ideal Flow (vphpl)
Storage Length (ft)
Storage Lanes

Taper Length (ft)

Lane Util. Factor

Frt

Flt Protected

Satd. Flow (prot)

Flt Permitted

Satd. Flow (perm)
Right Turn on Red
Satd. Flow (RTOR)
Link Speed (mph)

Link Distance (ft)
Travel Time (S)

Peak Hour Factor
Heavy Vehicles (%)
Adj. Flow (vph)

Shared Lane Traffic (%)
Lane Group Flow (vph)
Turn Type

Protected Phases 2 4 6
Permitted Phases
Detector Phase

Switch Phase

Minimum Initial (s) 5.0 5.0 5.0
Minimum Split (s) 230 225 230
Total Split (s) 370 260 370
Total Split (%) 36% 25% @ 36%
Maximum Green () 320 220 320
Yellow Time (s) 3.0 3.0 3.0
All-Red Time (s) 2.0 1.0 2.0
Lost Time Adjust (s)

Total Lost Time ()

Lead/Lag

Lead-Lag Optimize?

Vehicle Extension (S) 3.0 3.0 3.0
Recall Mode C-Max  None C-Max
Walk Time (s) 7.0 7.0 7.0
Flash Dont Walk (s) 11.0 110 110
Pedestrian Calls (#/hr) 0 0 0
Act Effct Green (s)

Actuated g/C Ratio

v/c Ratio

Control Delay

Queue Delay
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Lanes, Volumes, Timings 2032 Build

6: S Main St & Wickenden St AM Peak Hour
A ey v ANt 2 M4

Lane Group EBL EBT EBR WBL WBT WBR NBL  NBT NBR SBL SBT  SBR

Total Delay 19.0 0.8 705 144

LOS B A E B

Approach Delay 19.0 0.8 61.5

Approach LOS B A E

Queue Length 50th (ft) 122 0 ~354 30

Queue Length 95th (ft) 154 1 #484 89

Internal Link Dist (ft) 176 57 321 486

Turn Bay Length (ft) 150

Base Capacity (vph) 1185 1841 893 489

Starvation Cap Reductn 170 600 0 0

Spillback Cap Reductn 0 0 0 0

Storage Cap Reductn 0 0 0 0

Reduced v/c Ratio 0.84 0.37 100 035

Intersection Summary

Area Type: Other

Cycle Length: 104

Actuated Cycle Length: 104

Offset: 0 (0%), Referenced to phase 2:EBWB and 6:EBWB, Start of Green, Master Intersection
Natural Cycle: 100

Control Type: Actuated-Coordinated

Maximum v/c Ratio: 1.00

Intersection Signal Delay: 34.6 Intersection LOS: C
Intersection Capacity Utilization 70.4% ICU Level of Service C
Analysis Period (min) 15

~ Volume exceeds capacity, queue is theoretically infinite.
Queue shown is maximum after two cycles.

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

Splits and Phases:  6: S Main St & Wickenden St
# £7 #  £7 # £7

o s s B
||
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Lanes, Volumes, Timings
6: S Main St & Wickenden St

2032 Build
AM Peak Hour

Lane Group @2 @4

26

Total Delay

LOS

Approach Delay
Approach LOS

Queue Length 50th (ft)
Queue Length 95th (ft)
Internal Link Dist (ft)
Turn Bay Length (ft)
Base Capacity (vph)
Starvation Cap Reductn
Spillback Cap Reductn
Storage Cap Reductn
Reduced v/c Ratio

Intersection Summary
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HCM Signalized Intersection Capacity Analysis
6: S Main St & Wickenden St

2032 Build
AM Peak Hour

A ey v ANt 2 M4
Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations 44 1 44 'l
Traffic Volume (vph) 308 478 0 0 267 150 252 571 157 0 0 0
Future Volume (vph) 308 478 0 0 267 150 252 571 157 0 0 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 55 55
Lane Util. Factor 0.95 0.95 095 1.00
Frt 1.00 0.95 1.00 085
Flt Protected 0.98 1.00 098 1.00
Satd. Flow (prot) 3457 3253 3429 1553
Flt Permitted 0.64 1.00 098 1.00
Satd. Flow (perm) 2251 3253 3429 1553
Peak-hour factor, PHF 092 092 092 092 09 092 092 092 09 092 092 092
Adj. Flow (vph) 335 520 0 0 290 163 274 621 171 0 0 0
RTOR Reduction (vph) 0 0 0 0 35 0 0 0 85 0 0 0
Lane Group Flow (vph) 0 855 0 0 418 0 0 895 86 0 0 0
Heavy Vehicles (%) 0% 4% 0% 0% 5% 5% 3% 4% 4% 0% 0% 0%
Turn Type custom NA NA Split NA Prot
Protected Phases 5 256 246 8 8 8
Permitted Phases 2
Actuated Green, G (s) 46.8 47.6 2711 2711
Effective Green, g (s) 46.8 47.6 211 2711
Actuated g/C Ratio 0.45 0.46 026  0.26
Clearance Time (S) 55 55
Vehicle Extension (s) 3.0 3.0
Lane Grp Cap (vph) 1184 1488 893 404
v/s Ratio Prot 0.10 0.13 c0.26  0.06
v/s Ratio Perm 0.22
v/c Ratio 0.72 0.28 100 021
Uniform Delay, d1 233 17.6 385 301
Progression Factor 1.00 0.01 1.00 1.00
Incremental Delay, d2 2.2 0.1 30.7 0.3
Delay (s) 25.5 0.2 69.1 304
Level of Service C A E C
Approach Delay (s) 25.5 0.2 62.9 0.0
Approach LOS C A E A
Intersection Summary
HCM 2000 Control Delay 375 HCM 2000 Level of Service D
HCM 2000 Volume to Capacity ratio 0.76
Actuated Cycle Length (s) 104.0 Sum of lost time (S) 19.5
Intersection Capacity Utilization 70.4% ICU Level of Service C
Analysis Period (min) 15

¢ Critical Lane Group
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Lanes, Volumes, Timings

7: Wickenden St

2032 Build
AM Peak Hour

A ey v ANt 2 M4
Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations 1 1 2 i S
Traffic Volume (vph) 179 465 65 2 346 20 44 2 2 15 4 58
Future Volume (vph) 179 465 65 2 346 20 44 2 2 15 4 58
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Lane Util. Factor 095 09 09 09 09 09 100 100 100 1.00 100 1.00
Frt 0.986 0.992 0.995 0.898
Flt Protected 0.988 0.956 0.990
Satd. Flow (prot) 0 3326 0 0 3442 0 0 1807 0 0 1606 0
Flt Permitted 0.691 0.952 0.611 0.937
Satd. Flow (perm) 0 2326 0 0 3277 0 0 1155 0 0 1520 0
Right Turn on Red Yes Yes Yes Yes
Satd. Flow (RTOR) 21 6 2 63
Link Speed (mph) 30 30 30 30
Link Distance (ft) 137 583 344 423
Travel Time (s) 31 13.3 7.8 9.6
Peak Hour Factor 092 09 09 09 09 09 09 09 09 092 092 092
Heavy Vehicles (%) 2% 8% 0% 0% 4% 5% 0% 0% 0% 7% 0% 5%
Adj. Flow (vph) 195 505 71 2 376 22 48 2 2 16 4 63
Shared Lane Traffic (%)
Lane Group Flow (vph) 0 771 0 0 400 0 0 52 0 0 83 0
Turn Type custom NA custom NA Perm NA Perm NA
Protected Phases 58 268 26 4 4
Permitted Phases 8 6 4 4
Detector Phase 58 268 6 26 4 4 4 4
Switch Phase
Minimum Initial (s) 5.0 5.0 5.0 5.0 5.0
Minimum Split (s) 23.0 225 225 225 225
Total Split (s) 37.0 260  26.0 260 26.0
Total Split (%) 35.6% 25.0% 25.0% 25.0% 25.0%
Maximum Green (S) 320 220 220 220 220
Yellow Time (s) 3.0 3.0 3.0 3.0 3.0
All-Red Time (s) 2.0 1.0 1.0 1.0 1.0
Lost Time Adjust (s) 0.0 0.0
Total Lost Time (s) 4.0 4.0
Lead/Lag
Lead-Lag Optimize?
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Recall Mode C-Max None  None None  None
Walk Time (s) 7.0 7.0 7.0 7.0 7.0
Flash Dont Walk (s) 11.0 11.0 110 11.0 110
Pedestrian Calls (#/hr) 0 0 0 0 0
Act Effct Green (s) 79.4 32.0 10.6 10.6
Actuated g/C Ratio 0.76 0.31 0.10 0.10
vlc Ratio 0.34 0.40 0.44 0.39
Control Delay 14 29.3 52.7 20.9
Queue Delay 0.5 0.0 0.0 0.0
Total Delay 1.9 29.3 52.7 20.9
LOS A C D C
Approach Delay 1.9 29.3 52.7 20.9
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Lanes, Volumes, Timings
7. Wickenden St

2032 Build
AM Peak Hour

Lane Group @2 @5 @8

Lane Configurations
Traffic Volume (vph)
Future Volume (vph)
Ideal Flow (vphpl)
Lane Util. Factor

Frt

FIt Protected

Satd. Flow (prot)

FIt Permitted

Satd. Flow (perm)
Right Turn on Red
Satd. Flow (RTOR)
Link Speed (mph)

Link Distance (ft)
Travel Time (s)

Peak Hour Factor
Heavy Vehicles (%)
Adj. Flow (vph)

Shared Lane Traffic (%)
Lane Group Flow (vph)
Turn Type

Protected Phases 2 5 8
Permitted Phases
Detector Phase

Switch Phase

Minimum Initial (s) 5.0 5.0 5.0
Minimum Split (S) 230 100 235
Total Split (s) 370 110 300
Total Split (%) 36% 11%  29%
Maximum Green (S) 32.0 6.0 245
Yellow Time (s) 3.0 3.0 35
All-Red Time (s) 2.0 2.0 2.0
Lost Time Adjust (s)

Total Lost Time (s)

Lead/Lag

Lead-Lag Optimize?

Vehicle Extension (s) 3.0 3.0 3.0
Recall Mode C-Max None None
Walk Time (s) 7.0 7.0
Flash Dont Walk (s) 11.0 11.0
Pedestrian Calls (#/hr) 0 0
Act Effct Green (s)

Actuated g/C Ratio

vlc Ratio

Control Delay

Queue Delay

Total Delay

LOS

Approach Delay
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Lanes, Volumes, Timings

7: Wickenden St

2032 Build
AM Peak Hour

A ey v ANt 2 M4
Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Approach LOS A C D C
Queue Length 50th (ft) 15 107 32 12
Queue Length 95th (ft) 27 152 68 55
Internal Link Dist (ft) 57 503 264 343
Turn Bay Length (ft)
Base Capacity (vph) 2237 1012 245 371
Starvation Cap Reductn 952 0 0 0
Spillback Cap Reductn 0 0 0 0
Storage Cap Reductn 0 0 0 0
Reduced v/c Ratio 0.60 0.40 0.21 0.22
Intersection Summary
Area Type: Other

Cycle Length: 104

Actuated Cycle Length: 104

Offset: 0 (0%), Referenced to phase 2:EBWB and 6:EBWB, Start of Green, Master Intersection
Natural Cycle: 100

Control Type: Actuated-Coordinated
Maximum v/c Ratio: 1.00

Intersection Signal Delay: 13.5
Intersection Capacity Utilization 51.4%
Analysis Period (min) 15

Intersection LOS: B
ICU Level of Service A

Splits and Phases:  7: Wickenden St
##7 7o F7

~ e b A
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Lanes, Volumes, Timings
7. Wickenden St

2032 Build
AM Peak Hour

Lane Group @2

25

28

Approach LOS

Queue Length 50th (ft)
Queue Length 95th (ft)
Internal Link Dist (ft)
Turn Bay Length (ft)
Base Capacity (vph)
Starvation Cap Reductn
Spillback Cap Reductn
Storage Cap Reductn
Reduced v/c Ratio

Intersection Summary
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HCM Signalized Intersection Capacity Analysis

7: Wickenden St

2032 Build
AM Peak Hour

A ey v ANt 2 M4
Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations 1 1 2 i S
Traffic Volume (vph) 179 465 65 2 346 20 44 2 2 15 4 58
Future Volume (vph) 179 465 65 2 346 20 44 2 2 15 4 58
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 4.0 4.0
Lane Util. Factor 0.95 0.95 1.00 1.00
Frt 0.99 0.99 0.99 0.90
Flt Protected 0.99 1.00 0.96 0.99
Satd. Flow (prot) 3325 3440 1807 1606
Flt Permitted 0.69 0.95 0.61 0.94
Satd. Flow (perm) 2328 3277 1155 1519
Peak-hour factor, PHF 092 09 09 09 09 09 09 09 09 092 092 092
Adj. Flow (vph) 195 505 71 2 376 22 48 2 2 16 4 63
RTOR Reduction (vph) 0 5 0 0 4 0 0 2 0 0 57 0
Lane Group Flow (vph) 0 766 0 0 396 0 0 50 0 0 26 0
Heavy Vehicles (%) 2% 8% 0% 0% 4% 5% 0% 0% 0% % 0% 5%
Turn Type custom NA custom NA Perm NA Perm NA
Protected Phases 58 268 26 4 4
Permitted Phases 8 6 4 4
Actuated Green, G (s) 78.9 32.0 10.6 10.6
Effective Green, g (s) 78.9 32.0 10.6 10.6
Actuated g/C Ratio 0.76 0.31 0.10 0.10
Clearance Time (S) 4.0 4.0
Vehicle Extension (s) 3.0 3.0
Lane Grp Cap (vph) 2215 1008 117 154
v/s Ratio Prot 0.16
v/s Ratio Perm 0.11 0.12 c0.04 0.02
v/c Ratio 0.35 0.39 0.43 0.17
Uniform Delay, d1 4.1 28.3 43.9 42.7
Progression Factor 0.37 1.00 1.00 1.00
Incremental Delay, d2 0.1 1.1 2.5 0.5
Delay (s) 1.6 29.5 46.4 43.2
Level of Service A C D D
Approach Delay (s) 1.6 29.5 46.4 432
Approach LOS A C D D
Intersection Summary
HCM 2000 Control Delay 14.6 HCM 2000 Level of Service B
HCM 2000 Volume to Capacity ratio 0.39
Actuated Cycle Length (s) 104.0 Sum of lost time (S) 19.5
Intersection Capacity Utilization 51.4% ICU Level of Service A
Analysis Period (min) 15

¢ Critical Lane Group
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Lanes, Volumes, Timings
8: S Main St & Tockwotton St

2032 Build
AM Peak Hour

S T N R 4
Lane Group EBL EBR NBL NBT SBT SBR
Lane Configurations b i
Traffic Volume (vph) 19 0 2 71 0 0
Future Volume (vph) 19 0 2 71 0 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Lane Util. Factor 1.00 100 100 1.00 100 100
Frt
Flt Protected 0.950 0.999
Satd. Flow (prot) 1530 0 0 1793 0 0
FIt Permitted 0.950 0.999
Satd. Flow (perm) 1530 0 0 1793 0 0
Link Speed (mph) 30 30 30
Link Distance (ft) 323 374 363
Travel Time (s) 7.3 8.5 8.3
Peak Hour Factor 092 09 09 09 092 092
Heavy Vehicles (%) 18% 0% 0% 6% 0% 0%
Adj. Flow (vph) 21 0 2 77 0 0
Shared Lane Traffic (%)
Lane Group Flow (vph) 21 0 0 79 0 0
Sign Control Stop Free  Free

Intersection Summary

Area Type:

Control Type: Unsignalized

Other

Intersection Capacity Utilization 13.8%

Analysis Period (min) 15

ICU Level of Service A
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HCM Unsignalized Intersection Capacity Analysis
8: S Main St & Tockwotton St

2032 Build
AM Peak Hour

S T N R 4
Movement EBL  EBR NBL NBT SBT SBR
Lane Configurations b i
Traffic Volume (veh/h) 19 0 2 71 0 0
Future Volume (Veh/h) 19 0 2 71 0 0
Sign Control Stop Free  Free
Grade 0% 0% 0%
Peak Hour Factor 092 092 092 092 092 092
Hourly flow rate (vph) 21 0 2 77 0 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None  None
Median storage veh)
Upstream signal (ft) 764
pX, platoon unblocked
vC, conflicting volume 81 0 0
vCl, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 81 0 0

tC, single (s)

tC, 2 stage ()
tF (s)

p0 queue free %

6.6 6.2 4.1

3.7 3.3 2.2
98 100 100

cM capacity (veh/h) 882 1091 1636
Direction, Lane # EB1 NB1

Volume Total 21 79

Volume Left 21 2

Volume Right 0 0

cSH 882 1636

Volume to Capacity 0.02  0.00

Queue Length 95th (ft) 2 0

Control Delay (s) 9.2 0.2

Lane LOS A A
Approach Delay (s) 9.2 0.2
Approach LOS A

Intersection Summary

Average Delay 21
Intersection Capacity Utilization 13.8% ICU Level of Service
Analysis Period (min) 15
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Lanes, Volumes, Timings
9: S Water St & Pike St

2032 Build
AM Peak Hour

"SR BV
Lane Group WBL WBR NBT NBR SBL SBT
Lane Configurations b 44
Traffic Volume (vph) 18 0 0 0 86 448
Future Volume (vph) 18 0 0 0 86 448
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Lane Util. Factor 100 100 100 1.00 095 0.95
Frt
Flt Protected 0.950 0.992
Satd. Flow (prot) 1805 0 0 0 0 3265
FIt Permitted 0.950 0.992
Satd. Flow (perm) 1805 0 0 0 0 3265
Link Speed (mph) 30 30 30
Link Distance (ft) 285 339 459
Travel Time (s) 6.5 7.7 10.4
Peak Hour Factor 092 09 09 09 092 092
Heavy Vehicles (%) 0% 0% 0% 0%  29% 6%
Adj. Flow (vph) 20 0 0 0 93 487
Shared Lane Traffic (%)
Lane Group Flow (vph) 20 0 0 0 0 580
Sign Control Stop Free Free
Intersection Summary
Area Type: Other

Control Type: Unsignalized
Intersection Capacity Utilization 72.7%
Analysis Period (min) 15

ICU Level of Service C
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HCM Unsignalized Intersection Capacity Analysis
9: S Water St & Pike St

2032 Build
AM Peak Hour

"SR BV
Movement WBL WBR NBT NBR  SBL  SBT
Lane Configurations b 44
Traffic Volume (veh/h) 18 0 0 0 86 448
Future Volume (Veh/h) 18 0 0 0 86 448
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 092 092 092 092 092 092
Hourly flow rate (vph) 20 0 0 0 93 487
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 459
pX, platoon unblocked 0.97
vC, conflicting volume 430 0 0
vCl, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 344 0 0
tC, single (s) 6.8 6.9 4.7
tC, 2 stage ()
tF (5) 35 3.3 2.5
p0 queue free % 97 100 94
cM capacity (veh/h) 572 1091 1446
Direction, Lane # WB1 SB1 SB2
Volume Total 20 255 325
Volume Left 20 93 0
Volume Right 0 0 0
cSH 572 1446 1700
Volume to Capacity 003 006 0.19
Queue Length 95th (ft) 3 5 0
Control Delay (s) 11.5 31 0.0
Lane LOS B A
Approach Delay (s) 11.5 14
Approach LOS B
Intersection Summary
Average Delay 1.7
Intersection Capacity Utilization 72.7% ICU Level of Service

Analysis Period (min)

15
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Lanes, Volumes, Timings
10: S Main St & Pike St

2032 Build
AM Peak Hour

S T N R 4
Lane Group EBL EBR NBL NBT SBT SBR
Lane Configurations b i
Traffic Volume (vph) 54 0 40 930 0 0
Future Volume (vph) 54 0 40 930 0 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Lane Util. Factor 1.00 100 100 1.00 100 100
Frt
FIt Protected 0.950 0.998
Satd. Flow (prot) 1770 0 0 1859 0 0
FIt Permitted 0.950 0.998
Satd. Flow (perm) 1770 0 0 1859 0 0
Link Speed (mph) 30 30 30
Link Distance (ft) 285 363 401
Travel Time (s) 6.5 8.3 9.1
Peak Hour Factor 092 092 092 092 092 092
Adj. Flow (vph) 59 0 43 1011 0 0
Shared Lane Traffic (%)
Lane Group Flow (vph) 59 0 0 1054 0 0
Sign Control Stop Free  Free
Intersection Summary
Area Type: Other

Control Type: Unsignalized
Intersection Capacity Utilization 72.7%
Analysis Period (min) 15

ICU Level of Service C
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HCM Unsignalized Intersection Capacity Analysis
10: S Main St & Pike St

2032 Build
AM Peak Hour

S T N R 4
Movement EBL  EBR NBL NBT SBT SBR
Lane Configurations b i
Traffic Volume (veh/h) 54 0 40 930 0 0
Future Volume (Veh/h) 54 0 40 930 0 0
Sign Control Stop Free  Free
Grade 0% 0% 0%
Peak Hour Factor 092 092 092 092 092 092
Hourly flow rate (vph) 59 0 43 1011 0 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None  None
Median storage veh)
Upstream signal (ft) 401
pX, platoon unblocked
vC, conflicting volume 1097 0 0
vCl, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1097 0 0

tC, single (s) 6.4 6.2 4.1
tC, 2 stage ()

tF (5) 35 3.3 2.2
p0 queue free % 74 100 97
cM capacity (veh/h) 230 1085 1623
Direction, Lane # EB1 NB1

Volume Total 59 1054

Volume Left 59 43

Volume Right 0 0

cSH 230 1623

Volume to Capacity 026 0.03

Queue Length 95th (ft) 25 2

Control Delay (s) 26.0 0.8

Lane LOS D A
Approach Delay (s) 26.0 0.8
Approach LOS D

Intersection Summary

Average Delay 21
Intersection Capacity Utilization 72.7% ICU Level of Service
Analysis Period (min) 15
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Lanes, Volumes, Timings
13. S Main St & Dollar St

2032 Build
AM Peak Hour

S T N R 4
Lane Group EBL EBR NBL NBT SBT SBR
Lane Configurations b 44
Traffic Volume (vph) 21 0 187 809 0 0
Future Volume (vph) 21 0 187 809 0 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Lane Util. Factor 100 100 095 095 100 100
Frt
Flt Protected 0.950 0.991
Satd. Flow (prot) 1805 0 0 3446 0 0
FIt Permitted 0.950 0.991
Satd. Flow (perm) 1805 0 0 3446 0 0
Link Speed (mph) 30 30 30
Link Distance (ft) 213 566 448
Travel Time (s) 4.8 129  10.2
Peak Hour Factor 092 09 09 09 092 092
Heavy Vehicles (%) 0% 0% 3% 4% 0% 0%
Adj. Flow (vph) 23 0 203 879 0 0
Shared Lane Traffic (%)
Lane Group Flow (vph) 23 0 0 1082 0 0
Sign Control Stop Free  Free
Intersection Summary
Area Type: Other

Control Type: Unsignalized
Intersection Capacity Utilization 49.6%
Analysis Period (min) 15

ICU Level of Service A
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HCM Unsignalized Intersection Capacity Analysis
13: S Main St & Dollar St

2032 Build
AM Peak Hour

2y v bt/
Movement EBL  EBR NBL NBT SBT SBR
Lane Configurations b 44
Traffic Volume (veh/h) 21 0 187 809 0 0
Future Volume (Veh/h) 21 0 187 809 0 0
Sign Control Stop Free  Free
Grade 0% 0% 0%
Peak Hour Factor 092 092 092 092 092 092
Hourly flow rate (vph) 23 0 203 879 0 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None  None
Median storage veh)
Upstream signal (ft) 566
pX, platoon unblocked 0.81
vC, conflicting volume 846 0 0

vCl, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol
tC, single (s)

tC, 2 stage ()

tF (s)

336 0 0
6.8 6.9 4.2

3.5 3.3 2.2
95 100 87

p0 queue free %

cM capacity (veh/h) 452 1091 1614
Direction, Lane # EB1 NB1 NB2
Volume Total 23 496 586
Volume Left 23 203 0
Volume Right 0 0 0
cSH 452 1614 1700
Volume to Capacity 005 013 034
Queue Length 95th (ft) 4 11 0
Control Delay (s) 13.4 3.8 0.0
Lane LOS B A
Approach Delay (s) 13.4 1.7
Approach LOS B

Intersection Summary

Average Delay 2.0
Intersection Capacity Utilization 49.6% ICU Level of Service
Analysis Period (min) 15
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Lanes, Volumes, Timings

14: S Water St & James St

2032 Build
AM Peak Hour

' L T S 7
Lane Group NBT NBR SBL SBT SWL SWR
Lane Configurations i b
Traffic Volume (vph) 0 0 39 208 84 0
Future Volume (vph) 0 0 39 208 84 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Lane Util. Factor 1.00 100 100 1.00 100 100
Frt
Flt Protected 0.992 0.950
Satd. Flow (prot) 0 0 0 1780 1805 0
FIt Permitted 0.992 0.950
Satd. Flow (perm) 0 0 0 1780 1805 0
Link Speed (mph) 30 30 30
Link Distance (ft) 507 1637 194
Travel Time (s) 11.5 37.2 4.4
Peak Hour Factor 092 09 09 09 092 092
Heavy Vehicles (%) 0% 0% 0% 7% 0% 0%
Adj. Flow (vph) 0 0 42 226 91 0
Shared Lane Traffic (%)
Lane Group Flow (vph) 0 0 0 268 91 0
Sign Control Free Free  Stop
Intersection Summary
Area Type: Other

Control Type: Unsignalized
Intersection Capacity Utilization 24.4%
Analysis Period (min) 15

ICU Level of Service A
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HCM Unsignalized Intersection Capacity Analysis

14: S Water St & James St

2032 Build
AM Peak Hour

t r =« { ¢ v
Movement NBT NBR SBL SBT SWL SWR
Lane Configurations i b
Traffic Volume (veh/h) 0 0 39 208 84 0
Future Volume (Veh/h) 0 0 39 208 84 0
Sign Control Free Free  Stop
Grade 0% 0% 0%
Peak Hour Factor 092 092 092 092 092 092
Hourly flow rate (vph) 0 0 42 226 91 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 507
pX, platoon unblocked
vC, conflicting volume 0 310 0
vCl, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 0 310 0
tC, single (s) 4.1 6.4 6.2
tC, 2 stage ()
tF (5) 2.2 35 3.3
p0 queue free % 97 86 100
cM capacity (veh/h) 1636 669 1091
Direction, Lane # SB1 Swi1
Volume Total 268 91
Volume Left 42 91
Volume Right 0 0
cSH 1636 669
Volume to Capacity 003 014
Queue Length 95th (ft) 2 12
Control Delay (s) 1.3 112
Lane LOS A B
Approach Delay (s) 1.3 112
Approach LOS B
Intersection Summary
Average Delay 3.8
Intersection Capacity Utilization 24.4% ICU Level of Service

Analysis Period (min)

15
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Lanes, Volumes, Timings

15: James St & S Main St

2032 Build
AM Peak Hour

< T D A T S . S TR S 1
Lane Group NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations 1 i) Ta
Traffic Volume (vph) 61 776 2 0 0 0 42 11 0 0 23 11
Future Volume (vph) 61 776 2 0 0 0 42 11 0 0 23 11
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Lane Util. Factor 095 09 09 100 100 100 100 100 1.00 1.00 100 1.00
Frt 0.956
Flt Protected 0.996 0.962
Satd. Flow (prot) 0 3467 0 0 0 0 0 1745 0 0 1759 0
FIt Permitted 0.996 0.962
Satd. Flow (perm) 0 3467 0 0 0 0 0 1745 0 0 1759 0
Link Speed (mph) 30 30 30 30
Link Distance (ft) 448 786 194 199
Travel Time (s) 10.2 17.9 4.4 4.5
Peak Hour Factor 092 09 09 09 09 09 09 09 09 092 092 092
Heavy Vehicles (%) 0% 4% 0% 0% 0% 0% 6% 0% 0% 0% 0%  10%
Adj. Flow (vph) 66 843 2 0 0 0 46 12 0 0 25 12
Shared Lane Traffic (%)
Lane Group Flow (vph) 0 911 0 0 0 0 0 58 0 0 37 0
Sign Control Free Free Stop Stop
Intersection Summary
Area Type: Other

Control Type: Unsignalized
Intersection Capacity Utilization 39.5%
Analysis Period (min) 15

ICU Level of Service A
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HCM Unsignalized Intersection Capacity Analysis

15: James St & S Main St

2032 Build
AM Peak Hour

< T D A T S . S TR S 1
Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations 1 i) Ta
Traffic Volume (veh/h) 61 776 2 0 0 0 42 11 0 0 23 11
Future Volume (Veh/h) 61 776 2 0 0 0 42 11 0 0 23 11
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 092 092 092 092 09 092 092 092 09 092 092 092
Hourly flow rate (vph) 66 843 2 0 0 0 46 12 0 0 25 12
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 1014
pX, platoon unblocked
vC, conflicting volume 0 845 578 977 0 982 976 422
vCl, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 0 845 578 977 0 982 976 422
tC, single (s) 4.1 4.1 7.6 6.5 6.9 7.5 6.5 7.1
tC, 2 stage ()
tF (5) 2.2 2.2 3.6 4.0 3.3 35 4.0 34
p0 queue free % 96 100 87 95 100 100 90 98
cM capacity (veh/h) 1636 800 341 243 1091 193 243 558
Direction, Lane # NBl1 NB2 NE1 SwW1
Volume Total 438 424 58 37
Volume Left 66 0 46 0
Volume Right 0 2 0 12
cSH 1636 1700 315 297
Volume to Capacity 004 025 018 0.12
Queue Length 95th (ft) 3 0 17 11
Control Delay (s) 1.3 00 190 188
Lane LOS A e e
Approach Delay (s) 0.7 19.0 1838
Approach LOS e e
Intersection Summary
Average Delay 2.4
Intersection Capacity Utilization 39.5% ICU Level of Service A
Analysis Period (min) 15
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Lanes, Volumes, Timings 2032 Build

16: S Water St & Tockwotton Street/Tockwotton St AM Peak Hour
A T U L VR, S N NN

Lane Group EBL EBT EBR WBL WBT WBR SEL SET SER NWL NWT NWR

Lane Configurations Ta i) 1

Traffic Volume (vph) 0 2 2 4 3 0 17 429 17 0 0 0

Future Volume (vph) 0 2 2 4 3 0 17 429 17 0 0 0

Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900

Lane Util. Factor 100 100 100 100 100 100 095 095 095 100 1.00 1.00

Frt 0.932 0.995

Flt Protected 0.972 0.998

Satd. Flow (prot) 0 1m 0 0 1847 0 0 3358 0 0 0 0

FIt Permitted 0.972 0.998

Satd. Flow (perm) 0 1m 0 0 1847 0 0 3358 0 0 0 0

Link Speed (mph) 30 30 30 30

Link Distance (ft) 327 323 339 315

Travel Time (s) 7.4 7.3 7.7 7.2

Peak Hour Factor 092 09 09 09 09 09 09 09 09 092 092 092

Heavy Vehicles (%) 0% 0% 0% 0% 0% 0%  14% 6%  19% 0% 0% 0%

Adj. Flow (vph) 0 2 2 4 3 0 18 466 18 0 0 0

Shared Lane Traffic (%)

Lane Group Flow (vph) 0 4 0 0 7 0 0 502 0 0 0 0

Sign Control Stop Stop Free Free

Intersection Summary

Area Type: Other

Control Type: Unsignalized

Intersection Capacity Utilization 23.3% ICU Level of Service A

Analysis Period (min) 15
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HCM Unsignalized Intersection Capacity Analysis
16: S Water St & Tockwotton Street/Tockwotton St

2032 Build
AM Peak Hour

A T U L VR, S N NN
Movement EBL EBT EBR WBL WBT WBR SEL SET SER NWL NWT NWR
Lane Configurations Ta i) 1
Traffic Volume (veh/h) 0 2 2 4 3 0 17 429 17 0 0 0
Future Volume (Veh/h) 0 2 2 4 3 0 17 429 17 0 0 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 092 092 092 092 09 092 092 092 09 092 092 092
Hourly flow rate (vph) 0 2 2 4 3 0 18 466 18 0 0 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 798
pX, platoon unblocked
vC, conflicting volume 512 511 242 272 520 0 0 434
vCl, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 512 511 242 272 520 0 0 484
tC, single (s) 7.5 6.5 6.9 7.5 6.5 6.9 44 4.1
tC, 2 stage ()
tF (5) 35 4.0 3.3 35 4.0 3.3 2.3 2.2
p0 queue free % 100 100 100 99 99 100 99 100
cM capacity (veh/h) 443 463 765 654 458 1091 1538 1089
Direction, Lane # EB1 WB1 SE1 SE2
Volume Total 4 7 251 251
Volume Left 0 4 18 0
Volume Right 2 0 0 18
cSH 577 553 1538 1700
Volume to Capacity 001 001 001 015
Queue Length 95th (ft) 1 1 1 0
Control Delay (s) 11.3 116 0.6 0.0
Lane LOS B B A
Approach Delay (s) 11.3 116 0.3
Approach LOS B B
Intersection Summary
Average Delay 0.6
Intersection Capacity Utilization 23.3% ICU Level of Service A
Analysis Period (min) 15

Fuss & O'Neill - KRO

F:\P2008\0944\C92\Traffic\Synchro\195 District 2032 Build AM.syn

Synchro 11 Report
Page 32



Lanes, Volumes, Timings

2032 Build

24: AM Peak Hour
A ey v ANt 2 M4

Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations s 1 LL T

Traffic Volume (vph) 6 18 22 0 0 0 0 280 21 248 724 0

Future Volume (vph) 6 18 22 0 0 0 0 280 21 248 724 0

Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900

Lane Util. Factor 100 100 100 100 100 100 1.00 095 095 097 095 100

Frt 0.936 0.989

Flt Protected 0.993 0.950

Satd. Flow (prot) 0 1766 0 0 0 0 0 3341 0 3273 3539 0

FIt Permitted 0.993 0.950

Satd. Flow (perm) 0 1766 0 0 0 0 0 3341 0 3273 3539 0

Right Turn on Red Yes Yes Yes Yes

Satd. Flow (RTOR) 24 12

Link Speed (mph) 30 30 30 30

Link Distance (ft) 368 129 395 217

Travel Time (s) 8.4 2.9 9.0 4.9

Peak Hour Factor 092 09 09 09 09 09 09 09 09 092 092 092

Heavy Vehicles (%) 0% 0% 0% 0% 0% 0% 0% 7% 5% 7% 2% 0%

Adj. Flow (vph) 7 20 24 0 0 0 0 304 23 270 787 0

Shared Lane Traffic (%)

Lane Group Flow (vph) 0 51 0 0 0 0 0 327 0 270 787 0

Turn Type Perm NA NA Prot NA

Protected Phases 4 1 23 12

Permitted Phases 4

Detector Phase 4 4 1 23 12

Switch Phase

Minimum Initial (s) 5.0 5.0 5.0

Minimum Split (S) 10.0  10.0 235

Total Split (s) 11.0 110 29.0

Total Split (%) 15.7% 15.7% 41.4%

Maximum Green (S) 6.0 6.0 235

Yellow Time (s) 3.0 3.0 3.0

All-Red Time (s) 2.0 2.0 25

Lost Time Adjust (s) 0.0 0.0

Total Lost Time (s) 5.0 55

Lead/Lag Lag Lag Lead

Lead-Lag Optimize? Yes Yes Yes

Vehicle Extension (s) 3.0 3.0 3.0

Recall Mode None  None C-Max

Walk Time (s) 7.0

Flash Dont Walk (s) 11.0

Pedestrian Calls (#/hr) 15

Act Effct Green (s) 6.7 30.0 225  46.0

Actuated g/C Ratio 0.10 0.43 032 0.66

vlc Ratio 0.27 0.23 026 034

Control Delay 219 14.4 18.2 6.9

Queue Delay 0.0 0.0 0.0 0.0

Total Delay 21.9 144 18.2 6.9

LOS C B B A

Approach Delay 219 14.4 9.8
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Lanes, Volumes, Timings
24

2032 Build
AM Peak Hour

Lane Group @2

@23

Lane Configurations

Traffic Volume (vph)

Future Volume (vph)

Ideal Flow (vphpl)

Lane Util. Factor

Frt

Flt Protected

Satd. Flow (prot)

FIt Permitted

Satd. Flow (perm)

Right Turn on Red

Satd. Flow (RTOR)

Link Speed (mph)

Link Distance (ft)

Travel Time (s)

Peak Hour Factor

Heavy Vehicles (%)

Adj. Flow (vph)

Shared Lane Traffic (%)

Lane Group Flow (vph)

Turn Type

Protected Phases 2
Permitted Phases

Detector Phase

Switch Phase

Minimum Initial (s) 5.0
Minimum Split (S) 13.0
Total Split (s) 16.0
Total Split (%) 23%
Maximum Green (S) 115
Yellow Time (s) 35
All-Red Time (s) 1.0
Lost Time Adjust (s)

Total Lost Time (s)

Lead/Lag Lag
Lead-Lag Optimize? Yes
Vehicle Extension (s) 3.0
Recall Mode Max
Walk Time (s) 5.0
Flash Dont Walk (s) 3.0
Pedestrian Calls (#/hr) 50
Act Effct Green (s)

Actuated g/C Ratio

vlc Ratio

Control Delay

Queue Delay

Total Delay

LOS

Approach Delay

5.0
11.5
14.0
20%

9.5

3.5

1.0

Lead
Yes
3.0
None
4.0
3.0
50
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Lanes, Volumes, Timings 2032 Build

24: AM Peak Hour
A ey v ANt 2 M4

Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Approach LOS C B A

Queue Length 50th (ft) 11 43 43 83

Queue Length 95th (ft) 40 82 70 126

Internal Link Dist (ft) 288 49 315 137

Turn Bay Length (ft)

Base Capacity (vph) 195 1439 1192 2326
Starvation Cap Reductn 0 0 0 0
Spillback Cap Reductn 0 0 0 0

Storage Cap Reductn 0 0 0 0
Reduced v/c Ratio 0.26 0.23 023 034

Intersection Summary

Area Type: Other

Cycle Length: 70

Actuated Cycle Length: 70

Offset: 41 (59%), Referenced to phase 1:NBSB, Start of Green

Natural Cycle: 60

Control Type: Actuated-Coordinated

Maximum v/c Ratio: 0.34

Intersection Signal Delay: 11.3 Intersection LOS: B
Intersection Capacity Utilization 32.9% ICU Level of Service A
Analysis Period (min) 15

Splits and Phases:  24:

nm i\’@z \"@3 —Ppg
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Lanes, Volumes, Timings 2032 Build
24. AM Peak Hour

laneGrowp ¢ @ 0000000000000
Approach LOS

Queue Length 50th (ft)
Queue Length 95th (ft)
Internal Link Dist (ft)
Turn Bay Length (ft)
Base Capacity (vph)
Starvation Cap Reductn
Spillback Cap Reductn
Storage Cap Reductn
Reduced v/c Ratio

Fuss & O'Neill - KRO Synchro 11 Report
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HCM Signalized Intersection Capacity Analysis 2032 Build

24: AM Peak Hour
A ey v ANt 2 M4

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations s 1 LL T

Traffic Volume (vph) 6 18 22 0 0 0 0 280 21 248 724 0

Future Volume (vph) 6 18 22 0 0 0 0 280 21 248 724 0

Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900

Total Lost time (s) 5.0 55 4.5 55

Lane Util. Factor 1.00 0.95 097 095

Frt 0.94 0.99 1.00 1.00

Flt Protected 0.99 1.00 095 1.00

Satd. Flow (prot) 1767 3343 3273 3539

Flt Permitted 0.99 1.00 095 1.00

Satd. Flow (perm) 1767 3343 3273 3539

Peak-hour factor, PHF 092 092 092 092 09 092 092 092 09 092 092 092

Adj. Flow (vph) 7 20 24 0 0 0 0 304 23 270 787 0

RTOR Reduction (vph) 0 22 0 0 0 0 0 7 0 0 0 0

Lane Group Flow (vph) 0 29 0 0 0 0 0 320 0 270 787 0

Heavy Vehicles (%) 0% 0% 0% 0% 0% 0% 0% % 5% % 2% 0%

Turn Type Perm NA NA Prot NA

Protected Phases 4 1 23 12

Permitted Phases 4

Actuated Green, G (s) 4.5 28.0 225 450

Effective Green, g (s) 4.5 28.0 225 450

Actuated g/C Ratio 0.06 0.40 032 064

Clearance Time (S) 5.0 55

Vehicle Extension (s) 3.0 3.0

Lane Grp Cap (vph) 113 1337 1052 2275

v/s Ratio Prot 0.10 c0.08 c0.22

v/s Ratio Perm 0.02

v/c Ratio 0.25 0.24 026  0.35

Uniform Delay, d1 31.2 13.9 17.6 5.7

Progression Factor 1.00 1.00 1.00 1.00

Incremental Delay, d2 1.2 0.4 0.1 0.4

Delay (s) 32.3 14.4 17.7 6.2

Level of Service C B B A

Approach Delay (s) 323 0.0 14.4 9.1

Approach LOS C A B A

Intersection Summary

HCM 2000 Control Delay 11.1 HCM 2000 Level of Service B

HCM 2000 Volume to Capacity ratio 0.38

Actuated Cycle Length (s) 70.0 Sum of lost time (S) 19.5

Intersection Capacity Utilization 32.9% ICU Level of Service A

Analysis Period (min) 15

¢ Critical Lane Group
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0 FUSS & O’NEILL

Appendix E

Intersection Capacity Analysis Worksheets
PM Peak Hour



Lanes, Volumes, Timings
2: S Water St & Dollar St

2032 No-Build
PM Peak Hour

v St o2
Lane Group WBL WBR NBT NBR SBL  SBT
Lane Configurations b <
Traffic Volume (vph) 65 0 0 0 19 671
Future Volume (vph) 65 0 0 0 19 671
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Lane Util. Factor 1.00 100 100 100 100 1.00
Frt
Flt Protected 0.950 0.999
Satd. Flow (prot) 1770 0 0 0 0 1862
Flt Permitted 0.950 0.999
Satd. Flow (perm) 1770 0 0 0 0 1862
Right Turn on Red Yes Yes
Satd. Flow (RTOR)
Link Speed (mph) 30 30 30
Link Distance (ft) 213 448 507
Travel Time (s) 4.8 10.2 11.5
Peak Hour Factor 092 092 092 092 092 092
Heavy Vehicles (%) 2% 0% 0% 0% 0% 2%
Ad. Flow (vph) 71 0 0 0 21 729
Shared Lane Traffic (%)
Lane Group Flow (vph) 71 0 0 0 0 750
Turn Type Prot Split NA
Protected Phases 2 1 1
Permitted Phases
Detector Phase 2 1 1
Switch Phase
Minimum Initial (s) 5.0 5.0 5.0
Minimum Split (s) 22.0 225 225
Total Split (s) 22.0 68.0 68.0
Total Split (%) 24.4% 75.6% 75.6%
Maximum Green (s) 17.0 635 635
Yellow Time (s) 3.0 3.0 3.0
All-Red Time (s) 2.0 15 15
Lost Time Adjust (s) 0.0 0.0
Total Lost Time (s) 5.0 4.5
Lead/Lag Lag Lead Lead
Lead-Lag Optimize? Yes Yes Yes
Vehicle Extension (s) 3.0 3.0 3.0
Recall Mode None Max Max
Walk Time (s) 7.0 7.0 7.0
Flash Dont Walk (s) 10.0 10.0 10.0
Pedestrian Calls (#/hr) 0 0 0
Act Effct Green (s) 9.1 77.3
Actuated g/C Ratio 0.10 0.84
v/c Ratio 0.41 0.48
Control Delay 46.3 4.4
Queue Delay 0.0 0.0
Total Delay 46.3 4.4
LOS D A
Approach Delay 46.3 4.4
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Lanes, Volumes, Timings

2032 No-Build

2: S Water St & Dollar St PM Peak Hour
P N

Lane Group WBL WBR NBT NBR  SBL  SBT
Approach LOS D A
Queue Length 50th (ft) 42 111
Queue Length 95th (ft) 78 205
Internal Link Dist (ft) 133 368 427
Turn Bay Length (ft)

Base Capacity (vph) 326 1555
Starvation Cap Reductn 0 0
Spillback Cap Reductn 0 0
Storage Cap Reductn 0 0
Reduced vic Ratio 0.22 0.48

Intersection Summary

Area Type: Other
Cycle Length: 90

Actuated Cycle Length: 92.5

Natural Cycle: 60

Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.48

Intersection Signal Delay: 8.0
Intersection Capacity Utilization 60.7%
Analysis Period (min) 15

Splits and Phases:  2: S Water St & Dollar St

Intersection LOS: A
ICU Level of Service B

bﬁl
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HCM Signalized Intersection Capacity Analysis 2032 No-Build

2. S Water St & Dollar St PM Peak Hour
" .
Movement WBL WBR NBT NBR  SBL  SBT
Lane Configurations b <
Traffic Volume (vph) 65 0 0 0 19 671
Future Volume (vph) 65 0 0 0 19 671
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 4.5
Lane Util. Factor 1.00 1.00
Frt 1.00 1.00
Flt Protected 0.95 1.00
Satd. Flow (prot) 1770 1861
Flt Permitted 0.95 1.00
Satd. Flow (perm) 1770 1861
Peak-hour factor, PHF 092 092 092 092 092 092
Adj. Flow (vph) 71 0 0 0 21 729
RTOR Reduction (vph) 0 0 0 0 0 0
Lane Group Flow (vph) 71 0 0 0 0 750
Heavy Vehicles (%) 2% 0% 0% 0% 0% 2%
Turn Type Prot Split NA
Protected Phases 2 1 1
Permitted Phases
Actuated Green, G (s) 7.8 76.3
Effective Green, g (s) 7.8 76.3
Actuated g/C Ratio 0.08 0.82
Clearance Time (s) 5.0 45
Vehicle Extension (s) 3.0 3.0
Lane Grp Cap (vph) 147 1517
v/s Ratio Prot c0.04 c0.40
v/s Ratio Perm
v/c Ratio 0.48 0.49
Uniform Delay, d1 41.0 2.7
Progression Factor 1.00 1.00
Incremental Delay, d2 2.5 1.2
Delay (s) 43.5 3.8
Level of Service D A
Approach Delay (s) 43.5 0.0 3.8
Approach LOS D A A
Intersection Summary
HCM 2000 Control Delay 7.3 HCM 2000 Level of Service A
HCM 2000 Volume to Capacity ratio 0.49
Actuated Cycle Length (s) 93.6 Sum of lost time (s) 9.5
Intersection Capacity Utilization 60.7% ICU Level of Service B
Analysis Period (min) 15

¢ Critical Lane Group

Fuss & O'Neill - KRO Synchro 11 Report
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Lanes, Volumes, Timings
3: S Water St & Wickenden St

2032 No-Build
PM Peak Hour

A ey ¢ ANt 2 M4
Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations 1= i J4 Fil
Traffic Volume (vph) 0 645 545 10 464 0 0 0 0 51 611 76
Future Volume (vph) 0 645 545 10 464 0 0 0 0 51 611 76
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Storage Length (ft) 0 200 0 0 0 0 0 0
Storage Lanes 0 1 0 0 0 0 0 0
Taper Length (ft) 25 25 25 25
Lane Util. Factor 1.00 091 0.91 095 09 100 100 100 100 095 095 095
Frt 0.967 0.850 0.984
Flt Protected 0.999 0.997
Satd. Flow (prot) 0 3278 1441 0 34% 0 0 0 0 0 3480 0
Flt Permitted 0.931 0.997
Satd. Flow (perm) 0 3278 1441 0 3258 0 0 0 0 0 3480 0
Right Turn on Red Yes Yes Yes Yes
Satd. Flow (RTOR) 41 397 14
Link Speed (mph) 30 30 30 30
Link Distance (ft) 890 256 459 448
Travel Time (s) 20.2 5.8 10.4 10.2
Peak Hour Factor 092 092 092 092 092 092 092 092 092 092 092 092
Heavy Vehicles (%) 0% 2% 2% 1% 3% 0% 0% 0% 0% 0% 2% 1%
Adj. Flow (vph) 0 701 592 11 504 0 0 0 0 55 664 83
Shared Lane Traffic (%) 33%
Lane Group Flow (vph) 0 896 397 0 515 0 0 0 0 0 802 0
Turn Type NA Prot Perm NA custom NA
Protected Phases 2 2 2 4 4
Permitted Phases 2 4
Detector Phase 2 2 2 2 4 4
Switch Phase
Minimum Initial (s) 5.0 5.0 5.0 5.0 5.0 5.0
Minimum Split (s) 230 230 230 230 230 230
Total Split (s) 380 380 380 380 320 320
Total Split (%) 422% 422% 422% 42.2% 35.6% 35.6%
Maximum Green (s) 330 330 330 330 210 270
Yellow Time (s) 3.0 3.0 3.0 3.0 3.0 3.0
All-Red Time (s) 2.0 2.0 2.0 2.0 2.0 2.0
Lost Time Adjust (s) 0.0 0.0 0.0 0.0
Total Lost Time (s) 5.0 5.0 5.0 5.0
Lead/Lag
Lead-Lag Optimize?
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Recall Mode C-Max C-Max C-Max C-Max None  None
Walk Time (s)
Flash Dont Walk (s)
Pedestrian Calls (#/hr)
Act Effct Green (s) 428 428 42.8 25.2
Actuated g/C Ratio 048 048 0.48 0.28
v/c Ratio 057 045 0.33 0.81
Control Delay 20.6 4.0 18.2 36.9
Queue Delay 0.0 0.0 04 0.0
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Lanes, Volumes, Timings
3: S Water St & Wickenden St

2032 No-Build
PM Peak Hour

Lane Group @9

Lane Configurations

Traffic Volume (vph)

Future Volume (vph)

Ideal Flow (vphpl)

Storage Length (ft)

Storage Lanes

Taper Length (ft)

Lane Util. Factor

Frt

Flt Protected

Satd. Flow (prot)

Flt Permitted

Satd. Flow (perm)

Right Turn on Red

Satd. Flow (RTOR)

Link Speed (mph)

Link Distance (ft)

Travel Time (s)

Peak Hour Factor

Heavy Vehicles (%)

Adj. Flow (vph)

Shared Lane Traffic (%)

Lane Group Flow (vph)

Turn Type

Protected Phases 9
Permitted Phases

Detector Phase

Switch Phase

Minimum Initial (s) 5.0
Minimum Split (s) 20.0
Total Split (s) 20.0
Total Split (%) 22%
Maximum Green (s) 18.0
Yellow Time (s) 2.0
All-Red Time (s) 0.0
Lost Time Adjust (s)

Total Lost Time (s)

Lead/Lag

Lead-Lag Optimize?

Vehicle Extension (s) 3.0
Recall Mode None
Walk Time (s) 7.0
Flash Dont Walk (s) 11.0
Pedestrian Calls (#/hr) 40
Act Effct Green (s)

Actuated g/C Ratio

v/c Ratio

Control Delay

Queue Delay
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Lanes, Volumes, Timings 2032 No-Build

3: S Water St & Wickenden St PM Peak Hour
A ey ¢ ANt 2 M4

Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Total Delay 20.6 4.0 18.6 36.9

LOS C A B D
Approach Delay 15.5 18.6 36.9
Approach LOS B B D

Queue Length 50th (ft) 228 0 114 213

Queue Length 95th (ft) 302 63 159 282

Internal Link Dist (ft) 810 176 379 368

Turn Bay Length (ft) 200

Base Capacity (vph) 1578 892 1547 1053
Starvation Cap Reductn 0 0 521 0
Spillback Cap Reductn 0 0 0 0

Storage Cap Reductn 0 0 0 0
Reduced v/c Ratio 057 045 0.50 0.76

Intersection Summary

Area Type: Other

Cycle Length: 90

Actuated Cycle Length: 90

Offset: 84 (93%), Referenced to phase 2:EBWB, Start of Green

Natural Cycle: 70

Control Type: Actuated-Coordinated

Maximum v/c Ratio: 0.81

Intersection Signal Delay: 22.7 Intersection LOS: C
Intersection Capacity Utilization 68.9% ICU Level of Service C
Analysis Period (min) 15

Splits and Phases:  3: S Water St & Wickenden St

S0 oo Fhos
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Lanes, Volumes, Timings
3: S Water St & Wickenden St

2032 No-Build
PM Peak Hour

Lane Group @9

Total Delay

LOS

Approach Delay
Approach LOS

Queue Length 50th (ft)
Queue Length 95th (ft)
Internal Link Dist (ft)
Turn Bay Length (ft)
Base Capacity (vph)
Starvation Cap Reductn
Spillback Cap Reductn
Storage Cap Reductn
Reduced v/c Ratio

Intersection Summary
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HCM Signalized Intersection Capacity Analysis 2032 No-Build

3: S Water St & Wickenden St PM Peak Hour
A ey ¢ ANt 2 M4

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations 1= i J4 Fil

Traffic Volume (vph) 0 645 545 10 464 0 0 0 0 51 611 76

Future Volume (vph) 0 645 545 10 464 0 0 0 0 51 611 76

Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900

Total Lost time (s) 5.0 5.0 5.0 5.0

Lane Util. Factor 0.91 0.91 0.95 0.95

Frt 097 085 1.00 0.98

Flt Protected 1.00 1.00 1.00 1.00

Satd. Flow (prot) 3280 1441 3495 3481

Flt Permitted 1.00  1.00 0.93 1.00

Satd. Flow (perm) 3280 1441 3259 3481

Peak-hour factor, PHF 092 092 092 092 092 092 09 09 092 092 092 092

Ad. Flow (vph) 0 701 592 11 504 0 0 0 0 55 664 83

RTOR Reduction (vph) 0 22 212 0 0 0 0 0 0 0 10 0

Lane Group Flow (vph) 0 874 185 0 515 0 0 0 0 0 792 0

Heavy Vehicles (%) 0% 2% 2% 1% 3% 0% 0% 0% 0% 0% 2% 1%

Turn Type NA Prot  Perm NA custom NA

Protected Phases 2 2 2 4 4

Permitted Phases 2 4

Actuated Green, G (s) 420 420 42.0 25.2

Effective Green, g (s) 420 420 42.0 25.2

Actuated g/C Ratio 047 047 0.47 0.28

Clearance Time (s) 5.0 5.0 5.0 5.0

Vehicle Extension (s) 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 1530 672 1520 974

v/s Ratio Prot c0.27 013 c0.23

v/s Ratio Perm 0.16

v/c Ratio 057 0.28 0.34 0.81

Uniform Delay, d1 175 147 15.2 30.2

Progression Factor 1.00 1.00 1.00 1.00

Incremental Delay, d2 1.6 1.0 0.6 53

Delay (s) 19.0 157 15.8 35.5

Level of Service B B B D

Approach Delay (s) 18.0 15.8 0.0 35.5

Approach LOS B B A D

Intersection Summary

HCM 2000 Control Delay 22.9 HCM 2000 Level of Service C

HCM 2000 Volume to Capacity ratio 0.57

Actuated Cycle Length (s) 90.0 Sum of lost time (s) 12.0

Intersection Capacity Utilization 68.9% ICU Level of Service C

Analysis Period (min) 15

¢ Critical Lane Group
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Lanes, Volumes, Timings 2032 No-Build

6: S Main St & Wickenden St PM Peak Hour
A ey ¢ ANt 2 M4

Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations J4 1= J4 i

Traffic Volume (vph) 175 515 0 0 347 130 123 295 64 0 0 0

Future Volume (vph) 175 515 0 0 347 130 123 295 64 0 0 0

Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900

Storage Length (ft) 0 0 0 0 0 150 0 0

Storage Lanes 0 0 0 0 0 1 0 0

Taper Length (ft) 25 25 25 25

Lane Util. Factor 095 09 100 100 095 09 09 09 100 100 100 1.00

Frt 0.959 0.850

Flt Protected 0.987 0.985

Satd. Flow (prot) 0 3537 0 0 3346 0 0 3486 1615 0 0 0

Flt Permitted 0.674 0.985

Satd. Flow (perm) 0 2415 0 0 3346 0 0 3486 1615 0 0 0

Right Turn on Red Yes Yes Yes Yes

Satd. Flow (RTOR) 92 114

Link Speed (mph) 30 30 30 30

Link Distance (ft) 256 137 401 566

Travel Time (s) 5.8 3.1 9.1 12.9

Peak Hour Factor 092 092 092 092 092 092 092 092 092 092 092 092

Heavy Vehicles (%) 0% 1% 2% 0% 4% 2% 2% 2% 0% 0% 0% 0%

Adj. Flow (vph) 190 560 0 0 377 141 134 321 70 0 0 0

Shared Lane Traffic (%)

Lane Group Flow (vph) 0 750 0 0 518 0 0 455 70 0 0 0

Turn Type custom NA NA Split NA Prot

Protected Phases 5 256 246 8 8 8

Permitted Phases 2

Detector Phase 5 256 246 8 8 8

Switch Phase

Minimum Initial (s) 5.0 5.0 5.0 5.0

Minimum Split (s) 10.0 235 235 235

Total Split (s) 11.0 260 260 260

Total Split (%) 10.5% 248% 248% 24.8%

Maximum Green (s) 6.0 205 205 205

Yellow Time (s) 3.0 3.5 3.5 3.5

All-Red Time (s) 2.0 2.0 2.0 2.0

Lost Time Adjust (s) 0.0 0.0

Total Lost Time (s) 55 55

Lead/Lag

Lead-Lag Optimize?

Vehicle Extension (s) 3.0 3.0 3.0 3.0

Recall Mode None None None None

Walk Time (s) 7.0 7.0 7.0

Flash Dont Walk (s) 1.0 10 1.0

Pedestrian Calls (#/hr) 0 0 0

Act Effct Green (s) 54.6 56.6 21.1 21.1

Actuated g/C Ratio 0.52 0.54 020 020

v/c Ratio 0.54 0.28 065 0.17

Control Delay 11.2 0.4 43.3 2.8

Queue Delay 0.5 0.1 0.0 0.0
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Lanes, Volumes, Timings
6: S Main St & Wickenden St

2032 No-Build

PM Peak Hour

Lane Group

@2

@24 26

Lane Configurations
Traffic Volume (vph)
Future Volume (vph)
Ideal Flow (vphpl)
Storage Length (ft)

Storage Lanes

Taper Length (ft)
Lane Util. Factor

Frt
Flt Protected

Satd. Flow (prot)

Flt Permitted

Satd. Flow (perm)
Right Turn on Red
Satd. Flow (RTOR)
Link Speed (mph)
Link Distance (ft)

Travel Time (s)

Peak Hour Factor
Heavy Vehicles (%)

Adj. Flow (vph)

Shared Lane Traffic (%)
Lane Group Flow (vph)

Turn Type

Protected Phases
Permitted Phases

Detector Phase
Switch Phase

Minimum Initial (s)
Minimum Split (s)

Total Split (s)
Total Split (%)

Maximum Green (s)

Yellow Time (s)

All-Red Time (s)
Lost Time Adjust (s)
Total Lost Time (s)

Lead/Lag

Lead-Lag Optimize?
Vehicle Extension (s)

Recall Mode
Walk Time (s)

Flash Dont Walk (s)
Pedestrian Calls (#/hr)
Act Effct Green (s)
Actuated g/C Ratio

v/c Ratio
Control Delay
Queue Delay

5.0
23.0
42.0
40%
37.0

3.0

2.0

3.0
C-Max
7.0
11.0

5.0 5.0
225 230
260 420
25%  40%
220 370

3.0 3.0

1.0 2.0

3.0 3.0
None C-Max
7.0 7.0
11.0 11.0
0 0

Fuss & O'Neill - KRO
F:\P2008\0944\C92\Traffic\Synchro\195 District 2022 No Build PM.syn

Synchro 11 Report

Page 14



Lanes, Volumes, Timings 2032 No-Build

6: S Main St & Wickenden St PM Peak Hour
A ey ¢ ANt 2 M4

Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Total Delay 11.8 0.5 43.3 2.8

LOS B A D A

Approach Delay 11.8 0.5 37.9

Approach LOS B A D

Queue Length 50th (ft) 102 0 142 0

Queue Length 95th (ft) 112 0 205 12

Internal Link Dist (ft) 176 57 321 486

Turn Bay Length (ft) 150

Base Capacity (vph) 1382 2221 729 428

Starvation Cap Reductn 269 687 0 0

Spillback Cap Reductn 0 0 0 0

Storage Cap Reductn 0 0 0 0

Reduced v/c Ratio 0.67 0.34 062 0.16

Intersection Summary

Area Type: Other
Cycle Length: 105
Actuated Cycle Length: 105

Offset: 0 (0%), Referenced to phase 2:EBWB and 6:EBWB, Start of Green, Master Intersection

Natural Cycle: 80

Control Type: Actuated-Coordinated
Maximum v/c Ratio: 0.65

Intersection Signal Delay: 16.2
Intersection Capacity Utilization 57.7%
Analysis Period (min) 15

Intersection LOS: B
ICU Level of Service B

Splits and Phases:  6: S Main St & Wickenden St
26 =7 26 %7 26 =7
*~ Vfos A o] *b Lros
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Lanes, Volumes, Timings
6: S Main St & Wickenden St

2032 No-Build
PM Peak Hour

Lane Group @2 @4

06

Total Delay

LOS

Approach Delay
Approach LOS

Queue Length 50th (ft)
Queue Length 95th (ft)
Internal Link Dist (ft)
Turn Bay Length (ft)
Base Capacity (vph)
Starvation Cap Reductn
Spillback Cap Reductn
Storage Cap Reductn
Reduced v/c Ratio

Intersection Summary
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HCM Signalized Intersection Capacity Analysis 2032 No-Build

6: S Main St & Wickenden St PM Peak Hour
A ey ¢ ANt 2 M4

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations J4 1= J4 i

Traffic Volume (vph) 175 515 0 0 347 130 123 295 64 0 0 0

Future Volume (vph) 175 515 0 0 347 130 123 295 64 0 0 0

Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900

Total Lost time (s) 5.0 5.0 55 55

Lane Util. Factor 0.95 0.95 0.95 1.00

Frt 1.00 0.96 1.00 085

Flt Protected 0.99 1.00 099 1.00

Satd. Flow (prot) 3538 3347 3488 1615

Flt Permitted 0.67 1.00 099 1.00

Satd. Flow (perm) 2416 3347 3488 1615

Peak-hour factor, PHF 092 092 092 092 092 09 092 092 092 092 092 092

Adj. Flow (vph) 190 560 0 0 377 141 134 321 70 0 0 0

RTOR Reduction (vph) 0 0 0 0 42 0 0 0 56 0 0 0

Lane Group Flow (vph) 0 750 0 0 476 0 0 455 14 0 0 0

Heavy Vehicles (%) 0% 1% 2% 0% 4% 2% 2% 2% 0% 0% 0% 0%

Turn Type custom NA NA Split NA Prot

Protected Phases 5 256 246 8 8 8

Permitted Phases 2

Actuated Green, G (s) 54.6 57.5 211 211

Effective Green, g (s) 54.6 57.5 211 211

Actuated g/C Ratio 0.52 0.55 020 0.20

Clearance Time (s) 55 55

Vehicle Extension (s) 3.0 3.0

Lane Grp Cap (vph) 1383 1832 700 324

v/s Ratio Prot c0.06 c0.14 c0.13 0.01

v/s Ratio Perm c0.22

v/c Ratio 0.54 0.26 065 0.04

Uniform Delay, d1 16.8 12.5 386 338

Progression Factor 1.00 0.00 1.00 1.00

Incremental Delay, d2 0.4 0.1 2.2 0.1

Delay (s) 17.3 0.1 40.7 339

Level of Service B A D C

Approach Delay (s) 17.3 0.1 39.8 0.0

Approach LOS B A D A

Intersection Summary

HCM 2000 Control Delay 18.9 HCM 2000 Level of Service B

HCM 2000 Volume to Capacity ratio 0.54

Actuated Cycle Length (s) 105.0 Sum of lost time (s) 19.5

Intersection Capacity Utilization 57.7% ICU Level of Service B

Analysis Period (min) 15

¢ Critical Lane Group
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Lanes, Volumes, Timings
7: Benefit St & Wickenden St

2032 No-Build
PM Peak Hour

A ey ¢ ANt 2 M4
Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations i 8 i 8 Fi Y Fi Y
Traffic Volume (vph) 131 448 28 3 397 24 15 7 2 16 7 77
Future Volume (vph) 131 448 28 3 397 24 15 7 2 16 7 77
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Lane Util. Factor 095 09 09 09 09 09 100 100 100 100 100 1.00
Frt 0.993 0.992 0.990 0.896
Flt Protected 0.989 0.970 0.992
Satd. Flow (prot) 0 3479 0 0 3444 0 0 1825 0 0 1689 0
Flt Permitted 0.729 0.952 0.704 0.949
Satd. Flow (perm) 0 2564 0 0 3279 0 0 1324 0 0 1616 0
Right Turn on Red Yes Yes Yes Yes
Satd. Flow (RTOR) 9 6 2 84
Link Speed (mph) 30 30 30 30
Link Distance 