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Executive Summary 

The proposed Hanna Ranch development includes 12,540 square feet of restaurant space, 13,500 square feet of 
retail space, 48 residential apartment units, a 125-room hotel, and a Costco gas station with 24 vehicle fueling 
positions.  This study is a supplement to the analysis previously performed in 2011 for the Hanna Ranch Project, 
as presented in the Traffic Impact Study for the Hann Ranch EIR in the City of Novato.  The project has since been 
updated with plans to eliminate the 21,190 square feet of office space and reduce the retail space by 21,121 square 
feet, replacing these uses with a Costco gas station and 48 apartment units. 

The proposed mixed-use project is expected to generate an average of 10,752 trips per day including 819 trips 
during the weekday p.m. peak hour and 982 trips during the weekend midday peak hour.  After deductions for 
internally captured trips are taken into account, the project would be expected to generate 574 new trips during 
the weekday p.m. peak hour and 682 during the weekend midday peak hour. 

Peak hour traffic conditions at six nearby intersections as well as on US 101, north and south of Rowland Boulevard, 
and SR 37 east of US 101, were evaluated to determine the potential impacts associated with development of this 
project under existing, baseline, and future conditions.  Under existing conditions, baseline conditions, and future 
conditions all six intersections and freeway segments are or are expected to operate acceptably.  Upon adding 
project-generated trips to existing, baseline and future volumes, all six study intersections and three freeway 
segments are expected to continue to operate acceptably. 

Existing and planned pedestrian and bicycle facilities would provide adequate access to the proposed project site 
assuming that infrastructure as required for the project as previously approved is provided.  A new transit stop 
near the project site should be provided in order to provide adequate transit access. 

Compared to the 2011 analysis, the project results in no new impacts; however, the following mitigation measures 
included in the EIR would still apply: 

 Widen the north side of Rowland Boulevard to include an additional westbound shared through/right-turn 
lane between Rowland Way and Vintage Way (north).  The City shall determine the cost of the improvements 
and collect a proportional share from the project applicant. 

 Relocate and maintain the proposed on-site trees to accommodate a truck clearance of at least 14 feet. 

 Install sidewalks within the project area to connect to Rowland Boulevard and Vintage Way as identified in 
the project site plan.  It is recommended that sidewalks within the project site be a minimum of six feet wide; 
however, it is recommended that the project provide sidewalk with widths of eight to ten feet where possible. 

 Install ADA compliant curb ramps at all driveway crossings and sidewalk transition points within the project 
site. 

 Coordinate with the City of Novato and SMART to provide a public access easement between the proposed 
project and the SMART Trail at an appropriate location for pedestrian, bicycle, and emergency access. 

 The project applicant shall work with Marin Transit to identify a suitable location near or at the project access 
to install a bus stop and shelter for future transit users. 
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Introduction 

This report presents an analysis of the potential traffic impacts that would be associated with development of a 
proposed mixed-use project to be located at the terminus of Rowland Boulevard, east of US 101, in the City of 
Novato.  The traffic study was completed in accordance with the criteria established by the City of Novato, and is 
consistent with standard traffic engineering techniques. 

Prelude 

The purpose of a traffic impact study is to provide City of Novato staff and policy makers with data that they can 
use to make an informed decision regarding the potential traffic impacts of a proposed project, and any associated 
improvements that would be required in order to mitigate these impacts to a level of insignificance as defined by 
the City of Novato’s General Plan or other policies.  Vehicular traffic impacts are typically evaluated by determining 
the number of new trips that the proposed use would be expected to generate, distributing these trips to the 
surrounding street system based on existing travel patterns or anticipated travel patterns specific to the proposed 
project, then analyzing the impact the new traffic would be expected to have on critical intersections or roadway 
segments.  Impacts relative to access for pedestrians, bicyclists, and to transit are also addressed. 

Project Profile 

The proposed mixed-use development as evaluated would include 12,540 square feet of restaurant space, 13,500 
of retail space, 48 residential apartment units, a 125-room hotel, and a Costco gas station with 24 vehicle-fueling 
positions.  The proposed Hanna Ranch development had previously been analyzed in 2011 for the Hanna Ranch 
EIR.  The project has since been updated with plans to eliminate the office space and reduce the retail space by 
about 21,100 square feet of retail space, instead proposing a Costco gas station and 48 apartment units.  The 
project site is located at the terminus of Rowland Boulevard, as shown in Figure 1. 
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Transportation Setting 

Operational Analysis 

Study Area and Periods 

The study area consists of the following intersections: 

1. Rowland Boulevard/Redwood Boulevard 
2. Rowland Boulevard/US 101 South Ramps 
3. Rowland Boulevard/US 101 North Ramps 
4. Rowland Boulevard/Rowland Way 
5. Rowland Boulevard/Vintage Way (north) 
6. Rowland Boulevard/Vintage Way (south) 

Operating conditions during the weekday p.m. and weekend midday peak periods were evaluated as these time 
periods reflect the highest traffic volumes areawide and for the proposed project.  The evening peak hour occurs 
between 4:00 and 6:00 p.m. and typically reflects the highest level of congestion of the day during the homeward 
bound commute, while the weekend midday peak occurs between 12:00 p.m. and 1:00 p.m. 

Study Intersections 

Through the study area Rowland Boulevard runs generally southwest to northeast, changing direction to 
northwest to southeast just east of the northerly Vintage Way intersections.  Because US 101 is a north-south 
highway, the study area is referenced around the highway, with Rowland Boulevard considered as being east-
west except at the Vintage Way intersections. 

Rowland Boulevard/Redwood Boulevard is a four-legged, signalized intersection, with protected left-turn 
phasing on all approaches.  Marked pedestrian crosswalks are provided on each leg.  

Rowland Boulevard/US 101 South Ramps is a signalized, four-legged intersection, with protected left-turn 
phasing on the westbound approach.  Marked pedestrians crosswalks and phasing are provided on the west and 
south legs.  The north and south legs also serve as the on- and off-ramps for from and to 101 South. 

Rowland Boulevard/US 101 North Ramps is a six-legged, signalized intersection, with protected left-turn phasing 
on the eastbound approach and split phasing on the two northbound approaches.  There are marked pedestrian 
crosswalks on the north, south, and east legs.  The northwesterly and southwesterly legs serve as the entrance to 
and exit from a Caltrans Park & Ride lot, while the easterly legs on the north and south side of the intersection are 
the on- and off-ramps from and to US 101 North. 

Rowland Boulevard/Rowland Way is a three-legged signalized, tee intersection with protected left-turn phasing 
on the eastbound approach.  Marked pedestrian crosswalks are provided on the north and east legs. 

Rowland Boulevard/Vintage Way (north) is a signalized tee intersection tee intersection with protected left-turn 
phasing on the eastbound and westbound Rowland Boulevard approaches and split phasing on the northbound 
and southbound approaches.  There are marked pedestrian crosswalks on the south and east legs. 

Rowland Boulevard/Vintage Way (south) is a two-legged unsignalized intersection with stop controls on the 
southbound and eastbound approaches; because these are the only two approaches currently used, the 
intersection operates as all-way stop-controlled.  There is a marked pedestrian crosswalk provided on the west 
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leg.  Upon construction of the proposed project, a south leg would be added at this intersection and it would 
operate as an all-way stop-controlled “tee” intersection.  This is the same configuration as was evaluated in the 
2011 EIR. 

The locations of the study intersections and the existing lane configurations and controls are shown in Figure 1. 

Collision History 

The collision history for the study area was reviewed to determine any trends or patterns that may indicate a safety 
issue.  Collision rates were calculated based on records available from the California Highway Patrol as published 
in their Statewide Integrated Traffic Records System (SWITRS) reports.  The most current five-year period available 
is July 1, 2011 through June 30, 2016. 

As presented in Table 1, the calculated collision rates for the study intersections were compared to average 
collision rates for similar facilities statewide, as indicated in 2013 Collision Data on California State Highways, 
California Department of Transportation.  Five of the six study intersections had collision rates below the statewide 
average; only the northbound ramps intersection had a collision rate exceeding the statewide average.  The 
collision rate calculations are provided in Appendix A. 

Table 1 – Collision Rates at the Study Intersections 

Study Intersection Number of 
Collisions 

(2011-2016) 

Calculated 
Collision Rate 

(c/mve) 

Statewide Average 
Collision Rate 

(c/mve) 

1. Rowland Blvd/Redwood Blvd 10 0.23 0.27 

2. Rowland Blvd/US 101 S Ramps 13 0.24 0.27 

3. Rowland Blvd/US 101 N Ramps 24 0.40 0.27 

4. Rowland Blvd/Rowland Way 6 0.13 0.21 

5. Rowland Blvd/Vintage Way (north) 8 0.22 0.21 

6. Rowland Blvd/Vintage Way (south) 0 0.00 0.18 

Note: c/mve = collisions per million vehicles entering 

 
A more detailed review of the crash data for Rowland Boulevard/US 101 North Ramps indicates that most of the 
crashes were sideswipes or rear-ends, both types that are typical as drivers jockey for position approaching a traffic 
signal or fail to react soon enough when approaching a queue of stopped traffic.  Of these 24 crashes, only six 
resulted in injuries, or an injury rate of 25 percent.  This is considerably lower than the Statewide average of 41.9 
percent.  Finally, it is noted that eight of the incidents reported as involving two northbound vehicles were 
included in the count for the intersection though these crashes could have occurred on the mainline of the 
freeway.  It is therefore likely that the actual number of incidents related to the intersection is lower.  Given the 
types of crashes occurring as well as the low injury rate and potential for including freeway incidents in the count 
for the intersection, no measures are suggested to address the collision experience at this location. 

Similarly, many of the incidents reported at Rowland Boulevard/Vintage Way (north) were rear-end or sideswipe 
crashes, and likely associated with congestion and lane changes.  There were also three single-vehicle crashes, 
which may be due to the curvilinear nature of Rowland Boulevard and drivers being unfamiliar with the area.  
Given that the collision rate was barely above average, no measures  appears to be warranted. 
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Alternative Modes 

Pedestrian Facilities 

Pedestrian facilities include sidewalks, crosswalks, pedestrian signal phases, curb ramps, curb extensions, and 
various streetscape amenities such as lighting, benches, etc.  In general, a network of sidewalks, crosswalks, and 
curb ramps provide access for pedestrians in and along the perimeter of the Vintage Oaks shopping center north 
of the proposed project site.  However, as US 101 lies to the west of the project site, the US 101/SR 37 junction is 
to the south, and the SMART tracks lie to the east, there has not been any need for pedestrian facilities south of 
the shopping center. 

Bicycle Facilities 

The Highway Design Manual, California Department of Transportation (Caltrans), 2012, classifies bikeways into 
three categories: 

 Class I Multi-Use Path – a completely separated right-of-way for the exclusive use of bicycles and pedestrians 
with cross flows of motorized traffic minimized. 

 Class II Bike Lane – a striped and signed lane for one-way bike travel on a street or highway. 
 Class III Bike Route – signing only for shared use with motor vehicles within the same travel lane on a street 

or highway. 

Guidance for Class IV Bikeways is provided in Design Information Bulletin Number 89: Class IV Bikeway Guidance 
(Separated Bikeways/Cycle Tracks), Caltrans, 2015. 

 Class IV Bikeway – also known as a separated bikeway, a Class IV Bikeway is for the exclusive use of bicycles 
and includes a separation between the bikeway and the motor vehicle traffic lane.  The separation may 
include, but is not limited to, grade separation, flexible posts, inflexible physical barriers, or on-street parking. 

In the project area, Class II bike lanes exist on Rowland Boulevard between South Novato Boulevard and Vintage 
Way (south).  There is also a Class I facility on the south side of Rowland Boulevard along the curved segment of 
Rowland Boulevard, between the US 101 North Ramps and Vintage Way (North).  A portion of the SMART multi-
use path has been built from Hanna Ranch Road to Hamilton Drive.  Plans for future bicycle facilities include 
extending the SMART multi-use path parallel to the tracks from the Sonoma County Airport to San Rafael for Phase 
1.  Table 2 summarizes the existing and planned bicycle facilities in the project vicinity, as contained in Novato’s 
Bicycle/Pedestrian Plan. 

Table 2 – Bicycle Facility Summary 

Status 
Facility 

Class Length 
(miles) 

Begin Point End Point 

Rowland Blvd I 0.10 US 101 North Ramps Vintage Way (north) 

SMART Multi-Use Path I 0.65 Hannah Ranch Rd Hamilton Dr 

Rowland Blvd II 1.30 Novato Blvd Vintage Way (south) 

Vintage Way II 0.80 Rowland Blvd (north) Rowland Blvd (south) 

Rowland Blvd I 0.10 US 101 North Ramps Vintage Way (north) 

Planned     

SMART Multi-Use Path I 43.0 Sonoma County Airport San Rafael 

Source: City of Novato Bicycle/Pedestrian Plan, 2015 



7 
Traffic Impact Study for the Hanna Ranch Project 
June 9, 2017 

Transit Facilities 

Golden Gate Transit and Marin Transit provide fixed route bus service between Novato and neighboring 
communities to the north and south along US 101.  Marin Transit Route 251 provides service to destinations 
throughout the City and has stops along the perimeter of the Vintage Oaks shopping center, with the closest stop 
to the project site 0.2 miles away.  Route 251 operates Monday through Friday with approximately one-hour 
headways between 6:30 a.m. and 9:00 p.m.  Saturday, Sunday, and holiday service is provided between 8:00 a.m. 
and 10:00 p.m. with approximately one-hour headways. 

Several routes stop at the US 101 northbound and southbound exits between Redwood Boulevard and Rowland 
Way, approximately one mile away from the project site.  These stops are served by Marin Transit Route 35 and 
Golden Gate Transit Routes 56, 70, 71X, and 101. 

Two bicycles can be carried on most Golden Gate Transit and Marin Transit buses.  Bike rack space is on a first 
come, first served basis.  Additional bicycles are allowed on the buses at the discretion of the driver. 

Dial-a-ride, also known as paratransit, or door-to-door service, is available for those who are unable to 
independently use the transit system due to a physical or mental disability.  Marin Access is designed to serve the 
needs of individuals with disabilities within Novato and the greater Marin County area. 
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Capacity Analysis 

Intersection Level of Service Methodologies 

Level of Service (LOS) is used to rank traffic operation on various types of facilities based on traffic volumes and 
roadway capacity using a series of letter designations ranging from A to F.  Generally, Level of Service A represents 
free flow conditions and Level of Service F represents forced flow or breakdown conditions.  A unit of measure 
that indicates a level of delay generally accompanies the LOS designation. 

The study intersections were analyzed using methodologies published in the Highway Capacity Manual (HCM), 
Transportation Research Board, 2000.  This source contains methodologies for various types of intersection 
control, all of which are related to a measurement of delay in average number of seconds per vehicle. 

The study intersection of Rowland Boulevard/Vintage Way (south), which has stop signs on all approaches, was 
analyzed using the “All-Way Stop-Controlled” Intersection methodology from the HCM.  This methodology 
evaluates delay for each approach based on turning movements, opposing and conflicting traffic volumes, and 
the number of lanes.  Average vehicle delay is computed for the intersection as a whole, and is then related to a 
Level of Service. 

The remaining study intersections, all of which are controlled by traffic signals, were evaluated using the signalized 
methodology from the HCM.  This methodology is based on factors including traffic volumes, green time for each 
movement, phasing, whether or not the signals are coordinated, truck traffic, and pedestrian activity.  Average 
stopped delay per vehicle in seconds is used as the basis for evaluation in this LOS methodology.  For purposes of 
this study, delays were calculated using optimized signal timing. 

The ranges of delay associated with the various levels of service are indicated in Table 3. 

Table 3 – Intersection Level of Service Criteria 

LOS All-Way Stop-Controlled Signalized 

A Delay of 0 to 10 seconds.  Upon stopping, drivers are 
immediately able to proceed. 

Delay of 0 to 10 seconds.  Most vehicles arrive during 
the green phase, so do not stop at all. 

B Delay of 10 to 15 seconds.  Drivers may wait for one 
or two vehicles to clear the intersection before 
proceeding from a stop. 

Delay of 10 to 20 seconds.  More vehicles stop than 
with LOS A, but many drivers still do not have to stop. 

C Delay of 15 to 25 seconds.  Drivers will enter a queue 
of one or two vehicles on the same approach, and 
wait for vehicle to clear from one or more 
approaches prior to entering the intersection. 

Delay of 20 to 35 seconds.  The number of vehicles 
stopping is significant, although many still pass 
through without stopping. 

D Delay of 25 to 35 seconds.  Queues of more than two 
vehicles are encountered on one or more 
approaches. 

Delay of 35 to 55 seconds.  The influence of 
congestion is noticeable, and most vehicles have to 
stop. 

E Delay of 35 to 50 seconds.  Longer queues are 
encountered on more than one approach to the 
intersection. 

Delay of 55 to 80 seconds.  Most, if not all, vehicles 
must stop and drivers consider the delay excessive. 

F Delay of more than 50 seconds.  Drivers enter long 
queues on all approaches. 

Delay of more than 80 seconds.  Vehicles may wait 
through more than one cycle to clear the intersection. 

Reference: Highway Capacity Manual, Transportation Research Board, 2000 
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Freeway and Level of Service Methodology 

The freeway analysis methodology contained in Chapter 11 of the HCM, “Basic Freeway Segments,” was used to 
determine levels of service on US 101 and SR 37.  The method uses variables such as traffic volumes, geometric 
configuration of the freeway (i.e., number of lanes, widths of lanes and shoulders), topography, the percentage of 
heavy vehicles, and free-flow speeds to determine the “density,” which is indicative of the travel demand on a 
freeway facility and measured in the number of passenger cars per mile per lane.  The ranges of service flow rates 
associated with the various Levels of Service are presented in Table 2. 

Table 4 – Basic Freeway Segments Level of Service Criteria 

LOS Density 
(pc/mi/ln) 

A >0-11 

B >11-18 

C >18-26 

D >26-35 

Notes: LOS = Level of Service; mph = miles per hour; 
pc/mi/ln=passenger cars per mile per lane 

Traffic Operation Standards 

City of Novato  

In the 1996 Novato General Plan, the City of Novato has adopted the following policy and program: 

TR Policy 4:  Level of Service Standards – Establish traffic Level of Service (LOS) standards for use in (1) 
evaluating the impacts of proposed development projects so the project can be redesigned or effective 
mitigation measures can be implemented, (2) making improvements to the roadway system, and (3) 
determining appropriate traffic impact fees. 

TR Program 4.1 – Establish traffic Level of Service standards as follows: 
a. At intersections with signals or four-way stop signs: operation at LOS D 
b. At intersections with stop signs on side streets only: operation at LOS E. 

Mitigation measures which reduce side street delay, such as traffic signals, all-way stops and/or center 
two-way left turn lanes will be considered when LOS F conditions are projected for side street traffic.  The 
volume of traffic should also be considered when evaluating the severity of side street traffic operations. 

Caltrans and Marin County  

Caltrans maintains a target LOS at the transition between LOS C and LOS D for freeway facilities.  Though US 101 
and SR 37 are Caltrans facilities, the County of Marin has adopted an operational standard of LOS E for freeways 
and rural expressways, and this standard was applied to the analysis.  Because freeway operation is more critical 
during the weekday p.m. peak hour than the weekend midday peak period, and because weekend volumes for 
these freeway segments were unavailable, freeway operation was only evaluated for the weekday p.m. peak 
period. 
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Existing Conditions 

The Existing Conditions scenario provides an evaluation of current operation based on existing traffic volumes 
during the weekday p.m. peak hour and weekend midday peak hour.  This condition does not include project-
generated traffic volumes. 

Intersection Levels of Service 

Under existing conditions, all study intersections are operating acceptably at LOS D or better.  A summary of the 
intersection level of service calculations is contained in Table 5, the existing traffic volumes are shown in Figure 2, 
and copies of the Level of Service calculations are provided in Appendix B. 

Table 5 – Existing Peak Hour Intersection Levels of Service 

Study Intersection Weekday PM Peak Weekend Mid Peak 

Delay LOS Delay LOS 

1. Rowland Blvd/Redwood Blvd 24.8 C 23.4 C 

2. Rowland Blvd/US 101 S Ramps 12.4 B 17.0 B 

3. Rowland Blvd/US 101 N Ramps 33.7 C 35.2 D 

4. Rowland Blvd/Rowland Way 15.3 B 13.1 B 

5. Rowland Blvd/Vintage Way (north) 17.2 B 19.1 B 

6. Rowland Blvd/Vintage Way (south) 7.7 A 8.4 A 

Notes: Delay is measured in average seconds per vehicle; LOS = Level of Service 

 
Freeway Level of Service 

Under Existing conditions, the study segments of US 101 to the north and south of Rowland Boulevard are 
operating acceptably at LOS D or better in both directions during the p.m. peak hour.  The segment of SR 37 east 
of US 101 is operating acceptably at LOS C in the eastbound direction and LOS A in the westbound direction. 

The existing levels of service for the freeway segments are summarized in Table 6.  Levels of Service calculations 
for freeway segments are included in Appendix C. 

Table 6 – Existing PM Peak Hour Freeway Levels of Service 

Facility Density LOS Density LOS 

Segment     

US 101 Northbound Southbound 

South of Rowland Blvd 20.7 C 18.3 C 

North of Rowland Blvd 27.1 D 19.9 C 

SR 37 Eastbound Westbound 

East of US 101 22.0 C 3.9 A 

Note: Density is measured in the number of passenger cars per mile per lane (pc/mi/ln) 
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Baseline Conditions 

The Baseline traffic scenario reflects conditions with traffic from projects that the City deems likely to be 
constructed and generating traffic by the opening of the proposed Hanna Ranch project.  For the purposes of this 
analysis, the following projects affecting the study area were included in the Baseline scenario. 

 Oakmont Senior Living, located at 1461 South Novato Boulevard, include 50 assisted living units and 28 senior 
memory care units. 

 Former Sports Authority, which is currently vacant, in the Vintage Oaks Shopping Center will be converted 
into a Nordstrom Rack. 

The traffic associated with these projects was added to existing traffic volumes in order to obtain Baseline volumes.  
Under these conditions, all study intersections are expected to operate acceptably at LOS D or better.  A summary of 
the intersection level of service calculations is contained in Table 7, and Baseline volumes are shown in Figure 3. 

Table 7 – Baseline Peak Hour Intersection Levels of Service 

Study Intersection 
Approach 

Weekday PM Peak Weekend PM Peak 

Delay LOS Delay LOS 

1. Rowland Blvd/Redwood Blvd 25.2 C 23.7 C 

2. Rowland Blvd/US 101 S Ramps 13.0 B 24.7 C 

3. Rowland Blvd/US 101 N Ramps 35.1 D 35.9 D 

4. Rowland Blvd/Rowland Way 15.2 B 13.4 B 

5. Rowland Blvd/Vintage Way (north) 17.8 B 19.9 B 

6. Rowland Blvd/Vintage Way (south) 7.7 A 8.6 A 

Notes: Delay is measured in average seconds per vehicle; LOS = Level of Service 
 
Freeway Level of Service 

Under Baseline conditions the study segments of US 101 to the north and south of Rowland Boulevard are 
expected to continue operating acceptably at LOS D or better in both directions during the study period of the 
weekday p.m. peak hour.  The segment of SR 37 east of US 101 is expected to operate acceptably at LOS C in the 
eastbound direction and LOS A in the westbound direction. 

The baseline levels of service for the freeway segments are summarized in Table 8.  Copies of the Level of Service 
calculations for freeway segments are included in Appendix C. 

Table 8 – Baseline PM Peak Hour Freeway Levels of Service 

Facility Density LOS Density LOS 

Segment     

US 101 Northbound Southbound 

South of Rowland Blvd 20.8 C 18.4 C 

North of Rowland Blvd 27.2 D 19.9 C 

SR 37 Eastbound Westbound 

East of US 101 22.1 C 7.8 A 

Notes Density is measured in the number of passenger cars per mile per lane (pc/mi/ln) 
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Future Conditions 

The impacts of the proposed project on intersection operation under Future conditions were assessed using the 
latest TRAFFIX model developed for the City of Novato, and maintained by W-Trans to contain the most recent 
available land use and development potential projections based on the City’s current General Plan.  Based on 
discussions with City staff as well as a review of the City of Novato’s Capital Improvement Plan (CIP), no intersection 
improvements are planned for any of the study intersections. 

Under the anticipated Future volumes the study intersections are expected to operate acceptably at LOS D or 
better.  These operating conditions are summarized in Table 9 and Future volumes are shown in Figure 4. 

Table 9 – Future Peak Hour Intersection Levels of Service 

Study Intersection 
Approach 

Weekday PM Peak Weekend PM Peak 

Delay LOS Delay LOS 

1. Rowland Blvd/Redwood Blvd 26.3 C 27.7 C 

2. Rowland Blvd/US 101 S Ramps 13.3 B 25.3 C 

3. Rowland Blvd/US 101 N Ramps 40.5 D 37.1 D 

4. Rowland Blvd/Rowland Way 15.1 B 13.4 B 

5. Rowland Blvd/Vintage Way (north) 18.4 C 19.9 B 

6. Rowland Blvd/Vintage Way (south) 7.8 A 8.6 A 

Notes: Delay is measured in average seconds per vehicle; LOS = Level of Service 
 
Freeway Level of Service 

Future 2040 freeway volume projections for SR 37 are from the Caltrans Draft Transportation Concept Report, State 
Route 37. 

Under Future conditions, the study segments of US 101 to the north and south of Rowland Boulevard are expected 
to continue to operate acceptably at LOS D or better in both directions during the study period of the weekday 
p.m. peak hour.  The segment of SR 37 east of US 101 is expected to operate acceptably at LOS D in the eastbound 
direction and LOS C in the westbound direction. 

The future levels of service for the freeway segments are summarized in Table 10.  Copies of the Level of Service 
calculations for freeway segments are included in Appendix C. 

Table 10 – Future PM Peak Hour Freeway Levels of Service 

Facility Density LOS Density LOS 

Segment     

US 101 Northbound Southbound 

South of Rowland Blvd 22.5 C 24.5 C 

North of Rowland Blvd 30.8 D 21.3 C 

SR 37 Eastbound Westbound 

East of US 101 29.3 D 21.4 C 

Notes: Density is measured in the number of passenger cars per mile per lane (pc/mi/ln) 
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Project Description 

The proposed project will include the development of six buildings and a Costco gas station on a currently vacant 
parcel.  The proposed mixed-use development would include 12,540 square feet of restaurant space, 13,500 of 
retail space, 48 residential apartment units, a 125-room hotel, and a Costco gas station with 24 vehicle fueling 
positions. 

The proposed project site plan is shown in Figure 5. 

Trip Generation 

The anticipated trip generation for the proposed project was estimated using standard rates published by the 
Institute of Transportation Engineers (ITE) in Trip Generation Manual, 9th Edition, 2012 for Quality Restaurant (ITE 
LU 931), Specialty Retail Center (ITE LU 598), Apartment (ITE LU 220), Hotel (ITE LU 310), and Gas/Service Station 
(ITE LU 944). 

Internal Capture Trips 

Many of the trips associated with the Costco fuel center would be linked to shopping at either Costco or other 
nearby stores.  Because these vehicles would be in the area anyway, they would not produce new trips at the study 
intersections, so a deduction was applied to reflect these “internally captured” trips.  The percentage of such trips 
was estimated based on information developed by Kittleson & Associates and presented in a memorandum to 
Kim Katz of Costco from Chris Tiesler and Sonia Hennum Daleiden dated December 2, 2016. 

Total Project Trip Generation 

As indicated in Table 11, the proposed project is expected to generate an average of 10,752 trips per day at the 
pump, including 819 trips during the weekday p.m. peak hour and 982 trips during the weekend midday peak 
hour.  After deductions are taken into account, the project would be expected to generate 10,752 new trips on a 
daily basis, including 574 during the weekday p.m. peak hour and 682 during the weekend midday peak hour; 
these new trips represent the increase in traffic associated with the project compared to existing volumes. 

Table 11 – Trip Generation Summary 

Land Use Units Daily Weekday PM Peak Hour Weekend PM Peak Hour 

  Rate Trips Rate Trips In Out Rate Trips In Out 

Restaurant 12.5 ksf 89.95 1,128 7.49 94 91 3 10.82 136 80 56 

Retail 13.5 ksf 44.32 598 2.71 37 29 8 4.82 65 34 31 

Apartment 48 du 6.65 319 0.62 30 16 14 0.52 25 12 13 

Hotel 125 rms 8.17 1,021 0.60 75 46 29 0.72 90 50 40 

Gas Station 24 vfp 320.26 7,686 24.27 583 333 250 27.74 666 333 333 

 Pass-by  -44%* -4,677 -42% -245 -140 -105 -45% -300 -150 -150 

Total (no pass-by)   10,752  819 515 304  982 509 473 

Net Total   6,075  574 375 199  682 359 323 

Note: du = dwelling unit; ksf = 1,000 square feet; rms = rooms; vfp = vehicle fueling position; *pass-by rate for daily trips 
not available, the average of the a.m. peak hour and p.m. peak hour pass-by rates was applied 



nov129.ai 5/17

Figure 5 – Site Plan
Traffic Impact Study for the Hanna Ranch Projecgt

Source:  Pacific Star Capital, LLC  1/17 Not to Scale
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Trip Distribution 

Trip distribution characteristics were determined through an examination of existing traffic patterns in the study 
area as well as consideration of likely trip origins/destinations.  The applied distribution assumptions and resulting 
trips are shown in Table 12. 

Table 12 – Trip Distribution Assumptions 

Route Percent Daily Trips Weekday PM Trips Weekend PM Trips 

US 101 north of Rowland Blvd 27% 1,640 155 184 

US 101 south of Rowland Blvd 23% 1,397 132 157 

Rowland Blvd west of Redwood Blvd 5% 304 28 34 

Redwood Blvd north of Rowland Blvd 31% 1,883 178 212 

Rowland Way north of Rowland Blvd 5% 304 29 34 

SR 37 east of US 101 9% 547 52 61 

TOTAL  6,075 574 682 

Intersection Operation 

Existing plus Project Conditions 

Upon the addition of project-related traffic to Existing volumes, the study intersections are expected to continue 
operating acceptably at LOS D or better.  These results are summarized in Table 13.  Project traffic volumes are 
shown in Figure 6. 

Table 13 – Existing and Existing plus Project Peak Hour Intersection Levels of Service 

Study Intersection Existing Conditions Existing plus Project 

Weekday PM 
Peak 

Weekend PM 
Peak 

Weekday PM 
Peak 

Weekend PM 
Peak 

Delay LOS Delay LOS Delay LOS Delay LOS 

1. Rowland Blvd/Redwood Blvd 24.8 C 23.4 C 27.0 C 24.7 C 

2. Rowland Blvd/US 101 S Ramps 12.4 B 17.0 B 16.1 B 29.8 C 

3. Rowland Blvd/US 101 N Ramps 33.7 C 35.2 D 37.1 D 42.0 D 

4. Rowland Blvd/Rowland Way 15.3 B 13.1 B 15.0 B 14.9 B 

5. Rowland Blvd/Vintage Way (north) 17.2 B 19.1 B 20.2 C 22.8 C 

6. Rowland Blvd/Vintage Way (south) 7.7 A 8.4 A 14.0 B 18.5 C 

Notes: Delay is measured in average seconds per vehicle; LOS = Level of Service 
 
It should be noted that with the addition of project-related traffic volumes, average delay at the intersection of 
Rowland Boulevard/Rowland Way would be expected to decreases during the p.m. peak hour.  While this is 
counter-intuitive, this condition occurs when a project adds trips to movements that are currently underutilized 
or have delays that are below the intersection average, resulting in a better balance between approaches and 
lower overall average delay.  The project adds traffic to the through movement, which has an average delay that 
is lower than the average for the intersection as a whole, resulting in a slight reduction in the overall average delay.   
  



Pr
oj

ec
t

Si
te

Novato BlvdR
o

w
la

n
d

 B
lv

d

Vintage Way

H
a

n
n

a
h

 R
a

n
ch

 R
d

R
o

w

land Way

Redwood B
lv

d

SMART

37

10
1

1
2

3
4

5

6

(0)    {0}
(0)    {0}
(116){111}

{0}
  (0

)
{18

}(1
9)

{0}
  (0

)

{0}(0)
{0}(0)
{0}(0)

(62
){1

00
}

(10
){1

6}
(0)

  {0
}

1

(0)    {0}
(0)    {0}
(101){97}

{0}
    

(0)
{12

9}(
13

5)

(72
){1

16
}

(64
){1

03
}

2

(54
)  {

87
}

(0)
    

{0}
(13

5){
22

0}

{0}    (0)
{0}   (-1)
{0}    (0)

{115}(120)

{0}(0) {0}(0) {0}(0)

{0}
    

(0)
{0}

    
(0)

{22
6}(

23
6)

3

(0)  {0}
(19){18}

{0}
    

(0)
{34

1}(
35

6)

(10
)  {

16
}

(18
9){

30
7}

4

(0)    {0}
(375){359}
(0)    {0}

{0}
(0)

{0}
(0)

{0}
(0)

{0}    (0)
{323}(199)

{0}    (0)

(0)
{0}

(0)
{0}

(0)
{0}

5

{0}(0)
{323}(199)

(0)    {0}
(375){359}

{0}
(0)

{0}
(0)

6

no
v1

29
.a

i 
5/

17

Fi
gu

re
 6

 –
 P

ro
je

ct
 T

ra
ffi

c V
ol

um
es

T
ra

ffi
c 

Im
p

a
c

t 
S

tu
d

y
 f

o
r 

th
e

 H
a

n
n

a
 R

a
n

ch
 P

ro
je

c
t

N
or

th

N
ot

 to
 S

ca
le

{x
x}

W
ee

ke
nd

 P
M

 P
ea

k 
H

ou
r V

ol
um

e
(x

x)
W

ee
kd

ay
 P

M
 P

ea
k 

H
ou

r V
ol

um
e

St
ud

y 
In

te
rs

ec
tio

n
LE

G
EN

D



20 
Traffic Impact Study for the Hanna Ranch Project  

June 9, 2017 

The conclusion could incorrectly be drawn that the project actually improves operation based on this data alone; 
however, it is more appropriate to conclude that the project trips are expected to make use of excess capacity, so 
drivers will experience little, if any, change in conditions as a result of the project. 

Freeway Level of Service 

Under Existing plus Project conditions and during the p.m. peak hour the segments of US 101 to the north and 
south of Rowland Boulevard are expected to continue to operate acceptably at LOS D or better in both directions.  
The segment of SR 37 east of US 101 is expected to operate acceptably at LOS A or C in both the westbound and 
eastbound directions.  These results are summarized in Table 14. 

Table 14 – Existing and Existing plus Project PM Peak Hour Freeway Levels of Service 

Facility Existing Existing plus Project 

Segment Density LOS Density LOS Density LOS Density LOS 

US 101 Northbound Southbound Northbound Southbound 

South of Rowland Blvd 20.7 C 18.3 C 21.1 C 18.5 C 

North of Rowland Blvd 27.1 D 19.9 C 27.7 D 20.5 C 

SR 37 Eastbound Westbound Eastbound Westbound 

East of US 101 22.0 C 3.9 A 22.2 C 8.0 A 

Notes: Density is measured in the number of passenger cars per mile per lane (pc/mi/ln) 

 
Finding – The study intersections and freeway segments are expected to continue operating acceptably at LOS D 
or better upon the addition of project-generated traffic. 

Baseline plus Project Conditions 

With project-related traffic added to Baseline volumes, the study intersections are expected to operate acceptably 
at LOS D or better, as summarized in Table 15. 

Table 15 – Baseline and Baseline plus Project Peak Hour Intersection Levels of Service 

Study Intersection 
Approach 

Baseline Conditions Baseline plus Project 

Weekday PM 
Peak 

Weekend PM 
Peak 

Weekday PM 
Peak 

Weekend PM 
Peak 

Delay LOS Delay LOS Delay LOS Delay LOS 

1. Rowland Blvd/Redwood Blvd 25.2 C 23.7 C 28.0 C 25.5 C 

2. Rowland Blvd/US 101 S Ramps 13.0 B 24.7 C 18.1 B 36.4 D 

3. Rowland Blvd/US 101 N Ramps 35.1 D 35.9 D 38.4 D 46.7 D 

4. Rowland Blvd/Rowland Way 15.2 B 13.4 B 15.0 B 15.5 B 

5. Rowland Blvd/Vintage Way (north) 17.8 B 19.9 B 20.7 C 23.9 C 

6. Rowland Blvd/Vintage Way (south) 7.7 A 8.6 A 14.0 B 18.5 C 

Notes: Delay is measured in average seconds per vehicle; LOS = Level of Service 
 
Freeway Level of Service  

Under Baseline plus Project conditions and during the p.m. peak hour the segments of US 101 to the north and 
south of Rowland Boulevard are expected to continue to operate acceptably at LOS D or better in both directions.  
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The segment of SR 37 east of US 101 is expected to operate acceptably at LOS A and C in the westbound and 
eastbound directions respectively.  These results are summarized in Table 16. 

Table 16 – Baseline and Baseline plus Project PM Peak Hour Freeway Levels of Service 

Facility Baseline Baseline plus Project 

Segment Density LOS Density LOS Density LOS Density LOS 

US 101 Northbound Southbound Northbound Southbound 

South of Rowland Blvd 20.8 C 18.4 C 21.1 C 18.5 C 

North of Rowland Blvd 27.2 D 19.9 C 27.7 D 20.5 C 

SR 37 Eastbound Westbound Eastbound Westbound 

East of US 101 22.1 C 7.8 A 22.2 C 8.0 A 

Notes: Density is measured in the number of passenger cars per mile per lane (pc/mi/ln) 

 
Finding – The study intersections and freeway segments are expected to continue operating acceptably at the 
same levels of service upon the addition of project-generated traffic to Baseline volumes. 

Future plus Project Conditions 

Upon the addition of project-generated traffic to the anticipated Future volumes, the study intersections are 
expected to operate acceptably.  The Future plus Project operating conditions are summarized in Table 17. 

Table 17 – Future and Future plus Project Peak Hour Levels of Service 

Study Intersection 
Approach 

Future Conditions Future plus Project 

Weekday PM 
Peak 

Weekend PM 
Peak 

Weekday PM 
Peak 

Weekend PM 
Peak 

Delay LOS Delay LOS Delay LOS Delay LOS 

1. Rowland Blvd/Redwood Blvd 26.3 C 27.7 C 34.3 C 30.3 C 

2. Rowland Blvd/US 101 S Ramps 13.3 B 25.3 C 17.6 B 44.5 D 

3. Rowland Blvd/US 101 N Ramps 40.5 D 37.1 D 43.3 D 48.2 D 

4. Rowland Blvd/Rowland Way 15.1 B 13.4 B 16.4 B 15.3 B 

5. Rowland Blvd/Vintage Way (north) 18.4 C 19.9 B 21.3 C 23.2 C 

6. Rowland Blvd/Vintage Way (south) 7.8 A 8.6 A 13.0 B 18.0 C 

Notes: Delay is measured in average seconds per vehicle; LOS = Level of Service 
 
Freeway Level of Service 

As shown in Table 18, under Future plus Project conditions and during the p.m. peak hour the segments of US 101 
to the north and south of Rowland Boulevard are expected to continue to operate acceptably at LOS D or better 
in both directions.  The segment of SR 37 east of US 101 is expected to operate acceptably at LOS C or D in both 
the westbound and eastbound directions. 
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Table 18 – Future and Future plus Project PM Peak Hour Freeway Levels of Service 

Facility Future Future plus Project 

Segment Density LOS Density LOS Density LOS Density LOS 

US 101 Northbound Southbound Northbound Southbound 

South of Rowland Blvd 22.5 C 24.5 C 22.9 C 24.7 C 

North of Rowland Blvd 30.8 D 21.3 C 31.5 D 22.0 C 

SR 37 Eastbound Westbound Eastbound Westbound 

East of US 101 29.3 D 21.4 C 29.5 D 21.7 C 

Notes: Density is measured in the number of passenger cars per mile per lane (pc/mi/ln) 

 
Finding – The study intersections and freeway segments are expected to continue operating acceptably at LOS D 
or better with project trips added to Future volumes. 

Vehicle Miles Traveled (VMT) 

The project’s VMT was assessed using trip length estimates for the Novato Transportation Analysis Zone (TAZ) as 
contained in the statewide model.  The potential VMT generated for each land use proposed on the project site 
was evaluated.  For the commercial uses, which include restaurants, retail, and the hotel, VMT is calculated by 
multiplying the number of employees per 1,000 square feet of commercial space by the average employee trip 
length, which is provided by the statewide model.  Based on the Office of Planning Research’s (OPR) most recent 
guidance, contained in their Revised Proposal on Updates to the CEQA Guidelines on Evaluating Transportation 
Impacts in CEQA, January 20, 2016, small, local-serving commercial land uses are expected to shorten trip lengths 
and reduce VMT.  These types of commercial uses typically redistribute trips rather than creating new ones.  It 
would be expected that the miles traveled by the customer are just being diverted from different retail 
establishments to this one.  For example, a customer may choose to patronize a new store or restaurant as it is 
closer to their home than one they had previously shopped or dined at in a different location, and the trip would 
therefore not produce additional VMT, and in fact, may reduce VMT.  Similarly, guests of the hotel would likely be 
redistributed from other hotels in the City, which would not produce additional VMT. 

Because neither the City of Novato nor the County of Marin has standard data available regarding employee 
conversion factors, in order to determine the estimated number of employees per 1,000 square feet of space for 
the retail and hotel land uses, conversion rates used for regional modeling in neighboring Sonoma County were 
applied.  For retail uses, a rate of 1.62 employees per 1,000 square was used and 1.09 employees per 1,000 square 
feet were assumed for the hotel.  These conversion rates do not include estimates for restaurants.  The U.S. Green 
Building Council recommends a rate of 2.3 employees per 1,000 square feet of retail space, which was used for 
this analysis. 

For the Novato TAZ within which the project site is located, employees are expected to travel 15.09 miles per day.  
Based on the factors described above, the estimated VMT for the restaurant is 435 miles traveled per day, retail 
would be expected to produce 330 miles per day, and the hotel would produce 1,221 miles per day. 

VMT for the proposed 48 apartment units was calculated by multiplying the average household size in Novato by 
the number of housing units and the home-based VMT estimates for residential land uses in Novato, provided by 
the statewide model.  According to the 2010 US Census, the average household size in Novato is 2.5 people per 
household.  Residents in this TAZ are expected to travel 14.72 miles per day.  Based on these factors, the estimated 
VMT for the propose apartments would be 1,767 miles. 

Generally, gas stations will not measurably alter VMT as the majority of gas station trips are convenience-based, 
i.e. drivers will generally stop at a gas station if it is already on their route.  However, given that the proposed gas 
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station at the project site will be a discounted Costco gas station, some customers may divert a longer distance 
out of their way to access the gas station and therefore additional VMT would be generated.  In order to calculate 
the approximate VMT that may be produced by the station, it was assumed that all diverted trips would originate 
from US 101.  The trip length between US 101 and the fuel station (and back) along Rowland Boulevard would be 
about one mile each way.  As shown in the project’s trip generation, the gas station is expected to generate 7,686 
daily trips.  Based on p.m. peak hour internal capture rates, it was assumed that 42 percent of these trips would be 
internally captured and therefore not generate additional VMT.  Therefore, it was assumed that the remaining 
4,458 daily trips would be from drivers diverting from US 101 to access the Costco Station.  With a trip length of 
one mile from US 101 to the gas station, the estimated VMT would be 4,458 miles. 

Table 19 – VMT by Land Use 

Land Use Units VMT 

Restaurant 12.54 ksf 435 

Retail 13.5 ksf 330 

Hotel 74.2 ksf 1,221 

Apartment 48 du 1,767 

Gas station 24 vpf 4,458 

TOTAL  8,211 
 
Overall, the entire project site would produce an estimated VMT of 8,211 miles.  In some cases, a reduction to VMT 
may be applied for mixed-use projects.  However, due to the location and mix of land uses at the proposed project 
site, few trips would be expected to be captured internally other than those already accounted for in the trip 
generation estimate for the Costco gas station.  Therefore, no mixed-use reductions were applied.  There are 
currently no standards of significance against which to evaluate this estimate.  Additionally, the City of Novato 
does not currently have a regional model to provide a comparison of VMT with or without the proposed project. 
Therefore, the VMT estimate is provided for informational purposes only. 

Queuing 

The projected vehicle queues were determined under each scenario using the applied timing schemes in 
SIMTRAFFIC, which is a traffic simulation extension of Synchro that generates random “seeding” of vehicles on the 
street network and then simulates how vehicles will flow through the system using the actual volumes, phasing, 
and timing developed in Synchro.  Because each SIMTRAFFIC run is unique, a series of six separate “runs” was used 
to develop queuing estimates.  The 95th percentile queues projected for each lane in the six SIMTRAFFIC runs were 
averaged and are reported as the maximum queue. 

Under all study scenarios the projected maximum queues between intersections and in turn pockets along 
Rowland Boulevard can be accommodated within the available storage except at Rowland Boulevard/Rowland 
Way, where westbound queuing is expected to exceed storage capacity under all weekend plus project scenarios 
for the through and right-turn movements. 

Summarized in Table 20 are the predicted queue lengths for all turn-lanes under each scenario.  Copies of the 
SIMTRAFFIC projections are contained in Appendix D. 
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Table 20 – Maximum Queues Exceeding Available Storage 

Study Intersection 
 

Available 
Storage 

Maximum Queues 

Weekday PM Peak Hour Weekend PM Peak Hour 

E E+P B B+P F F+P E E+P B B+ P F F+P 

Rowland/Redwood Blvd              

Northbound LTL 100 53 41 50 62 48 58 48 28 39 31 42 38 

Southbound LTL 1 250 116 199 148 179 180 283 164 229 157 250 167 223 

Southbound LTL 2 380 122 203 159 177 176 313 215 221 118 279 145 189 

Southbound RTL 380 44 48 24 53 56 39 33 30 32 25 38 29 

Eastbound LTL 245 127 107 117 117 114 128 88 128 156 96 121 118 

Westbound LTL 200 153 170 147 169 170 202 68 77 114 110 67 138 

Rowland/US 101S Ramps              

Southbound LTL 280 82 114 84 101 77 106 116 130 114 139 116 140 

Westbound LTL 1 450 181 182 157 219 226 232 232 351 197 325 216 437 

Westbound LTL 2 980 188 203 176 233 227 242 245 376 210 343 232 493 

Eastbound RTL  220 122 169 127 147 152 164 151 140 129 134 139 179 

Rowland/US 101N Ramps              

Northbound LTL 435 316 309 329 303 353 364 220 197 225 193 234 222 

Northbound RTL 1 435 214 250 243 256 208 237 360 326 344 385 383 434 

Northbound RTL 2 435 267 250 281 264 221 214 383 348 372 395 377 436 

Eastbound LTL 425 96 229 95 88 127 101 102 99 95 94 120 216 

Westbound RTL 200 125 151 206 163 167 188 111 157 141 202 169 196 

Westbound Through 360 185 232 206 212 237 247 220 222 203 271 244 278 

Rowland/Rowland Way              

Southbound RTL 300 153 190 164 184 192 206 110 195 147 117 105 133 

Eastbound LTL 1 260 104 130 111 98 110 111 142 126 170 181 155 185 

Eastbound LTL 2 260 123 172 131 133 131 133 157 188 183 284 174 251 

Westbound TRTL 300 101 289 168 290 231 309 198 327 266 321 287 323 

Westbound Through 300 74 257 162 280 264 313 168 317 237 308 246 321 

Rowland/Vintage Way (N)              

Eastbound LTL 1  560 245 295 272 270 212 247 305 335 325 439 422 515 

Eastbound LTL 2 560 316 343 372 335 294 322 343 363 381 478 510 515 

Notes: Maximum Queue based on the 95th percentile queues from six SIMTRAFFIC runs; all distances are measured in 
feet; E = existing conditions; E+P = existing plus project conditions; B = Baseline conditions; B+P = Baseline + 
Project conditions; F = future conditions; F+P = future plus project conditions; Bold text = queue length exceeds 
available storage 

 
For all the various scenarios evaluated, the project results in either a slight increase or decrease in queue lengths—
the change is less-than-significant and can be attributed to the stochastic nature of the SIMTRAFFIC program.  
Overall, the project itself is not expected to result in a measurable change to queue lengths except in one of the 
two eastbound left-turn lanes at Rowland Boulevard/Rowland Way under Baseline plus Project volumes.  For this 
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approach, there is a storage capacity of 260 feet in each of the two turn lanes.  It is likely that if the queue in one 
lane exceeded capacity a driver would use the other turn lane where additional space would be available.  So, 
while a queue exceeding storage space by approximately one vehicle is projected, the other left-turn lane has 
available capacity for three vehicles under this analysis scenario.  Therefore, the existing storage capacity at the 
approach is adequate.  However, in the through and through/right-turn lanes at the intersection of Rowland 
Boulevard/Rowland Way, queuing is expected to exceed storage capacity under all weekend plus project 
scenarios. 

Finding – The project does not cause any queues to exceed available storage, except at Rowland Boulevard/ 
Rowland Way where queuing would exceed storage capacity at the through-right and through westbound 
movements under all weekend plus project scenarios. 

Recommendation – Widen the north side of Rowland Boulevard to include an additional westbound shared 
through/right-turn lane between Rowland Way and Vintage Way (north). 
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Alternative Modes 

Given the proximity of the Vintage Oaks Shopping Center to the project site as well as the existing San Francisco 
Bay Trail and proposed Sonoma Marin Area Rail Transit (SMART) Trail, it is reasonable to assume that some project 
residents and employees will want to walk, bicycle, and/or use transit to reach the proposed Hanna Ranch project 
site. 

Pedestrian Facilities 

Sidewalks do not currently exist along the project frontage, as the site is vacant.  The proposed project includes 
plans to provide a Class I bike and pedestrian path that would generally begin at the northern end of the site and 
continue south to Hanna Ranch Road.  Some of the proposed facilities would be located off-site within the SMART 
right-of-way.  These improvements, combined with existing sidewalk to the north of the project site along the 
Vintage Oaks Shopping center, would provide adequate pedestrian access to the project site. 

Finding – Pedestrian facilities serving the project site are expected to be adequate. 

Bicycle Facilities 

Existing Class I and II facilities north of the project site combined with the proposed Class I facility to be developed 
with the Hanna Ranch project would provide sufficient bicycle access to the proposed project site. 

Bicycle Storage 

The project site plan does not identify bicycle parking or storage facilities, although bicycle parking is planned to 
be provided upon development of the project.  Chapter 19.30, Parking Standards, of the Novato Municipal Code 
identifies the number of bicycle parking spaces required based on the proposed land use.  For retail commercial 
uses, bicycle parking should be equal to a minimum of five percent of the required vehicle spaces and distributed 
to serve employees and visitors to the project.  For multi-family projects, bicycle parking should be provided equal 
to a minimum of 10 percent of the required vehicle spaces, unless separate secured garage space is provided for 
each unit.  The applicant should ensure that adequate bicycle parking is provided upon construction of the 
project.  

Finding – Bicycle facilities serving the project site are expected to be adequate upon completion of the planned 
bicycle path within the site. 

Recommendation – Adequate bicycle parking should be provided, per City code, as part of the proposed project. 

Recommendation – Coordinate with the City of Novato and SMART to provide a public access easement between 
the proposed project and the SMART Trail at an appropriate location for pedestrian, bicycle, and emergency 
access. 

Transit 

Existing transit routes are adequate to accommodate project-generated transit trips.  Existing stops are within 
one-mile of the project site, which may be too far for convenient access by residents, guests, and patrons of Hanna 
Ranch. 
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Finding – Transit facilities serving the project site are not adequate.  An additional bus stop should be provided 
near the project site 

Finding – The project applicant should work with Marin Transit to identify a suitable location near or at the project 
access to install a bus stop for future transit users. 

  



28 
Traffic Impact Study for the Hanna Ranch Project  

June 9, 2017 

Consistency with 2011 EIR Mitigation Measures 

Because this report is intended to supplement the EIR prepared for the previously proposed and approved Hanna 
Ranch project, a comparison was made to the findings of that study to ensure that all of the findings and 
recommendations are consistent.  Following are discussions of the impacts and mitigations as presented in the 
Traffic Impact Study for the Hann Ranch EIR and subsequently folded into that EIR.  The language of the impacts 
and mitigations is presented as written in the EIR.  Table 21 provides a summary of the impacts determined in the 
2011 EIR, the proposed mitigations with a comparison of the proposed 2017 updated project. 

Queuing 

Impact TRANS-1 

Impact: The maximum queue in the westbound right-turn lanes at the Redwood Boulevard/Rowland Boulevard 
intersection (Intersection #1) is expected to extend beyond the available storage capacity under Future Without 
Project and Future Plus Project p.m. peak hour conditions.  Additionally, the queue in the westbound through lane 
at this intersection is expected to exceed available storage capacity under Future Plus Project Conditions.  This is 
considered to be a Significant Impact. 

Mitigation Measure:  The project applicant shall fund its proportional share of the cost to widen the north side of 
Rowland Boulevard to include an additional westbound right-turn lane with right-turn overlap phasing.  The 
additional right-turn lane shall provide a minimum of 200 feet of storage length.  The City of Novato Public Works 
Department shall determine the project’s proportional share and collect funds prior to issuance of a certificate of 
occupancy for the proposed project. 

A right-turn lane has already been installed at this intersection and therefore this part of the mitigation measure 
has been satisfied.   Since the intersection is expected to operate acceptably under the projected volumes for each 
scenario, right-turn overlap phasing for the westbound right-turn is no longer needed. 

Impact TRANS-2 

Impact: The maximum queue in the westbound through and right-turn lanes at Rowland Boulevard/US 101 North 
Ramps (Intersection #3) is expected to extend beyond the available storage capacity under Future Without Project 
and Future Plus Project p.m. peak hour conditions.  This is considered to be a Significant Impact. 

Mitigation Measure:  The project applicant shall design and construct to the satisfaction of the City Engineer all 
of the necessary improvements to widen the north side of Rowland Boulevard to include an additional westbound 
shared through/right-turn lane between Rowland Way and Vintage Way (north).  The City of Novato Public Works 
Department shall contribute to the applicant funds received by the City for these improvements in the amount 
not-to-exceed $50,000.  The applicant shall complete the construction of these improvements prior to issuance of 
a certificate of occupancy for the proposed project. 

The queuing analysis conducted for this analysis indicates that under Future plus Project conditions there is 
expected to be sufficient storage space for the westbound through and right-turn movements at this intersection 
without the improvements required per Mitigation Measure TRANS-2.  It is noted, however, that Mitigation 
Measure TRANS-2 is still necessary to address Impact TRANS-3, as discussed below. 
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Impact TRANS-3 

Impact: The maximum queues in the westbound through and right-turn lanes at Rowland Boulevard/Rowland 
Way (Intersection #4) are expected to extend beyond the available storage capacity under Future Without Project 
and Future Plus Project p.m. peak hour conditions.  This is considered to be a Significant Impact. 

Mitigation Measure:  Implement Mitigation Measure TRANS-2. 

Results from the queuing output indicate the queuing at this location for the westbound through and right-turn 
lanes at Rowland Boulevard/Rowland Way will continue to exceed available storage capacity under Future plus 
Project conditions without the improvements identified in Mitigation Measure TRANS-2; this mitigation measure 
would therefore still apply. 

Access 

Impact TRANS-4 

Impact:  The canopies of existing and proposed trees could obstruct larger vehicles from maneuvering 
throughout the entire site.  This is considered to be a Significant Impact. 

Mitigation Measure:  Any proposed trees along internal streets shall be placed and maintained so as to avoid 
obstructing the vertical clearance of larger vehicles like fire or garbage trucks.  In addition, any existing trees that 
would obstruct larger vehicles from maneuvering throughout the site shall be maintained to accommodate a 
vertical clearance of at least 14 feet for trucks. 

The current site plan does not indicate the location of trees, however, landscaping plans should continue to ensure 
that at least 14 feet of clearance is available for trucks. 

Alternative Transportation  

Impact TRANS-5 

Impact:  Proposed pedestrian facilities may not adequately accommodate increased pedestrian traffic generated 
by the proposed project.  The lack of adequate pedestrian facilities is considered a Significant Impact. 

Mitigation Measure a:  The project applicant shall install ADA compliant curb ramps at all driveway crossings and 
sidewalk transition points within the project site. 

Mitigation Measure b:  Prior to approval of final development plans, the project applicant shall coordinate with 
the City of Novato and SMART to designate on the project plans and formally establish a public access easement 
between the proposed project and the SMART Trail at an appropriate location for pedestrian, bicycle, and 
emergency access.  In the event that SMART constructs the Class I bike trail prior to approval of the final 
development plans, the project applicant shall not be required to construct the Class I pathway on the project site 
or grant the easement. 

These mitigation measures would still apply. 
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Impact TRANS-6 

Impact:  Proposed bicycle facilities may not adequately accommodate increased bicycle traffic generated by the 
proposed project.  This is considered a Significant Impact. 

Mitigation Measures:  The project shall include a minimum of 46 short-term bicycle parking spaces for project 
patrons and employees at convenient locations adjacent to the project’s primary entry points.  Racks should be 
an appropriate design and installed correctly to ensure proper function.  Long-term parking for employees in the 
form of bicycle lockers or covered bicycle parking spaces to reduce exposure to the elements and vandalism 
should be installed as a portion of the overall parking requirement.  The appropriate number and locations of 
bicycle parking spaces shall be determined by the City of Novato Community Development and Public Works 
Departments prior to final site plan approval. 

The bicycle facilities as previously required should be provided with the currently proposed project. 

Impact TRANS-7 

Impact:  The Hanna Ranch project would increase ridership on transit routes that provide service to the project 
site.  This is considered a Significant Impact. 

Mitigation Measure:  Prior to approval of the final site plan, the project applicant shall work with Marin Transit to 
identify a suitable location near or at the Rowland Boulevard/Vintage Way intersection to install a bus stop and 
shelter for future transit users.  The project applicant shall be responsible for funding this improvement prior to 
operation of the proposed project. 

This mitigation measure still applies. 
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Table 21 – Consistency with EIR Mitigation Measures 

2011 EIR Impact 2011 EIR Mitigations 2017 Update 

Impact TRANS-1:  The maximum 
queues in the westbound through 
and right-turn lanes at Redwood 
Boulevard/ Rowland Boulevard are 
expected to extend beyond the 
available storage. 

MM TRANS-1:  Widen the north side 
of Rowland Boulevard to include an 
additional westbound right-turn 
lane with right-turn overlap 
phasing. 

A right-turn lane has already been 
installed at this intersection, so this 
portion of the mitigation measure 
has been satisfied.  Operation 
analysis indicates that right-turn 
overlap phasing is no longer 
required, so this part of the 
mitigation can be eliminated. 

Impact TRANS-2:  The maximum 
queue in the westbound through and 
right-turn lanes at Rowland 
Boulevard/US 101 North Ramps is 
expected to extend beyond the 
available storage lengths. 

MM TRANS-2:  Widen the north side 
of Rowland Boulevard to include an 
additional westbound shared 
through/right turn lane between 
Rowland Way and Vintage Way 
(north). 

This impact is no longer anticipated; 
however, this mitigation measure 
addressed two distinct impacts.  See 
Impact TRANS-3. 

Impact TRANS-3:  The maximum 
queues in the westbound through 
and right-turn lanes at Rowland 
Boulevard/Rowland Way are 
expected to extend beyond the 
available storage. 

MM TRANS-3:  Implement MM 
TRANS-2. 

The widening of Rowland Boulevard 
would still be necessary to address 
this impact. 

Impact TRANS-4:  The canopies of 
the proposed on-site trees obstruct 
larger vehicles from maneuvering 
throughout the entire site 

MM TRANS-4:  Relocate and/or 
maintain the proposed on-site trees 
to accommodate a truck clearance 
of at least 14 feet. 

There is no change to this Mitigation 
Measure due to the change in the 
project description. 

Impact TRANS-5:  Proposed 
pedestrian facilities are inadequate to 
accommodate anticipated pedestrian 
activity. 

MM TRANS-5a:  Install ADA 
compliant curb ramps at all 
driveway crossings and sidewalk 
transition points within the project 
site. 

These mitigation measures would 
still apply. 

MM TRANS-5b: Coordinate with the 
City of Novato and SMART to 
provide a public access easement 
between the proposed project and 
the SMART Trail at an appropriate 
location for pedestrian, bicycle, and 
emergency access. 

Impact TRANS-6:  Bike facilities 
would be inadequate. 

MM TRANS-6:  Provide bicycle 
parking facilities. 

The bicycle facilities as previously 
required should be provided with the 
currently proposed project; no 
change to the mitigation measure as 
written. 

Impact TRANS-7:  The project would 
increase transit ridership. 

MM TRANS-7:  The project applicant 
shall install a bus stop and shelter 
for future transit users. 

This mitigation measure still applies. 
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Conclusions and Recommendations 

Conclusions 

 The proposed project would be expected to result in 10,752 daily trips including 819 trips during the p.m. 
peak hour and 982 trips during the weekend midday peak hour.  After apply internally captured trips are 
deducted the site would generate 574 during the p.m. peak hour and 682 during the weekend midday peak 
hour. 

 All six study intersections are currently operating acceptably at LOS D or better and are expected to continue 
to do so with the addition of project generated trips. 

 The US 101 freeway segments, both north and south of Rowland Boulevard, are operating acceptably at LOS 
D or better and are expected to continue doing so with the addition of project generated trips.  SR 37, east of 
the US 101, is operating acceptably both eastbound and westbound at LOS C or better under Existing 
conditions and is expected to continue doing so upon adding project-generated traffic. 

 Under Baseline and Future conditions, with or without project generated trips, all six study intersections are 
expected to operate acceptably at LOS D or better. 

 The US 101 freeway segments, both north and south of Rowland Boulevard, are expected to operate 
acceptably at LOS D or better under Baseline and Future conditions, with or without project generated trips.   
SR 37 is also expected to operate acceptably at LOS C or better under Baseline conditions with or without 
project generated trips and LOS D or better under Future and Future plus project conditions. 

 Existing and planned pedestrian, bicycle, and transit facilities are inadequate to serve the project site. 

Recommendations 

 The proposed project plans should ensure that adequate bicycle parking is provided upon construction of 
the project. 

 The north side of Rowland Boulevard should be widened to include an additional westbound shared 
through/right-turn lane between Rowland Way and Vintage Way (north). 

 New and proposed trees along internal streets should be placed and maintained so as to avoid obstructing 
the clearance of larger vehicles like fire or garbage trucks, with vertical clearance of at least 14 feet provided. 

 ADA compliant curb ramps should be installed at all driveway crossings and sidewalk transition points within 
the project site. 

 A public access easement between the proposed project and the SMART Trail should be provided at an 
appropriate location for pedestrian, bicycle, and emergency access. 

 Provide a minimum of 46 short-term bicycle parking spaces for project patrons and employees at convenient 
locations adjacent to the project’s primary entry points. 

 Work with Marin Transit to identify a suitable location near or at Rowland Boulevard/Vintage Way to install a 
bus stop and shelter for future transit users. 
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Collision Rate Calculations 

  





Date of Count:  

Number of Collisions:  10
Number of Injuries:  6

Number of Fatalities:  0
ADT:  24200

Start Date:  
End Date:  

Number of Years:  5

Intersection Type:  Four-Legged
Control Type:  Signals

Area:  Urban

10 x
24,200 x x 5

Study Intersection  0.23 c/mve
Statewide Average*  0.27 c/mve

c/mve = collisions per million vehicles entering intersection
*  2013 Collision Data on California State Highways, Caltrans

Date of Count:  

Number of Collisions:  13
Number of Injuries:  2

Number of Fatalities:  0
ADT:  29300

Start Date:  
End Date:  

Number of Years:  5

Intersection Type:  Four-Legged
Control Type:  Signals

Area:  Urban

13 x
29,300 x x 5

Study Intersection  0.24 c/mve
Statewide Average*  0.27 c/mve

c/mve = collisions per million vehicles entering intersection
*  2013 Collision Data on California State Highways, Caltrans

15.4%
Collision Rate Fatality Rate

collision rate =  365

2: 

Number of Collisions x 1 Million

0.4%

collision rate =  ADT x 365 Days per Year x Number of Years

60.0%

1,000,000

Injury Rate

Fatality Rate
0.0%

ADT x 365 Days per Year x Number of Years

0.0%

ADT = average daily total vehicles entering intersection 

0.4%

Collision Rate Injury Rate

Intersection Collision Rate Calculations

July 1, 2011
June 30, 2016

Intersection # Rowland Blvd & Redwood Blvd

collision rate =  1,000,000

Rowland Blvd & US 101 South Ramps

41.9%

ADT = average daily total vehicles entering intersection 

July 1, 2011

365

Intersection #

June 30, 2016

Number of Collisions x 1 Millioncollision rate =  

1: 

Hanna Ranch Project

Friday, March 31, 2017

Friday, March 31, 2017

41.9%

Whitlock & Weinberger Transportation, Inc.
5/8/2017
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Date of Count:  

Number of Collisions:  24
Number of Injuries:  6

Number of Fatalities:  0
ADT:  33000

Start Date:  
End Date:  

Number of Years:  5

Intersection Type:  Four-Legged
Control Type:  Signals

Area:  Urban

24 x
33,000 x x 5

Study Intersection  0.40 c/mve
Statewide Average*  0.27 c/mve

c/mve = collisions per million vehicles entering intersection
*  2013 Collision Data on California State Highways, Caltrans

Date of Count:  

Number of Collisions:  6
Number of Injuries:  2

Number of Fatalities:  0
ADT:  25600

Start Date:  
End Date:  

Number of Years:  5

Intersection Type:  Tee
Control Type:  Signals

Area:  Urban

6 x
25,600 x x 5

Study Intersection  0.13 c/mve
Statewide Average*  0.21 c/mve

c/mve = collisions per million vehicles entering intersection
*  2013 Collision Data on California State Highways, Caltrans

41.9%

Hanna Ranch Project

July 1, 2011

42.4%

Fatality Rate Injury Rate

July 1, 2011

collision rate =  

Intersection #

0.0%

June 30, 2016

collision rate =  

ADT = average daily total vehicles entering intersection 

Intersection Collision Rate Calculaions

Intersection #

Fatality Rate

365

Collision Rate

3: Rowland Blvd & US 101 North Ramps

collision rate =  1,000,000

Number of Collisions x 1 Million
ADT x 365 Days per Year x Number of Years

Injury Rate

June 30, 2016

Rowland Blvd & Rowland Way

ADT = average daily total vehicles entering intersection 

0.4%

Friday, March 31, 2017

25.0%

4: 

Number of Collisions x 1 Million

0.3%
0.0% 33.3%

1,000,000
365

ADT x 365 Days per Year x Number of Years

Friday, March 31, 2017

collision rate =  

Collision Rate

Whitlock & Weinberger Transportation, Inc.
5/8/2017
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Date of Count:  

Number of Collisions:  8
Number of Injuries:  4

Number of Fatalities:  0
ADT:  20100

Start Date:  
End Date:  

Number of Years:  5

Intersection Type:  Tee
Control Type:  Signals

Area:  Urban

8 x
20,100 x x 5

Study Intersection  0.22 c/mve
Statewide Average*  0.21 c/mve

c/mve = collisions per million vehicles entering intersection
*  2013 Collision Data on California State Highways, Caltrans

Date of Count:  

Number of Collisions:  0
Number of Injuries:  0

Number of Fatalities:  0
ADT:  2300

Start Date:  
End Date:  

Number of Years:  5

Intersection Type:  Tee
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H
C

M
 S

ig
na

liz
ed

 In
te

rs
ec

tio
n 

C
ap

ac
ity

 A
na

ly
si

s
1:

 R
ed

w
oo

d 
B

lv
d 

&
 R

ow
la

nd
 B

lv
d

05
/03

/20
17

W
ee

kd
ay

 P
M 

Ex
ist

ing
 

Sy
nc

hr
o 9

 R
ep

or
t

Pr
op

os
ed

 H
an

na
 R

an
ch

 P
ro

jec
t

W
-T

ra
ns

Mo
ve

me
nt

EB
L

EB
T

EB
R

W
BL

W
BT

W
BR

NB
L

NB
T

NB
R

SB
L

SB
T

SB
R

La
ne

 C
on

fig
ur

ati
on

s
Tr

aff
ic 

Vo
lum

e (
vp

h)
99

56
0

45
95

76
1

26
1

31
32

45
29

3
33

16
7

Fu
tur

e V
olu

me
 (v

ph
)

99
56

0
45

95
76

1
26

1
31

32
45

29
3

33
16

7
Ide

al 
Flo

w 
(vp

hp
l)

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

To
tal

 Lo
st 

tim
e (

s)
3.5

4.5
4.5

3.5
4.5

3.5
4.1

3.5
4.8

4.8
La

ne
 U

til.
 F

ac
tor

1.0
0

0.9
5

1.0
0

1.0
0

0.9
5

1.0
0

0.9
5

0.9
7

1.0
0

1.0
0

Fr
pb

, p
ed

/bi
ke

s
1.0

0
1.0

0
0.9

9
1.0

0
1.0

0
1.0

0
0.9

9
1.0

0
1.0

0
0.9

9
Flp

b, 
pe

d/b
ike

s
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
Fr

t
1.0

0
1.0

0
0.8

5
1.0

0
0.9

6
1.0

0
0.9

1
1.0

0
1.0

0
0.8

5
Flt

 P
ro

tec
ted

0.9
5

1.0
0

1.0
0

0.9
5

1.0
0

0.9
5

1.0
0

0.9
5

1.0
0

1.0
0

Sa
td.

 F
low

 (p
ro

t)
18

05
35

74
15

91
18

05
34

59
18

05
32

61
35

02
19

00
15

94
Flt

 P
er

mi
tte

d
0.9

5
1.0

0
1.0

0
0.9

5
1.0

0
0.9

5
1.0

0
0.9

5
1.0

0
1.0

0
Sa

td.
 F

low
 (p

er
m)

18
05

35
74

15
91

18
05

34
59

18
05

32
61

35
02

19
00

15
94

Pe
ak

-h
ou

r f
ac

tor
, P

HF
0.9

5
0.9

5
0.9

5
0.9

5
0.9

5
0.9

5
0.9

5
0.9

5
0.9

5
0.9

5
0.9

5
0.9

5
Ad

j. F
low

 (v
ph

)
10

4
58

9
47

10
0

80
1

27
5

33
34

47
30

8
35

17
6

RT
OR

 R
ed

uc
tio

n (
vp

h)
0

0
28

0
26

0
0

40
0

0
0

13
6

La
ne

 G
ro

up
 F

low
 (v

ph
)

10
4

58
9

19
10

0
10

50
0

33
41

0
30

8
35

40
Co

nfl
. P

ed
s. 

(#
/hr

)
4

3
9

Co
nfl

. B
ike

s (
#/h

r)
1

He
av

y V
eh

icl
es

 (%
)

0%
1%

0%
0%

0%
0%

0%
0%

0%
0%

0%
0%

Tu
rn

 T
yp

e
Pr

ot
NA

Pe
rm

Pr
ot

NA
Pr

ot
NA

Pr
ot

NA
Pe

rm
Pr

ote
cte

d P
ha

se
s

5
2

1
6

3
8

7
4

Pe
rm

itte
d P

ha
se

s
2

4
Ac

tua
ted

 G
re

en
, G

 (s
)

8.0
33

.8
33

.8
8.9

34
.7

5.7
12

.0
13

.6
19

.2
19

.2
Ef

fec
tiv

e G
re

en
, g

 (s
)

8.0
33

.8
33

.8
8.9

34
.7

5.7
12

.0
13

.6
19

.2
19

.2
Ac

tua
ted

 g/
C 

Ra
tio

0.1
0

0.4
0

0.4
0

0.1
1

0.4
1

0.0
7

0.1
4

0.1
6

0.2
3

0.2
3

Cl
ea

ra
nc

e T
im

e (
s)

3.5
4.5

4.5
3.5

4.5
3.5

4.1
3.5

4.8
4.8

Ve
hic

le 
Ex

ten
sio

n (
s)

2.0
4.0

4.0
2.0

4.0
2.0

2.5
2.5

2.5
2.5

La
ne

 G
rp

 C
ap

 (v
ph

)
17

2
14

39
64

0
19

1
14

30
12

2
46

6
56

7
43

4
36

4
v/s

 R
ati

o P
ro

t
c0

.06
0.1

6
0.0

6
c0

.30
0.0

2
0.0

1
c0

.09
0.0

2
v/s

 R
ati

o P
er

m
0.0

1
c0

.03
v/c

 R
ati

o
0.6

0
0.4

1
0.0

3
0.5

2
0.7

3
0.2

7
0.0

9
0.5

4
0.0

8
0.1

1
Un

ifo
rm

 D
ela

y, 
d1

36
.4

17
.9

15
.1

35
.5

20
.7

37
.1

31
.2

32
.3

25
.4

25
.6

Pr
og

re
ss

ion
 F

ac
tor

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

Inc
re

me
nta

l D
ela

y, 
d2

4.1
0.3

0.0
1.2

2.1
0.4

0.1
0.8

0.1
0.1

De
lay

 (s
)

40
.5

18
.2

15
.2

36
.7

22
.8

37
.6

31
.3

33
.1

25
.5

25
.7

Le
ve

l o
f S

er
vic

e
D

B
B

D
C

D
C

C
C

C
Ap

pr
oa

ch
 D

ela
y (

s)
21

.1
24

.0
33

.1
30

.1
Ap

pr
oa

ch
 LO

S
C

C
C

C

Int
er

se
cti

on
 S

um
ma

ry
HC

M 
20

00
 C

on
tro

l D
ela

y
24

.8
HC

M 
20

00
 Le

ve
l o

f S
er

vic
e

C
HC

M 
20

00
 V

olu
me

 to
 C

ap
ac

ity
 ra

tio
0.5

8
Ac

tua
ted

 C
yc

le 
Le

ng
th 

(s)
 

83
.9

Su
m 

of 
los

t ti
me

 (s
)

16
.3

Int
er

se
cti

on
 C

ap
ac

ity
 U

tili
za

tio
n

64
.8%

IC
U 

Le
ve

l o
f S

er
vic

e
C

An
aly

sis
 P

er
iod

 (m
in)

15
c  

  C
riti

ca
l L

an
e G

ro
up

H
C

M
 S

ig
na

liz
ed

 In
te

rs
ec

tio
n 

C
ap

ac
ity

 A
na

ly
si

s
1:

 R
ow

la
nd

 B
lv

d 
&

 R
ed

w
oo

d 
B

lv
d

05
/05

/20
17

W
ee

ke
nd

 M
idd

ay
 E

xis
tin

g
Sy

nc
hr

o 9
 R

ep
or

t
Pr

op
os

ed
 H

an
na

 R
an

ch
 P

ro
jec

t
W

-T
ra

ns

Mo
ve

me
nt

EB
L

EB
T

EB
R

W
BL

W
BT

W
BR

NB
L

NB
T

NB
R

SB
L

SB
T

SB
R

La
ne

 C
on

fig
ur

ati
on

s
Tr

aff
ic 

Vo
lum

e (
vp

h)
99

65
3

31
55

51
0

20
4

18
32

73
29

5
32

12
9

Fu
tur

e V
olu

me
 (v

ph
)

99
65

3
31

55
51

0
20

4
18

32
73

29
5

32
12

9
Ide

al 
Flo

w 
(vp

hp
l)

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

To
tal

 Lo
st 

tim
e (

s)
3.5

4.5
4.5

3.5
4.5

3.5
4.1

3.5
4.8

4.8
La

ne
 U

til.
 F

ac
tor

1.0
0

0.9
5

1.0
0

1.0
0

0.9
5

1.0
0

0.9
5

0.9
7

1.0
0

1.0
0

Fr
pb

, p
ed

/bi
ke

s
1.0

0
1.0

0
0.9

8
1.0

0
1.0

0
1.0

0
0.9

9
1.0

0
1.0

0
0.9

9
Flp

b, 
pe

d/b
ike

s
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
Fr

t
1.0

0
1.0

0
0.8

5
1.0

0
0.9

6
1.0

0
0.9

0
1.0

0
1.0

0
0.8

5
Flt

 P
ro

tec
ted

0.9
5

1.0
0

1.0
0

0.9
5

1.0
0

0.9
5

1.0
0

0.9
5

1.0
0

1.0
0

Sa
td.

 F
low

 (p
ro

t)
18

05
35

74
15

89
18

05
34

39
18

05
32

02
35

02
19

00
15

91
Flt

 P
er

mi
tte

d
0.9

5
1.0

0
1.0

0
0.9

5
1.0

0
0.9

5
1.0

0
0.9

5
1.0

0
1.0

0
Sa

td.
 F

low
 (p

er
m)

18
05

35
74

15
89

18
05

34
39

18
05

32
02

35
02

19
00

15
91

Pe
ak

-h
ou

r f
ac

tor
, P

HF
0.9

5
0.9

5
0.9

5
0.9

5
0.9

5
0.9

5
0.9

5
0.9

5
0.9

5
0.9

5
0.9

5
0.9

5
Ad

j. F
low

 (v
ph

)
10

4
68

7
33

58
53

7
21

5
19

34
77

31
1

34
13

6
RT

OR
 R

ed
uc

tio
n (

vp
h)

0
0

21
0

37
0

0
64

0
0

0
92

La
ne

 G
ro

up
 F

low
 (v

ph
)

10
4

68
7

12
58

71
5

0
19

47
0

31
1

34
44

Co
nfl

. P
ed

s. 
(#

/hr
)

3
2

4
4

Co
nfl

. B
ike

s (
#/h

r)
3

4
He

av
y V

eh
icl

es
 (%

)
0%

1%
0%

0%
0%

0%
0%

0%
0%

0%
0%

0%
Tu

rn
 T

yp
e

Pr
ot

NA
Pe

rm
Pr

ot
NA

Pr
ot

NA
Pr

ot
NA

Pe
rm

Pr
ote

cte
d P

ha
se

s
5

2
1

6
3

8
7

4
Pe

rm
itte

d P
ha

se
s

2
4

Ac
tua

ted
 G

re
en

, G
 (s

)
8.2

27
.8

27
.8

6.4
26

.0
1.4

13
.2

13
.9

25
.0

25
.0

Ef
fec

tiv
e G

re
en

, g
 (s

)
8.2

27
.8

27
.8

6.4
26

.0
1.4

13
.2

13
.9

25
.0

25
.0

Ac
tua

ted
 g/

C 
Ra

tio
0.1

1
0.3

6
0.3

6
0.0

8
0.3

4
0.0

2
0.1

7
0.1

8
0.3

3
0.3

3
Cl

ea
ra

nc
e T

im
e (

s)
3.5

4.5
4.5

3.5
4.5

3.5
4.1

3.5
4.8

4.8
Ve

hic
le 

Ex
ten

sio
n (

s)
2.0

4.0
4.0

2.0
4.0

2.0
2.5

2.5
2.5

2.5
La

ne
 G

rp
 C

ap
 (v

ph
)

19
2

12
92

57
4

15
0

11
62

32
54

9
63

3
61

7
51

7
v/s

 R
ati

o P
ro

t
c0

.06
0.1

9
0.0

3
c0

.21
0.0

1
0.0

1
c0

.09
0.0

2
v/s

 R
ati

o P
er

m
0.0

1
c0

.03
v/c

 R
ati

o
0.5

4
0.5

3
0.0

2
0.3

9
0.6

2
0.5

9
0.0

9
0.4

9
0.0

6
0.0

9
Un

ifo
rm

 D
ela

y, 
d1

32
.6

19
.4

15
.8

33
.4

21
.3

37
.5

26
.8

28
.3

17
.8

18
.0

Pr
og

re
ss

ion
 F

ac
tor

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

Inc
re

me
nta

l D
ela

y, 
d2

1.7
0.5

0.0
0.6

1.1
18

.1
0.0

0.4
0.0

0.1
De

lay
 (s

)
34

.2
19

.9
15

.8
34

.0
22

.4
55

.6
26

.8
28

.8
17

.9
18

.1
Le

ve
l o

f S
er

vic
e

C
B

B
C

C
E

C
C

B
B

Ap
pr

oa
ch

 D
ela

y (
s)

21
.6

23
.2

31
.0

25
.0

Ap
pr

oa
ch

 LO
S

C
C

C
C

Int
er

se
cti

on
 S

um
ma

ry
HC

M 
20

00
 C

on
tro

l D
ela

y
23

.4
HC

M 
20

00
 Le

ve
l o

f S
er

vic
e

C
HC

M 
20

00
 V

olu
me

 to
 C

ap
ac

ity
 ra

tio
0.4

6
Ac

tua
ted

 C
yc

le 
Le

ng
th 

(s)
 

76
.9

Su
m 

of 
los

t ti
me

 (s
)

16
.3

Int
er

se
cti

on
 C

ap
ac

ity
 U

tili
za

tio
n

58
.2%

IC
U 

Le
ve

l o
f S

er
vic

e
B

An
aly

sis
 P

er
iod

 (m
in)

15
c  

  C
riti

ca
l L

an
e G

ro
up



H
C

M
 S

ig
na

liz
ed

 In
te

rs
ec

tio
n 

C
ap

ac
ity

 A
na

ly
si

s
2:

 U
S

 1
01

 S
B

 O
n-

R
am

p/
U

S
 1

01
 S

B
 O

ff-
R

am
p 

&
 R

ow
la

nd
 B

lv
d

05
/03

/20
17

W
ee

kd
ay

 P
M 

Ex
ist

ing
 

Sy
nc

hr
o 9

 R
ep

or
t

Pr
op

os
ed

 H
an

na
 R

an
ch

 P
ro

jec
t

W
-T

ra
ns

Mo
ve

me
nt

EB
L

EB
T

EB
R

W
BL

W
BT

W
BR

NB
L

NB
T

NB
R

SB
L

SB
T

SB
R

La
ne

 C
on

fig
ur

ati
on

s
Tr

aff
ic 

Vo
lum

e (
vp

h)
0

32
6

54
9

66
1

10
39

0
0

0
0

22
3

6
12

3
Fu

tur
e V

olu
me

 (v
ph

)
0

32
6

54
9

66
1

10
39

0
0

0
0

22
3

6
12

3
Ide

al 
Flo

w 
(vp

hp
l)

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

To
tal

 Lo
st 

tim
e (

s)
4.0

4.0
3.0

4.0
3.0

3.0
La

ne
 U

til.
 F

ac
tor

0.9
1

0.9
1

0.9
7

0.9
5

0.9
1

0.9
1

Fr
pb

, p
ed

/bi
ke

s
0.9

9
0.9

9
1.0

0
1.0

0
1.0

0
0.9

9
Flp

b, 
pe

d/b
ike

s
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
Fr

t
0.9

3
0.8

5
1.0

0
1.0

0
1.0

0
0.9

2
Flt

 P
ro

tec
ted

1.0
0

1.0
0

0.9
5

1.0
0

0.9
5

0.9
8

Sa
td.

 F
low

 (p
ro

t)
31

85
14

51
35

02
36

10
16

43
30

66
Flt

 P
er

mi
tte

d
1.0

0
1.0

0
0.9

5
1.0

0
0.9

5
0.9

8
Sa

td.
 F

low
 (p

er
m)

31
85

14
51

35
02

36
10

16
43

30
66

Pe
ak

-h
ou

r f
ac

tor
, P

HF
0.9

4
0.9

4
0.9

4
0.9

4
0.9

4
0.9

4
0.9

4
0.9

4
0.9

4
0.9

4
0.9

4
0.9

4
Ad

j. F
low

 (v
ph

)
0

34
7

58
4

70
3

11
05

0
0

0
0

23
7

6
13

1
RT

OR
 R

ed
uc

tio
n (

vp
h)

0
18

0
20

4
0

0
0

0
0

0
0

34
0

La
ne

 G
ro

up
 F

low
 (v

ph
)

0
45

9
88

70
3

11
05

0
0

0
0

13
0

21
0

0
Co

nfl
. P

ed
s. 

(#
/hr

)
1

13
1

He
av

y V
eh

icl
es

 (%
)

0%
1%

0%
0%

0%
0%

0%
0%

0%
0%

33
%

0%
Tu

rn
 T

yp
e

NA
Pe

rm
Pr

ot
NA

Sp
lit

NA
Pr

ote
cte

d P
ha

se
s

2
1

6
4

4
Pe

rm
itte

d P
ha

se
s

2
Ac

tua
ted

 G
re

en
, G

 (s
)

15
.3

15
.3

13
.9

32
.2

11
.5

11
.5

Ef
fec

tiv
e G

re
en

, g
 (s

)
15

.3
15

.3
13

.9
32

.2
11

.5
11

.5
Ac

tua
ted

 g/
C 

Ra
tio

0.3
0

0.3
0

0.2
7

0.6
4

0.2
3

0.2
3

Cl
ea

ra
nc

e T
im

e (
s)

4.0
4.0

3.0
4.0

3.0
3.0

Ve
hic

le 
Ex

ten
sio

n (
s)

4.0
4.0

2.0
2.5

2.0
2.0

La
ne

 G
rp

 C
ap

 (v
ph

)
96

1
43

7
96

0
22

92
37

2
69

5
v/s

 R
ati

o P
ro

t
0.1

4
c0

.20
c0

.31
c0

.08
0.0

7
v/s

 R
ati

o P
er

m
0.0

6
v/c

 R
ati

o
0.4

8
0.2

0
0.7

3
0.4

8
0.3

5
0.3

0
Un

ifo
rm

 D
ela

y, 
d1

14
.4

13
.2

16
.7

4.9
16

.5
16

.3
Pr

og
re

ss
ion

 F
ac

tor
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
Inc

re
me

nta
l D

ela
y, 

d2
0.5

0.3
2.5

0.1
0.2

0.1
De

lay
 (s

)
15

.0
13

.5
19

.2
5.0

16
.7

16
.4

Le
ve

l o
f S

er
vic

e
B

B
B

A
B

B
Ap

pr
oa

ch
 D

ela
y (

s)
14

.5
10

.5
0.0

16
.5

Ap
pr

oa
ch

 LO
S

B
B

A
B

Int
er

se
cti

on
 S

um
ma

ry
HC

M 
20

00
 C

on
tro

l D
ela

y
12

.4
HC

M 
20

00
 Le

ve
l o

f S
er

vic
e

B
HC

M 
20

00
 V

olu
me

 to
 C

ap
ac

ity
 ra

tio
0.5

6
Ac

tua
ted

 C
yc

le 
Le

ng
th 

(s)
 

50
.7

Su
m 

of 
los

t ti
me

 (s
)

10
.0

Int
er

se
cti

on
 C

ap
ac

ity
 U

tili
za

tio
n

59
.5%

IC
U 

Le
ve

l o
f S

er
vic

e
B

An
aly

sis
 P

er
iod

 (m
in)

15
c  

  C
riti

ca
l L

an
e G

ro
up

H
C

M
 S

ig
na

liz
ed

 In
te

rs
ec

tio
n 

C
ap

ac
ity

 A
na

ly
si

s
2:

 U
S

 1
01

 S
B

 O
n-

R
am

p/
U

S
 1

01
 S

B
 O

ff-
R

am
p 

&
 R

ow
la

nd
 B

lv
d

05
/05

/20
17

W
ee

ke
nd

 M
idd

ay
 E

xis
tin

g
Sy

nc
hr

o 9
 R

ep
or

t
Pr

op
os

ed
 H

an
na

 R
an

ch
 P

ro
jec

t
W

-T
ra

ns

Mo
ve

me
nt

EB
L

EB
T

EB
R

W
BL

W
BT

W
BR

NB
L

NB
T

NB
R

SB
L

SB
T

SB
R

La
ne

 C
on

fig
ur

ati
on

s
Tr

aff
ic 

Vo
lum

e (
vp

h)
0

48
4

49
1

76
2

70
2

0
0

0
0

36
3

3
84

Fu
tur

e V
olu

me
 (v

ph
)

0
48

4
49

1
76

2
70

2
0

0
0

0
36

3
3

84
Ide

al 
Flo

w 
(vp

hp
l)

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

To
tal

 Lo
st 

tim
e (

s)
4.0

4.0
3.0

4.0
3.0

3.0
La

ne
 U

til.
 F

ac
tor

0.9
1

0.9
1

0.9
7

0.9
5

0.9
1

0.9
1

Fr
pb

, p
ed

/bi
ke

s
1.0

0
0.9

9
1.0

0
1.0

0
1.0

0
1.0

0
Flp

b, 
pe

d/b
ike

s
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
Fr

t
0.9

6
0.8

5
1.0

0
1.0

0
1.0

0
0.9

5
Flt

 P
ro

tec
ted

1.0
0

1.0
0

0.9
5

1.0
0

0.9
5

0.9
7

Sa
td.

 F
low

 (p
ro

t)
32

75
14

50
35

02
36

10
16

43
31

64
Flt

 P
er

mi
tte

d
1.0

0
1.0

0
0.9

5
1.0

0
0.9

5
0.9

7
Sa

td.
 F

low
 (p

er
m)

32
75

14
50

35
02

36
10

16
43

31
64

Pe
ak

-h
ou

r f
ac

tor
, P

HF
0.9

9
0.9

9
0.9

9
0.9

9
0.9

9
0.9

9
0.9

9
0.9

9
0.9

9
0.9

9
0.9

9
0.9

9
Ad

j. F
low

 (v
ph

)
0

48
9

49
6

77
0

70
9

0
0

0
0

36
7

3
85

RT
OR

 R
ed

uc
tio

n (
vp

h)
0

44
20

4
0

0
0

0
0

0
0

65
0

La
ne

 G
ro

up
 F

low
 (v

ph
)

0
63

8
99

77
0

70
9

0
0

0
0

18
3

20
7

0
Co

nfl
. P

ed
s. 

(#
/hr

)
1

7
2

Co
nfl

. B
ike

s (
#/h

r)
1

2
He

av
y V

eh
icl

es
 (%

)
0%

1%
0%

0%
0%

0%
0%

0%
0%

0%
33

%
0%

Tu
rn

 T
yp

e
NA

Pe
rm

Pr
ot

NA
Sp

lit
NA

Pr
ote

cte
d P

ha
se

s
2

1
6

4
4

Pe
rm

itte
d P

ha
se

s
2

Ac
tua

ted
 G

re
en

, G
 (s

)
17

.9
17

.9
13

.7
34

.6
13

.2
13

.2
Ef

fec
tiv

e G
re

en
, g

 (s
)

17
.9

17
.9

13
.7

34
.6

13
.2

13
.2

Ac
tua

ted
 g/

C 
Ra

tio
0.3

3
0.3

3
0.2

5
0.6

3
0.2

4
0.2

4
Cl

ea
ra

nc
e T

im
e (

s)
4.0

4.0
3.0

4.0
3.0

3.0
Ve

hic
le 

Ex
ten

sio
n (

s)
4.0

4.0
2.0

2.5
2.0

2.0
La

ne
 G

rp
 C

ap
 (v

ph
)

10
69

47
3

87
5

22
79

39
5

76
2

v/s
 R

ati
o P

ro
t

c0
.19

c0
.22

0.2
0

c0
.11

0.0
7

v/s
 R

ati
o P

er
m

0.0
7

v/c
 R

ati
o

0.6
0

0.2
1

0.8
8

0.3
1

0.4
6

0.2
7

Un
ifo

rm
 D

ela
y, 

d1
15

.4
13

.3
19

.8
4.6

17
.8

16
.9

Pr
og

re
ss

ion
 F

ac
tor

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

Inc
re

me
nta

l D
ela

y, 
d2

1.1
0.3

10
.0

0.1
0.3

0.1
De

lay
 (s

)
16

.5
13

.6
29

.7
4.7

18
.1

17
.0

Le
ve

l o
f S

er
vic

e
B

B
C

A
B

B
Ap

pr
oa

ch
 D

ela
y (

s)
15

.6
17

.7
0.0

17
.4

Ap
pr

oa
ch

 LO
S

B
B

A
B

Int
er

se
cti

on
 S

um
ma

ry
HC

M 
20

00
 C

on
tro

l D
ela

y
17

.0
HC

M 
20

00
 Le

ve
l o

f S
er

vic
e

B
HC

M 
20

00
 V

olu
me

 to
 C

ap
ac

ity
 ra

tio
0.6

4
Ac

tua
ted

 C
yc

le 
Le

ng
th 

(s)
 

54
.8

Su
m 

of 
los

t ti
me

 (s
)

10
.0

Int
er

se
cti

on
 C

ap
ac

ity
 U

tili
za

tio
n

68
.0%

IC
U 

Le
ve

l o
f S

er
vic

e
C

An
aly

sis
 P

er
iod

 (m
in)

15
c  

  C
riti

ca
l L

an
e G

ro
up



H
C

M
 S

ig
na

liz
ed

 In
te

rs
ec

tio
n 

C
ap

ac
ity

 A
na

ly
si

s
3:

 U
S

 1
01

 N
B

 O
ff-

R
am

p/
U

S
 1

01
 N

B
 O

n-
R

am
p 

&
 R

ow
la

nd
 B

lv
d

05
/03

/20
17

W
ee

kd
ay

 P
M 

Ex
ist

ing
 

Sy
nc

hr
o 9

 R
ep

or
t

Pr
op

os
ed

 H
an

na
 R

an
ch

 P
ro

jec
t

W
-T

ra
ns

Mo
ve

me
nt

EB
L2

EB
L

EB
T

W
BT

W
BR

W
BR

2
NB

L2
NB

L
NB

T
NB

R
NE

L2
NE

L
La

ne
 C

on
fig

ur
ati

on
s

Tr
aff

ic 
Vo

lum
e (

vp
h)

5
51

49
4

97
4

1
43

2
72

6
12

22
59

7
23

15
Fu

tur
e V

olu
me

 (v
ph

)
5

51
49

4
97

4
1

43
2

72
6

12
22

59
7

23
15

Ide
al 

Flo
w 

(vp
hp

l)
19

00
19

00
19

00
19

00
19

00
19

00
19

00
19

00
19

00
19

00
19

00
19

00
To

tal
 Lo

st 
tim

e (
s)

3.0
4.0

4.0
4.0

3.5
3.5

3.0
3.5

La
ne

 U
til.

 F
ac

tor
1.0

0
0.9

5
0.8

6
0.8

6
0.9

5
0.9

5
0.8

8
1.0

0
Fr

pb
, p

ed
/bi

ke
s

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

Flp
b, 

pe
d/b

ike
s

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

Fr
t

1.0
0

1.0
0

0.9
8

0.8
5

1.0
0

1.0
0

0.8
5

0.9
9

Flt
 P

ro
tec

ted
0.9

5
1.0

0
1.0

0
1.0

0
0.9

5
0.9

6
1.0

0
0.9

5
Sa

td.
 F

low
 (p

ro
t)

18
02

35
74

46
18

13
23

17
15

17
10

28
42

17
68

Flt
 P

er
mi

tte
d

0.1
8

1.0
0

1.0
0

1.0
0

0.9
5

0.9
6

1.0
0

0.9
5

Sa
td.

 F
low

 (p
er

m)
33

9
35

74
46

18
13

23
17

15
17

10
28

42
17

68
Pe

ak
-h

ou
r f

ac
tor

, P
HF

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

Ad
j. F

low
 (v

ph
)

5
53

50
9

10
04

1
44

5
74

8
12

23
61

5
24

15
RT

OR
 R

ed
uc

tio
n (

vp
h)

0
0

0
11

0
21

5
0

0
0

0
0

0
La

ne
 G

ro
up

 F
low

 (v
ph

)
0

58
50

9
11

14
0

11
1

38
9

0
39

4
61

5
0

41
Co

nfl
. P

ed
s. 

(#
/hr

)
7

11
He

av
y V

eh
icl

es
 (%

)
2%

0%
1%

4%
0%

5%
0%

2%
13

%
0%

2%
0%

Tu
rn

 T
yp

e
Pr

ot
NA

NA
Pe

rm
Sp

lit
Sp

lit
NA

cu
sto

m
Pe

rm
Pr

ot
Pr

ote
cte

d P
ha

se
s

5
2

6
8

8
8

1 8
7

Pe
rm

itte
d P

ha
se

s
6

7
Ac

tua
ted

 G
re

en
, G

 (s
)

22
.4

52
.2

40
.8

40
.8

34
.0

34
.0

45
.0

8.8
Ef

fec
tiv

e G
re

en
, g

 (s
)

22
.4

52
.2

40
.8

40
.8

34
.0

34
.0

45
.0

8.8
Ac

tua
ted

 g/
C 

Ra
tio

0.1
9

0.4
4

0.3
4

0.3
4

0.2
8

0.2
8

0.3
8

0.0
7

Cl
ea

ra
nc

e T
im

e (
s)

3.0
4.0

4.0
4.0

3.5
3.5

3.5
Ve

hic
le 

Ex
ten

sio
n (

s)
2.0

2.0
2.0

2.0
2.0

2.0
2.0

La
ne

 G
rp

 C
ap

 (v
ph

)
63

15
54

15
70

44
9

48
5

48
4

10
65

12
9

v/s
 R

ati
o P

ro
t

0.1
4

c0
.24

0.2
3

c0
.23

0.2
2

v/s
 R

ati
o P

er
m

c0
.17

0.0
8

0.0
2

v/c
 R

ati
o

0.9
2

0.3
3

0.7
1

0.2
5

0.8
0

0.8
1

0.5
8

0.3
2

Un
ifo

rm
 D

ela
y, 

d1
47

.9
22

.3
34

.4
28

.5
39

.9
40

.1
29

.9
52

.8
Pr

og
re

ss
ion

 F
ac

tor
1.0

0
1.0

0
0.7

2
0.7

4
1.0

0
1.0

0
1.0

0
1.0

0
Inc

re
me

nta
l D

ela
y, 

d2
84

.4
0.6

2.6
1.2

8.8
9.6

0.5
0.5

De
lay

 (s
)

13
2.3

22
.9

27
.2

22
.3

48
.6

49
.7

30
.4

53
.3

Le
ve

l o
f S

er
vic

e
F

C
C

C
D

D
C

D
Ap

pr
oa

ch
 D

ela
y (

s)
34

.1
26

.1
40

.9
53

.3
Ap

pr
oa

ch
 LO

S
C

C
D

D

Int
er

se
cti

on
 S

um
ma

ry
HC

M 
20

00
 C

on
tro

l D
ela

y
33

.7
HC

M 
20

00
 Le

ve
l o

f S
er

vic
e

C
HC

M 
20

00
 V

olu
me

 to
 C

ap
ac

ity
 ra

tio
0.7

5
Ac

tua
ted

 C
yc

le 
Le

ng
th 

(s)
 

12
0.0

Su
m 

of 
los

t ti
me

 (s
)

14
.0

Int
er

se
cti

on
 C

ap
ac

ity
 U

tili
za

tio
n

76
.9%

IC
U 

Le
ve

l o
f S

er
vic

e
D

An
aly

sis
 P

er
iod

 (m
in)

15
c  

  C
riti

ca
l L

an
e G

ro
up

H
C

M
 S

ig
na

liz
ed

 In
te

rs
ec

tio
n 

C
ap

ac
ity

 A
na

ly
si

s
3:

 U
S

 1
01

 N
B

 O
ff-

R
am

p/
U

S
 1

01
 N

B
 O

n-
R

am
p 

&
 R

ow
la

nd
 B

lv
d

05
/03

/20
17

W
ee

kd
ay

 P
M 

Ex
ist

ing
 

Sy
nc

hr
o 9

 R
ep

or
t

Pr
op

os
ed

 H
an

na
 R

an
ch

 P
ro

jec
t

W
-T

ra
ns

Mo
ve

me
nt

NE
R

La
ne

 C
on

fig
ur

ati
on

s
Tr

aff
ic 

Vo
lum

e (
vp

h)
2

Fu
tur

e V
olu

me
 (v

ph
)

2
Ide

al 
Flo

w 
(vp

hp
l)

19
00

To
tal

 Lo
st 

tim
e (

s)
La

ne
 U

til.
 F

ac
tor

Fr
pb

, p
ed

/bi
ke

s
Flp

b, 
pe

d/b
ike

s
Fr

t
Flt

 P
ro

tec
ted

Sa
td.

 F
low

 (p
ro

t)
Flt

 P
er

mi
tte

d
Sa

td.
 F

low
 (p

er
m)

Pe
ak

-h
ou

r f
ac

tor
, P

HF
0.9

7
Ad

j. F
low

 (v
ph

)
2

RT
OR

 R
ed

uc
tio

n (
vp

h)
0

La
ne

 G
ro

up
 F

low
 (v

ph
)

0
Co

nfl
. P

ed
s. 

(#
/hr

)
He

av
y V

eh
icl

es
 (%

)
15

%
Tu

rn
 T

yp
e

Pr
ote

cte
d P

ha
se

s
Pe

rm
itte

d P
ha

se
s

Ac
tua

ted
 G

re
en

, G
 (s

)
Ef

fec
tiv

e G
re

en
, g

 (s
)

Ac
tua

ted
 g/

C 
Ra

tio
Cl

ea
ra

nc
e T

im
e (

s)
Ve

hic
le 

Ex
ten

sio
n (

s)
La

ne
 G

rp
 C

ap
 (v

ph
)

v/s
 R

ati
o P

ro
t

v/s
 R

ati
o P

er
m

v/c
 R

ati
o

Un
ifo

rm
 D

ela
y, 

d1
Pr

og
re

ss
ion

 F
ac

tor
Inc

re
me

nta
l D

ela
y, 

d2
De

lay
 (s

)
Le

ve
l o

f S
er

vic
e

Ap
pr

oa
ch

 D
ela

y (
s)

Ap
pr

oa
ch

 LO
S

Int
er

se
cti

on
 S

um
ma

ry



H
C

M
 S

ig
na

liz
ed

 In
te

rs
ec

tio
n 

C
ap

ac
ity

 A
na

ly
si

s
3:

 U
S

 1
01

 N
B

 O
ff-

R
am

p/
U

S
 1

01
 N

B
 O

n-
R

am
p 

&
 R

ow
la

nd
 B

lv
d

05
/05

/20
17

W
ee

ke
nd

 M
idd

ay
 E

xis
tin

g
Sy

nc
hr

o 9
 R

ep
or

t
Pr

op
os

ed
 H

an
na

 R
an

ch
 P

ro
jec

t
W

-T
ra

ns

Mo
ve

me
nt

EB
L2

EB
L

EB
T

W
BT

W
BR

W
BR

2
NB

L2
NB

L
NB

T
NB

R
NE

L2
NE

L
La

ne
 C

on
fig

ur
ati

on
s

Tr
aff

ic 
Vo

lum
e (

vp
h)

5
62

78
2

10
66

1
42

0
39

4
2

11
99

9
2

3
Fu

tur
e V

olu
me

 (v
ph

)
5

62
78

2
10

66
1

42
0

39
4

2
11

99
9

2
3

Ide
al 

Flo
w 

(vp
hp

l)
19

00
19

00
19

00
19

00
19

00
19

00
19

00
19

00
19

00
19

00
19

00
19

00
To

tal
 Lo

st 
tim

e (
s)

3.0
4.0

4.0
4.0

3.5
3.5

3.0
3.5

La
ne

 U
til.

 F
ac

tor
1.0

0
0.9

5
0.8

6
0.8

6
0.9

5
0.9

5
0.8

8
1.0

0
Fr

pb
, p

ed
/bi

ke
s

1.0
0

1.0
0

1.0
0

0.9
8

1.0
0

1.0
0

1.0
0

0.9
8

Flp
b, 

pe
d/b

ike
s

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

Fr
t

1.0
0

1.0
0

0.9
9

0.8
5

1.0
0

1.0
0

0.8
5

0.9
8

Flt
 P

ro
tec

ted
0.9

5
1.0

0
1.0

0
1.0

0
0.9

5
0.9

5
1.0

0
0.9

6
Sa

td.
 F

low
 (p

ro
t)

18
02

35
74

46
48

13
01

17
15

17
11

28
42

17
02

Flt
 P

er
mi

tte
d

0.1
8

1.0
0

1.0
0

1.0
0

0.9
5

0.9
5

1.0
0

0.9
6

Sa
td.

 F
low

 (p
er

m)
33

6
35

74
46

48
13

01
17

15
17

11
28

42
17

02
Pe

ak
-h

ou
r f

ac
tor

, P
HF

0.9
5

0.9
5

0.9
5

0.9
5

0.9
5

0.9
5

0.9
5

0.9
5

0.9
5

0.9
5

0.9
5

0.9
5

Ad
j. F

low
 (v

ph
)

5
65

82
3

11
22

1
44

2
41

5
2

12
10

52
2

3
RT

OR
 R

ed
uc

tio
n (

vp
h)

0
0

0
7

0
23

6
0

0
0

0
0

0
La

ne
 G

ro
up

 F
low

 (v
ph

)
0

70
82

3
12

09
0

11
3

21
6

0
21

3
10

52
0

6
Co

nfl
. P

ed
s. 

(#
/hr

)
3

3
5

Co
nfl

. B
ike

s (
#/h

r)
2

2
He

av
y V

eh
icl

es
 (%

)
2%

0%
1%

4%
0%

5%
0%

2%
13

%
0%

2%
0%

Tu
rn

 T
yp

e
Pr

ot
NA

NA
Pe

rm
Sp

lit
Sp

lit
NA

cu
sto

m
Pe

rm
Pr

ot
Pr

ote
cte

d P
ha

se
s

5
2

6
8

8
8

1 8
7

Pe
rm

itte
d P

ha
se

s
6

7
Ac

tua
ted

 G
re

en
, G

 (s
)

22
.6

50
.3

38
.7

38
.7

42
.5

42
.5

53
.5

2.2
Ef

fec
tiv

e G
re

en
, g

 (s
)

22
.6

50
.3

38
.7

38
.7

42
.5

42
.5

53
.5

2.2
Ac

tua
ted

 g/
C 

Ra
tio

0.1
9

0.4
2

0.3
2

0.3
2

0.3
5

0.3
5

0.4
5

0.0
2

Cl
ea

ra
nc

e T
im

e (
s)

3.0
4.0

4.0
4.0

3.5
3.5

3.5
Ve

hic
le 

Ex
ten

sio
n (

s)
2.0

2.0
2.0

2.0
2.0

2.0
2.0

La
ne

 G
rp

 C
ap

 (v
ph

)
63

14
98

14
98

41
9

60
7

60
5

12
67

31
v/s

 R
ati

o P
ro

t
0.2

3
c0

.26
0.1

3
0.1

2
c0

.37
v/s

 R
ati

o P
er

m
c0

.21
0.0

9
0.0

0
v/c

 R
ati

o
1.1

1
0.5

5
0.8

1
0.2

7
0.3

6
0.3

5
0.8

3
0.1

9
Un

ifo
rm

 D
ela

y, 
d1

48
.7

26
.3

37
.2

30
.2

28
.6

28
.6

29
.3

58
.0

Pr
og

re
ss

ion
 F

ac
tor

1.0
0

1.0
0

0.7
2

1.5
2

1.0
0

1.0
0

1.0
0

1.0
0

Inc
re

me
nta

l D
ela

y, 
d2

14
7.1

1.5
4.2

1.4
0.1

0.1
4.6

1.1
De

lay
 (s

)
19

5.8
27

.8
30

.8
47

.2
28

.8
28

.7
33

.8
59

.1
Le

ve
l o

f S
er

vic
e

F
C

C
D

C
C

C
E

Ap
pr

oa
ch

 D
ela

y (
s)

40
.9

34
.5

32
.3

59
.1

Ap
pr

oa
ch

 LO
S

D
C

C
E

Int
er

se
cti

on
 S

um
ma

ry
HC

M 
20

00
 C

on
tro

l D
ela

y
35

.2
HC

M 
20

00
 Le

ve
l o

f S
er

vic
e

D
HC

M 
20

00
 V

olu
me

 to
 C

ap
ac

ity
 ra

tio
0.8

7
Ac

tua
ted

 C
yc

le 
Le

ng
th 

(s)
 

12
0.0

Su
m 

of 
los

t ti
me

 (s
)

14
.0

Int
er

se
cti

on
 C

ap
ac

ity
 U

tili
za

tio
n

70
.0%

IC
U 

Le
ve

l o
f S

er
vic

e
C

An
aly

sis
 P

er
iod

 (m
in)

15
c  

  C
riti

ca
l L

an
e G

ro
up

H
C

M
 S

ig
na

liz
ed

 In
te

rs
ec

tio
n 

C
ap

ac
ity

 A
na

ly
si

s
3:

 U
S

 1
01

 N
B

 O
ff-

R
am

p/
U

S
 1

01
 N

B
 O

n-
R

am
p 

&
 R

ow
la

nd
 B

lv
d

05
/05

/20
17

W
ee

ke
nd

 M
idd

ay
 E

xis
tin

g
Sy

nc
hr

o 9
 R

ep
or

t
Pr

op
os

ed
 H

an
na

 R
an

ch
 P

ro
jec

t
W

-T
ra

ns

Mo
ve

me
nt

NE
R

La
ne

 C
on

fig
ur

ati
on

s
Tr

aff
ic 

Vo
lum

e (
vp

h)
1

Fu
tur

e V
olu

me
 (v

ph
)

1
Ide

al 
Flo

w 
(vp

hp
l)

19
00

To
tal

 Lo
st 

tim
e (

s)
La

ne
 U

til.
 F

ac
tor

Fr
pb

, p
ed

/bi
ke

s
Flp

b, 
pe

d/b
ike

s
Fr

t
Flt

 P
ro

tec
ted

Sa
td.

 F
low

 (p
ro

t)
Flt

 P
er

mi
tte

d
Sa

td.
 F

low
 (p

er
m)

Pe
ak

-h
ou

r f
ac

tor
, P

HF
0.9

5
Ad

j. F
low

 (v
ph

)
1

RT
OR

 R
ed

uc
tio

n (
vp

h)
0

La
ne

 G
ro

up
 F

low
 (v

ph
)

0
Co

nfl
. P

ed
s. 

(#
/hr

)
5

Co
nfl

. B
ike

s (
#/h

r)
He

av
y V

eh
icl

es
 (%

)
15

%
Tu

rn
 T

yp
e

Pr
ote

cte
d P

ha
se

s
Pe

rm
itte

d P
ha

se
s

Ac
tua

ted
 G

re
en

, G
 (s

)
Ef

fec
tiv

e G
re

en
, g

 (s
)

Ac
tua

ted
 g/

C 
Ra

tio
Cl

ea
ra

nc
e T

im
e (

s)
Ve

hic
le 

Ex
ten

sio
n (

s)
La

ne
 G

rp
 C

ap
 (v

ph
)

v/s
 R

ati
o P

ro
t

v/s
 R

ati
o P

er
m

v/c
 R

ati
o

Un
ifo

rm
 D

ela
y, 

d1
Pr

og
re

ss
ion

 F
ac

tor
Inc

re
me

nta
l D

ela
y, 

d2
De

lay
 (s

)
Le

ve
l o

f S
er

vic
e

Ap
pr

oa
ch

 D
ela

y (
s)

Ap
pr

oa
ch

 LO
S

Int
er

se
cti

on
 S

um
ma

ry



H
C

M
 S

ig
na

liz
ed

 In
te

rs
ec

tio
n 

C
ap

ac
ity

 A
na

ly
si

s
4:

 R
ow

la
nd

 B
lv

d 
&

 R
ow

la
nd

 W
ay

05
/03

/20
17

W
ee

kd
ay

 P
M 

Ex
ist

ing
 

Sy
nc

hr
o 9

 R
ep

or
t

Pr
op

os
ed

 H
an

na
 R

an
ch

 P
ro

jec
t

W
-T

ra
ns

Mo
ve

me
nt

EB
L

EB
T

W
BT

W
BR

SB
L

SB
R

La
ne

 C
on

fig
ur

ati
on

s
Tr

aff
ic 

Vo
lum

e (
vp

h)
18

3
90

9
10

04
33

35
39

2
Fu

tur
e V

olu
me

 (v
ph

)
18

3
90

9
10

04
33

35
39

2
Ide

al 
Flo

w 
(vp

hp
l)

19
00

19
00

19
00

19
00

19
00

19
00

To
tal

 Lo
st 

tim
e (

s)
3.5

4.0
4.0

3.2
3.2

La
ne

 U
til.

 F
ac

tor
0.9

7
0.9

1
0.9

5
1.0

0
0.9

5
Fr

pb
, p

ed
/bi

ke
s

1.0
0

1.0
0

1.0
0

0.9
8

0.9
7

Flp
b, 

pe
d/b

ike
s

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

Fr
t

1.0
0

1.0
0

1.0
0

0.8
7

0.8
5

Flt
 P

ro
tec

ted
0.9

5
1.0

0
1.0

0
0.9

9
1.0

0
Sa

td.
 F

low
 (p

ro
t)

34
67

51
87

35
83

15
93

14
79

Flt
 P

er
mi

tte
d

0.9
5

1.0
0

1.0
0

0.9
9

1.0
0

Sa
td.

 F
low

 (p
er

m)
34

67
51

87
35

83
15

93
14

79
Pe

ak
-h

ou
r f

ac
tor

, P
HF

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

Ad
j. F

low
 (v

ph
)

18
9

93
7

10
35

34
36

40
4

RT
OR

 R
ed

uc
tio

n (
vp

h)
0

0
1

0
16

6
19

4
La

ne
 G

ro
up

 F
low

 (v
ph

)
18

9
93

7
10

68
0

56
24

Co
nfl

. P
ed

s. 
(#

/hr
)

2
14

Co
nfl

. B
ike

s (
#/h

r)
1

He
av

y V
eh

icl
es

 (%
)

1%
0%

0%
7%

2%
1%

Tu
rn

 T
yp

e
Pr

ot
NA

NA
Pr

ot
Pe

rm
Pr

ote
cte

d P
ha

se
s

5
2

6
4

Pe
rm

itte
d P

ha
se

s
4

Ac
tua

ted
 G

re
en

, G
 (s

)
11

.5
99

.7
84

.7
13

.1
13

.1
Ef

fec
tiv

e G
re

en
, g

 (s
)

11
.5

99
.7

84
.7

13
.1

13
.1

Ac
tua

ted
 g/

C 
Ra

tio
0.1

0
0.8

3
0.7

1
0.1

1
0.1

1
Cl

ea
ra

nc
e T

im
e (

s)
3.5

4.0
4.0

3.2
3.2

Ve
hic

le 
Ex

ten
sio

n (
s)

2.0
4.0

4.0
2.0

2.0
La

ne
 G

rp
 C

ap
 (v

ph
)

33
2

43
09

25
29

17
3

16
1

v/s
 R

ati
o P

ro
t

c0
.05

0.1
8

c0
.30

c0
.04

v/s
 R

ati
o P

er
m

0.0
2

v/c
 R

ati
o

0.5
7

0.2
2

0.4
2

0.3
3

0.1
5

Un
ifo

rm
 D

ela
y, 

d1
51

.9
2.1

7.4
49

.4
48

.4
Pr

og
re

ss
ion

 F
ac

tor
1.0

3
1.2

5
0.6

8
1.0

0
1.0

0
Inc

re
me

nta
l D

ela
y, 

d2
1.2

0.1
0.5

0.4
0.2

De
lay

 (s
)

54
.8

2.7
5.5

49
.8

48
.6

Le
ve

l o
f S

er
vic

e
D

A
A

D
D

Ap
pr

oa
ch

 D
ela

y (
s)

11
.5

5.5
49

.2
Ap

pr
oa

ch
 LO

S
B

A
D

Int
er

se
cti

on
 S

um
ma

ry
HC

M 
20

00
 C

on
tro

l D
ela

y
15

.3
HC

M 
20

00
 Le

ve
l o

f S
er

vic
e

B
HC

M 
20

00
 V

olu
me

 to
 C

ap
ac

ity
 ra

tio
0.4

3
Ac

tua
ted

 C
yc

le 
Le

ng
th 

(s)
 

12
0.0

Su
m 

of 
los

t ti
me

 (s
)

10
.7

Int
er

se
cti

on
 C

ap
ac

ity
 U

tili
za

tio
n

69
.1%

IC
U 

Le
ve

l o
f S

er
vic

e
C

An
aly

sis
 P

er
iod

 (m
in)

15
c  

  C
riti

ca
l L

an
e G

ro
up

H
C

M
 S

ig
na

liz
ed

 In
te

rs
ec

tio
n 

C
ap

ac
ity

 A
na

ly
si

s
4:

 R
ow

la
nd

 B
lv

d 
&

 R
ow

la
nd

 W
ay

05
/05

/20
17

W
ee

ke
nd

 M
idd

ay
 E

xis
tin

g
Sy

nc
hr

o 9
 R

ep
or

t
Pr

op
os

ed
 H

an
na

 R
an

ch
 P

ro
jec

t
W

-T
ra

ns

Mo
ve

me
nt

EB
L

EB
T

W
BT

W
BR

SB
L

SB
R

La
ne

 C
on

fig
ur

ati
on

s
Tr

aff
ic 

Vo
lum

e (
vp

h)
28

4
14

97
12

73
41

47
19

3
Fu

tur
e V

olu
me

 (v
ph

)
28

4
14

97
12

73
41

47
19

3
Ide

al 
Flo

w 
(vp

hp
l)

19
00

19
00

19
00

19
00

19
00

19
00

To
tal

 Lo
st 

tim
e (

s)
3.5

4.0
4.0

3.2
3.2

La
ne

 U
til.

 F
ac

tor
0.9

7
0.9

1
0.9

5
1.0

0
0.9

5
Fr

pb
, p

ed
/bi

ke
s

1.0
0

1.0
0

1.0
0

0.9
9

0.9
8

Flp
b, 

pe
d/b

ike
s

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

Fr
t

1.0
0

1.0
0

1.0
0

0.9
1

0.8
5

Flt
 P

ro
tec

ted
0.9

5
1.0

0
1.0

0
0.9

8
1.0

0
Sa

td.
 F

low
 (p

ro
t)

34
67

51
87

35
83

16
48

14
87

Flt
 P

er
mi

tte
d

0.9
5

1.0
0

1.0
0

0.9
8

1.0
0

Sa
td.

 F
low

 (p
er

m)
34

67
51

87
35

83
16

48
14

87
Pe

ak
-h

ou
r f

ac
tor

, P
HF

0.9
6

0.9
6

0.9
6

0.9
6

0.9
6

0.9
6

Ad
j. F

low
 (v

ph
)

29
6

15
59

13
26

43
49

20
1

RT
OR

 R
ed

uc
tio

n (
vp

h)
0

0
1

0
62

10
9

La
ne

 G
ro

up
 F

low
 (v

ph
)

29
6

15
59

13
68

0
65

14
Co

nfl
. P

ed
s. 

(#
/hr

)
9

5
Co

nfl
. B

ike
s (

#/h
r)

2
2

He
av

y V
eh

icl
es

 (%
)

1%
0%

0%
7%

2%
1%

Tu
rn

 T
yp

e
Pr

ot
NA

NA
Pr

ot
Pe

rm
Pr

ote
cte

d P
ha

se
s

5
2

6
4

Pe
rm

itte
d P

ha
se

s
4

Ac
tua

ted
 G

re
en

, G
 (s

)
14

.3
99

.3
81

.5
13

.5
13

.5
Ef

fec
tiv

e G
re

en
, g

 (s
)

14
.3

99
.3

81
.5

13
.5

13
.5

Ac
tua

ted
 g/

C 
Ra

tio
0.1

2
0.8

3
0.6

8
0.1

1
0.1

1
Cl

ea
ra

nc
e T

im
e (

s)
3.5

4.0
4.0

3.2
3.2

Ve
hic

le 
Ex

ten
sio

n (
s)

2.0
4.0

4.0
2.0

2.0
La

ne
 G

rp
 C

ap
 (v

ph
)

41
3

42
92

24
33

18
5

16
7

v/s
 R

ati
o P

ro
t

c0
.09

0.3
0

c0
.38

c0
.04

v/s
 R

ati
o P

er
m

0.0
1

v/c
 R

ati
o

0.7
2

0.3
6

0.5
6

0.3
5

0.0
8

Un
ifo

rm
 D

ela
y, 

d1
50

.9
2.6

10
.0

49
.2

47
.7

Pr
og

re
ss

ion
 F

ac
tor

0.9
7

1.3
1

0.8
1

1.0
0

1.0
0

Inc
re

me
nta

l D
ela

y, 
d2

3.6
0.2

0.8
0.4

0.1
De

lay
 (s

)
52

.9
3.5

8.9
49

.6
47

.8
Le

ve
l o

f S
er

vic
e

D
A

A
D

D
Ap

pr
oa

ch
 D

ela
y (

s)
11

.4
8.9

48
.7

Ap
pr

oa
ch

 LO
S

B
A

D

Int
er

se
cti

on
 S

um
ma

ry
HC

M 
20

00
 C

on
tro

l D
ela

y
13

.1
HC

M 
20

00
 Le

ve
l o

f S
er

vic
e

B
HC

M 
20

00
 V

olu
me

 to
 C

ap
ac

ity
 ra

tio
0.5

6
Ac

tua
ted

 C
yc

le 
Le

ng
th 

(s)
 

12
0.0

Su
m 

of 
los

t ti
me

 (s
)

10
.7

Int
er

se
cti

on
 C

ap
ac

ity
 U

tili
za

tio
n

66
.5%

IC
U 

Le
ve

l o
f S

er
vic

e
C

An
aly

sis
 P

er
iod

 (m
in)

15
c  

  C
riti

ca
l L

an
e G

ro
up



H
C

M
 S

ig
na

liz
ed

 In
te

rs
ec

tio
n 

C
ap

ac
ity

 A
na

ly
si

s
5:

 V
in

ta
ge

 W
ay

 (N
or

th
) &

 R
ow

la
nd

 B
lv

d
05

/03
/20

17

W
ee

kd
ay

 P
M 

Ex
ist

ing
 

Sy
nc

hr
o 9

 R
ep

or
t

Pr
op

os
ed

 H
an

na
 R

an
ch

 P
ro

jec
t

W
-T

ra
ns

Mo
ve

me
nt

EB
L

EB
T

EB
R

W
BL

W
BT

W
BR

NB
L

NB
T

NB
R

SB
L

SB
T

SB
R

La
ne

 C
on

fig
ur

ati
on

s
Tr

aff
ic 

Vo
lum

e (
vp

h)
81

1
5

2
5

2
4

0
22

4
1

12
18

4
76

4
Fu

tur
e V

olu
me

 (v
ph

)
81

1
5

2
5

2
4

0
22

4
1

12
18

4
76

4
Ide

al 
Flo

w 
(vp

hp
l)

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

To
tal

 Lo
st 

tim
e (

s)
3.6

3.6
3.2

4.0
3.0

4.0
4.0

La
ne

 U
til.

 F
ac

tor
0.9

7
1.0

0
1.0

0
0.9

5
1.0

0
0.9

5
0.8

8
Fr

pb
, p

ed
/bi

ke
s

1.0
0

0.9
9

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

Flp
b, 

pe
d/b

ike
s

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

Fr
t

1.0
0

0.9
6

0.9
5

1.0
0

1.0
0

1.0
0

0.8
5

Flt
 P

ro
tec

ted
0.9

5
1.0

0
0.9

8
1.0

0
0.9

5
1.0

0
1.0

0
Sa

td.
 F

low
 (p

ro
t)

35
02

18
05

17
67

35
71

18
05

35
39

28
42

Flt
 P

er
mi

tte
d

0.9
5

1.0
0

0.9
8

1.0
0

0.9
5

1.0
0

1.0
0

Sa
td.

 F
low

 (p
er

m)
35

02
18

05
17

67
35

71
18

05
35

39
28

42
Pe

ak
-h

ou
r f

ac
tor

, P
HF

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

Ad
j. F

low
 (v

ph
)

83
6

5
2

5
2

4
0

23
1

1
12

19
0

78
8

RT
OR

 R
ed

uc
tio

n (
vp

h)
0

1
0

0
4

0
0

0
0

0
0

0
La

ne
 G

ro
up

 F
low

 (v
ph

)
83

6
6

0
0

7
0

0
23

2
0

12
19

0
78

8
Co

nfl
. P

ed
s. 

(#
/hr

)
10

9
10

4
Co

nfl
. B

ike
s (

#/h
r)

2
He

av
y V

eh
icl

es
 (%

)
0%

0%
0%

0%
0%

0%
0%

1%
0%

0%
2%

0%
Tu

rn
 T

yp
e

Sp
lit

NA
Sp

lit
NA

Pr
ot

NA
Pr

ot
NA

pt+
ov

Pr
ote

cte
d P

ha
se

s
3

3
4

4
1

6
5

2
2 3

Pe
rm

itte
d P

ha
se

s
Ac

tua
ted

 G
re

en
, G

 (s
)

51
.4

51
.4

2.4
50

.0
2.4

49
.6

10
5.0

Ef
fec

tiv
e G

re
en

, g
 (s

)
51

.4
51

.4
2.4

50
.0

2.4
49

.6
10

5.0
Ac

tua
ted

 g/
C 

Ra
tio

0.4
3

0.4
3

0.0
2

0.4
2

0.0
2

0.4
1

0.8
8

Cl
ea

ra
nc

e T
im

e (
s)

3.6
3.6

3.2
4.0

3.0
4.0

Ve
hic

le 
Ex

ten
sio

n (
s)

3.0
3.0

2.0
2.0

2.0
2.0

La
ne

 G
rp

 C
ap

 (v
ph

)
15

00
77

3
35

14
87

36
14

62
24

86
v/s

 R
ati

o P
ro

t
c0

.24
0.0

0
c0

.00
c0

.06
0.0

1
0.0

5
c0

.28
v/s

 R
ati

o P
er

m
v/c

 R
ati

o
0.5

6
0.0

1
0.2

0
0.1

6
0.3

3
0.1

3
0.3

2
Un

ifo
rm

 D
ela

y, 
d1

25
.8

19
.7

57
.9

21
.8

58
.0

21
.8

1.3
Pr

og
re

ss
ion

 F
ac

tor
1.0

0
1.0

0
1.0

0
1.0

0
1.2

3
1.2

7
0.6

4
Inc

re
me

nta
l D

ela
y, 

d2
1.5

0.0
1.0

0.2
2.0

0.2
0.3

De
lay

 (s
)

27
.3

19
.7

58
.9

22
.1

73
.5

27
.8

1.2
Le

ve
l o

f S
er

vic
e

C
B

E
C

E
C

A
Ap

pr
oa

ch
 D

ela
y (

s)
27

.2
58

.9
22

.1
7.2

Ap
pr

oa
ch

 LO
S

C
E

C
A

Int
er

se
cti

on
 S

um
ma

ry
HC

M 
20

00
 C

on
tro

l D
ela

y
17

.2
HC

M 
20

00
 Le

ve
l o

f S
er

vic
e

B
HC

M 
20

00
 V

olu
me

 to
 C

ap
ac

ity
 ra

tio
0.4

3
Ac

tua
ted

 C
yc

le 
Le

ng
th 

(s)
 

12
0.0

Su
m 

of 
los

t ti
me

 (s
)

13
.8

Int
er

se
cti

on
 C

ap
ac

ity
 U

tili
za

tio
n

59
.8%

IC
U 

Le
ve

l o
f S

er
vic

e
B

An
aly

sis
 P

er
iod

 (m
in)

15
c  

  C
riti

ca
l L

an
e G

ro
up

H
C

M
 S

ig
na

liz
ed

 In
te

rs
ec

tio
n 

C
ap

ac
ity

 A
na

ly
si

s
5:

 V
in

ta
ge

 W
ay

 (N
or

th
) &

 R
ow

la
nd

 B
lv

d
05

/05
/20

17

W
ee

ke
nd

 M
idd

ay
 E

xis
tin

g
Sy

nc
hr

o 9
 R

ep
or

t
Pr

op
os

ed
 H

an
na

 R
an

ch
 P

ro
jec

t
W

-T
ra

ns

Mo
ve

me
nt

EB
L

EB
T

EB
R

W
BL

W
BT

W
BR

NB
L

NB
T

NB
R

SB
L

SB
T

SB
R

La
ne

 C
on

fig
ur

ati
on

s
Tr

aff
ic 

Vo
lum

e (
vp

h)
96

2
9

8
4

8
1

7
33

0
14

29
33

3
11

75
Fu

tur
e V

olu
me

 (v
ph

)
96

2
9

8
4

8
1

7
33

0
14

29
33

3
11

75
Ide

al 
Flo

w 
(vp

hp
l)

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

To
tal

 Lo
st 

tim
e (

s)
3.6

3.6
3.2

3.0
4.0

3.0
4.0

4.0
La

ne
 U

til.
 F

ac
tor

0.9
7

1.0
0

1.0
0

1.0
0

0.9
5

1.0
0

0.9
5

0.8
8

Fr
pb

, p
ed

/bi
ke

s
1.0

0
0.9

9
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
Flp

b, 
pe

d/b
ike

s
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
Fr

t
1.0

0
0.9

3
0.9

9
1.0

0
0.9

9
1.0

0
1.0

0
0.8

5
Flt

 P
ro

tec
ted

0.9
5

1.0
0

0.9
8

0.9
5

1.0
0

0.9
5

1.0
0

1.0
0

Sa
td.

 F
low

 (p
ro

t)
35

02
17

45
18

52
18

05
35

46
18

05
35

39
28

42
Flt

 P
er

mi
tte

d
0.9

5
1.0

0
0.9

8
0.9

5
1.0

0
0.9

5
1.0

0
1.0

0
Sa

td.
 F

low
 (p

er
m)

35
02

17
45

18
52

18
05

35
46

18
05

35
39

28
42

Pe
ak

-h
ou

r f
ac

tor
, P

HF
0.9

6
0.9

6
0.9

6
0.9

6
0.9

6
0.9

6
0.9

6
0.9

6
0.9

6
0.9

6
0.9

6
0.9

6
Ad

j. F
low

 (v
ph

)
10

02
9

8
4

8
1

7
34

4
15

30
34

7
12

24
RT

OR
 R

ed
uc

tio
n (

vp
h)

0
5

0
0

1
0

0
2

0
0

0
0

La
ne

 G
ro

up
 F

low
 (v

ph
)

10
02

12
0

0
12

0
7

35
7

0
30

34
7

12
24

Co
nfl

. P
ed

s. 
(#

/hr
)

10
9

10
4

Co
nfl

. B
ike

s (
#/h

r)
2

He
av

y V
eh

icl
es

 (%
)

0%
0%

0%
0%

0%
0%

0%
1%

0%
0%

2%
0%

Tu
rn

 T
yp

e
Sp

lit
NA

Sp
lit

NA
Pr

ot
NA

Pr
ot

NA
pt+

ov
Pr

ote
cte

d P
ha

se
s

3
3

4
4

1
6

5
2

2 3
Pe

rm
itte

d P
ha

se
s

Ac
tua

ted
 G

re
en

, G
 (s

)
51

.4
51

.4
4.8

4.0
42

.2
7.8

46
.0

10
1.4

Ef
fec

tiv
e G

re
en

, g
 (s

)
51

.4
51

.4
4.8

4.0
42

.2
7.8

46
.0

10
1.4

Ac
tua

ted
 g/

C 
Ra

tio
0.4

3
0.4

3
0.0

4
0.0

3
0.3

5
0.0

6
0.3

8
0.8

5
Cl

ea
ra

nc
e T

im
e (

s)
3.6

3.6
3.2

3.0
4.0

3.0
4.0

Ve
hic

le 
Ex

ten
sio

n (
s)

3.0
3.0

2.0
2.0

2.0
2.0

2.0
La

ne
 G

rp
 C

ap
 (v

ph
)

15
00

74
7

74
60

12
47

11
7

13
56

24
01

v/s
 R

ati
o P

ro
t

c0
.29

0.0
1

c0
.01

0.0
0

c0
.10

0.0
2

0.1
0

c0
.43

v/s
 R

ati
o P

er
m

v/c
 R

ati
o

0.6
7

0.0
2

0.1
6

0.1
2

0.2
9

0.2
6

0.2
6

0.5
1

Un
ifo

rm
 D

ela
y, 

d1
27

.5
19

.7
55

.7
56

.3
28

.0
53

.3
25

.3
2.5

Pr
og

re
ss

ion
 F

ac
tor

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.1
1

1.1
5

0.8
7

Inc
re

me
nta

l D
ela

y, 
d2

2.4
0.0

0.4
0.3

0.6
0.4

0.4
0.7

De
lay

 (s
)

29
.8

19
.8

56
.0

56
.6

28
.6

59
.6

29
.6

2.9
Le

ve
l o

f S
er

vic
e

C
B

E
E

C
E

C
A

Ap
pr

oa
ch

 D
ela

y (
s)

29
.7

56
.0

29
.2

9.8
Ap

pr
oa

ch
 LO

S
C

E
C

A

Int
er

se
cti

on
 S

um
ma

ry
HC

M 
20

00
 C

on
tro

l D
ela

y
19

.1
HC

M 
20

00
 Le

ve
l o

f S
er

vic
e

B
HC

M 
20

00
 V

olu
me

 to
 C

ap
ac

ity
 ra

tio
0.5

7
Ac

tua
ted

 C
yc

le 
Le

ng
th 

(s)
 

12
0.0

Su
m 

of 
los

t ti
me

 (s
)

13
.8

Int
er

se
cti

on
 C

ap
ac

ity
 U

tili
za

tio
n

66
.5%

IC
U 

Le
ve

l o
f S

er
vic

e
C

An
aly

sis
 P

er
iod

 (m
in)

15
c  

  C
riti

ca
l L

an
e G

ro
up



H
C

M
 U

ns
ig

na
liz

ed
 In

te
rs

ec
tio

n 
C

ap
ac

ity
 A

na
ly

si
s

6:
 V

in
ta

ge
 W

ay
 (S

ou
th

) &
 R

ow
la

nd
 B

lv
d

05
/03

/20
17

W
ee

kd
ay

 P
M 

Ex
ist

ing
 

Sy
nc

hr
o 9

 R
ep

or
t

Pr
op

os
ed

 H
an

na
 R

an
ch

 P
ro

jec
t

W
-T

ra
ns

Mo
ve

me
nt

EB
L

EB
R

NB
L

NB
T

SB
T

SB
R

La
ne

 C
on

fig
ur

ati
on

s
Si

gn
 C

on
tro

l
St

op
St

op
St

op
Tr

aff
ic 

Vo
lum

e (
vp

h)
11

5
1

0
1

0
10

8
Fu

tur
e V

olu
me

 (v
ph

)
11

5
1

0
1

0
10

8
Pe

ak
 H

ou
r F

ac
tor

0.8
9

0.8
9

0.8
9

0.8
9

0.8
9

0.8
9

Ho
ur

ly 
flo

w 
ra

te 
(vp

h)
12

9
1

0
1

0
12

1

Di
re

cti
on

, L
an

e #
EB

 1
NB

 1
NB

 2
SB

 1
Vo

lum
e T

ota
l (v

ph
)

13
0

0
1

12
1

Vo
lum

e L
eft

 (v
ph

)
12

9
0

0
0

Vo
lum

e R
igh

t (
vp

h)
1

0
0

12
1

Ha
dj 

(s)
0.2

3
0.0

3
0.0

3
-0

.57
De

pa
rtu

re
 H

ea
dw

ay
 (s

)
4.4

4.9
4.9

3.7
De

gr
ee

 U
tili

za
tio

n, 
x

0.1
6

0.0
0

0.0
0

0.1
3

Ca
pa

cit
y (

ve
h/h

)
80

2
70

1
70

0
92

9
Co

ntr
ol 

De
lay

 (s
)

8.2
6.7

6.7
7.3

Ap
pr

oa
ch

 D
ela

y (
s)

8.2
6.7

7.3
Ap

pr
oa

ch
 LO

S
A

A
A

Int
er

se
cti

on
 S

um
ma

ry
De

lay
 

7.7
Le

ve
l o

f S
er

vic
e

A
Int

er
se

cti
on

 C
ap

ac
ity

 U
tili

za
tio

n 
20

.2%
IC

U 
Le

ve
l o

f S
er

vic
e 

A
An

aly
sis

 P
er

iod
 (m

in)
15

H
C

M
 U

ns
ig

na
liz

ed
 In

te
rs

ec
tio

n 
C

ap
ac

ity
 A

na
ly

si
s

6:
 V

in
ta

ge
 W

ay
 (S

ou
th

) &
 R

ow
la

nd
 B

lv
d

05
/05

/20
17

W
ee

ke
nd

 M
idd

ay
 E

xis
tin

g
Sy

nc
hr

o 9
 R

ep
or

t
Pr

op
os

ed
 H

an
na

 R
an

ch
 P

ro
jec

t
W

-T
ra

ns

Mo
ve

me
nt

EB
L

EB
R

NB
L

NB
T

SB
T

SB
R

La
ne

 C
on

fig
ur

ati
on

s
Si

gn
 C

on
tro

l
St

op
St

op
St

op
Tr

aff
ic 

Vo
lum

e (
vp

h)
16

5
0

1
0

1
20

2
Fu

tur
e V

olu
me

 (v
ph

)
16

5
0

1
0

1
20

2
Pe

ak
 H

ou
r F

ac
tor

0.9
4

0.9
4

0.9
4

0.9
4

0.9
4

0.9
4

Ho
ur

ly 
flo

w 
ra

te 
(vp

h)
17

6
0

1
0

1
21

5

Di
re

cti
on

, L
an

e #
EB

 1
NB

 1
NB

 2
SB

 1
Vo

lum
e T

ota
l (v

ph
)

17
6

1
0

21
6

Vo
lum

e L
eft

 (v
ph

)
17

6
1

0
0

Vo
lum

e R
igh

t (
vp

h)
0

0
0

21
5

Ha
dj 

(s)
0.2

3
0.5

3
0.0

0
-0

.56
De

pa
rtu

re
 H

ea
dw

ay
 (s

)
4.6

5.6
5.1

3.9
De

gr
ee

 U
tili

za
tio

n, 
x

0.2
2

0.0
0

0.0
0

0.2
3

Ca
pa

cit
y (

ve
h/h

)
74

5
60

5
68

9
89

3
Co

ntr
ol 

De
lay

 (s
)

8.9
7.4

6.9
8.0

Ap
pr

oa
ch

 D
ela

y (
s)

8.9
7.4

8.0
Ap

pr
oa

ch
 LO

S
A

A
A

Int
er

se
cti

on
 S

um
ma

ry
De

lay
 

8.4
Le

ve
l o

f S
er

vic
e

A
Int

er
se

cti
on

 C
ap

ac
ity

 U
tili

za
tio

n 
28

.5%
IC

U 
Le

ve
l o

f S
er

vic
e 

A
An

aly
sis

 P
er

iod
 (m

in)
15



H
C

M
 S

ig
na

liz
ed

 In
te

rs
ec

tio
n 

C
ap

ac
ity

 A
na

ly
si

s
1:

 R
ed

w
oo

d 
B

lv
d 

&
 R

ow
la

nd
 B

lv
d

05
/05

/20
17

W
ee

kd
ay

 P
M 

Ba
se

lin
e

Sy
nc

hr
o 9

 R
ep

or
t

Pr
op

os
ed

 H
an

na
 R

an
ch

 P
ro

jec
t

W
-T

ra
ns

Mo
ve

me
nt

EB
L

EB
T

EB
R

W
BL

W
BT

W
BR

NB
L

NB
T

NB
R

SB
L

SB
T

SB
R

La
ne

 C
on

fig
ur

ati
on

s
Tr

aff
ic 

Vo
lum

e (
vp

h)
10

0
57

6
45

95
77

6
27

6
31

32
45

30
7

33
16

8
Fu

tur
e V

olu
me

 (v
ph

)
10

0
57

6
45

95
77

6
27

6
31

32
45

30
7

33
16

8
Ide

al 
Flo

w 
(vp

hp
l)

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

To
tal

 Lo
st 

tim
e (

s)
3.5

4.5
4.5

3.5
4.5

3.5
4.1

3.5
4.8

4.8
La

ne
 U

til.
 F

ac
tor

1.0
0

0.9
5

1.0
0

1.0
0

0.9
5

1.0
0

0.9
5

0.9
7

1.0
0

1.0
0

Fr
pb

, p
ed

/bi
ke

s
1.0

0
1.0

0
0.9

8
1.0

0
1.0

0
1.0

0
0.9

9
1.0

0
1.0

0
0.9

9
Flp

b, 
pe

d/b
ike

s
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
Fr

t
1.0

0
1.0

0
0.8

5
1.0

0
0.9

6
1.0

0
0.9

1
1.0

0
1.0

0
0.8

5
Flt

 P
ro

tec
ted

0.9
5

1.0
0

1.0
0

0.9
5

1.0
0

0.9
5

1.0
0

0.9
5

1.0
0

1.0
0

Sa
td.

 F
low

 (p
ro

t)
18

05
35

74
15

91
18

05
34

55
18

05
32

61
35

02
19

00
15

94
Flt

 P
er

mi
tte

d
0.9

5
1.0

0
1.0

0
0.9

5
1.0

0
0.9

5
1.0

0
0.9

5
1.0

0
1.0

0
Sa

td.
 F

low
 (p

er
m)

18
05

35
74

15
91

18
05

34
55

18
05

32
61

35
02

19
00

15
94

Pe
ak

-h
ou

r f
ac

tor
, P

HF
0.9

5
0.9

5
0.9

5
0.9

5
0.9

5
0.9

5
0.9

5
0.9

5
0.9

5
0.9

5
0.9

5
0.9

5
Ad

j. F
low

 (v
ph

)
10

5
60

6
47

10
0

81
7

29
1

33
34

47
32

3
35

17
7

RT
OR

 R
ed

uc
tio

n (
vp

h)
0

0
28

0
27

0
0

40
0

0
0

13
7

La
ne

 G
ro

up
 F

low
 (v

ph
)

10
5

60
6

19
10

0
10

81
0

33
41

0
32

3
35

40
Co

nfl
. P

ed
s. 

(#
/hr

)
4

3
9

Co
nfl

. B
ike

s (
#/h

r)
1

He
av

y V
eh

icl
es

 (%
)

0%
1%

0%
0%

0%
0%

0%
0%

0%
0%

0%
0%

Tu
rn

 T
yp

e
Pr

ot
NA

Pe
rm

Pr
ot

NA
Pr

ot
NA

Pr
ot

NA
Pe

rm
Pr

ote
cte

d P
ha

se
s

5
2

1
6

3
8

7
4

Pe
rm

itte
d P

ha
se

s
2

4
Ac

tua
ted

 G
re

en
, G

 (s
)

8.0
35

.3
35

.3
8.9

36
.2

5.8
12

.2
13

.5
19

.2
19

.2
Ef

fec
tiv

e G
re

en
, g

 (s
)

8.0
35

.3
35

.3
8.9

36
.2

5.8
12

.2
13

.5
19

.2
19

.2
Ac

tua
ted

 g/
C 

Ra
tio

0.0
9

0.4
1

0.4
1

0.1
0

0.4
2

0.0
7

0.1
4

0.1
6

0.2
2

0.2
2

Cl
ea

ra
nc

e T
im

e (
s)

3.5
4.5

4.5
3.5

4.5
3.5

4.1
3.5

4.8
4.8

Ve
hic

le 
Ex

ten
sio

n (
s)

2.0
4.0

4.0
2.0

4.0
2.0

2.5
2.5

2.5
2.5

La
ne

 G
rp

 C
ap

 (v
ph

)
16

8
14

75
65

6
18

7
14

62
12

2
46

5
55

2
42

6
35

7
v/s

 R
ati

o P
ro

t
c0

.06
0.1

7
0.0

6
c0

.31
0.0

2
0.0

1
c0

.09
0.0

2
v/s

 R
ati

o P
er

m
0.0

1
c0

.02
v/c

 R
ati

o
0.6

2
0.4

1
0.0

3
0.5

3
0.7

4
0.2

7
0.0

9
0.5

9
0.0

8
0.1

1
Un

ifo
rm

 D
ela

y, 
d1

37
.3

17
.7

14
.9

36
.3

20
.7

37
.8

31
.8

33
.4

26
.2

26
.4

Pr
og

re
ss

ion
 F

ac
tor

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

Inc
re

me
nta

l D
ela

y, 
d2

5.1
0.3

0.0
1.5

2.1
0.4

0.1
1.3

0.1
0.1

De
lay

 (s
)

42
.4

18
.0

14
.9

37
.8

22
.8

38
.3

31
.9

34
.7

26
.2

26
.5

Le
ve

l o
f S

er
vic

e
D

B
B

D
C

D
C

C
C

C
Ap

pr
oa

ch
 D

ela
y (

s)
21

.2
24

.1
33

.7
31

.4
Ap

pr
oa

ch
 LO

S
C

C
C

C

Int
er

se
cti

on
 S

um
ma

ry
HC

M 
20

00
 C

on
tro

l D
ela

y
25

.2
HC

M 
20

00
 Le

ve
l o

f S
er

vic
e

C
HC

M 
20

00
 V

olu
me

 to
 C

ap
ac

ity
 ra

tio
0.5

9
Ac

tua
ted

 C
yc

le 
Le

ng
th 

(s)
 

85
.5

Su
m 

of 
los

t ti
me

 (s
)

16
.3

Int
er

se
cti

on
 C

ap
ac

ity
 U

tili
za

tio
n

66
.0%

IC
U 

Le
ve

l o
f S

er
vic

e
C

An
aly

sis
 P

er
iod

 (m
in)

15
c  

  C
riti

ca
l L

an
e G

ro
up

H
C

M
 S

ig
na

liz
ed

 In
te

rs
ec

tio
n 

C
ap

ac
ity

 A
na

ly
si

s
1:

 R
ed

w
oo

d 
B

lv
d 

&
 R

ow
la

nd
 B

lv
d

05
/03

/20
17

Pr
op

os
ed

 H
an

na
 R

an
ch

 P
ro

jec
t

Sy
nc

hr
o 9

 R
ep

or
t

W
ee

ke
nd

 M
idd

ay
 B

as
eli

ne
W

-T
ra

ns

Mo
ve

me
nt

EB
L

EB
T

EB
R

W
BL

W
BT

W
BR

NB
L

NB
T

NB
R

SB
L

SB
T

SB
R

La
ne

 C
on

fig
ur

ati
on

s
Tr

aff
ic 

Vo
lum

e (
vp

h)
10

1
67

6
31

55
53

1
22

3
18

32
73

31
6

32
13

1
Fu

tur
e V

olu
me

 (v
ph

)
10

1
67

6
31

55
53

1
22

3
18

32
73

31
6

32
13

1
Ide

al 
Flo

w 
(vp

hp
l)

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

To
tal

 Lo
st 

tim
e (

s)
3.5

4.5
4.5

3.5
4.5

3.5
4.1

3.5
4.8

4.8
La

ne
 U

til.
 F

ac
tor

1.0
0

0.9
5

1.0
0

1.0
0

0.9
5

1.0
0

0.9
5

0.9
7

1.0
0

1.0
0

Fr
pb

, p
ed

/bi
ke

s
1.0

0
1.0

0
0.9

9
1.0

0
1.0

0
1.0

0
0.9

9
1.0

0
1.0

0
0.9

9
Flp

b, 
pe

d/b
ike

s
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
Fr

t
1.0

0
1.0

0
0.8

5
1.0

0
0.9

6
1.0

0
0.9

0
1.0

0
1.0

0
0.8

5
Flt

 P
ro

tec
ted

0.9
5

1.0
0

1.0
0

0.9
5

1.0
0

0.9
5

1.0
0

0.9
5

1.0
0

1.0
0

Sa
td.

 F
low

 (p
ro

t)
18

05
35

74
15

91
18

05
34

36
18

05
31

95
35

02
19

00
15

95
Flt

 P
er

mi
tte

d
0.9

5
1.0

0
1.0

0
0.9

5
1.0

0
0.9

5
1.0

0
0.9

5
1.0

0
1.0

0
Sa

td.
 F

low
 (p

er
m)

18
05

35
74

15
91

18
05

34
36

18
05

31
95

35
02

19
00

15
95

Pe
ak

-h
ou

r f
ac

tor
, P

HF
0.9

5
0.9

5
0.9

5
0.9

5
0.9

5
0.9

5
0.9

5
0.9

5
0.9

5
0.9

5
0.9

5
0.9

5
Ad

j. F
low

 (v
ph

)
10

6
71

2
33

58
55

9
23

5
19

34
77

33
3

34
13

8
RT

OR
 R

ed
uc

tio
n (

vp
h)

0
0

21
0

40
0

0
64

0
0

0
94

La
ne

 G
ro

up
 F

low
 (v

ph
)

10
6

71
2

12
58

75
4

0
19

47
0

33
3

34
44

Co
nfl

. P
ed

s. 
(#

/hr
)

4
3

9
Co

nfl
. B

ike
s (

#/h
r)

1
He

av
y V

eh
icl

es
 (%

)
0%

1%
0%

0%
0%

0%
0%

0%
0%

0%
0%

0%
Tu

rn
 T

yp
e

Pr
ot

NA
Pe

rm
Pr

ot
NA

Pr
ot

NA
Pr

ot
NA

Pe
rm

Pr
ote

cte
d P

ha
se

s
5

2
1

6
3

8
7

4
Pe

rm
itte

d P
ha

se
s

2
4

Ac
tua

ted
 G

re
en

, G
 (s

)
8.1

28
.9

28
.9

6.3
27

.1
1.4

13
.3

13
.8

25
.0

25
.0

Ef
fec

tiv
e G

re
en

, g
 (s

)
8.1

28
.9

28
.9

6.3
27

.1
1.4

13
.3

13
.8

25
.0

25
.0

Ac
tua

ted
 g/

C 
Ra

tio
0.1

0
0.3

7
0.3

7
0.0

8
0.3

5
0.0

2
0.1

7
0.1

8
0.3

2
0.3

2
Cl

ea
ra

nc
e T

im
e (

s)
3.5

4.5
4.5

3.5
4.5

3.5
4.1

3.5
4.8

4.8
Ve

hic
le 

Ex
ten

sio
n (

s)
2.0

4.0
4.0

2.0
4.0

2.0
2.5

2.5
2.5

2.5
La

ne
 G

rp
 C

ap
 (v

ph
)

18
7

13
25

59
0

14
5

11
95

32
54

5
62

0
60

9
51

1
v/s

 R
ati

o P
ro

t
c0

.06
0.2

0
0.0

3
c0

.22
0.0

1
0.0

1
c0

.10
0.0

2
v/s

 R
ati

o P
er

m
0.0

1
c0

.03
v/c

 R
ati

o
0.5

7
0.5

4
0.0

2
0.4

0
0.6

3
0.5

9
0.0

9
0.5

4
0.0

6
0.0

9
Un

ifo
rm

 D
ela

y, 
d1

33
.2

19
.2

15
.5

34
.0

21
.2

38
.0

27
.2

29
.1

18
.3

18
.5

Pr
og

re
ss

ion
 F

ac
tor

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

Inc
re

me
nta

l D
ela

y, 
d2

2.3
0.5

0.0
0.7

1.2
18

.1
0.1

0.7
0.0

0.1
De

lay
 (s

)
35

.6
19

.8
15

.5
34

.7
22

.5
56

.1
27

.2
29

.8
18

.3
18

.5
Le

ve
l o

f S
er

vic
e

D
B

B
C

C
E

C
C

B
B

Ap
pr

oa
ch

 D
ela

y (
s)

21
.6

23
.3

31
.5

26
.0

Ap
pr

oa
ch

 LO
S

C
C

C
C

Int
er

se
cti

on
 S

um
ma

ry
HC

M 
20

00
 C

on
tro

l D
ela

y
23

.7
HC

M 
20

00
 Le

ve
l o

f S
er

vic
e

C
HC

M 
20

00
 V

olu
me

 to
 C

ap
ac

ity
 ra

tio
0.4

9
Ac

tua
ted

 C
yc

le 
Le

ng
th 

(s)
 

77
.9

Su
m 

of 
los

t ti
me

 (s
)

16
.3

Int
er

se
cti

on
 C

ap
ac

ity
 U

tili
za

tio
n

58
.6%

IC
U 

Le
ve

l o
f S

er
vic

e
B

An
aly

sis
 P

er
iod

 (m
in)

15
c  

  C
riti

ca
l L

an
e G

ro
up



H
C

M
 S

ig
na

liz
ed

 In
te

rs
ec

tio
n 

C
ap

ac
ity

 A
na

ly
si

s
2:

 U
S

 1
01

 S
B

 O
n-

R
am

p/
U

S
 1

01
 S

B
 O

ff-
R

am
p 

&
 R

ow
la

nd
 B

lv
d

05
/05

/20
17

W
ee

kd
ay

 P
M 

Ba
se

lin
e

Sy
nc

hr
o 9

 R
ep

or
t

Pr
op

os
ed

 H
an

na
 R

an
ch

 P
ro

jec
t

W
-T

ra
ns

Mo
ve

me
nt

EB
L

EB
T

EB
R

W
BL

W
BT

W
BR

NB
L

NB
T

NB
R

SB
L

SB
T

SB
R

La
ne

 C
on

fig
ur

ati
on

s
Tr

aff
ic 

Vo
lum

e (
vp

h)
0

35
1

55
4

68
4

10
68

0
0

0
0

23
7

6
12

4
Fu

tur
e V

olu
me

 (v
ph

)
0

35
1

55
4

68
4

10
68

0
0

0
0

23
7

6
12

4
Ide

al 
Flo

w 
(vp

hp
l)

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

To
tal

 Lo
st 

tim
e (

s)
4.0

4.0
3.0

4.0
3.0

3.0
La

ne
 U

til.
 F

ac
tor

0.9
1

0.9
1

0.9
7

0.9
5

0.9
1

0.9
1

Fr
pb

, p
ed

/bi
ke

s
0.9

9
0.9

9
1.0

0
1.0

0
1.0

0
0.9

9
Flp

b, 
pe

d/b
ike

s
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
Fr

t
0.9

3
0.8

5
1.0

0
1.0

0
1.0

0
0.9

2
Flt

 P
ro

tec
ted

1.0
0

1.0
0

0.9
5

1.0
0

0.9
5

0.9
8

Sa
td.

 F
low

 (p
ro

t)
31

96
14

51
35

02
36

10
16

43
30

73
Flt

 P
er

mi
tte

d
1.0

0
1.0

0
0.9

5
1.0

0
0.9

5
0.9

8
Sa

td.
 F

low
 (p

er
m)

31
96

14
51

35
02

36
10

16
43

30
73

Pe
ak

-h
ou

r f
ac

tor
, P

HF
0.9

4
0.9

4
0.9

4
0.9

4
0.9

4
0.9

4
0.9

4
0.9

4
0.9

4
0.9

4
0.9

4
0.9

4
Ad

j. F
low

 (v
ph

)
0

37
3

58
9

72
8

11
36

0
0

0
0

25
2

6
13

2
RT

OR
 R

ed
uc

tio
n (

vp
h)

0
16

3
20

8
0

0
0

0
0

0
0

31
0

La
ne

 G
ro

up
 F

low
 (v

ph
)

0
49

9
92

72
8

11
36

0
0

0
0

13
6

22
3

0
Co

nfl
. P

ed
s. 

(#
/hr

)
1

13
1

He
av

y V
eh

icl
es

 (%
)

0%
1%

0%
0%

0%
0%

0%
0%

0%
0%

33
%

0%
Tu

rn
 T

yp
e

NA
Pe

rm
Pr

ot
NA

Sp
lit

NA
Pr

ote
cte

d P
ha

se
s

2
1

6
4

4
Pe

rm
itte

d P
ha

se
s

2
Ac

tua
ted

 G
re

en
, G

 (s
)

15
.8

15
.8

13
.9

32
.7

11
.8

11
.8

Ef
fec

tiv
e G

re
en

, g
 (s

)
15

.8
15

.8
13

.9
32

.7
11

.8
11

.8
Ac

tua
ted

 g/
C 

Ra
tio

0.3
1

0.3
1

0.2
7

0.6
3

0.2
3

0.2
3

Cl
ea

ra
nc

e T
im

e (
s)

4.0
4.0

3.0
4.0

3.0
3.0

Ve
hic

le 
Ex

ten
sio

n (
s)

4.0
4.0

2.0
2.5

2.0
2.0

La
ne

 G
rp

 C
ap

 (v
ph

)
98

0
44

5
94

5
22

92
37

6
70

4
v/s

 R
ati

o P
ro

t
0.1

6
c0

.21
c0

.31
c0

.08
0.0

7
v/s

 R
ati

o P
er

m
0.0

6
v/c

 R
ati

o
0.5

1
0.2

1
0.7

7
0.5

0
0.3

6
0.3

2
Un

ifo
rm

 D
ela

y, 
d1

14
.7

13
.2

17
.3

5.0
16

.7
16

.5
Pr

og
re

ss
ion

 F
ac

tor
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
Inc

re
me

nta
l D

ela
y, 

d2
0.6

0.3
3.6

0.1
0.2

0.1
De

lay
 (s

)
15

.2
13

.5
20

.9
5.1

16
.9

16
.6

Le
ve

l o
f S

er
vic

e
B

B
C

A
B

B
Ap

pr
oa

ch
 D

ela
y (

s)
14

.7
11

.3
0.0

16
.7

Ap
pr

oa
ch

 LO
S

B
B

A
B

Int
er

se
cti

on
 S

um
ma

ry
HC

M 
20

00
 C

on
tro

l D
ela

y
13

.0
HC

M 
20

00
 Le

ve
l o

f S
er

vic
e

B
HC

M 
20

00
 V

olu
me

 to
 C

ap
ac

ity
 ra

tio
0.5

8
Ac

tua
ted

 C
yc

le 
Le

ng
th 

(s)
 

51
.5

Su
m 

of 
los

t ti
me

 (s
)

10
.0

Int
er

se
cti

on
 C

ap
ac

ity
 U

tili
za

tio
n

60
.6%

IC
U 

Le
ve

l o
f S

er
vic

e
B

An
aly

sis
 P

er
iod

 (m
in)

15
c  

  C
riti

ca
l L

an
e G

ro
up

H
C

M
 S

ig
na

liz
ed

 In
te

rs
ec

tio
n 

C
ap

ac
ity

 A
na

ly
si

s
2:

 U
S

 1
01

 S
B

 O
n-

R
am

p/
U

S
 1

01
 S

B
 O

ff-
R

am
p 

&
 R

ow
la

nd
 B

lv
d

05
/03

/20
17

Pr
op

os
ed

 H
an

na
 R

an
ch

 P
ro

jec
t

Sy
nc

hr
o 9

 R
ep

or
t

W
ee

ke
nd

 M
idd

ay
 B

as
eli

ne
W

-T
ra

ns

Mo
ve

me
nt

EB
L

EB
T

EB
R

W
BL

W
BT

W
BR

NB
L

NB
T

NB
R

SB
L

SB
T

SB
R

La
ne

 C
on

fig
ur

ati
on

s
Tr

aff
ic 

Vo
lum

e (
vp

h)
0

52
1

49
8

79
2

74
1

0
0

0
0

38
5

3
86

Fu
tur

e V
olu

me
 (v

ph
)

0
52

1
49

8
79

2
74

1
0

0
0

0
38

5
3

86
Ide

al 
Flo

w 
(vp

hp
l)

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

To
tal

 Lo
st 

tim
e (

s)
4.0

4.0
3.0

4.0
3.0

3.0
La

ne
 U

til.
 F

ac
tor

0.9
1

0.9
1

0.9
7

0.9
5

0.9
1

0.9
1

Fr
pb

, p
ed

/bi
ke

s
1.0

0
0.9

9
1.0

0
1.0

0
1.0

0
1.0

0
Flp

b, 
pe

d/b
ike

s
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
Fr

t
0.9

6
0.8

5
1.0

0
1.0

0
1.0

0
0.9

5
Flt

 P
ro

tec
ted

1.0
0

1.0
0

0.9
5

1.0
0

0.9
5

0.9
7

Sa
td.

 F
low

 (p
ro

t)
32

87
14

51
35

02
36

10
16

43
31

68
Flt

 P
er

mi
tte

d
1.0

0
1.0

0
0.9

5
1.0

0
0.9

5
0.9

7
Sa

td.
 F

low
 (p

er
m)

32
87

14
51

35
02

36
10

16
43

31
68

Pe
ak

-h
ou

r f
ac

tor
, P

HF
0.9

4
0.9

4
0.9

4
0.9

4
0.9

4
0.9

4
0.9

4
0.9

4
0.9

4
0.9

4
0.9

4
0.9

4
Ad

j. F
low

 (v
ph

)
0

55
4

53
0

84
3

78
8

0
0

0
0

41
0

3
91

RT
OR

 R
ed

uc
tio

n (
vp

h)
0

36
21

9
0

0
0

0
0

0
0

69
0

La
ne

 G
ro

up
 F

low
 (v

ph
)

0
71

4
11

5
84

3
78

8
0

0
0

0
20

5
23

0
0

Co
nfl

. P
ed

s. 
(#

/hr
)

1
13

1
He

av
y V

eh
icl

es
 (%

)
0%

1%
0%

0%
0%

0%
0%

0%
0%

0%
33

%
0%

Tu
rn

 T
yp

e
NA

Pe
rm

Pr
ot

NA
Sp

lit
NA

Pr
ote

cte
d P

ha
se

s
2

1
6

4
4

Pe
rm

itte
d P

ha
se

s
2

Ac
tua

ted
 G

re
en

, G
 (s

)
19

.6
19

.6
13

.5
36

.1
14

.0
14

.0
Ef

fec
tiv

e G
re

en
, g

 (s
)

19
.6

19
.6

13
.5

36
.1

14
.0

14
.0

Ac
tua

ted
 g/

C 
Ra

tio
0.3

4
0.3

4
0.2

4
0.6

3
0.2

5
0.2

5
Cl

ea
ra

nc
e T

im
e (

s)
4.0

4.0
3.0

4.0
3.0

3.0
Ve

hic
le 

Ex
ten

sio
n (

s)
4.0

4.0
2.0

2.5
2.0

2.0
La

ne
 G

rp
 C

ap
 (v

ph
)

11
28

49
8

82
7

22
82

40
2

77
6

v/s
 R

ati
o P

ro
t

c0
.22

c0
.24

0.2
2

c0
.12

0.0
7

v/s
 R

ati
o P

er
m

0.0
8

v/c
 R

ati
o

0.6
3

0.2
3

1.0
2

0.3
5

0.5
1

0.3
0

Un
ifo

rm
 D

ela
y, 

d1
15

.7
13

.4
21

.8
4.9

18
.6

17
.5

Pr
og

re
ss

ion
 F

ac
tor

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

Inc
re

me
nta

l D
ela

y, 
d2

1.3
0.3

36
.2

0.1
0.4

0.1
De

lay
 (s

)
17

.0
13

.7
58

.0
5.0

19
.0

17
.6

Le
ve

l o
f S

er
vic

e
B

B
E

A
B

B
Ap

pr
oa

ch
 D

ela
y (

s)
16

.0
32

.4
0.0

18
.2

Ap
pr

oa
ch

 LO
S

B
C

A
B

Int
er

se
cti

on
 S

um
ma

ry
HC

M 
20

00
 C

on
tro

l D
ela

y
24

.7
HC

M 
20

00
 Le

ve
l o

f S
er

vic
e

C
HC

M 
20

00
 V

olu
me

 to
 C

ap
ac

ity
 ra

tio
0.7

1
Ac

tua
ted

 C
yc

le 
Le

ng
th 

(s)
 

57
.1

Su
m 

of 
los

t ti
me

 (s
)

10
.0

Int
er

se
cti

on
 C

ap
ac

ity
 U

tili
za

tio
n

70
.1%

IC
U 

Le
ve

l o
f S

er
vic

e
C

An
aly

sis
 P

er
iod

 (m
in)

15
c  

  C
riti

ca
l L

an
e G

ro
up



H
C

M
 S

ig
na

liz
ed

 In
te

rs
ec

tio
n 

C
ap

ac
ity

 A
na

ly
si

s
3:

 U
S

 1
01

 N
B

 O
ff-

R
am

p/
U

S
 1

01
 N

B
 O

n-
R

am
p 

&
 R

ow
la

nd
 B

lv
d

05
/05

/20
17

W
ee

kd
ay

 P
M 

Ba
se

lin
e

Sy
nc

hr
o 9

 R
ep

or
t

Pr
op

os
ed

 H
an

na
 R

an
ch

 P
ro

jec
t

W
-T

ra
ns

Mo
ve

me
nt

EB
L2

EB
L

EB
T

W
BT

W
BR

W
BR

2
NB

L2
NB

L
NB

T
NB

R
NE

L2
NE

L
La

ne
 C

on
fig

ur
ati

on
s

Tr
aff

ic 
Vo

lum
e (

vp
h)

5
52

53
2

10
23

1
44

8
73

0
12

22
61

9
23

15
Fu

tur
e V

olu
me

 (v
ph

)
5

52
53

2
10

23
1

44
8

73
0

12
22

61
9

23
15

Ide
al 

Flo
w 

(vp
hp

l)
19

00
19

00
19

00
19

00
19

00
19

00
19

00
19

00
19

00
19

00
19

00
19

00
To

tal
 Lo

st 
tim

e (
s)

3.0
4.0

4.0
4.0

3.5
3.5

3.0
3.5

La
ne

 U
til.

 F
ac

tor
1.0

0
0.9

5
0.8

6
0.8

6
0.9

5
0.9

5
0.8

8
1.0

0
Fr

pb
, p

ed
/bi

ke
s

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

Flp
b, 

pe
d/b

ike
s

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

Fr
t

1.0
0

1.0
0

0.9
8

0.8
5

1.0
0

1.0
0

0.8
5

0.9
9

Flt
 P

ro
tec

ted
0.9

5
1.0

0
1.0

0
1.0

0
0.9

5
0.9

6
1.0

0
0.9

5
Sa

td.
 F

low
 (p

ro
t)

18
02

35
74

46
22

13
23

17
15

17
10

28
42

17
68

Flt
 P

er
mi

tte
d

0.1
8

1.0
0

1.0
0

1.0
0

0.9
5

0.9
6

1.0
0

0.9
5

Sa
td.

 F
low

 (p
er

m)
34

0
35

74
46

22
13

23
17

15
17

10
28

42
17

68
Pe

ak
-h

ou
r f

ac
tor

, P
HF

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

Ad
j. F

low
 (v

ph
)

5
54

54
8

10
55

1
46

2
75

3
12

23
63

8
24

15
RT

OR
 R

ed
uc

tio
n (

vp
h)

0
0

0
11

0
22

6
0

0
0

0
0

0
La

ne
 G

ro
up

 F
low

 (v
ph

)
0

59
54

8
11

65
0

11
6

39
2

0
39

6
63

8
0

41
Co

nfl
. P

ed
s. 

(#
/hr

)
7

11
He

av
y V

eh
icl

es
 (%

)
2%

0%
1%

4%
0%

5%
0%

2%
13

%
0%

2%
0%

Tu
rn

 T
yp

e
Pr

ot
NA

NA
Pe

rm
Sp

lit
Sp

lit
NA

cu
sto

m
Pe

rm
Pr

ot
Pr

ote
cte

d P
ha

se
s

5
2

6
8

8
8

1 8
7

Pe
rm

itte
d P

ha
se

s
6

7
Ac

tua
ted

 G
re

en
, G

 (s
)

22
.3

52
.1

40
.8

40
.8

34
.1

34
.1

45
.1

8.8
Ef

fec
tiv

e G
re

en
, g

 (s
)

22
.3

52
.1

40
.8

40
.8

34
.1

34
.1

45
.1

8.8
Ac

tua
ted

 g/
C 

Ra
tio

0.1
9

0.4
3

0.3
4

0.3
4

0.2
8

0.2
8

0.3
8

0.0
7

Cl
ea

ra
nc

e T
im

e (
s)

3.0
4.0

4.0
4.0

3.5
3.5

3.5
Ve

hic
le 

Ex
ten

sio
n (

s)
2.0

2.0
2.0

2.0
2.0

2.0
2.0

La
ne

 G
rp

 C
ap

 (v
ph

)
63

15
51

15
71

44
9

48
7

48
5

10
68

12
9

v/s
 R

ati
o P

ro
t

0.1
5

c0
.25

0.2
3

c0
.23

0.2
2

v/s
 R

ati
o P

er
m

c0
.17

0.0
9

0.0
2

v/c
 R

ati
o

0.9
4

0.3
5

0.7
4

0.2
6

0.8
0

0.8
2

0.6
0

0.3
2

Un
ifo

rm
 D

ela
y, 

d1
48

.2
22

.7
35

.0
28

.7
39

.9
40

.0
30

.1
52

.8
Pr

og
re

ss
ion

 F
ac

tor
1.0

0
1.0

0
0.7

6
0.9

5
1.0

0
1.0

0
1.0

0
1.0

0
Inc

re
me

nta
l D

ela
y, 

d2
89

.3
0.6

3.0
1.3

8.9
9.7

0.6
0.5

De
lay

 (s
)

13
7.4

23
.3

29
.5

28
.5

48
.7

49
.8

30
.7

53
.3

Le
ve

l o
f S

er
vic

e
F

C
C

C
D

D
C

D
Ap

pr
oa

ch
 D

ela
y (

s)
34

.4
29

.3
41

.0
53

.3
Ap

pr
oa

ch
 LO

S
C

C
D

D

Int
er

se
cti

on
 S

um
ma

ry
HC

M 
20

00
 C

on
tro

l D
ela

y
35

.1
HC

M 
20

00
 Le

ve
l o

f S
er

vic
e

D
HC

M 
20

00
 V

olu
me

 to
 C

ap
ac

ity
 ra

tio
0.7

7
Ac

tua
ted

 C
yc

le 
Le

ng
th 

(s)
 

12
0.0

Su
m 

of 
los

t ti
me

 (s
)

14
.0

Int
er

se
cti

on
 C

ap
ac

ity
 U

tili
za

tio
n

78
.0%

IC
U 

Le
ve

l o
f S

er
vic

e
D

An
aly

sis
 P

er
iod

 (m
in)

15
c  

  C
riti

ca
l L

an
e G

ro
up

H
C

M
 S

ig
na

liz
ed

 In
te

rs
ec

tio
n 

C
ap

ac
ity

 A
na

ly
si

s
3:

 U
S

 1
01

 N
B

 O
ff-

R
am

p/
U

S
 1

01
 N

B
 O

n-
R

am
p 

&
 R

ow
la

nd
 B

lv
d

05
/05

/20
17

W
ee

kd
ay

 P
M 

Ba
se

lin
e

Sy
nc

hr
o 9

 R
ep

or
t

Pr
op

os
ed

 H
an

na
 R

an
ch

 P
ro

jec
t

W
-T

ra
ns

Mo
ve

me
nt

NE
R

La
ne

 C
on

fig
ur

ati
on

s
Tr

aff
ic 

Vo
lum

e (
vp

h)
2

Fu
tur

e V
olu

me
 (v

ph
)

2
Ide

al 
Flo

w 
(vp

hp
l)

19
00

To
tal

 Lo
st 

tim
e (

s)
La

ne
 U

til.
 F

ac
tor

Fr
pb

, p
ed

/bi
ke

s
Flp

b, 
pe

d/b
ike

s
Fr

t
Flt

 P
ro

tec
ted

Sa
td.

 F
low

 (p
ro

t)
Flt

 P
er

mi
tte

d
Sa

td.
 F

low
 (p

er
m)

Pe
ak

-h
ou

r f
ac

tor
, P

HF
0.9

7
Ad

j. F
low

 (v
ph

)
2

RT
OR

 R
ed

uc
tio

n (
vp

h)
0

La
ne

 G
ro

up
 F

low
 (v

ph
)

0
Co

nfl
. P

ed
s. 

(#
/hr

)
He

av
y V

eh
icl

es
 (%

)
15

%
Tu

rn
 T

yp
e

Pr
ote

cte
d P

ha
se

s
Pe

rm
itte

d P
ha

se
s

Ac
tua

ted
 G

re
en

, G
 (s

)
Ef

fec
tiv

e G
re

en
, g

 (s
)

Ac
tua

ted
 g/

C 
Ra

tio
Cl

ea
ra

nc
e T

im
e (

s)
Ve

hic
le 

Ex
ten

sio
n (

s)
La

ne
 G

rp
 C

ap
 (v

ph
)

v/s
 R

ati
o P

ro
t

v/s
 R

ati
o P

er
m

v/c
 R

ati
o

Un
ifo

rm
 D

ela
y, 

d1
Pr

og
re

ss
ion

 F
ac

tor
Inc

re
me

nta
l D

ela
y, 

d2
De

lay
 (s

)
Le

ve
l o

f S
er

vic
e

Ap
pr

oa
ch

 D
ela

y (
s)

Ap
pr

oa
ch

 LO
S

Int
er

se
cti

on
 S

um
ma

ry



H
C

M
 S

ig
na

liz
ed

 In
te

rs
ec

tio
n 

C
ap

ac
ity

 A
na

ly
si

s
3:

 U
S

 1
01

 N
B

 O
ff-

R
am

p/
U

S
 1

01
 N

B
 O

n-
R

am
p 

&
 R

ow
la

nd
 B

lv
d

05
/03

/20
17

Pr
op

os
ed

 H
an

na
 R

an
ch

 P
ro

jec
t

Sy
nc

hr
o 9

 R
ep

or
t

W
ee

ke
nd

 M
idd

ay
 B

as
eli

ne
W

-T
ra

ns

Mo
ve

me
nt

EB
L2

EB
L

EB
T

W
BT

W
BR

W
BR

2
NB

L2
NB

L
NB

T
NB

R
NE

L2
NE

L
La

ne
 C

on
fig

ur
ati

on
s

Tr
aff

ic 
Vo

lum
e (

vp
h)

5
64

83
9

11
29

1
44

0
40

0
2

11
10

32
2

3
Fu

tur
e V

olu
me

 (v
ph

)
5

64
83

9
11

29
1

44
0

40
0

2
11

10
32

2
3

Ide
al 

Flo
w 

(vp
hp

l)
19

00
19

00
19

00
19

00
19

00
19

00
19

00
19

00
19

00
19

00
19

00
19

00
To

tal
 Lo

st 
tim

e (
s)

3.0
4.0

4.0
4.0

3.5
3.5

3.0
3.5

La
ne

 U
til.

 F
ac

tor
1.0

0
0.9

5
0.8

6
0.8

6
0.9

5
0.9

5
0.8

8
1.0

0
Fr

pb
, p

ed
/bi

ke
s

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

Flp
b, 

pe
d/b

ike
s

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

Fr
t

1.0
0

1.0
0

0.9
9

0.8
5

1.0
0

1.0
0

0.8
5

0.9
8

Flt
 P

ro
tec

ted
0.9

5
1.0

0
1.0

0
1.0

0
0.9

5
0.9

5
1.0

0
0.9

6
Sa

td.
 F

low
 (p

ro
t)

18
02

35
74

46
48

13
23

17
15

17
11

28
42

17
28

Flt
 P

er
mi

tte
d

0.1
8

1.0
0

1.0
0

1.0
0

0.9
5

0.9
5

1.0
0

0.9
6

Sa
td.

 F
low

 (p
er

m)
33

7
35

74
46

48
13

23
17

15
17

11
28

42
17

28
Pe

ak
-h

ou
r f

ac
tor

, P
HF

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

Ad
j. F

low
 (v

ph
)

5
66

86
5

11
64

1
45

4
41

2
2

11
10

64
2

3
RT

OR
 R

ed
uc

tio
n (

vp
h)

0
0

0
7

0
23

9
0

0
0

0
0

0
La

ne
 G

ro
up

 F
low

 (v
ph

)
0

71
86

5
12

49
0

12
4

21
4

0
21

1
10

64
0

6
Co

nfl
. P

ed
s. 

(#
/hr

)
7

11
He

av
y V

eh
icl

es
 (%

)
2%

0%
1%

4%
0%

5%
0%

2%
13

%
0%

2%
0%

Tu
rn

 T
yp

e
Pr

ot
NA

NA
Pe

rm
Sp

lit
Sp

lit
NA

cu
sto

m
Pe

rm
Pr

ot
Pr

ote
cte

d P
ha

se
s

5
2

6
8

8
8

1 8
7

Pe
rm

itte
d P

ha
se

s
6

7
Ac

tua
ted

 G
re

en
, G

 (s
)

22
.5

50
.2

38
.7

38
.7

42
.6

42
.6

53
.6

2.2
Ef

fec
tiv

e G
re

en
, g

 (s
)

22
.5

50
.2

38
.7

38
.7

42
.6

42
.6

53
.6

2.2
Ac

tua
ted

 g/
C 

Ra
tio

0.1
9

0.4
2

0.3
2

0.3
2

0.3
6

0.3
6

0.4
5

0.0
2

Cl
ea

ra
nc

e T
im

e (
s)

3.0
4.0

4.0
4.0

3.5
3.5

3.5
Ve

hic
le 

Ex
ten

sio
n (

s)
2.0

2.0
2.0

2.0
2.0

2.0
2.0

La
ne

 G
rp

 C
ap

 (v
ph

)
63

14
95

14
98

42
6

60
8

60
7

12
69

31
v/s

 R
ati

o P
ro

t
0.2

4
c0

.27
0.1

2
0.1

2
c0

.37
v/s

 R
ati

o P
er

m
c0

.21
0.0

9
0.0

0
v/c

 R
ati

o
1.1

3
0.5

8
0.8

3
0.2

9
0.3

5
0.3

5
0.8

4
0.1

9
Un

ifo
rm

 D
ela

y, 
d1

48
.8

26
.8

37
.7

30
.4

28
.5

28
.5

29
.4

58
.0

Pr
og

re
ss

ion
 F

ac
tor

1.0
0

1.0
0

0.7
4

1.4
7

1.0
0

1.0
0

1.0
0

1.0
0

Inc
re

me
nta

l D
ela

y, 
d2

15
2.3

1.6
4.8

1.5
0.1

0.1
4.8

1.1
De

lay
 (s

)
20

1.0
28

.4
32

.6
46

.2
28

.7
28

.6
34

.2
59

.1
Le

ve
l o

f S
er

vic
e

F
C

C
D

C
C

C
E

Ap
pr

oa
ch

 D
ela

y (
s)

41
.5

35
.7

32
.6

59
.1

Ap
pr

oa
ch

 LO
S

D
D

C
E

Int
er

se
cti

on
 S

um
ma

ry
HC

M 
20

00
 C

on
tro

l D
ela

y
35

.9
HC

M 
20

00
 Le

ve
l o

f S
er

vic
e

D
HC

M 
20

00
 V

olu
me

 to
 C

ap
ac

ity
 ra

tio
0.8

8
Ac

tua
ted

 C
yc

le 
Le

ng
th 

(s)
 

12
0.0

Su
m 

of 
los

t ti
me

 (s
)

14
.0

Int
er

se
cti

on
 C

ap
ac

ity
 U

tili
za

tio
n

73
.8%

IC
U 

Le
ve

l o
f S

er
vic

e
D

An
aly

sis
 P

er
iod

 (m
in)

15
c  

  C
riti

ca
l L

an
e G

ro
up

H
C

M
 S

ig
na

liz
ed

 In
te

rs
ec

tio
n 

C
ap

ac
ity

 A
na

ly
si

s
3:

 U
S

 1
01

 N
B

 O
ff-

R
am

p/
U

S
 1

01
 N

B
 O

n-
R

am
p 

&
 R

ow
la

nd
 B

lv
d

05
/03

/20
17

Pr
op

os
ed

 H
an

na
 R

an
ch

 P
ro

jec
t

Sy
nc

hr
o 9

 R
ep

or
t

W
ee

ke
nd

 M
idd

ay
 B

as
eli

ne
W

-T
ra

ns

Mo
ve

me
nt

NE
R

La
ne

 C
on

fig
ur

ati
on

s
Tr

aff
ic 

Vo
lum

e (
vp

h)
1

Fu
tur

e V
olu

me
 (v

ph
)

1
Ide

al 
Flo

w 
(vp

hp
l)

19
00

To
tal

 Lo
st 

tim
e (

s)
La

ne
 U

til.
 F

ac
tor

Fr
pb

, p
ed

/bi
ke

s
Flp

b, 
pe

d/b
ike

s
Fr

t
Flt

 P
ro

tec
ted

Sa
td.

 F
low

 (p
ro

t)
Flt

 P
er

mi
tte

d
Sa

td.
 F

low
 (p

er
m)

Pe
ak

-h
ou

r f
ac

tor
, P

HF
0.9

7
Ad

j. F
low

 (v
ph

)
1

RT
OR

 R
ed

uc
tio

n (
vp

h)
0

La
ne

 G
ro

up
 F

low
 (v

ph
)

0
Co

nfl
. P

ed
s. 

(#
/hr

)
He

av
y V

eh
icl

es
 (%

)
15

%
Tu

rn
 T

yp
e

Pr
ote

cte
d P

ha
se

s
Pe

rm
itte

d P
ha

se
s

Ac
tua

ted
 G

re
en

, G
 (s

)
Ef

fec
tiv

e G
re

en
, g

 (s
)

Ac
tua

ted
 g/

C 
Ra

tio
Cl

ea
ra

nc
e T

im
e (

s)
Ve

hic
le 

Ex
ten

sio
n (

s)
La

ne
 G

rp
 C

ap
 (v

ph
)

v/s
 R

ati
o P

ro
t

v/s
 R

ati
o P

er
m

v/c
 R

ati
o

Un
ifo

rm
 D

ela
y, 

d1
Pr

og
re

ss
ion

 F
ac

tor
Inc

re
me

nta
l D

ela
y, 

d2
De

lay
 (s

)
Le

ve
l o

f S
er

vic
e

Ap
pr

oa
ch

 D
ela

y (
s)

Ap
pr

oa
ch

 LO
S

Int
er

se
cti

on
 S

um
ma

ry



H
C

M
 S

ig
na

liz
ed

 In
te

rs
ec

tio
n 

C
ap

ac
ity

 A
na

ly
si

s
4:

 R
ow

la
nd

 B
lv

d 
&

 R
ow

la
nd

 W
ay

05
/05

/20
17

W
ee

kd
ay

 P
M 

Ba
se

lin
e

Sy
nc

hr
o 9

 R
ep

or
t

Pr
op

os
ed

 H
an

na
 R

an
ch

 P
ro

jec
t

W
-T

ra
ns

Mo
ve

me
nt

EB
L

EB
T

W
BT

W
BR

SB
L

SB
R

La
ne

 C
on

fig
ur

ati
on

s
Tr

aff
ic 

Vo
lum

e (
vp

h)
18

4
96

8
10

68
34

36
39

2
Fu

tur
e V

olu
me

 (v
ph

)
18

4
96

8
10

68
34

36
39

2
Ide

al 
Flo

w 
(vp

hp
l)

19
00

19
00

19
00

19
00

19
00

19
00

To
tal

 Lo
st 

tim
e (

s)
3.5

4.0
4.0

3.2
3.2

La
ne

 U
til.

 F
ac

tor
0.9

7
0.9

1
0.9

5
1.0

0
0.9

5
Fr

pb
, p

ed
/bi

ke
s

1.0
0

1.0
0

1.0
0

0.9
8

0.9
7

Flp
b, 

pe
d/b

ike
s

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

Fr
t

1.0
0

1.0
0

1.0
0

0.8
7

0.8
5

Flt
 P

ro
tec

ted
0.9

5
1.0

0
1.0

0
0.9

9
1.0

0
Sa

td.
 F

low
 (p

ro
t)

34
67

51
87

35
84

15
94

14
79

Flt
 P

er
mi

tte
d

0.9
5

1.0
0

1.0
0

0.9
9

1.0
0

Sa
td.

 F
low

 (p
er

m)
34

67
51

87
35

84
15

94
14

79
Pe

ak
-h

ou
r f

ac
tor

, P
HF

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

Ad
j. F

low
 (v

ph
)

19
0

99
8

11
01

35
37

40
4

RT
OR

 R
ed

uc
tio

n (
vp

h)
0

0
1

0
16

6
19

4
La

ne
 G

ro
up

 F
low

 (v
ph

)
19

0
99

8
11

35
0

57
24

Co
nfl

. P
ed

s. 
(#

/hr
)

2
14

Co
nfl

. B
ike

s (
#/h

r)
1

He
av

y V
eh

icl
es

 (%
)

1%
0%

0%
7%

2%
1%

Tu
rn

 T
yp

e
Pr

ot
NA

NA
Pr

ot
Pe

rm
Pr

ote
cte

d P
ha

se
s

5
2

6
4

Pe
rm

itte
d P

ha
se

s
4

Ac
tua

ted
 G

re
en

, G
 (s

)
11

.5
99

.6
84

.6
13

.2
13

.2
Ef

fec
tiv

e G
re

en
, g

 (s
)

11
.5

99
.6

84
.6

13
.2

13
.2

Ac
tua

ted
 g/

C 
Ra

tio
0.1

0
0.8

3
0.7

0
0.1

1
0.1

1
Cl

ea
ra

nc
e T

im
e (

s)
3.5

4.0
4.0

3.2
3.2

Ve
hic

le 
Ex

ten
sio

n (
s)

2.0
4.0

4.0
2.0

2.0
La

ne
 G

rp
 C

ap
 (v

ph
)

33
2

43
05

25
26

17
5

16
2

v/s
 R

ati
o P

ro
t

c0
.05

0.1
9

c0
.32

c0
.04

v/s
 R

ati
o P

er
m

0.0
2

v/c
 R

ati
o

0.5
7

0.2
3

0.4
5

0.3
3

0.1
5

Un
ifo

rm
 D

ela
y, 

d1
51

.9
2.1

7.6
49

.3
48

.3
Pr

og
re

ss
ion

 F
ac

tor
1.0

4
1.2

4
0.7

6
1.0

0
1.0

0
Inc

re
me

nta
l D

ela
y, 

d2
1.4

0.1
0.5

0.4
0.2

De
lay

 (s
)

55
.1

2.8
6.4

49
.7

48
.5

Le
ve

l o
f S

er
vic

e
E

A
A

D
D

Ap
pr

oa
ch

 D
ela

y (
s)

11
.2

6.4
49

.1
Ap

pr
oa

ch
 LO

S
B

A
D

Int
er

se
cti

on
 S

um
ma

ry
HC

M 
20

00
 C

on
tro

l D
ela

y
15

.2
HC

M 
20

00
 Le

ve
l o

f S
er

vic
e

B
HC

M 
20

00
 V

olu
me

 to
 C

ap
ac

ity
 ra

tio
0.4

5
Ac

tua
ted

 C
yc

le 
Le

ng
th 

(s)
 

12
0.0

Su
m 

of 
los

t ti
me

 (s
)

10
.7

Int
er

se
cti

on
 C

ap
ac

ity
 U

tili
za

tio
n

70
.9%

IC
U 

Le
ve

l o
f S

er
vic

e
C

An
aly

sis
 P

er
iod

 (m
in)

15
c  

  C
riti

ca
l L

an
e G

ro
up

H
C

M
 S

ig
na

liz
ed

 In
te

rs
ec

tio
n 

C
ap

ac
ity

 A
na

ly
si

s
4:

 R
ow

la
nd

 B
lv

d 
&

 R
ow

la
nd

 W
ay

05
/03

/20
17

Pr
op

os
ed

 H
an

na
 R

an
ch

 P
ro

jec
t

Sy
nc

hr
o 9

 R
ep

or
t

W
ee

ke
nd

 M
idd

ay
 B

as
eli

ne
W

-T
ra

ns

Mo
ve

me
nt

EB
L

EB
T

W
BT

W
BR

SB
L

SB
R

La
ne

 C
on

fig
ur

ati
on

s
Tr

aff
ic 

Vo
lum

e (
vp

h)
28

6
15

86
13

55
43

49
19

4
Fu

tur
e V

olu
me

 (v
ph

)
28

6
15

86
13

55
43

49
19

4
Ide

al 
Flo

w 
(vp

hp
l)

19
00

19
00

19
00

19
00

19
00

19
00

To
tal

 Lo
st 

tim
e (

s)
3.5

4.0
4.0

3.2
3.2

La
ne

 U
til.

 F
ac

tor
0.9

7
0.9

1
0.9

5
1.0

0
0.9

5
Fr

pb
, p

ed
/bi

ke
s

1.0
0

1.0
0

1.0
0

0.9
8

0.9
7

Flp
b, 

pe
d/b

ike
s

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

Fr
t

1.0
0

1.0
0

1.0
0

0.9
1

0.8
5

Flt
 P

ro
tec

ted
0.9

5
1.0

0
1.0

0
0.9

8
1.0

0
Sa

td.
 F

low
 (p

ro
t)

34
67

51
87

35
84

16
44

14
79

Flt
 P

er
mi

tte
d

0.9
5

1.0
0

1.0
0

0.9
8

1.0
0

Sa
td.

 F
low

 (p
er

m)
34

67
51

87
35

84
16

44
14

79
Pe

ak
-h

ou
r f

ac
tor

, P
HF

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

Ad
j. F

low
 (v

ph
)

29
5

16
35

13
97

44
51

20
0

RT
OR

 R
ed

uc
tio

n (
vp

h)
0

0
1

0
59

10
8

La
ne

 G
ro

up
 F

low
 (v

ph
)

29
5

16
35

14
40

0
70

14
Co

nfl
. P

ed
s. 

(#
/hr

)
2

14
Co

nfl
. B

ike
s (

#/h
r)

1
He

av
y V

eh
icl

es
 (%

)
1%

0%
0%

7%
2%

1%
Tu

rn
 T

yp
e

Pr
ot

NA
NA

Pr
ot

Pe
rm

Pr
ote

cte
d P

ha
se

s
5

2
6

4
Pe

rm
itte

d P
ha

se
s

4
Ac

tua
ted

 G
re

en
, G

 (s
)

14
.2

99
.1

81
.4

13
.7

13
.7

Ef
fec

tiv
e G

re
en

, g
 (s

)
14

.2
99

.1
81

.4
13

.7
13

.7
Ac

tua
ted

 g/
C 

Ra
tio

0.1
2

0.8
3

0.6
8

0.1
1

0.1
1

Cl
ea

ra
nc

e T
im

e (
s)

3.5
4.0

4.0
3.2

3.2
Ve

hic
le 

Ex
ten

sio
n (

s)
2.0

4.0
4.0

2.0
2.0

La
ne

 G
rp

 C
ap

 (v
ph

)
41

0
42

83
24

31
18

7
16

8
v/s

 R
ati

o P
ro

t
c0

.09
0.3

2
c0

.40
c0

.04
v/s

 R
ati

o P
er

m
0.0

1
v/c

 R
ati

o
0.7

2
0.3

8
0.5

9
0.3

7
0.0

8
Un

ifo
rm

 D
ela

y, 
d1

51
.0

2.7
10

.4
49

.2
47

.5
Pr

og
re

ss
ion

 F
ac

tor
0.9

7
1.2

7
0.9

0
1.0

0
1.0

0
Inc

re
me

nta
l D

ela
y, 

d2
3.6

0.2
0.9

0.5
0.1

De
lay

 (s
)

53
.3

3.6
10

.3
49

.6
47

.6
Le

ve
l o

f S
er

vic
e

D
A

B
D

D
Ap

pr
oa

ch
 D

ela
y (

s)
11

.2
10

.3
48

.6
Ap

pr
oa

ch
 LO

S
B

B
D

Int
er

se
cti

on
 S

um
ma

ry
HC

M 
20

00
 C

on
tro

l D
ela

y
13

.4
HC

M 
20

00
 Le

ve
l o

f S
er

vic
e

B
HC

M 
20

00
 V

olu
me

 to
 C

ap
ac

ity
 ra

tio
0.5

8
Ac

tua
ted

 C
yc

le 
Le

ng
th 

(s)
 

12
0.0

Su
m 

of 
los

t ti
me

 (s
)

10
.7

Int
er

se
cti

on
 C

ap
ac

ity
 U

tili
za

tio
n

73
.9%

IC
U 

Le
ve

l o
f S

er
vic

e
D

An
aly

sis
 P

er
iod

 (m
in)

15
c  

  C
riti

ca
l L

an
e G

ro
up



H
C

M
 S

ig
na

liz
ed

 In
te

rs
ec

tio
n 

C
ap

ac
ity

 A
na

ly
si

s
5:

 V
in

ta
ge

 W
ay

 (N
or

th
) &

 R
ow

la
nd

 B
lv

d
05

/05
/20

17

W
ee

kd
ay

 P
M 

Ba
se

lin
e

Sy
nc

hr
o 9

 R
ep

or
t

Pr
op

os
ed

 H
an

na
 R

an
ch

 P
ro

jec
t

W
-T

ra
ns

Mo
ve

me
nt

EB
L

EB
T

EB
R

W
BL

W
BT

W
BR

NB
L

NB
T

NB
R

SB
L

SB
T

SB
R

La
ne

 C
on

fig
ur

ati
on

s
Tr

aff
ic 

Vo
lum

e (
vp

h)
81

1
5

2
5

2
4

0
28

9
1

11
24

4
76

4
Fu

tur
e V

olu
me

 (v
ph

)
81

1
5

2
5

2
4

0
28

9
1

11
24

4
76

4
Ide

al 
Flo

w 
(vp

hp
l)

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

To
tal

 Lo
st 

tim
e (

s)
3.6

3.6
3.2

4.0
3.0

4.0
4.0

La
ne

 U
til.

 F
ac

tor
0.9

7
1.0

0
1.0

0
0.9

5
1.0

0
0.9

5
0.8

8
Fr

pb
, p

ed
/bi

ke
s

1.0
0

0.9
9

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

Flp
b, 

pe
d/b

ike
s

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

Fr
t

1.0
0

0.9
6

0.9
5

1.0
0

1.0
0

1.0
0

0.8
5

Flt
 P

ro
tec

ted
0.9

5
1.0

0
0.9

8
1.0

0
0.9

5
1.0

0
1.0

0
Sa

td.
 F

low
 (p

ro
t)

35
02

18
05

17
67

35
72

18
05

35
39

28
42

Flt
 P

er
mi

tte
d

0.9
5

1.0
0

0.9
8

1.0
0

0.9
5

1.0
0

1.0
0

Sa
td.

 F
low

 (p
er

m)
35

02
18

05
17

67
35

72
18

05
35

39
28

42
Pe

ak
-h

ou
r f

ac
tor

, P
HF

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

Ad
j. F

low
 (v

ph
)

83
6

5
2

5
2

4
0

29
8

1
11

25
2

78
8

RT
OR

 R
ed

uc
tio

n (
vp

h)
0

1
0

0
4

0
0

0
0

0
0

0
La

ne
 G

ro
up

 F
low

 (v
ph

)
83

6
6

0
0

7
0

0
29

9
0

11
25

2
78

8
Co

nfl
. P

ed
s. 

(#
/hr

)
10

9
10

4
Co

nfl
. B

ike
s (

#/h
r)

2
He

av
y V

eh
icl

es
 (%

)
0%

0%
0%

0%
0%

0%
0%

1%
0%

0%
2%

0%
Tu

rn
 T

yp
e

Sp
lit

NA
Sp

lit
NA

Pr
ot

NA
Pr

ot
NA

pt+
ov

Pr
ote

cte
d P

ha
se

s
3

3
4

4
1

6
5

2
2 3

Pe
rm

itte
d P

ha
se

s
Ac

tua
ted

 G
re

en
, G

 (s
)

51
.4

51
.4

2.4
50

.0
2.4

49
.6

10
5.0

Ef
fec

tiv
e G

re
en

, g
 (s

)
51

.4
51

.4
2.4

50
.0

2.4
49

.6
10

5.0
Ac

tua
ted

 g/
C 

Ra
tio

0.4
3

0.4
3

0.0
2

0.4
2

0.0
2

0.4
1

0.8
8

Cl
ea

ra
nc

e T
im

e (
s)

3.6
3.6

3.2
4.0

3.0
4.0

Ve
hic

le 
Ex

ten
sio

n (
s)

3.0
3.0

2.0
2.0

2.0
2.0

La
ne

 G
rp

 C
ap

 (v
ph

)
15

00
77

3
35

14
88

36
14

62
24

86
v/s

 R
ati

o P
ro

t
c0

.24
0.0

0
c0

.00
c0

.08
0.0

1
0.0

7
c0

.28
v/s

 R
ati

o P
er

m
v/c

 R
ati

o
0.5

6
0.0

1
0.2

0
0.2

0
0.3

1
0.1

7
0.3

2
Un

ifo
rm

 D
ela

y, 
d1

25
.8

19
.7

57
.9

22
.3

58
.0

22
.2

1.3
Pr

og
re

ss
ion

 F
ac

tor
1.0

0
1.0

0
1.0

0
1.0

0
1.2

4
1.2

6
0.6

2
Inc

re
me

nta
l D

ela
y, 

d2
1.5

0.0
1.0

0.3
1.7

0.3
0.3

De
lay

 (s
)

27
.3

19
.7

58
.9

22
.6

73
.6

28
.3

1.1
Le

ve
l o

f S
er

vic
e

C
B

E
C

E
C

A
Ap

pr
oa

ch
 D

ela
y (

s)
27

.2
58

.9
22

.6
8.4

Ap
pr

oa
ch

 LO
S

C
E

C
A

Int
er

se
cti

on
 S

um
ma

ry
HC

M 
20

00
 C

on
tro

l D
ela

y
17

.8
HC

M 
20

00
 Le

ve
l o

f S
er

vic
e

B
HC

M 
20

00
 V

olu
me

 to
 C

ap
ac

ity
 ra

tio
0.4

3
Ac

tua
ted

 C
yc

le 
Le

ng
th 

(s)
 

12
0.0

Su
m 

of 
los

t ti
me

 (s
)

13
.8

Int
er

se
cti

on
 C

ap
ac

ity
 U

tili
za

tio
n

59
.8%

IC
U 

Le
ve

l o
f S

er
vic

e
B

An
aly

sis
 P

er
iod

 (m
in)

15
c  

  C
riti

ca
l L

an
e G

ro
up

H
C

M
 S

ig
na

liz
ed

 In
te

rs
ec

tio
n 

C
ap

ac
ity

 A
na

ly
si

s
5:

 V
in

ta
ge

 W
ay

 (N
or

th
) &

 R
ow

la
nd

 B
lv

d
05

/03
/20

17

Pr
op

os
ed

 H
an

na
 R

an
ch

 P
ro

jec
t

Sy
nc

hr
o 9

 R
ep

or
t

W
ee

ke
nd

 M
idd

ay
 B

as
eli

ne
W

-T
ra

ns

Mo
ve

me
nt

EB
L

EB
T

EB
R

W
BL

W
BT

W
BR

NB
L

NB
T

NB
R

SB
L

SB
T

SB
R

La
ne

 C
on

fig
ur

ati
on

s
Tr

aff
ic 

Vo
lum

e (
vp

h)
96

2
9

8
4

8
1

7
41

4
14

29
42

4
11

75
Fu

tur
e V

olu
me

 (v
ph

)
96

2
9

8
4

8
1

7
41

4
14

29
42

4
11

75
Ide

al 
Flo

w 
(vp

hp
l)

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

To
tal

 Lo
st 

tim
e (

s)
3.6

3.6
3.2

3.0
4.0

3.0
4.0

4.0
La

ne
 U

til.
 F

ac
tor

0.9
7

1.0
0

1.0
0

1.0
0

0.9
5

1.0
0

0.9
5

0.8
8

Fr
pb

, p
ed

/bi
ke

s
1.0

0
0.9

9
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
Flp

b, 
pe

d/b
ike

s
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
Fr

t
1.0

0
0.9

3
0.9

9
1.0

0
1.0

0
1.0

0
1.0

0
0.8

5
Flt

 P
ro

tec
ted

0.9
5

1.0
0

0.9
8

0.9
5

1.0
0

0.9
5

1.0
0

1.0
0

Sa
td.

 F
low

 (p
ro

t)
35

02
17

45
18

52
18

05
35

52
18

05
35

39
28

42
Flt

 P
er

mi
tte

d
0.9

5
1.0

0
0.9

8
0.9

5
1.0

0
0.9

5
1.0

0
1.0

0
Sa

td.
 F

low
 (p

er
m)

35
02

17
45

18
52

18
05

35
52

18
05

35
39

28
42

Pe
ak

-h
ou

r f
ac

tor
, P

HF
0.9

7
0.9

7
0.9

7
0.9

7
0.9

7
0.9

7
0.9

7
0.9

7
0.9

7
0.9

7
0.9

7
0.9

7
Ad

j. F
low

 (v
ph

)
99

2
9

8
4

8
1

7
42

7
14

30
43

7
12

11
RT

OR
 R

ed
uc

tio
n (

vp
h)

0
5

0
0

1
0

0
2

0
0

0
0

La
ne

 G
ro

up
 F

low
 (v

ph
)

99
2

12
0

0
12

0
7

43
9

0
30

43
7

12
11

Co
nfl

. P
ed

s. 
(#

/hr
)

10
9

10
4

Co
nfl

. B
ike

s (
#/h

r)
2

He
av

y V
eh

icl
es

 (%
)

0%
0%

0%
0%

0%
0%

0%
1%

0%
0%

2%
0%

Tu
rn

 T
yp

e
Sp

lit
NA

Sp
lit

NA
Pr

ot
NA

Pr
ot

NA
pt+

ov
Pr

ote
cte

d P
ha

se
s

3
3

4
4

1
6

5
2

2 3
Pe

rm
itte

d P
ha

se
s

Ac
tua

ted
 G

re
en

, G
 (s

)
51

.4
51

.4
4.8

4.0
42

.2
7.8

46
.0

10
1.4

Ef
fec

tiv
e G

re
en

, g
 (s

)
51

.4
51

.4
4.8

4.0
42

.2
7.8

46
.0

10
1.4

Ac
tua

ted
 g/

C 
Ra

tio
0.4

3
0.4

3
0.0

4
0.0

3
0.3

5
0.0

6
0.3

8
0.8

5
Cl

ea
ra

nc
e T

im
e (

s)
3.6

3.6
3.2

3.0
4.0

3.0
4.0

Ve
hic

le 
Ex

ten
sio

n (
s)

3.0
3.0

2.0
2.0

2.0
2.0

2.0
La

ne
 G

rp
 C

ap
 (v

ph
)

15
00

74
7

74
60

12
49

11
7

13
56

24
01

v/s
 R

ati
o P

ro
t

c0
.28

0.0
1

c0
.01

0.0
0

c0
.12

0.0
2

0.1
2

c0
.43

v/s
 R

ati
o P

er
m

v/c
 R

ati
o

0.6
6

0.0
2

0.1
6

0.1
2

0.3
5

0.2
6

0.3
2

0.5
0

Un
ifo

rm
 D

ela
y, 

d1
27

.4
19

.7
55

.7
56

.3
28

.8
53

.3
26

.0
2.5

Pr
og

re
ss

ion
 F

ac
tor

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.1
1

1.1
6

0.8
5

Inc
re

me
nta

l D
ela

y, 
d2

2.3
0.0

0.4
0.3

0.8
0.4

0.6
0.7

De
lay

 (s
)

29
.7

19
.8

56
.0

56
.6

29
.6

59
.6

30
.7

2.9
Le

ve
l o

f S
er

vic
e

C
B

E
E

C
E

C
A

Ap
pr

oa
ch

 D
ela

y (
s)

29
.5

56
.0

30
.0

11
.1

Ap
pr

oa
ch

 LO
S

C
E

C
B

Int
er

se
cti

on
 S

um
ma

ry
HC

M 
20

00
 C

on
tro

l D
ela

y
19

.9
HC

M 
20

00
 Le

ve
l o

f S
er

vic
e

B
HC

M 
20

00
 V

olu
me

 to
 C

ap
ac

ity
 ra

tio
0.5

7
Ac

tua
ted

 C
yc

le 
Le

ng
th 

(s)
 

12
0.0

Su
m 

of 
los

t ti
me

 (s
)

13
.8

Int
er

se
cti

on
 C

ap
ac

ity
 U

tili
za

tio
n

66
.5%

IC
U 

Le
ve

l o
f S

er
vic

e
C

An
aly

sis
 P

er
iod

 (m
in)

15
c  

  C
riti

ca
l L

an
e G

ro
up



H
C

M
 U

ns
ig

na
liz

ed
 In

te
rs

ec
tio

n 
C

ap
ac

ity
 A

na
ly

si
s

6:
 V

in
ta

ge
 W

ay
 (S

ou
th

) &
 R

ow
la

nd
 B

lv
d

05
/05

/20
17

W
ee

kd
ay

 P
M 

Ba
se

lin
e

Sy
nc

hr
o 9

 R
ep

or
t

Pr
op

os
ed

 H
an

na
 R

an
ch

 P
ro

jec
t

W
-T

ra
ns

Mo
ve

me
nt

EB
L

EB
R

NB
L

NB
T

SB
T

SB
R

La
ne

 C
on

fig
ur

ati
on

s
Si

gn
 C

on
tro

l
St

op
St

op
St

op
Tr

aff
ic 

Vo
lum

e (
vp

h)
11

5
1

0
1

0
10

8
Fu

tur
e V

olu
me

 (v
ph

)
11

5
1

0
1

0
10

8
Pe

ak
 H

ou
r F

ac
tor

0.8
9

0.8
9

0.8
9

0.8
9

0.8
9

0.8
9

Ho
ur

ly 
flo

w 
ra

te 
(vp

h)
12

9
1

0
1

0
12

1

Di
re

cti
on

, L
an

e #
EB

 1
NB

 1
NB

 2
SB

 1
Vo

lum
e T

ota
l (v

ph
)

13
0

0
1

12
1

Vo
lum

e L
eft

 (v
ph

)
12

9
0

0
0

Vo
lum

e R
igh

t (
vp

h)
1

0
0

12
1

Ha
dj 

(s)
0.2

3
0.0

3
0.0

3
-0

.57
De

pa
rtu

re
 H

ea
dw

ay
 (s

)
4.4

4.9
4.9

3.7
De

gr
ee

 U
tili

za
tio

n, 
x

0.1
6

0.0
0

0.0
0

0.1
3

Ca
pa

cit
y (

ve
h/h

)
80

2
70

1
70

0
92

9
Co

ntr
ol 

De
lay

 (s
)

8.2
6.7

6.7
7.3

Ap
pr

oa
ch

 D
ela

y (
s)

8.2
6.7

7.3
Ap

pr
oa

ch
 LO

S
A

A
A

Int
er

se
cti

on
 S

um
ma

ry
De

lay
 

7.7
Le

ve
l o

f S
er

vic
e

A
Int

er
se

cti
on

 C
ap

ac
ity

 U
tili

za
tio

n 
20

.2%
IC

U 
Le

ve
l o

f S
er

vic
e 

A
An

aly
sis

 P
er

iod
 (m

in)
15

H
C

M
 U

ns
ig

na
liz

ed
 In

te
rs

ec
tio

n 
C

ap
ac

ity
 A

na
ly

si
s

6:
 V

in
ta

ge
 W

ay
 (S

ou
th

) &
 R

ow
la

nd
 B

lv
d

05
/03

/20
17

Pr
op

os
ed

 H
an

na
 R

an
ch

 P
ro

jec
t

Sy
nc

hr
o 9

 R
ep

or
t

W
ee

ke
nd

 M
idd

ay
 B

as
eli

ne
W

-T
ra

ns

Mo
ve

me
nt

EB
L

EB
R

NB
L

NB
T

SB
T

SB
R

La
ne

 C
on

fig
ur

ati
on

s
Si

gn
 C

on
tro

l
St

op
St

op
St

op
Tr

aff
ic 

Vo
lum

e (
vp

h)
16

5
0

1
0

0
20

2
Fu

tur
e V

olu
me

 (v
ph

)
16

5
0

1
0

0
20

2
Pe

ak
 H

ou
r F

ac
tor

0.8
9

0.8
9

0.8
9

0.8
9

0.8
9

0.8
9

Ho
ur

ly 
flo

w 
ra

te 
(vp

h)
18

5
0

1
0

0
22

7

Di
re

cti
on

, L
an

e #
EB

 1
NB

 1
NB

 2
SB

 1
Vo

lum
e T

ota
l (v

ph
)

18
5

1
0

22
7

Vo
lum

e L
eft

 (v
ph

)
18

5
1

0
0

Vo
lum

e R
igh

t (
vp

h)
0

0
0

22
7

Ha
dj 

(s)
0.2

3
0.5

3
0.0

0
-0

.57
De

pa
rtu

re
 H

ea
dw

ay
 (s

)
4.6

5.7
5.1

3.9
De

gr
ee

 U
tili

za
tio

n, 
x

0.2
4

0.0
0

0.0
0

0.2
5

Ca
pa

cit
y (

ve
h/h

)
74

0
60

0
67

1
88

8
Co

ntr
ol 

De
lay

 (s
)

9.0
7.5

6.9
8.2

Ap
pr

oa
ch

 D
ela

y (
s)

9.0
7.5

8.2
Ap

pr
oa

ch
 LO

S
A

A
A

Int
er

se
cti

on
 S

um
ma

ry
De

lay
 

8.6
Le

ve
l o

f S
er

vic
e

A
Int

er
se

cti
on

 C
ap

ac
ity

 U
tili

za
tio

n 
28

.6%
IC

U 
Le

ve
l o

f S
er

vic
e 

A
An

aly
sis

 P
er

iod
 (m

in)
15



H
C

M
 S

ig
na

liz
ed

 In
te

rs
ec

tio
n 

C
ap

ac
ity

 A
na

ly
si

s
1:

 R
ed

w
oo

d 
B

lv
d 

&
 R

ow
la

nd
 B

lv
d

05
/05

/20
17

W
ee

kd
ay

 P
M 

Fu
tur

e
Sy

nc
hr

o 9
 R

ep
or

t
Pr

op
os

ed
 H

an
na

 R
an

ch
 P

ro
jec

t
W

-T
ra

ns

Mo
ve

me
nt

EB
L

EB
T

EB
R

W
BL

W
BT

W
BR

NB
L

NB
T

NB
R

SB
L

SB
T

SB
R

La
ne

 C
on

fig
ur

ati
on

s
Tr

aff
ic 

Vo
lum

e (
vp

h)
10

5
60

9
46

97
84

5
34

2
32

33
46

38
1

34
17

3
Fu

tur
e V

olu
me

 (v
ph

)
10

5
60

9
46

97
84

5
34

2
32

33
46

38
1

34
17

3
Ide

al 
Flo

w 
(vp

hp
l)

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

To
tal

 Lo
st 

tim
e (

s)
3.5

4.5
4.5

3.5
4.5

3.5
4.1

3.5
4.8

4.8
La

ne
 U

til.
 F

ac
tor

1.0
0

0.9
5

1.0
0

1.0
0

0.9
5

1.0
0

0.9
5

0.9
7

1.0
0

1.0
0

Fr
pb

, p
ed

/bi
ke

s
1.0

0
1.0

0
0.9

8
1.0

0
1.0

0
1.0

0
0.9

9
1.0

0
1.0

0
0.9

9
Flp

b, 
pe

d/b
ike

s
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
Fr

t
1.0

0
1.0

0
0.8

5
1.0

0
0.9

6
1.0

0
0.9

1
1.0

0
1.0

0
0.8

5
Flt

 P
ro

tec
ted

0.9
5

1.0
0

1.0
0

0.9
5

1.0
0

0.9
5

1.0
0

0.9
5

1.0
0

1.0
0

Sa
td.

 F
low

 (p
ro

t)
18

05
35

74
15

91
18

05
34

40
18

05
32

60
35

02
19

00
15

94
Flt

 P
er

mi
tte

d
0.9

5
1.0

0
1.0

0
0.9

5
1.0

0
0.9

5
1.0

0
0.9

5
1.0

0
1.0

0
Sa

td.
 F

low
 (p

er
m)

18
05

35
74

15
91

18
05

34
40

18
05

32
60

35
02

19
00

15
94

Pe
ak

-h
ou

r f
ac

tor
, P

HF
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
Ad

j. F
low

 (v
ph

)
10

5
60

9
46

97
84

5
34

2
32

33
46

38
1

34
17

3
RT

OR
 R

ed
uc

tio
n (

vp
h)

0
0

26
0

32
0

0
40

0
0

0
13

6
La

ne
 G

ro
up

 F
low

 (v
ph

)
10

5
60

9
20

97
11

55
0

32
39

0
38

1
34

37
Co

nfl
. P

ed
s. 

(#
/hr

)
4

3
9

Co
nfl

. B
ike

s (
#/h

r)
1

He
av

y V
eh

icl
es

 (%
)

0%
1%

0%
0%

0%
0%

0%
0%

0%
0%

0%
0%

Tu
rn

 T
yp

e
Pr

ot
NA

Pe
rm

Pr
ot

NA
Pr

ot
NA

Pr
ot

NA
Pe

rm
Pr

ote
cte

d P
ha

se
s

5
2

1
6

3
8

7
4

Pe
rm

itte
d P

ha
se

s
2

4
Ac

tua
ted

 G
re

en
, G

 (s
)

8.1
38

.3
38

.3
9.0

39
.2

5.9
12

.3
13

.1
18

.8
18

.8
Ef

fec
tiv

e G
re

en
, g

 (s
)

8.1
38

.3
38

.3
9.0

39
.2

5.9
12

.3
13

.1
18

.8
18

.8
Ac

tua
ted

 g/
C 

Ra
tio

0.0
9

0.4
3

0.4
3

0.1
0

0.4
4

0.0
7

0.1
4

0.1
5

0.2
1

0.2
1

Cl
ea

ra
nc

e T
im

e (
s)

3.5
4.5

4.5
3.5

4.5
3.5

4.1
3.5

4.8
4.8

Ve
hic

le 
Ex

ten
sio

n (
s)

2.0
4.0

4.0
2.0

4.0
2.0

2.5
2.5

2.5
2.5

La
ne

 G
rp

 C
ap

 (v
ph

)
16

5
15

50
69

0
18

3
15

27
12

0
45

4
51

9
40

4
33

9
v/s

 R
ati

o P
ro

t
c0

.06
0.1

7
0.0

5
c0

.34
0.0

2
0.0

1
c0

.11
0.0

2
v/s

 R
ati

o P
er

m
0.0

1
c0

.02
v/c

 R
ati

o
0.6

4
0.3

9
0.0

3
0.5

3
0.7

6
0.2

7
0.0

9
0.7

3
0.0

8
0.1

1
Un

ifo
rm

 D
ela

y, 
d1

38
.7

17
.1

14
.3

37
.6

20
.6

39
.1

33
.1

35
.9

27
.9

28
.0

Pr
og

re
ss

ion
 F

ac
tor

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

Inc
re

me
nta

l D
ela

y, 
d2

5.8
0.2

0.0
1.5

2.3
0.4

0.1
5.0

0.1
0.1

De
lay

 (s
)

44
.5

17
.3

14
.4

39
.1

22
.9

39
.6

33
.2

41
.0

27
.9

28
.1

Le
ve

l o
f S

er
vic

e
D

B
B

D
C

D
C

D
C

C
Ap

pr
oa

ch
 D

ela
y (

s)
20

.9
24

.1
35

.0
36

.4
Ap

pr
oa

ch
 LO

S
C

C
D

D

Int
er

se
cti

on
 S

um
ma

ry
HC

M 
20

00
 C

on
tro

l D
ela

y
26

.3
HC

M 
20

00
 Le

ve
l o

f S
er

vic
e

C
HC

M 
20

00
 V

olu
me

 to
 C

ap
ac

ity
 ra

tio
0.6

4
Ac

tua
ted

 C
yc

le 
Le

ng
th 

(s)
 

88
.3

Su
m 

of 
los

t ti
me

 (s
)

16
.3

Int
er

se
cti

on
 C

ap
ac

ity
 U

tili
za

tio
n

72
.2%

IC
U 

Le
ve

l o
f S

er
vic

e
C

An
aly

sis
 P

er
iod

 (m
in)

15
c  

  C
riti

ca
l L

an
e G

ro
up

H
C

M
 S

ig
na

liz
ed

 In
te

rs
ec

tio
n 

C
ap

ac
ity

 A
na

ly
si

s
1:

 R
ed

w
oo

d 
B

lv
d 

&
 R

ow
la

nd
 B

lv
d

05
/03

/20
17

Pr
op

os
ed

 H
an

na
 R

an
ch

 P
ro

jec
t

Sy
nc

hr
o 9

 R
ep

or
t

W
ee

ke
nd

 M
idd

ay
 F

utu
re

W
-T

ra
ns

Mo
ve

me
nt

EB
L

EB
T

EB
R

W
BL

W
BT

W
BR

NB
L

NB
T

NB
R

SB
L

SB
T

SB
R

La
ne

 C
on

fig
ur

ati
on

s
Tr

aff
ic 

Vo
lum

e (
vp

h)
11

1
73

0
35

61
57

0
22

8
20

36
82

33
0

36
14

4
Fu

tur
e V

olu
me

 (v
ph

)
11

1
73

0
35

61
57

0
22

8
20

36
82

33
0

36
14

4
Ide

al 
Flo

w 
(vp

hp
l)

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

To
tal

 Lo
st 

tim
e (

s)
3.5

4.5
4.5

3.5
4.5

3.5
4.1

3.5
4.8

4.8
La

ne
 U

til.
 F

ac
tor

1.0
0

0.9
5

1.0
0

1.0
0

0.9
5

1.0
0

0.9
5

0.9
7

1.0
0

1.0
0

Fr
pb

, p
ed

/bi
ke

s
1.0

0
1.0

0
0.9

9
1.0

0
1.0

0
1.0

0
0.9

9
1.0

0
1.0

0
0.9

9
Flp

b, 
pe

d/b
ike

s
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
Fr

t
1.0

0
1.0

0
0.8

5
1.0

0
0.9

6
1.0

0
0.9

0
1.0

0
1.0

0
0.8

5
Flt

 P
ro

tec
ted

0.9
5

1.0
0

1.0
0

0.9
5

1.0
0

0.9
5

1.0
0

0.9
5

1.0
0

1.0
0

Sa
td.

 F
low

 (p
ro

t)
18

05
35

74
15

91
18

05
34

41
18

05
31

93
35

02
19

00
15

95
Flt

 P
er

mi
tte

d
0.9

5
1.0

0
1.0

0
0.9

5
1.0

0
0.9

5
1.0

0
0.9

5
1.0

0
1.0

0
Sa

td.
 F

low
 (p

er
m)

18
05

35
74

15
91

18
05

34
41

18
05

31
93

35
02

19
00

15
95

Pe
ak

-h
ou

r f
ac

tor
, P

HF
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
Ad

j. F
low

 (v
ph

)
11

1
73

0
35

61
57

0
22

8
20

36
82

33
0

36
14

4
RT

OR
 R

ed
uc

tio
n (

vp
h)

0
0

23
0

39
0

0
64

0
0

0
95

La
ne

 G
ro

up
 F

low
 (v

ph
)

11
1

73
0

12
61

75
9

0
20

54
0

33
0

36
49

Co
nfl

. P
ed

s. 
(#

/hr
)

4
3

9
Co

nfl
. B

ike
s (

#/h
r)

1
He

av
y V

eh
icl

es
 (%

)
0%

1%
0%

0%
0%

0%
0%

0%
0%

0%
0%

0%
Tu

rn
 T

yp
e

Pr
ot

NA
Pe

rm
Pr

ot
NA

Pr
ot

NA
Pr

ot
NA

Pe
rm

Pr
ote

cte
d P

ha
se

s
5

2
1

6
3

8
7

4
Pe

rm
itte

d P
ha

se
s

2
4

Ac
tua

ted
 G

re
en

, G
 (s

)
11

.5
28

.0
28

.0
9.6

26
.1

1.5
18

.1
12

.5
28

.4
28

.4
Ef

fec
tiv

e G
re

en
, g

 (s
)

11
.5

28
.0

28
.0

9.6
26

.1
1.5

18
.1

12
.5

28
.4

28
.4

Ac
tua

ted
 g/

C 
Ra

tio
0.1

4
0.3

3
0.3

3
0.1

1
0.3

1
0.0

2
0.2

2
0.1

5
0.3

4
0.3

4
Cl

ea
ra

nc
e T

im
e (

s)
3.5

4.5
4.5

3.5
4.5

3.5
4.1

3.5
4.8

4.8
Ve

hic
le 

Ex
ten

sio
n (

s)
2.0

4.0
4.0

2.0
4.0

2.0
2.5

2.5
2.5

2.5
La

ne
 G

rp
 C

ap
 (v

ph
)

24
7

11
94

53
1

20
6

10
71

32
68

9
52

2
64

3
54

0
v/s

 R
ati

o P
ro

t
c0

.06
0.2

0
0.0

3
c0

.22
0.0

1
0.0

2
c0

.09
0.0

2
v/s

 R
ati

o P
er

m
0.0

1
c0

.03
v/c

 R
ati

o
0.4

5
0.6

1
0.0

2
0.3

0
0.7

1
0.6

2
0.0

8
0.6

3
0.0

6
0.0

9
Un

ifo
rm

 D
ela

y, 
d1

33
.2

23
.3

18
.7

34
.0

25
.5

40
.9

26
.2

33
.5

18
.7

18
.9

Pr
og

re
ss

ion
 F

ac
tor

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

Inc
re

me
nta

l D
ela

y, 
d2

0.5
1.1

0.0
0.3

2.3
24

.3
0.0

2.2
0.0

0.1
De

lay
 (s

)
33

.7
24

.4
18

.7
34

.3
27

.8
65

.1
26

.2
35

.7
18

.7
18

.9
Le

ve
l o

f S
er

vic
e

C
C

B
C

C
E

C
D

B
B

Ap
pr

oa
ch

 D
ela

y (
s)

25
.4

28
.3

31
.9

29
.8

Ap
pr

oa
ch

 LO
S

C
C

C
C

Int
er

se
cti

on
 S

um
ma

ry
HC

M 
20

00
 C

on
tro

l D
ela

y
27

.7
HC

M 
20

00
 Le

ve
l o

f S
er

vic
e

C
HC

M 
20

00
 V

olu
me

 to
 C

ap
ac

ity
 ra

tio
0.4

9
Ac

tua
ted

 C
yc

le 
Le

ng
th 

(s)
 

83
.8

Su
m 

of 
los

t ti
me

 (s
)

16
.3

Int
er

se
cti

on
 C

ap
ac

ity
 U

tili
za

tio
n

60
.1%

IC
U 

Le
ve

l o
f S

er
vic

e
B

An
aly

sis
 P

er
iod

 (m
in)

15
c  

  C
riti

ca
l L

an
e G

ro
up



H
C

M
 S

ig
na

liz
ed

 In
te

rs
ec

tio
n 

C
ap

ac
ity

 A
na

ly
si

s
2:

 U
S

 1
01

 S
B

 O
n-

R
am

p/
U

S
 1

01
 S

B
 O

ff-
R

am
p 

&
 R

ow
la

nd
 B

lv
d

05
/05

/20
17

W
ee

kd
ay

 P
M 

Fu
tur

e
Sy

nc
hr

o 9
 R

ep
or

t
Pr

op
os

ed
 H

an
na

 R
an

ch
 P

ro
jec

t
W

-T
ra

ns

Mo
ve

me
nt

EB
L

EB
T

EB
R

W
BL

W
BT

W
BR

NB
L

NB
T

NB
R

SB
L

SB
T

SB
R

La
ne

 C
on

fig
ur

ati
on

s
Tr

aff
ic 

Vo
lum

e (
vp

h)
0

39
3

61
9

71
1

11
51

0
0

0
0

24
4

6
17

6
Fu

tur
e V

olu
me

 (v
ph

)
0

39
3

61
9

71
1

11
51

0
0

0
0

24
4

6
17

6
Ide

al 
Flo

w 
(vp

hp
l)

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

To
tal

 Lo
st 

tim
e (

s)
4.0

4.0
3.0

4.0
3.0

3.0
La

ne
 U

til.
 F

ac
tor

0.9
1

0.9
1

0.9
7

0.9
5

0.9
1

0.9
1

Fr
pb

, p
ed

/bi
ke

s
0.9

9
0.9

9
1.0

0
1.0

0
1.0

0
0.9

9
Flp

b, 
pe

d/b
ike

s
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
Fr

t
0.9

3
0.8

5
1.0

0
1.0

0
1.0

0
0.9

0
Flt

 P
ro

tec
ted

1.0
0

1.0
0

0.9
5

1.0
0

0.9
5

0.9
8

Sa
td.

 F
low

 (p
ro

t)
31

96
14

51
35

02
36

10
16

43
30

30
Flt

 P
er

mi
tte

d
1.0

0
1.0

0
0.9

5
1.0

0
0.9

5
0.9

8
Sa

td.
 F

low
 (p

er
m)

31
96

14
51

35
02

36
10

16
43

30
30

Pe
ak

-h
ou

r f
ac

tor
, P

HF
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
Ad

j. F
low

 (v
ph

)
0

39
3

61
9

71
1

11
51

0
0

0
0

24
4

6
17

6
RT

OR
 R

ed
uc

tio
n (

vp
h)

0
16

0
21

6
0

0
0

0
0

0
0

29
0

La
ne

 G
ro

up
 F

low
 (v

ph
)

0
53

6
10

0
71

1
11

51
0

0
0

0
14

9
24

8
0

Co
nfl

. P
ed

s. 
(#

/hr
)

1
13

1
He

av
y V

eh
icl

es
 (%

)
0%

1%
0%

0%
0%

0%
0%

0%
0%

0%
33

%
0%

Tu
rn

 T
yp

e
NA

Pe
rm

Pr
ot

NA
Sp

lit
NA

Pr
ote

cte
d P

ha
se

s
2

1
6

4
4

Pe
rm

itte
d P

ha
se

s
2

Ac
tua

ted
 G

re
en

, G
 (s

)
16

.7
16

.7
13

.8
33

.5
12

.2
12

.2
Ef

fec
tiv

e G
re

en
, g

 (s
)

16
.7

16
.7

13
.8

33
.5

12
.2

12
.2

Ac
tua

ted
 g/

C 
Ra

tio
0.3

2
0.3

2
0.2

6
0.6

4
0.2

3
0.2

3
Cl

ea
ra

nc
e T

im
e (

s)
4.0

4.0
3.0

4.0
3.0

3.0
Ve

hic
le 

Ex
ten

sio
n (

s)
4.0

4.0
2.0

2.5
2.0

2.0
La

ne
 G

rp
 C

ap
 (v

ph
)

10
12

45
9

91
7

22
94

38
0

70
1

v/s
 R

ati
o P

ro
t

0.1
7

c0
.20

c0
.32

c0
.09

0.0
8

v/s
 R

ati
o P

er
m

0.0
7

v/c
 R

ati
o

0.5
3

0.2
2

0.7
8

0.5
0

0.3
9

0.3
5

Un
ifo

rm
 D

ela
y, 

d1
14

.8
13

.2
18

.0
5.1

17
.1

16
.9

Pr
og

re
ss

ion
 F

ac
tor

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

Inc
re

me
nta

l D
ela

y, 
d2

0.7
0.3

3.8
0.1

0.2
0.1

De
lay

 (s
)

15
.4

13
.5

21
.8

5.3
17

.4
17

.1
Le

ve
l o

f S
er

vic
e

B
B

C
A

B
B

Ap
pr

oa
ch

 D
ela

y (
s)

14
.8

11
.6

0.0
17

.2
Ap

pr
oa

ch
 LO

S
B

B
A

B

Int
er

se
cti

on
 S

um
ma

ry
HC

M 
20

00
 C

on
tro

l D
ela

y
13

.3
HC

M 
20

00
 Le

ve
l o

f S
er

vic
e

B
HC

M 
20

00
 V

olu
me

 to
 C

ap
ac

ity
 ra

tio
0.5

9
Ac

tua
ted

 C
yc

le 
Le

ng
th 

(s)
 

52
.7

Su
m 

of 
los

t ti
me

 (s
)

10
.0

Int
er

se
cti

on
 C

ap
ac

ity
 U

tili
za

tio
n

65
.3%

IC
U 

Le
ve

l o
f S

er
vic

e
C

An
aly

sis
 P

er
iod

 (m
in)

15
c  

  C
riti

ca
l L

an
e G

ro
up

H
C

M
 S

ig
na

liz
ed

 In
te

rs
ec

tio
n 

C
ap

ac
ity

 A
na

ly
si

s
2:

 U
S

 1
01

 S
B

 O
n-

R
am

p/
U

S
 1

01
 S

B
 O

ff-
R

am
p 

&
 R

ow
la

nd
 B

lv
d

05
/03

/20
17

Pr
op

os
ed

 H
an

na
 R

an
ch

 P
ro

jec
t

Sy
nc

hr
o 9

 R
ep

or
t

W
ee

ke
nd

 M
idd

ay
 F

utu
re

W
-T

ra
ns

Mo
ve

me
nt

EB
L

EB
T

EB
R

W
BL

W
BT

W
BR

NB
L

NB
T

NB
R

SB
L

SB
T

SB
R

La
ne

 C
on

fig
ur

ati
on

s
Tr

aff
ic 

Vo
lum

e (
vp

h)
0

54
1

54
9

85
2

78
5

0
0

0
0

40
6

3
94

Fu
tur

e V
olu

me
 (v

ph
)

0
54

1
54

9
85

2
78

5
0

0
0

0
40

6
3

94
Ide

al 
Flo

w 
(vp

hp
l)

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

To
tal

 Lo
st 

tim
e (

s)
4.0

4.0
3.0

4.0
3.0

3.0
La

ne
 U

til.
 F

ac
tor

0.9
1

0.9
1

0.9
7

0.9
5

0.9
1

0.9
1

Fr
pb

, p
ed

/bi
ke

s
1.0

0
0.9

9
1.0

0
1.0

0
1.0

0
1.0

0
Flp

b, 
pe

d/b
ike

s
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
Fr

t
0.9

6
0.8

5
1.0

0
1.0

0
1.0

0
0.9

5
Flt

 P
ro

tec
ted

1.0
0

1.0
0

0.9
5

1.0
0

0.9
5

0.9
7

Sa
td.

 F
low

 (p
ro

t)
32

75
14

51
35

02
36

10
16

43
31

65
Flt

 P
er

mi
tte

d
1.0

0
1.0

0
0.9

5
1.0

0
0.9

5
0.9

7
Sa

td.
 F

low
 (p

er
m)

32
75

14
51

35
02

36
10

16
43

31
65

Pe
ak

-h
ou

r f
ac

tor
, P

HF
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
Ad

j. F
low

 (v
ph

)
0

54
1

54
9

85
2

78
5

0
0

0
0

40
6

3
94

RT
OR

 R
ed

uc
tio

n (
vp

h)
0

43
22

0
0

0
0

0
0

0
0

71
0

La
ne

 G
ro

up
 F

low
 (v

ph
)

0
71

2
11

5
85

2
78

5
0

0
0

0
20

3
22

9
0

Co
nfl

. P
ed

s. 
(#

/hr
)

1
13

1
He

av
y V

eh
icl

es
 (%

)
0%

1%
0%

0%
0%

0%
0%

0%
0%

0%
33

%
0%

Tu
rn

 T
yp

e
NA

Pe
rm

Pr
ot

NA
Sp

lit
NA

Pr
ote

cte
d P

ha
se

s
2

1
6

4
4

Pe
rm

itte
d P

ha
se

s
2

Ac
tua

ted
 G

re
en

, G
 (s

)
19

.6
19

.6
13

.5
36

.1
13

.9
13

.9
Ef

fec
tiv

e G
re

en
, g

 (s
)

19
.6

19
.6

13
.5

36
.1

13
.9

13
.9

Ac
tua

ted
 g/

C 
Ra

tio
0.3

4
0.3

4
0.2

4
0.6

3
0.2

4
0.2

4
Cl

ea
ra

nc
e T

im
e (

s)
4.0

4.0
3.0

4.0
3.0

3.0
Ve

hic
le 

Ex
ten

sio
n (

s)
4.0

4.0
2.0

2.5
2.0

2.0
La

ne
 G

rp
 C

ap
 (v

ph
)

11
26

49
8

82
9

22
86

40
0

77
1

v/s
 R

ati
o P

ro
t

c0
.22

c0
.24

0.2
2

c0
.12

0.0
7

v/s
 R

ati
o P

er
m

0.0
8

v/c
 R

ati
o

0.6
3

0.2
3

1.0
3

0.3
4

0.5
1

0.3
0

Un
ifo

rm
 D

ela
y, 

d1
15

.7
13

.3
21

.8
4.9

18
.6

17
.6

Pr
og

re
ss

ion
 F

ac
tor

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

Inc
re

me
nta

l D
ela

y, 
d2

1.3
0.3

38
.5

0.1
0.4

0.1
De

lay
 (s

)
17

.0
13

.7
60

.3
5.0

19
.0

17
.6

Le
ve

l o
f S

er
vic

e
B

B
E

A
B

B
Ap

pr
oa

ch
 D

ela
y (

s)
16

.0
33

.8
0.0

18
.2

Ap
pr

oa
ch

 LO
S

B
C

A
B

Int
er

se
cti

on
 S

um
ma

ry
HC

M 
20

00
 C

on
tro

l D
ela

y
25

.3
HC

M 
20

00
 Le

ve
l o

f S
er

vic
e

C
HC

M 
20

00
 V

olu
me

 to
 C

ap
ac

ity
 ra

tio
0.7

1
Ac

tua
ted

 C
yc

le 
Le

ng
th 

(s)
 

57
.0

Su
m 

of 
los

t ti
me

 (s
)

10
.0

Int
er

se
cti

on
 C

ap
ac

ity
 U

tili
za

tio
n

73
.4%

IC
U 

Le
ve

l o
f S

er
vic

e
D

An
aly

sis
 P

er
iod

 (m
in)

15
c  

  C
riti

ca
l L

an
e G

ro
up



H
C

M
 S

ig
na

liz
ed

 In
te

rs
ec

tio
n 

C
ap

ac
ity

 A
na

ly
si

s
3:

 U
S

 1
01

 N
B

 O
ff-

R
am

p/
U

S
 1

01
 N

B
 O

n-
R

am
p 

&
 R

ow
la

nd
 B

lv
d

05
/05

/20
17

W
ee

kd
ay

 P
M 

Fu
tur

e
Sy

nc
hr

o 9
 R

ep
or

t
Pr

op
os

ed
 H

an
na

 R
an

ch
 P

ro
jec

t
W

-T
ra

ns

Mo
ve

me
nt

EB
L2

EB
L

EB
T

W
BT

W
BR

W
BR

2
NB

L2
NB

L
NB

T
NB

R
NE

L2
NE

L
La

ne
 C

on
fig

ur
ati

on
s

Tr
aff

ic 
Vo

lum
e (

vp
h)

6
82

55
1

10
79

2
47

0
78

3
13

22
62

5
24

16
Fu

tur
e V

olu
me

 (v
ph

)
6

82
55

1
10

79
2

47
0

78
3

13
22

62
5

24
16

Ide
al 

Flo
w 

(vp
hp

l)
19

00
19

00
19

00
19

00
19

00
19

00
19

00
19

00
19

00
19

00
19

00
19

00
To

tal
 Lo

st 
tim

e (
s)

3.0
4.0

4.0
4.0

3.5
3.5

3.0
3.5

La
ne

 U
til.

 F
ac

tor
1.0

0
0.9

5
0.8

6
0.8

6
0.9

5
0.9

5
0.8

8
1.0

0
Fr

pb
, p

ed
/bi

ke
s

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

Flp
b, 

pe
d/b

ike
s

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

Fr
t

1.0
0

1.0
0

0.9
8

0.8
5

1.0
0

1.0
0

0.8
5

0.9
9

Flt
 P

ro
tec

ted
0.9

5
1.0

0
1.0

0
1.0

0
0.9

5
0.9

5
1.0

0
0.9

6
Sa

td.
 F

low
 (p

ro
t)

18
03

35
74

46
13

13
23

17
15

17
10

28
42

17
60

Flt
 P

er
mi

tte
d

0.1
9

1.0
0

1.0
0

1.0
0

0.9
5

0.9
5

1.0
0

0.9
6

Sa
td.

 F
low

 (p
er

m)
35

1
35

74
46

13
13

23
17

15
17

10
28

42
17

60
Pe

ak
-h

ou
r f

ac
tor

, P
HF

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

0.9
7

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

Ad
j. F

low
 (v

ph
)

6
82

55
1

10
79

2
48

5
78

3
13

22
62

5
24

16
RT

OR
 R

ed
uc

tio
n (

vp
h)

0
0

0
13

0
23

0
0

0
0

0
0

0
La

ne
 G

ro
up

 F
low

 (v
ph

)
0

88
55

1
12

04
0

11
9

40
7

0
41

1
62

5
0

43
Co

nfl
. P

ed
s. 

(#
/hr

)
7

11
He

av
y V

eh
icl

es
 (%

)
2%

0%
1%

4%
0%

5%
0%

2%
13

%
0%

2%
0%

Tu
rn

 T
yp

e
Pr

ot
NA

NA
Pe

rm
Sp

lit
Sp

lit
NA

cu
sto

m
Pe

rm
Pr

ot
Pr

ote
cte

d P
ha

se
s

5
2

6
8

8
8

1 8
7

Pe
rm

itte
d P

ha
se

s
6

7
Ac

tua
ted

 G
re

en
, G

 (s
)

21
.6

51
.4

40
.8

40
.8

34
.8

34
.8

45
.8

8.8
Ef

fec
tiv

e G
re

en
, g

 (s
)

21
.6

51
.4

40
.8

40
.8

34
.8

34
.8

45
.8

8.8
Ac

tua
ted

 g/
C 

Ra
tio

0.1
8

0.4
3

0.3
4

0.3
4

0.2
9

0.2
9

0.3
8

0.0
7

Cl
ea

ra
nc

e T
im

e (
s)

3.0
4.0

4.0
4.0

3.5
3.5

3.5
Ve

hic
le 

Ex
ten

sio
n (

s)
2.0

2.0
2.0

2.0
2.0

2.0
2.0

La
ne

 G
rp

 C
ap

 (v
ph

)
63

15
30

15
68

44
9

49
7

49
5

10
84

12
9

v/s
 R

ati
o P

ro
t

0.1
5

c0
.26

0.2
4

c0
.24

0.2
2

v/s
 R

ati
o P

er
m

c0
.25

0.0
9

0.0
2

v/c
 R

ati
o

1.4
0

0.3
6

0.7
7

0.2
6

0.8
2

0.8
3

0.5
8

0.3
3

Un
ifo

rm
 D

ela
y, 

d1
49

.2
23

.2
35

.4
28

.7
39

.7
39

.8
29

.4
52

.8
Pr

og
re

ss
ion

 F
ac

tor
1.0

0
1.0

0
0.7

8
1.0

3
1.0

0
1.0

0
1.0

0
1.0

0
Inc

re
me

nta
l D

ela
y, 

d2
25

0.3
0.7

3.4
1.3

9.6
10

.8
0.5

0.6
De

lay
 (s

)
29

9.5
23

.8
30

.8
30

.8
49

.3
50

.7
29

.9
53

.4
Le

ve
l o

f S
er

vic
e

F
C

C
C

D
D

C
D

Ap
pr

oa
ch

 D
ela

y (
s)

61
.8

30
.8

41
.3

53
.4

Ap
pr

oa
ch

 LO
S

E
C

D
D

Int
er

se
cti

on
 S

um
ma

ry
HC

M 
20

00
 C

on
tro

l D
ela

y
40

.5
HC

M 
20

00
 Le

ve
l o

f S
er

vic
e

D
HC

M 
20

00
 V

olu
me

 to
 C

ap
ac

ity
 ra

tio
0.8

8
Ac

tua
ted

 C
yc

le 
Le

ng
th 

(s)
 

12
0.0

Su
m 

of 
los

t ti
me

 (s
)

14
.0

Int
er

se
cti

on
 C

ap
ac

ity
 U

tili
za

tio
n

81
.9%

IC
U 

Le
ve

l o
f S

er
vic

e
D

An
aly

sis
 P

er
iod

 (m
in)

15
c  

  C
riti

ca
l L

an
e G

ro
up

H
C

M
 S

ig
na

liz
ed

 In
te

rs
ec

tio
n 

C
ap

ac
ity

 A
na

ly
si

s
3:

 U
S

 1
01

 N
B

 O
ff-

R
am

p/
U

S
 1

01
 N

B
 O

n-
R

am
p 

&
 R

ow
la

nd
 B

lv
d

05
/05

/20
17

W
ee

kd
ay

 P
M 

Fu
tur

e
Sy

nc
hr

o 9
 R

ep
or

t
Pr

op
os

ed
 H

an
na

 R
an

ch
 P

ro
jec

t
W

-T
ra

ns

Mo
ve

me
nt

NE
R

La
ne

 C
on

fig
ur

ati
on

s
Tr

aff
ic 

Vo
lum

e (
vp

h)
3

Fu
tur

e V
olu

me
 (v

ph
)

3
Ide

al 
Flo

w 
(vp

hp
l)

19
00

To
tal

 Lo
st 

tim
e (

s)
La

ne
 U

til.
 F

ac
tor

Fr
pb

, p
ed

/bi
ke

s
Flp

b, 
pe

d/b
ike

s
Fr

t
Flt

 P
ro

tec
ted

Sa
td.

 F
low

 (p
ro

t)
Flt

 P
er

mi
tte

d
Sa

td.
 F

low
 (p

er
m)

Pe
ak

-h
ou

r f
ac

tor
, P

HF
1.0

0
Ad

j. F
low

 (v
ph

)
3

RT
OR

 R
ed

uc
tio

n (
vp

h)
0

La
ne

 G
ro

up
 F

low
 (v

ph
)

0
Co

nfl
. P

ed
s. 

(#
/hr

)
He

av
y V

eh
icl

es
 (%

)
15

%
Tu

rn
 T

yp
e

Pr
ote

cte
d P

ha
se

s
Pe

rm
itte

d P
ha

se
s

Ac
tua

ted
 G

re
en

, G
 (s

)
Ef

fec
tiv

e G
re

en
, g

 (s
)

Ac
tua

ted
 g/

C 
Ra

tio
Cl

ea
ra

nc
e T

im
e (

s)
Ve

hic
le 

Ex
ten

sio
n (

s)
La

ne
 G

rp
 C

ap
 (v

ph
)

v/s
 R

ati
o P

ro
t

v/s
 R

ati
o P

er
m

v/c
 R

ati
o

Un
ifo

rm
 D

ela
y, 

d1
Pr

og
re

ss
ion

 F
ac

tor
Inc

re
me

nta
l D

ela
y, 

d2
De

lay
 (s

)
Le

ve
l o

f S
er

vic
e

Ap
pr

oa
ch

 D
ela

y (
s)

Ap
pr

oa
ch

 LO
S

Int
er

se
cti

on
 S

um
ma

ry



H
C

M
 S

ig
na

liz
ed

 In
te

rs
ec

tio
n 

C
ap

ac
ity

 A
na

ly
si

s
3:

 U
S

 1
01

 N
B

 O
ff-

R
am

p/
U

S
 1

01
 N

B
 O

n-
R

am
p 

&
 R

ow
la

nd
 B

lv
d

05
/03

/20
17

Pr
op

os
ed

 H
an

na
 R

an
ch

 P
ro

jec
t

Sy
nc

hr
o 9

 R
ep

or
t

W
ee

ke
nd

 M
idd

ay
 F

utu
re

W
-T

ra
ns

Mo
ve

me
nt

EB
L2

EB
L

EB
T

W
BT

W
BR

W
BR

2
NB

L2
NB

L
NB

T
NB

R
NE

L2
NE

L
La

ne
 C

on
fig

ur
ati

on
s

Tr
aff

ic 
Vo

lum
e (

vp
h)

6
69

87
4

11
92

2
47

0
44

0
3

12
11

17
3

4
Fu

tur
e V

olu
me

 (v
ph

)
6

69
87

4
11

92
2

47
0

44
0

3
12

11
17

3
4

Ide
al 

Flo
w 

(vp
hp

l)
19

00
19

00
19

00
19

00
19

00
19

00
19

00
19

00
19

00
19

00
19

00
19

00
To

tal
 Lo

st 
tim

e (
s)

3.0
4.0

4.0
4.0

3.5
3.5

3.0
3.5

La
ne

 U
til.

 F
ac

tor
1.0

0
0.9

5
0.8

6
0.8

6
0.9

5
0.9

5
0.8

8
1.0

0
Fr

pb
, p

ed
/bi

ke
s

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

Flp
b, 

pe
d/b

ike
s

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

Fr
t

1.0
0

1.0
0

0.9
9

0.8
5

1.0
0

1.0
0

0.8
5

0.9
7

Flt
 P

ro
tec

ted
0.9

5
1.0

0
1.0

0
1.0

0
0.9

5
0.9

5
1.0

0
0.9

6
Sa

td.
 F

low
 (p

ro
t)

18
02

35
74

46
36

13
23

17
15

17
11

28
42

17
06

Flt
 P

er
mi

tte
d

0.1
8

1.0
0

1.0
0

1.0
0

0.9
5

0.9
5

1.0
0

0.9
6

Sa
td.

 F
low

 (p
er

m)
34

5
35

74
46

36
13

23
17

15
17

11
28

42
17

06
Pe

ak
-h

ou
r f

ac
tor

, P
HF

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

0.9
7

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

Ad
j. F

low
 (v

ph
)

6
69

87
4

11
92

2
48

5
44

0
3

12
11

17
3

4
RT

OR
 R

ed
uc

tio
n (

vp
h)

0
0

0
9

0
24

7
0

0
0

0
0

0
La

ne
 G

ro
up

 F
low

 (v
ph

)
0

75
87

4
12

97
0

12
6

22
9

0
22

6
11

17
0

9
Co

nfl
. P

ed
s. 

(#
/hr

)
7

11
He

av
y V

eh
icl

es
 (%

)
2%

0%
1%

4%
0%

5%
0%

2%
13

%
0%

2%
0%

Tu
rn

 T
yp

e
Pr

ot
NA

NA
Pe

rm
Sp

lit
Sp

lit
NA

cu
sto

m
Pe

rm
Pr

ot
Pr

ote
cte

d P
ha

se
s

5
2

6
8

8
8

1 8
7

Pe
rm

itte
d P

ha
se

s
6

7
Ac

tua
ted

 G
re

en
, G

 (s
)

22
.0

49
.7

38
.7

38
.7

43
.1

43
.1

54
.1

2.2
Ef

fec
tiv

e G
re

en
, g

 (s
)

22
.0

49
.7

38
.7

38
.7

43
.1

43
.1

54
.1

2.2
Ac

tua
ted

 g/
C 

Ra
tio

0.1
8

0.4
1

0.3
2

0.3
2

0.3
6

0.3
6

0.4
5

0.0
2

Cl
ea

ra
nc

e T
im

e (
s)

3.0
4.0

4.0
4.0

3.5
3.5

3.5
Ve

hic
le 

Ex
ten

sio
n (

s)
2.0

2.0
2.0

2.0
2.0

2.0
2.0

La
ne

 G
rp

 C
ap

 (v
ph

)
63

14
80

14
95

42
6

61
5

61
4

12
81

31
v/s

 R
ati

o P
ro

t
0.2

4
c0

.28
0.1

3
0.1

3
c0

.39
v/s

 R
ati

o P
er

m
c0

.22
0.1

0
0.0

1
v/c

 R
ati

o
1.1

9
0.5

9
0.8

7
0.3

0
0.3

7
0.3

7
0.8

7
0.2

9
Un

ifo
rm

 D
ela

y, 
d1

49
.0

27
.3

38
.2

30
.4

28
.4

28
.4

29
.8

58
.1

Pr
og

re
ss

ion
 F

ac
tor

1.0
0

1.0
0

0.7
1

1.4
2

1.0
0

1.0
0

1.0
0

1.0
0

Inc
re

me
nta

l D
ela

y, 
d2

17
3.8

1.7
6.0

1.5
0.1

0.1
6.6

1.9
De

lay
 (s

)
22

2.8
29

.0
33

.2
44

.7
28

.6
28

.5
36

.4
60

.0
Le

ve
l o

f S
er

vic
e

F
C

C
D

C
C

D
E

Ap
pr

oa
ch

 D
ela

y (
s)

44
.3

35
.7

34
.1

60
.0

Ap
pr

oa
ch

 LO
S

D
D

C
E

Int
er

se
cti

on
 S

um
ma

ry
HC

M 
20

00
 C

on
tro

l D
ela

y
37

.1
HC

M 
20

00
 Le

ve
l o

f S
er

vic
e

D
HC

M 
20

00
 V

olu
me

 to
 C

ap
ac

ity
 ra

tio
0.9

2
Ac

tua
ted

 C
yc

le 
Le

ng
th 

(s)
 

12
0.0

Su
m 

of 
los

t ti
me

 (s
)

14
.0

Int
er

se
cti

on
 C

ap
ac

ity
 U

tili
za

tio
n

76
.4%

IC
U 

Le
ve

l o
f S

er
vic

e
D

An
aly

sis
 P

er
iod

 (m
in)

15
c  

  C
riti

ca
l L

an
e G

ro
up

H
C

M
 S

ig
na

liz
ed

 In
te

rs
ec

tio
n 

C
ap

ac
ity

 A
na

ly
si

s
3:

 U
S

 1
01

 N
B

 O
ff-

R
am

p/
U

S
 1

01
 N

B
 O

n-
R

am
p 

&
 R

ow
la

nd
 B

lv
d

05
/03

/20
17

Pr
op

os
ed

 H
an

na
 R

an
ch

 P
ro

jec
t

Sy
nc

hr
o 9

 R
ep

or
t

W
ee

ke
nd

 M
idd

ay
 F

utu
re

W
-T

ra
ns

Mo
ve

me
nt

NE
R

La
ne

 C
on

fig
ur

ati
on

s
Tr

aff
ic 

Vo
lum

e (
vp

h)
2

Fu
tur

e V
olu

me
 (v

ph
)

2
Ide

al 
Flo

w 
(vp

hp
l)

19
00

To
tal

 Lo
st 

tim
e (

s)
La

ne
 U

til.
 F

ac
tor

Fr
pb

, p
ed

/bi
ke

s
Flp

b, 
pe

d/b
ike

s
Fr

t
Flt

 P
ro

tec
ted

Sa
td.

 F
low

 (p
ro

t)
Flt

 P
er

mi
tte

d
Sa

td.
 F

low
 (p

er
m)

Pe
ak

-h
ou

r f
ac

tor
, P

HF
1.0

0
Ad

j. F
low

 (v
ph

)
2

RT
OR

 R
ed

uc
tio

n (
vp

h)
0

La
ne

 G
ro

up
 F

low
 (v

ph
)

0
Co

nfl
. P

ed
s. 

(#
/hr

)
He

av
y V

eh
icl

es
 (%

)
15

%
Tu

rn
 T

yp
e

Pr
ote

cte
d P

ha
se

s
Pe

rm
itte

d P
ha

se
s

Ac
tua

ted
 G

re
en

, G
 (s

)
Ef

fec
tiv

e G
re

en
, g

 (s
)

Ac
tua

ted
 g/

C 
Ra

tio
Cl

ea
ra

nc
e T

im
e (

s)
Ve

hic
le 

Ex
ten

sio
n (

s)
La

ne
 G

rp
 C

ap
 (v

ph
)

v/s
 R

ati
o P

ro
t

v/s
 R

ati
o P

er
m

v/c
 R

ati
o

Un
ifo

rm
 D

ela
y, 

d1
Pr

og
re

ss
ion

 F
ac

tor
Inc

re
me

nta
l D

ela
y, 

d2
De

lay
 (s

)
Le

ve
l o

f S
er

vic
e

Ap
pr

oa
ch

 D
ela

y (
s)

Ap
pr

oa
ch

 LO
S

Int
er

se
cti

on
 S

um
ma

ry



H
C

M
 S

ig
na

liz
ed

 In
te

rs
ec

tio
n 

C
ap

ac
ity

 A
na

ly
si

s
4:

 R
ow

la
nd

 B
lv

d 
&

 R
ow

la
nd

 W
ay

05
/05

/20
17

W
ee

kd
ay

 P
M 

Fu
tur

e
Sy

nc
hr

o 9
 R

ep
or

t
Pr

op
os

ed
 H

an
na

 R
an

ch
 P

ro
jec

t
W

-T
ra

ns

Mo
ve

me
nt

EB
L

EB
T

W
BT

W
BR

SB
L

SB
R

La
ne

 C
on

fig
ur

ati
on

s
Tr

aff
ic 

Vo
lum

e (
vp

h)
18

7
99

4
11

48
34

36
40

0
Fu

tur
e V

olu
me

 (v
ph

)
18

7
99

4
11

48
34

36
40

0
Ide

al 
Flo

w 
(vp

hp
l)

19
00

19
00

19
00

19
00

19
00

19
00

To
tal

 Lo
st 

tim
e (

s)
3.5

4.0
4.0

3.2
3.2

La
ne

 U
til.

 F
ac

tor
0.9

7
0.9

1
0.9

5
1.0

0
0.9

5
Fr

pb
, p

ed
/bi

ke
s

1.0
0

1.0
0

1.0
0

0.9
8

0.9
7

Flp
b, 

pe
d/b

ike
s

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

Fr
t

1.0
0

1.0
0

1.0
0

0.8
7

0.8
5

Flt
 P

ro
tec

ted
0.9

5
1.0

0
1.0

0
0.9

9
1.0

0
Sa

td.
 F

low
 (p

ro
t)

34
67

51
87

35
86

15
94

14
79

Flt
 P

er
mi

tte
d

0.9
5

1.0
0

1.0
0

0.9
9

1.0
0

Sa
td.

 F
low

 (p
er

m)
34

67
51

87
35

86
15

94
14

79
Pe

ak
-h

ou
r f

ac
tor

, P
HF

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

Ad
j. F

low
 (v

ph
)

18
7

99
4

11
48

34
36

40
0

RT
OR

 R
ed

uc
tio

n (
vp

h)
0

0
1

0
16

4
19

2
La

ne
 G

ro
up

 F
low

 (v
ph

)
18

7
99

4
11

81
0

56
24

Co
nfl

. P
ed

s. 
(#

/hr
)

2
14

Co
nfl

. B
ike

s (
#/h

r)
1

He
av

y V
eh

icl
es

 (%
)

1%
0%

0%
7%

2%
1%

Tu
rn

 T
yp

e
Pr

ot
NA

NA
Pr

ot
Pe

rm
Pr

ote
cte

d P
ha

se
s

5
2

6
4

Pe
rm

itte
d P

ha
se

s
4

Ac
tua

ted
 G

re
en

, G
 (s

)
11

.4
99

.7
84

.8
13

.1
13

.1
Ef

fec
tiv

e G
re

en
, g

 (s
)

11
.4

99
.7

84
.8

13
.1

13
.1

Ac
tua

ted
 g/

C 
Ra

tio
0.1

0
0.8

3
0.7

1
0.1

1
0.1

1
Cl

ea
ra

nc
e T

im
e (

s)
3.5

4.0
4.0

3.2
3.2

Ve
hic

le 
Ex

ten
sio

n (
s)

2.0
4.0

4.0
2.0

2.0
La

ne
 G

rp
 C

ap
 (v

ph
)

32
9

43
09

25
34

17
4

16
1

v/s
 R

ati
o P

ro
t

c0
.05

0.1
9

c0
.33

c0
.04

v/s
 R

ati
o P

er
m

0.0
2

v/c
 R

ati
o

0.5
7

0.2
3

0.4
7

0.3
2

0.1
5

Un
ifo

rm
 D

ela
y, 

d1
51

.9
2.1

7.7
49

.4
48

.4
Pr

og
re

ss
ion

 F
ac

tor
1.0

4
1.2

0
0.7

9
1.0

0
1.0

0
Inc

re
me

nta
l D

ela
y, 

d2
1.2

0.1
0.6

0.4
0.2

De
lay

 (s
)

55
.1

2.7
6.6

49
.7

48
.5

Le
ve

l o
f S

er
vic

e
E

A
A

D
D

Ap
pr

oa
ch

 D
ela

y (
s)

11
.0

6.6
49

.1
Ap

pr
oa

ch
 LO

S
B

A
D

Int
er

se
cti

on
 S

um
ma

ry
HC

M 
20

00
 C

on
tro

l D
ela

y
15

.1
HC

M 
20

00
 Le

ve
l o

f S
er

vic
e

B
HC

M 
20

00
 V

olu
me

 to
 C

ap
ac

ity
 ra

tio
0.4

6
Ac

tua
ted

 C
yc

le 
Le

ng
th 

(s)
 

12
0.0

Su
m 

of 
los

t ti
me

 (s
)

10
.7

Int
er

se
cti

on
 C

ap
ac

ity
 U

tili
za

tio
n

73
.3%

IC
U 

Le
ve

l o
f S

er
vic

e
D

An
aly

sis
 P

er
iod

 (m
in)

15
c  

  C
riti

ca
l L

an
e G

ro
up

H
C

M
 S

ig
na

liz
ed

 In
te

rs
ec

tio
n 

C
ap

ac
ity

 A
na

ly
si

s
4:

 R
ow

la
nd

 B
lv

d 
&

 R
ow

la
nd

 W
ay

05
/03

/20
17

Pr
op

os
ed

 H
an

na
 R

an
ch

 P
ro

jec
t

Sy
nc

hr
o 9

 R
ep

or
t

W
ee

ke
nd

 M
idd

ay
 F

utu
re

W
-T

ra
ns

Mo
ve

me
nt

EB
L

EB
T

W
BT

W
BR

SB
L

SB
R

La
ne

 C
on

fig
ur

ati
on

s
Tr

aff
ic 

Vo
lum

e (
vp

h)
31

9
16

74
14

23
46

53
21

6
Fu

tur
e V

olu
me

 (v
ph

)
31

9
16

74
14

23
46

53
21

6
Ide

al 
Flo

w 
(vp

hp
l)

19
00

19
00

19
00

19
00

19
00

19
00

To
tal

 Lo
st 

tim
e (

s)
3.5

4.0
4.0

3.2
3.2

La
ne

 U
til.

 F
ac

tor
0.9

7
0.9

1
0.9

5
1.0

0
0.9

5
Fr

pb
, p

ed
/bi

ke
s

1.0
0

1.0
0

1.0
0

0.9
8

0.9
7

Flp
b, 

pe
d/b

ike
s

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

Fr
t

1.0
0

1.0
0

1.0
0

0.9
1

0.8
5

Flt
 P

ro
tec

ted
0.9

5
1.0

0
1.0

0
0.9

8
1.0

0
Sa

td.
 F

low
 (p

ro
t)

34
67

51
87

35
84

16
43

14
79

Flt
 P

er
mi

tte
d

0.9
5

1.0
0

1.0
0

0.9
8

1.0
0

Sa
td.

 F
low

 (p
er

m)
34

67
51

87
35

84
16

43
14

79
Pe

ak
-h

ou
r f

ac
tor

, P
HF

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

Ad
j. F

low
 (v

ph
)

31
9

16
74

14
23

46
53

21
6

RT
OR

 R
ed

uc
tio

n (
vp

h)
0

0
1

0
61

11
7

La
ne

 G
ro

up
 F

low
 (v

ph
)

31
9

16
74

14
68

0
76

15
Co

nfl
. P

ed
s. 

(#
/hr

)
2

14
Co

nfl
. B

ike
s (

#/h
r)

1
He

av
y V

eh
icl

es
 (%

)
1%

0%
0%

7%
2%

1%
Tu

rn
 T

yp
e

Pr
ot

NA
NA

Pr
ot

Pe
rm

Pr
ote

cte
d P

ha
se

s
5

2
6

4
Pe

rm
itte

d P
ha

se
s

4
Ac

tua
ted

 G
re

en
, G

 (s
)

15
.0

98
.8

80
.3

14
.0

14
.0

Ef
fec

tiv
e G

re
en

, g
 (s

)
15

.0
98

.8
80

.3
14

.0
14

.0
Ac

tua
ted

 g/
C 

Ra
tio

0.1
2

0.8
2

0.6
7

0.1
2

0.1
2

Cl
ea

ra
nc

e T
im

e (
s)

3.5
4.0

4.0
3.2

3.2
Ve

hic
le 

Ex
ten

sio
n (

s)
2.0

4.0
4.0

2.0
2.0

La
ne

 G
rp

 C
ap

 (v
ph

)
43

3
42

70
23

98
19

1
17

2
v/s

 R
ati

o P
ro

t
c0

.09
0.3

2
c0

.41
c0

.05
v/s

 R
ati

o P
er

m
0.0

1
v/c

 R
ati

o
0.7

4
0.3

9
0.6

1
0.4

0
0.0

9
Un

ifo
rm

 D
ela

y, 
d1

50
.6

2.8
11

.1
49

.1
47

.3
Pr

og
re

ss
ion

 F
ac

tor
0.9

7
1.2

7
0.7

7
1.0

0
1.0

0
Inc

re
me

nta
l D

ela
y, 

d2
3.9

0.2
0.9

0.5
0.1

De
lay

 (s
)

52
.9

3.7
9.6

49
.6

47
.4

Le
ve

l o
f S

er
vic

e
D

A
A

D
D

Ap
pr

oa
ch

 D
ela

y (
s)

11
.6

9.6
48

.5
Ap

pr
oa

ch
 LO

S
B

A
D

Int
er

se
cti

on
 S

um
ma

ry
HC

M 
20

00
 C

on
tro

l D
ela

y
13

.4
HC

M 
20

00
 Le

ve
l o

f S
er

vic
e

B
HC

M 
20

00
 V

olu
me

 to
 C

ap
ac

ity
 ra

tio
0.6

0
Ac

tua
ted

 C
yc

le 
Le

ng
th 

(s)
 

12
0.0

Su
m 

of 
los

t ti
me

 (s
)

10
.7

Int
er

se
cti

on
 C

ap
ac

ity
 U

tili
za

tio
n

77
.3%

IC
U 

Le
ve

l o
f S

er
vic

e
D

An
aly

sis
 P

er
iod

 (m
in)

15
c  

  C
riti

ca
l L

an
e G

ro
up



H
C

M
 S

ig
na

liz
ed

 In
te

rs
ec

tio
n 

C
ap

ac
ity

 A
na

ly
si

s
5:

 V
in

ta
ge

 W
ay

 (N
or

th
) &

 R
ow

la
nd

 B
lv

d
05

/05
/20

17

W
ee

kd
ay

 P
M 

Fu
tur

e
Sy

nc
hr

o 9
 R

ep
or

t
Pr

op
os

ed
 H

an
na

 R
an

ch
 P

ro
jec

t
W

-T
ra

ns

Mo
ve

me
nt

EB
L

EB
T

EB
R

W
BL

W
BT

W
BR

NB
L

NB
T

NB
R

SB
L

SB
T

SB
R

La
ne

 C
on

fig
ur

ati
on

s
Tr

aff
ic 

Vo
lum

e (
vp

h)
82

7
5

9
5

2
4

14
30

2
1

11
31

4
77

9
Fu

tur
e V

olu
me

 (v
ph

)
82

7
5

9
5

2
4

14
30

2
1

11
31

4
77

9
Ide

al 
Flo

w 
(vp

hp
l)

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

To
tal

 Lo
st 

tim
e (

s)
3.6

3.6
3.2

3.0
4.0

3.0
4.0

4.0
La

ne
 U

til.
 F

ac
tor

0.9
7

1.0
0

1.0
0

1.0
0

0.9
5

1.0
0

0.9
5

0.8
8

Fr
pb

, p
ed

/bi
ke

s
1.0

0
0.9

8
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
Flp

b, 
pe

d/b
ike

s
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
Fr

t
1.0

0
0.9

0
0.9

5
1.0

0
1.0

0
1.0

0
1.0

0
0.8

5
Flt

 P
ro

tec
ted

0.9
5

1.0
0

0.9
8

0.9
5

1.0
0

0.9
5

1.0
0

1.0
0

Sa
td.

 F
low

 (p
ro

t)
35

02
16

89
17

67
18

05
35

72
18

05
35

39
28

42
Flt

 P
er

mi
tte

d
0.9

5
1.0

0
0.9

8
0.9

5
1.0

0
0.9

5
1.0

0
1.0

0
Sa

td.
 F

low
 (p

er
m)

35
02

16
89

17
67

18
05

35
72

18
05

35
39

28
42

Pe
ak

-h
ou

r f
ac

tor
, P

HF
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
Ad

j. F
low

 (v
ph

)
82

7
5

9
5

2
4

14
30

2
1

11
31

4
77

9
RT

OR
 R

ed
uc

tio
n (

vp
h)

0
5

0
0

4
0

0
0

0
0

0
0

La
ne

 G
ro

up
 F

low
 (v

ph
)

82
7

9
0

0
7

0
14

30
3

0
11

31
4

77
9

Co
nfl

. P
ed

s. 
(#

/hr
)

10
9

10
4

Co
nfl

. B
ike

s (
#/h

r)
2

He
av

y V
eh

icl
es

 (%
)

0%
0%

0%
0%

0%
0%

0%
1%

0%
0%

2%
0%

Tu
rn

 T
yp

e
Sp

lit
NA

Sp
lit

NA
Pr

ot
NA

Pr
ot

NA
pt+

ov
Pr

ote
cte

d P
ha

se
s

3
3

4
4

1
6

5
2

2 3
Pe

rm
itte

d P
ha

se
s

Ac
tua

ted
 G

re
en

, G
 (s

)
51

.4
51

.4
2.4

4.0
50

.0
2.4

48
.4

10
3.8

Ef
fec

tiv
e G

re
en

, g
 (s

)
51

.4
51

.4
2.4

4.0
50

.0
2.4

48
.4

10
3.8

Ac
tua

ted
 g/

C 
Ra

tio
0.4

3
0.4

3
0.0

2
0.0

3
0.4

2
0.0

2
0.4

0
0.8

6
Cl

ea
ra

nc
e T

im
e (

s)
3.6

3.6
3.2

3.0
4.0

3.0
4.0

Ve
hic

le 
Ex

ten
sio

n (
s)

3.0
3.0

2.0
2.0

2.0
2.0

2.0
La

ne
 G

rp
 C

ap
 (v

ph
)

15
00

72
3

35
60

14
88

36
14

27
24

58
v/s

 R
ati

o P
ro

t
c0

.24
0.0

1
c0

.00
c0

.01
0.0

8
0.0

1
0.0

9
c0

.27
v/s

 R
ati

o P
er

m
v/c

 R
ati

o
0.5

5
0.0

1
0.2

0
0.2

3
0.2

0
0.3

1
0.2

2
0.3

2
Un

ifo
rm

 D
ela

y, 
d1

25
.7

19
.7

57
.9

56
.5

22
.3

58
.0

23
.4

1.5
Pr

og
re

ss
ion

 F
ac

tor
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.2

2
1.2

3
0.6

0
Inc

re
me

nta
l D

ela
y, 

d2
1.5

0.0
1.0

0.7
0.3

1.7
0.4

0.3
De

lay
 (s

)
27

.1
19

.7
58

.9
57

.2
22

.6
72

.5
29

.1
1.2

Le
ve

l o
f S

er
vic

e
C

B
E

E
C

E
C

A
Ap

pr
oa

ch
 D

ela
y (

s)
27

.0
58

.9
24

.1
9.9

Ap
pr

oa
ch

 LO
S

C
E

C
A

Int
er

se
cti

on
 S

um
ma

ry
HC

M 
20

00
 C

on
tro

l D
ela

y
18

.4
HC

M 
20

00
 Le

ve
l o

f S
er

vic
e

B
HC

M 
20

00
 V

olu
me

 to
 C

ap
ac

ity
 ra

tio
0.4

3
Ac

tua
ted

 C
yc

le 
Le

ng
th 

(s)
 

12
0.0

Su
m 

of 
los

t ti
me

 (s
)

13
.8

Int
er

se
cti

on
 C

ap
ac

ity
 U

tili
za

tio
n

60
.3%

IC
U 

Le
ve

l o
f S

er
vic

e
B

An
aly

sis
 P

er
iod

 (m
in)

15
c  

  C
riti

ca
l L

an
e G

ro
up

H
C

M
 S

ig
na

liz
ed

 In
te

rs
ec

tio
n 

C
ap

ac
ity

 A
na

ly
si

s
5:

 V
in

ta
ge

 W
ay

 (N
or

th
) &

 R
ow

la
nd

 B
lv

d
05

/03
/20

17

Pr
op

os
ed

 H
an

na
 R

an
ch

 P
ro

jec
t

Sy
nc

hr
o 9

 R
ep

or
t

W
ee

ke
nd

 M
idd

ay
 F

utu
re

W
-T

ra
ns

Mo
ve

me
nt

EB
L

EB
T

EB
R

W
BL

W
BT

W
BR

NB
L

NB
T

NB
R

SB
L

SB
T

SB
R

La
ne

 C
on

fig
ur

ati
on

s
Tr

aff
ic 

Vo
lum

e (
vp

h)
10

76
10

9
4

9
1

8
36

9
16

32
37

2
13

14
Fu

tur
e V

olu
me

 (v
ph

)
10

76
10

9
4

9
1

8
36

9
16

32
37

2
13

14
Ide

al 
Flo

w 
(vp

hp
l)

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

To
tal

 Lo
st 

tim
e (

s)
3.6

3.6
3.2

3.0
4.0

3.0
4.0

4.0
La

ne
 U

til.
 F

ac
tor

0.9
7

1.0
0

1.0
0

1.0
0

0.9
5

1.0
0

0.9
5

0.8
8

Fr
pb

, p
ed

/bi
ke

s
1.0

0
0.9

9
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
Flp

b, 
pe

d/b
ike

s
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
Fr

t
1.0

0
0.9

3
0.9

9
1.0

0
0.9

9
1.0

0
1.0

0
0.8

5
Flt

 P
ro

tec
ted

0.9
5

1.0
0

0.9
9

0.9
5

1.0
0

0.9
5

1.0
0

1.0
0

Sa
td.

 F
low

 (p
ro

t)
35

02
17

44
18

55
18

05
35

46
18

05
35

39
28

42
Flt

 P
er

mi
tte

d
0.9

5
1.0

0
0.9

9
0.9

5
1.0

0
0.9

5
1.0

0
1.0

0
Sa

td.
 F

low
 (p

er
m)

35
02

17
44

18
55

18
05

35
46

18
05

35
39

28
42

Pe
ak

-h
ou

r f
ac

tor
, P

HF
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
Ad

j. F
low

 (v
ph

)
10

76
10

9
4

9
1

8
36

9
16

32
37

2
13

14
RT

OR
 R

ed
uc

tio
n (

vp
h)

0
5

0
0

1
0

0
2

0
0

0
0

La
ne

 G
ro

up
 F

low
 (v

ph
)

10
76

14
0

0
13

0
8

38
3

0
32

37
2

13
14

Co
nfl

. P
ed

s. 
(#

/hr
)

10
9

10
4

Co
nfl

. B
ike

s (
#/h

r)
2

He
av

y V
eh

icl
es

 (%
)

0%
0%

0%
0%

0%
0%

0%
1%

0%
0%

2%
0%

Tu
rn

 T
yp

e
Sp

lit
NA

Sp
lit

NA
Pr

ot
NA

Pr
ot

NA
pt+

ov
Pr

ote
cte

d P
ha

se
s

3
3

4
4

1
6

5
2

2 3
Pe

rm
itte

d P
ha

se
s

Ac
tua

ted
 G

re
en

, G
 (s

)
51

.4
51

.4
4.8

4.0
42

.2
7.8

46
.0

10
1.4

Ef
fec

tiv
e G

re
en

, g
 (s

)
51

.4
51

.4
4.8

4.0
42

.2
7.8

46
.0

10
1.4

Ac
tua

ted
 g/

C 
Ra

tio
0.4

3
0.4

3
0.0

4
0.0

3
0.3

5
0.0

6
0.3

8
0.8

5
Cl

ea
ra

nc
e T

im
e (

s)
3.6

3.6
3.2

3.0
4.0

3.0
4.0

Ve
hic

le 
Ex

ten
sio

n (
s)

3.0
3.0

2.0
2.0

2.0
2.0

2.0
La

ne
 G

rp
 C

ap
 (v

ph
)

15
00

74
7

74
60

12
47

11
7

13
56

24
01

v/s
 R

ati
o P

ro
t

c0
.31

0.0
1

c0
.01

0.0
0

c0
.11

0.0
2

0.1
1

c0
.46

v/s
 R

ati
o P

er
m

v/c
 R

ati
o

0.7
2

0.0
2

0.1
8

0.1
3

0.3
1

0.2
7

0.2
7

0.5
5

Un
ifo

rm
 D

ela
y, 

d1
28

.3
19

.8
55

.7
56

.3
28

.3
53

.4
25

.5
2.7

Pr
og

re
ss

ion
 F

ac
tor

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.1
2

1.1
8

0.9
6

Inc
re

me
nta

l D
ela

y, 
d2

3.0
0.0

0.4
0.4

0.6
0.4

0.5
0.8

De
lay

 (s
)

31
.3

19
.8

56
.1

56
.7

28
.9

60
.0

30
.5

3.4
Le

ve
l o

f S
er

vic
e

C
B

E
E

C
E

C
A

Ap
pr

oa
ch

 D
ela

y (
s)

31
.1

56
.1

29
.5

10
.3

Ap
pr

oa
ch

 LO
S

C
E

C
B

Int
er

se
cti

on
 S

um
ma

ry
HC

M 
20

00
 C

on
tro

l D
ela

y
19

.9
HC

M 
20

00
 Le

ve
l o

f S
er

vic
e

B
HC

M 
20

00
 V

olu
me

 to
 C

ap
ac

ity
 ra

tio
0.6

1
Ac

tua
ted

 C
yc

le 
Le

ng
th 

(s)
 

12
0.0

Su
m 

of 
los

t ti
me

 (s
)

13
.8

Int
er

se
cti

on
 C

ap
ac

ity
 U

tili
za

tio
n

71
.4%

IC
U 

Le
ve

l o
f S

er
vic

e
C

An
aly

sis
 P

er
iod

 (m
in)

15
c  

  C
riti

ca
l L

an
e G

ro
up



H
C

M
 U

ns
ig

na
liz

ed
 In

te
rs

ec
tio

n 
C

ap
ac

ity
 A

na
ly

si
s

6:
 V

in
ta

ge
 W

ay
 (S

ou
th

) &
 R

ow
la

nd
 B

lv
d

05
/05

/20
17

W
ee

kd
ay

 P
M 

Fu
tur

e
Sy

nc
hr

o 9
 R

ep
or

t
Pr

op
os

ed
 H

an
na

 R
an

ch
 P

ro
jec

t
W

-T
ra

ns

Mo
ve

me
nt

EB
L

EB
R

NB
L

NB
T

SB
T

SB
R

La
ne

 C
on

fig
ur

ati
on

s
Si

gn
 C

on
tro

l
St

op
St

op
St

op
Tr

aff
ic 

Vo
lum

e (
vp

h)
13

0
1

2
58

12
12

1
Fu

tur
e V

olu
me

 (v
ph

)
13

0
1

2
58

12
12

1
Pe

ak
 H

ou
r F

ac
tor

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

Ho
ur

ly 
flo

w 
ra

te 
(vp

h)
13

0
1

2
58

12
12

1

Di
re

cti
on

, L
an

e #
EB

 1
NB

 1
NB

 2
SB

 1
Vo

lum
e T

ota
l (v

ph
)

13
1

21
39

13
3

Vo
lum

e L
eft

 (v
ph

)
13

0
2

0
0

Vo
lum

e R
igh

t (
vp

h)
1

0
0

12
1

Ha
dj 

(s)
0.2

3
0.0

8
0.0

3
-0

.51
De

pa
rtu

re
 H

ea
dw

ay
 (s

)
4.5

5.0
5.0

3.9
De

gr
ee

 U
tili

za
tio

n, 
x

0.1
7

0.0
3

0.0
5

0.1
4

Ca
pa

cit
y (

ve
h/h

)
76

2
69

2
69

8
89

4
Co

ntr
ol 

De
lay

 (s
)

8.4
7.0

7.0
7.5

Ap
pr

oa
ch

 D
ela

y (
s)

8.4
7.0

7.5
Ap

pr
oa

ch
 LO

S
A

A
A

Int
er

se
cti

on
 S

um
ma

ry
De

lay
 

7.8
Le

ve
l o

f S
er

vic
e

A
Int

er
se

cti
on

 C
ap

ac
ity

 U
tili

za
tio

n 
22

.4%
IC

U 
Le

ve
l o

f S
er

vic
e 

A
An

aly
sis

 P
er

iod
 (m

in)
15

H
C

M
 U

ns
ig

na
liz

ed
 In

te
rs

ec
tio

n 
C

ap
ac

ity
 A

na
ly

si
s

6:
 V

in
ta

ge
 W

ay
 (S

ou
th

) &
 R

ow
la

nd
 B

lv
d

05
/03

/20
17

Pr
op

os
ed

 H
an

na
 R

an
ch

 P
ro

jec
t

Sy
nc

hr
o 9

 R
ep

or
t

W
ee

ke
nd

 M
idd

ay
 F

utu
re

W
-T

ra
ns

Mo
ve

me
nt

EB
L

EB
R

NB
L

NB
T

SB
T

SB
R

La
ne

 C
on

fig
ur

ati
on

s
Si

gn
 C

on
tro

l
St

op
St

op
St

op
Tr

aff
ic 

Vo
lum

e (
vp

h)
18

4
0

2
6

4
22

6
Fu

tur
e V

olu
me

 (v
ph

)
18

4
0

2
6

4
22

6
Pe

ak
 H

ou
r F

ac
tor

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

Ho
ur

ly 
flo

w 
ra

te 
(vp

h)
18

4
0

2
6

4
22

6

Di
re

cti
on

, L
an

e #
EB

 1
NB

 1
NB

 2
SB

 1
Vo

lum
e T

ota
l (v

ph
)

18
4

4
4

23
0

Vo
lum

e L
eft

 (v
ph

)
18

4
2

0
0

Vo
lum

e R
igh

t (
vp

h)
0

0
0

22
6

Ha
dj 

(s)
0.2

3
0.2

8
0.0

3
-0

.56
De

pa
rtu

re
 H

ea
dw

ay
 (s

)
4.6

5.4
5.2

3.9
De

gr
ee

 U
tili

za
tio

n, 
x

0.2
4

0.0
1

0.0
1

0.2
5

Ca
pa

cit
y (

ve
h/h

)
73

8
62

8
65

6
88

3
Co

ntr
ol 

De
lay

 (s
)

9.0
7.3

7.0
8.2

Ap
pr

oa
ch

 D
ela

y (
s)

9.0
7.1

8.2
Ap

pr
oa

ch
 LO

S
A

A
A

Int
er

se
cti

on
 S

um
ma

ry
De

lay
 

8.6
Le

ve
l o

f S
er

vic
e

A
Int

er
se

cti
on

 C
ap

ac
ity

 U
tili

za
tio

n 
31

.3%
IC

U 
Le

ve
l o

f S
er

vic
e 

A
An

aly
sis

 P
er

iod
 (m

in)
15



H
C

M
 S

ig
na

liz
ed

 In
te

rs
ec

tio
n 

C
ap

ac
ity

 A
na

ly
si

s
1:

 R
ed

w
oo

d 
B

lv
d 

&
 R

ow
la

nd
 B

lv
d

05
/06

/20
17

Pr
op

os
ed

 H
an

na
 R

an
ch

 P
ro

jec
t

Sy
nc

hr
o 9

 R
ep

or
t

W
ee

kd
ay

 P
M 

Ex
ist

ing
 +

 P
ro

jec
t

W
-T

ra
ns

Mo
ve

me
nt

EB
L

EB
T

EB
R

W
BL

W
BT

W
BR

NB
L

NB
T

NB
R

SB
L

SB
T

SB
R

La
ne

 C
on

fig
ur

ati
on

s
Tr

aff
ic 

Vo
lum

e (
vp

h)
99

57
9

45
95

77
1

32
3

31
32

45
40

9
33

16
7

Fu
tur

e V
olu

me
 (v

ph
)

99
57

9
45

95
77

1
32

3
31

32
45

40
9

33
16

7
Ide

al 
Flo

w 
(vp

hp
l)

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

To
tal

 Lo
st 

tim
e (

s)
3.5

4.5
4.5

3.5
4.5

3.5
4.1

3.5
4.8

4.8
La

ne
 U

til.
 F

ac
tor

1.0
0

0.9
5

1.0
0

1.0
0

0.9
5

1.0
0

0.9
5

0.9
7

1.0
0

1.0
0

Fr
pb

, p
ed

/bi
ke

s
1.0

0
1.0

0
0.9

8
1.0

0
1.0

0
1.0

0
0.9

9
1.0

0
1.0

0
0.9

9
Flp

b, 
pe

d/b
ike

s
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
Fr

t
1.0

0
1.0

0
0.8

5
1.0

0
0.9

6
1.0

0
0.9

1
1.0

0
1.0

0
0.8

5
Flt

 P
ro

tec
ted

0.9
5

1.0
0

1.0
0

0.9
5

1.0
0

0.9
5

1.0
0

0.9
5

1.0
0

1.0
0

Sa
td.

 F
low

 (p
ro

t)
18

05
35

74
15

91
18

05
34

36
18

05
32

61
35

02
19

00
15

94
Flt

 P
er

mi
tte

d
0.9

5
1.0

0
1.0

0
0.9

5
1.0

0
0.9

5
1.0

0
0.9

5
1.0

0
1.0

0
Sa

td.
 F

low
 (p

er
m)

18
05

35
74

15
91

18
05

34
36

18
05

32
61

35
02

19
00

15
94

Pe
ak

-h
ou

r f
ac

tor
, P

HF
0.9

5
0.9

5
0.9

5
0.9

5
0.9

5
0.9

5
0.9

5
0.9

5
0.9

5
0.9

5
0.9

5
0.9

5
Ad

j. F
low

 (v
ph

)
10

4
60

9
47

10
0

81
2

34
0

33
34

47
43

1
35

17
6

RT
OR

 R
ed

uc
tio

n (
vp

h)
0

0
27

0
34

0
0

40
0

0
0

13
8

La
ne

 G
ro

up
 F

low
 (v

ph
)

10
4

60
9

20
10

0
11

18
0

33
41

0
43

1
35

38
Co

nfl
. P

ed
s. 

(#
/hr

)
4

3
9

Co
nfl

. B
ike

s (
#/h

r)
1

He
av

y V
eh

icl
es

 (%
)

0%
1%

0%
0%

0%
0%

0%
0%

0%
0%

0%
0%

Tu
rn

 T
yp

e
Pr

ot
NA

Pe
rm

Pr
ot

NA
Pr

ot
NA

Pr
ot

NA
Pe

rm
Pr

ote
cte

d P
ha

se
s

5
2

1
6

3
8

7
4

Pe
rm

itte
d P

ha
se

s
2

4
Ac

tua
ted

 G
re

en
, G

 (s
)

8.0
36

.9
36

.9
9.0

37
.9

5.9
12

.3
13

.3
19

.0
19

.0
Ef

fec
tiv

e G
re

en
, g

 (s
)

8.0
36

.9
36

.9
9.0

37
.9

5.9
12

.3
13

.3
19

.0
19

.0
Ac

tua
ted

 g/
C 

Ra
tio

0.0
9

0.4
2

0.4
2

0.1
0

0.4
4

0.0
7

0.1
4

0.1
5

0.2
2

0.2
2

Cl
ea

ra
nc

e T
im

e (
s)

3.5
4.5

4.5
3.5

4.5
3.5

4.1
3.5

4.8
4.8

Ve
hic

le 
Ex

ten
sio

n (
s)

2.0
4.0

4.0
2.0

4.0
2.0

2.5
2.5

2.5
2.5

La
ne

 G
rp

 C
ap

 (v
ph

)
16

5
15

14
67

4
18

6
14

95
12

2
46

0
53

4
41

4
34

7
v/s

 R
ati

o P
ro

t
c0

.06
0.1

7
0.0

6
c0

.33
0.0

2
0.0

1
c0

.12
0.0

2
v/s

 R
ati

o P
er

m
0.0

1
c0

.02
v/c

 R
ati

o
0.6

3
0.4

0
0.0

3
0.5

4
0.7

5
0.2

7
0.0

9
0.8

1
0.0

8
0.1

1
Un

ifo
rm

 D
ela

y, 
d1

38
.1

17
.4

14
.6

37
.1

20
.6

38
.6

32
.5

35
.7

27
.1

27
.3

Pr
og

re
ss

ion
 F

ac
tor

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

Inc
re

me
nta

l D
ela

y, 
d2

5.6
0.2

0.0
1.5

2.2
0.4

0.1
8.5

0.1
0.1

De
lay

 (s
)

43
.8

17
.7

14
.7

38
.6

22
.8

39
.0

32
.6

44
.1

27
.2

27
.4

Le
ve

l o
f S

er
vic

e
D

B
B

D
C

D
C

D
C

C
Ap

pr
oa

ch
 D

ela
y (

s)
21

.1
24

.1
34

.4
38

.6
Ap

pr
oa

ch
 LO

S
C

C
C

D

Int
er

se
cti

on
 S

um
ma

ry
HC

M 
20

00
 C

on
tro

l D
ela

y
27

.0
HC

M 
20

00
 Le

ve
l o

f S
er

vic
e

C
HC

M 
20

00
 V

olu
me

 to
 C

ap
ac

ity
 ra

tio
0.6

4
Ac

tua
ted

 C
yc

le 
Le

ng
th 

(s)
 

87
.1

Su
m 

of 
los

t ti
me

 (s
)

16
.3

Int
er

se
cti

on
 C

ap
ac

ity
 U

tili
za

tio
n

70
.3%

IC
U 

Le
ve

l o
f S

er
vic

e
C

An
aly

sis
 P

er
iod

 (m
in)

15
c  

  C
riti

ca
l L

an
e G

ro
up

H
C

M
 S

ig
na

liz
ed

 In
te

rs
ec

tio
n 

C
ap

ac
ity

 A
na

ly
si

s
1:

 R
ed

w
oo

d 
B

lv
d 

&
 R

ow
la

nd
 B

lv
d

05
/05

/20
17

Pr
op

os
ed

 H
an

na
 R

an
ch

 P
ro

jec
t

Sy
nc

hr
o 9

 R
ep

or
t

W
ee

ke
nd

 M
idd

ay
 E

xis
tin

g +
 P

ro
jec

t
W

-T
ra

ns

Mo
ve

me
nt

EB
L

EB
T

EB
R

W
BL

W
BT

W
BR

NB
L

NB
T

NB
R

SB
L

SB
T

SB
R

La
ne

 C
on

fig
ur

ati
on

s
Tr

aff
ic 

Vo
lum

e (
vp

h)
99

67
1

31
55

52
6

30
4

18
32

73
40

6
32

12
9

Fu
tur

e V
olu

me
 (v

ph
)

99
67

1
31

55
52

6
30

4
18

32
73

40
6

32
12

9
Ide

al 
Flo

w 
(vp

hp
l)

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

To
tal

 Lo
st 

tim
e (

s)
3.5

4.5
4.5

3.5
4.5

3.5
4.1

3.5
4.8

4.8
La

ne
 U

til.
 F

ac
tor

1.0
0

0.9
5

1.0
0

1.0
0

0.9
5

1.0
0

0.9
5

0.9
7

1.0
0

1.0
0

Fr
pb

, p
ed

/bi
ke

s
1.0

0
1.0

0
0.9

9
1.0

0
0.9

9
1.0

0
0.9

9
1.0

0
1.0

0
0.9

9
Flp

b, 
pe

d/b
ike

s
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
Fr

t
1.0

0
1.0

0
0.8

5
1.0

0
0.9

5
1.0

0
0.9

0
1.0

0
1.0

0
0.8

5
Flt

 P
ro

tec
ted

0.9
5

1.0
0

1.0
0

0.9
5

1.0
0

0.9
5

1.0
0

0.9
5

1.0
0

1.0
0

Sa
td.

 F
low

 (p
ro

t)
18

05
35

74
15

91
18

05
33

94
18

05
31

95
35

02
19

00
15

94
Flt

 P
er

mi
tte

d
0.9

5
1.0

0
1.0

0
0.9

5
1.0

0
0.9

5
1.0

0
0.9

5
1.0

0
1.0

0
Sa

td.
 F

low
 (p

er
m)

18
05

35
74

15
91

18
05

33
94

18
05

31
95

35
02

19
00

15
94

Pe
ak

-h
ou

r f
ac

tor
, P

HF
0.9

5
0.9

5
0.9

5
0.9

5
0.9

5
0.9

5
0.9

5
0.9

5
0.9

5
0.9

5
0.9

5
0.9

5
Ad

j. F
low

 (v
ph

)
10

4
70

6
33

58
55

4
32

0
19

34
77

42
7

34
13

6
RT

OR
 R

ed
uc

tio
n (

vp
h)

0
0

20
0

70
0

0
64

0
0

0
93

La
ne

 G
ro

up
 F

low
 (v

ph
)

10
4

70
6

13
58

80
4

0
19

47
0

42
7

34
43

Co
nfl

. P
ed

s. 
(#

/hr
)

4
3

9
Co

nfl
. B

ike
s (

#/h
r)

1
He

av
y V

eh
icl

es
 (%

)
0%

1%
0%

0%
0%

0%
0%

0%
0%

0%
0%

0%
Tu

rn
 T

yp
e

Pr
ot

NA
Pe

rm
Pr

ot
NA

Pr
ot

NA
Pr

ot
NA

Pe
rm

Pr
ote

cte
d P

ha
se

s
5

2
1

6
3

8
7

4
Pe

rm
itte

d P
ha

se
s

2
4

Ac
tua

ted
 G

re
en

, G
 (s

)
8.1

30
.6

30
.6

6.3
28

.8
1.5

13
.4

13
.7

24
.9

24
.9

Ef
fec

tiv
e G

re
en

, g
 (s

)
8.1

30
.6

30
.6

6.3
28

.8
1.5

13
.4

13
.7

24
.9

24
.9

Ac
tua

ted
 g/

C 
Ra

tio
0.1

0
0.3

8
0.3

8
0.0

8
0.3

6
0.0

2
0.1

7
0.1

7
0.3

1
0.3

1
Cl

ea
ra

nc
e T

im
e (

s)
3.5

4.5
4.5

3.5
4.5

3.5
4.1

3.5
4.8

4.8
Ve

hic
le 

Ex
ten

sio
n (

s)
2.0

4.0
4.0

2.0
4.0

2.0
2.5

2.5
2.5

2.5
La

ne
 G

rp
 C

ap
 (v

ph
)

18
3

13
73

61
1

14
2

12
27

34
53

7
60

2
59

4
49

8
v/s

 R
ati

o P
ro

t
c0

.06
0.2

0
0.0

3
c0

.24
0.0

1
0.0

1
c0

.12
0.0

2
v/s

 R
ati

o P
er

m
0.0

1
c0

.03
v/c

 R
ati

o
0.5

7
0.5

1
0.0

2
0.4

1
0.6

6
0.5

6
0.0

9
0.7

1
0.0

6
0.0

9
Un

ifo
rm

 D
ela

y, 
d1

34
.1

18
.8

15
.2

34
.9

21
.3

38
.7

27
.9

31
.1

19
.1

19
.3

Pr
og

re
ss

ion
 F

ac
tor

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

Inc
re

me
nta

l D
ela

y, 
d2

2.4
0.4

0.0
0.7

1.4
10

.8
0.1

3.6
0.0

0.1
De

lay
 (s

)
36

.5
19

.2
15

.2
35

.6
22

.7
49

.5
28

.0
34

.6
19

.2
19

.4
Le

ve
l o

f S
er

vic
e

D
B

B
D

C
D

C
C

B
B

Ap
pr

oa
ch

 D
ela

y (
s)

21
.2

23
.5

31
.1

30
.3

Ap
pr

oa
ch

 LO
S

C
C

C
C

Int
er

se
cti

on
 S

um
ma

ry
HC

M 
20

00
 C

on
tro

l D
ela

y
24

.7
HC

M 
20

00
 Le

ve
l o

f S
er

vic
e

C
HC

M 
20

00
 V

olu
me

 to
 C

ap
ac

ity
 ra

tio
0.5

4
Ac

tua
ted

 C
yc

le 
Le

ng
th 

(s)
 

79
.6

Su
m 

of 
los

t ti
me

 (s
)

16
.3

Int
er

se
cti

on
 C

ap
ac

ity
 U

tili
za

tio
n

63
.4%

IC
U 

Le
ve

l o
f S

er
vic

e
B

An
aly

sis
 P

er
iod

 (m
in)

15
c  

  C
riti

ca
l L

an
e G

ro
up



H
C

M
 S

ig
na

liz
ed

 In
te

rs
ec

tio
n 

C
ap

ac
ity

 A
na

ly
si

s
2:

 U
S

 1
01

 S
B

 O
n-

R
am

p/
U

S
 1

01
 S

B
 O

ff-
R

am
p 

&
 R

ow
la

nd
 B

lv
d

05
/06

/20
17

Pr
op

os
ed

 H
an

na
 R

an
ch

 P
ro

jec
t

Sy
nc

hr
o 9

 R
ep

or
t

W
ee

kd
ay

 P
M 

Ex
ist

ing
 +

 P
ro

jec
t

W
-T

ra
ns

Mo
ve

me
nt

EB
L

EB
T

EB
R

W
BL

W
BT

W
BR

NB
L

NB
T

NB
R

SB
L

SB
T

SB
R

La
ne

 C
on

fig
ur

ati
on

s
Tr

aff
ic 

Vo
lum

e (
vp

h)
0

46
1

54
9

72
5

11
11

0
0

0
0

32
4

6
12

3
Fu

tur
e V

olu
me

 (v
ph

)
0

46
1

54
9

72
5

11
11

0
0

0
0

32
4

6
12

3
Ide

al 
Flo

w 
(vp

hp
l)

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

To
tal

 Lo
st 

tim
e (

s)
4.0

4.0
3.0

4.0
3.0

3.0
La

ne
 U

til.
 F

ac
tor

0.9
1

0.9
1

0.9
7

0.9
5

0.9
1

0.9
1

Fr
pb

, p
ed

/bi
ke

s
1.0

0
0.9

9
1.0

0
1.0

0
1.0

0
0.9

9
Flp

b, 
pe

d/b
ike

s
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
Fr

t
0.9

5
0.8

5
1.0

0
1.0

0
1.0

0
0.9

4
Flt

 P
ro

tec
ted

1.0
0

1.0
0

0.9
5

1.0
0

0.9
5

0.9
7

Sa
td.

 F
low

 (p
ro

t)
32

47
14

51
35

02
36

10
16

43
31

14
Flt

 P
er

mi
tte

d
1.0

0
1.0

0
0.9

5
1.0

0
0.9

5
0.9

7
Sa

td.
 F

low
 (p

er
m)

32
47

14
51

35
02

36
10

16
43

31
14

Pe
ak

-h
ou

r f
ac

tor
, P

HF
0.9

4
0.9

4
0.9

4
0.9

4
0.9

4
0.9

4
0.9

4
0.9

4
0.9

4
0.9

4
0.9

4
0.9

4
Ad

j. F
low

 (v
ph

)
0

49
0

58
4

77
1

11
82

0
0

0
0

34
5

6
13

1
RT

OR
 R

ed
uc

tio
n (

vp
h)

0
65

22
0

0
0

0
0

0
0

0
27

0
La

ne
 G

ro
up

 F
low

 (v
ph

)
0

67
6

11
3

77
1

11
82

0
0

0
0

17
2

28
3

0
Co

nfl
. P

ed
s. 

(#
/hr

)
1

13
1

He
av

y V
eh

icl
es

 (%
)

0%
1%

0%
0%

0%
0%

0%
0%

0%
0%

33
%

0%
Tu

rn
 T

yp
e

NA
Pe

rm
Pr

ot
NA

Sp
lit

NA
Pr

ote
cte

d P
ha

se
s

2
1

6
4

4
Pe

rm
itte

d P
ha

se
s

2
Ac

tua
ted

 G
re

en
, G

 (s
)

18
.8

18
.8

13
.6

35
.4

13
.0

13
.0

Ef
fec

tiv
e G

re
en

, g
 (s

)
18

.8
18

.8
13

.6
35

.4
13

.0
13

.0
Ac

tua
ted

 g/
C 

Ra
tio

0.3
4

0.3
4

0.2
5

0.6
4

0.2
3

0.2
3

Cl
ea

ra
nc

e T
im

e (
s)

4.0
4.0

3.0
4.0

3.0
3.0

Ve
hic

le 
Ex

ten
sio

n (
s)

4.0
4.0

2.0
2.5

2.0
2.0

La
ne

 G
rp

 C
ap

 (v
ph

)
11

01
49

2
85

9
23

06
38

5
73

0
v/s

 R
ati

o P
ro

t
c0

.21
c0

.22
0.3

3
c0

.10
0.0

9
v/s

 R
ati

o P
er

m
0.0

8
v/c

 R
ati

o
0.6

1
0.2

3
0.9

0
0.5

1
0.4

5
0.3

9
Un

ifo
rm

 D
ela

y, 
d1

15
.3

13
.1

20
.2

5.4
18

.1
17

.9
Pr

og
re

ss
ion

 F
ac

tor
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
Inc

re
me

nta
l D

ela
y, 

d2
1.2

0.3
11

.7
0.1

0.3
0.1

De
lay

 (s
)

16
.4

13
.4

32
.0

5.5
18

.4
18

.0
Le

ve
l o

f S
er

vic
e

B
B

C
A

B
B

Ap
pr

oa
ch

 D
ela

y (
s)

15
.5

16
.0

0.0
18

.1
Ap

pr
oa

ch
 LO

S
B

B
A

B

Int
er

se
cti

on
 S

um
ma

ry
HC

M 
20

00
 C

on
tro

l D
ela

y
16

.1
HC

M 
20

00
 Le

ve
l o

f S
er

vic
e

B
HC

M 
20

00
 V

olu
me

 to
 C

ap
ac

ity
 ra

tio
0.6

5
Ac

tua
ted

 C
yc

le 
Le

ng
th 

(s)
 

55
.4

Su
m 

of 
los

t ti
me

 (s
)

10
.0

Int
er

se
cti

on
 C

ap
ac

ity
 U

tili
za

tio
n

65
.4%

IC
U 

Le
ve

l o
f S

er
vic

e
C

An
aly

sis
 P

er
iod

 (m
in)

15
c  

  C
riti

ca
l L

an
e G

ro
up

H
C

M
 S

ig
na

liz
ed

 In
te

rs
ec

tio
n 

C
ap

ac
ity

 A
na

ly
si

s
2:

 U
S

 1
01

 S
B

 O
n-

R
am

p/
U

S
 1

01
 S

B
 O

ff-
R

am
p 

&
 R

ow
la

nd
 B

lv
d

05
/05

/20
17

Pr
op

os
ed

 H
an

na
 R

an
ch

 P
ro

jec
t

Sy
nc

hr
o 9

 R
ep

or
t

W
ee

ke
nd

 M
idd

ay
 E

xis
tin

g +
 P

ro
jec

t
W

-T
ra

ns

Mo
ve

me
nt

EB
L

EB
T

EB
R

W
BL

W
BT

W
BR

NB
L

NB
T

NB
R

SB
L

SB
T

SB
R

La
ne

 C
on

fig
ur

ati
on

s
Tr

aff
ic 

Vo
lum

e (
vp

h)
0

61
3

49
1

86
5

81
8

0
0

0
0

46
0

3
84

Fu
tur

e V
olu

me
 (v

ph
)

0
61

3
49

1
86

5
81

8
0

0
0

0
46

0
3

84
Ide

al 
Flo

w 
(vp

hp
l)

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

To
tal

 Lo
st 

tim
e (

s)
4.0

4.0
3.0

4.0
3.0

3.0
La

ne
 U

til.
 F

ac
tor

0.9
1

0.9
1

0.9
7

0.9
5

0.9
1

0.9
1

Fr
pb

, p
ed

/bi
ke

s
1.0

0
0.9

9
1.0

0
1.0

0
1.0

0
1.0

0
Flp

b, 
pe

d/b
ike

s
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
Fr

t
0.9

7
0.8

5
1.0

0
1.0

0
1.0

0
0.9

6
Flt

 P
ro

tec
ted

1.0
0

1.0
0

0.9
5

1.0
0

0.9
5

0.9
6

Sa
td.

 F
low

 (p
ro

t)
33

20
14

51
35

02
36

10
16

43
31

84
Flt

 P
er

mi
tte

d
1.0

0
1.0

0
0.9

5
1.0

0
0.9

5
0.9

6
Sa

td.
 F

low
 (p

er
m)

33
20

14
51

35
02

36
10

16
43

31
84

Pe
ak

-h
ou

r f
ac

tor
, P

HF
0.9

9
0.9

9
0.9

9
0.9

9
0.9

9
0.9

9
0.9

9
0.9

9
0.9

9
0.9

9
0.9

9
0.9

9
Ad

j. F
low

 (v
ph

)
0

61
9

49
6

87
4

82
6

0
0

0
0

46
5

3
85

RT
OR

 R
ed

uc
tio

n (
vp

h)
0

23
22

5
0

0
0

0
0

0
0

57
0

La
ne

 G
ro

up
 F

low
 (v

ph
)

0
75

0
11

7
87

4
82

6
0

0
0

0
23

2
26

4
0

Co
nfl

. P
ed

s. 
(#

/hr
)

1
13

1
He

av
y V

eh
icl

es
 (%

)
0%

1%
0%

0%
0%

0%
0%

0%
0%

0%
33

%
0%

Tu
rn

 T
yp

e
NA

Pe
rm

Pr
ot

NA
Sp

lit
NA

Pr
ote

cte
d P

ha
se

s
2

1
6

4
4

Pe
rm

itte
d P

ha
se

s
2

Ac
tua

ted
 G

re
en

, G
 (s

)
19

.9
19

.9
13

.5
36

.4
14

.8
14

.8
Ef

fec
tiv

e G
re

en
, g

 (s
)

19
.9

19
.9

13
.5

36
.4

14
.8

14
.8

Ac
tua

ted
 g/

C 
Ra

tio
0.3

4
0.3

4
0.2

3
0.6

3
0.2

5
0.2

5
Cl

ea
ra

nc
e T

im
e (

s)
4.0

4.0
3.0

4.0
3.0

3.0
Ve

hic
le 

Ex
ten

sio
n (

s)
4.0

4.0
2.0

2.5
2.0

2.0
La

ne
 G

rp
 C

ap
 (v

ph
)

11
35

49
6

81
2

22
57

41
7

80
9

v/s
 R

ati
o P

ro
t

c0
.23

c0
.25

0.2
3

c0
.14

0.0
8

v/s
 R

ati
o P

er
m

0.0
8

v/c
 R

ati
o

0.6
6

0.2
4

1.0
8

0.3
7

0.5
6

0.3
3

Un
ifo

rm
 D

ela
y, 

d1
16

.3
13

.7
22

.4
5.3

18
.8

17
.6

Pr
og

re
ss

ion
 F

ac
tor

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

Inc
re

me
nta

l D
ela

y, 
d2

1.6
0.3

54
.2

0.1
0.9

0.1
De

lay
 (s

)
17

.9
14

.0
76

.5
5.4

19
.8

17
.7

Le
ve

l o
f S

er
vic

e
B

B
E

A
B

B
Ap

pr
oa

ch
 D

ela
y (

s)
16

.7
42

.0
0.0

18
.6

Ap
pr

oa
ch

 LO
S

B
D

A
B

Int
er

se
cti

on
 S

um
ma

ry
HC

M 
20

00
 C

on
tro

l D
ela

y
29

.8
HC

M 
20

00
 Le

ve
l o

f S
er

vic
e

C
HC

M 
20

00
 V

olu
me

 to
 C

ap
ac

ity
 ra

tio
0.7

4
Ac

tua
ted

 C
yc

le 
Le

ng
th 

(s)
 

58
.2

Su
m 

of 
los

t ti
me

 (s
)

10
.0

Int
er

se
cti

on
 C

ap
ac

ity
 U

tili
za

tio
n

76
.6%

IC
U 

Le
ve

l o
f S

er
vic

e
D

An
aly

sis
 P

er
iod

 (m
in)

15
c  

  C
riti

ca
l L

an
e G

ro
up



H
C

M
 S

ig
na

liz
ed

 In
te

rs
ec

tio
n 

C
ap

ac
ity

 A
na

ly
si

s
3:

 U
S

 1
01

 N
B

 O
ff-

R
am

p/
U

S
 1

01
 N

B
 O

n-
R

am
p 

&
 R

ow
la

nd
 B

lv
d

05
/06

/20
17

Pr
op

os
ed

 H
an

na
 R

an
ch

 P
ro

jec
t

Sy
nc

hr
o 9

 R
ep

or
t

W
ee

kd
ay

 P
M 

Ex
ist

ing
 +

 P
ro

jec
t

W
-T

ra
ns

Mo
ve

me
nt

EB
L2

EB
L

EB
T

W
BT

W
BR

W
BR

2
NB

L2
NB

L
NB

T
NB

R
NE

L2
NE

L
La

ne
 C

on
fig

ur
ati

on
s

Tr
aff

ic 
Vo

lum
e (

vp
h)

5
51

73
0

11
09

1
48

6
72

6
12

22
71

7
23

15
Fu

tur
e V

olu
me

 (v
ph

)
5

51
73

0
11

09
1

48
6

72
6

12
22

71
7

23
15

Ide
al 

Flo
w 

(vp
hp

l)
19

00
19

00
19

00
19

00
19

00
19

00
19

00
19

00
19

00
19

00
19

00
19

00
To

tal
 Lo

st 
tim

e (
s)

3.0
4.0

4.0
4.0

3.5
3.5

3.0
3.5

La
ne

 U
til.

 F
ac

tor
1.0

0
0.9

5
0.8

6
0.8

6
0.9

5
0.9

5
0.8

8
1.0

0
Fr

pb
, p

ed
/bi

ke
s

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

Flp
b, 

pe
d/b

ike
s

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

Fr
t

1.0
0

1.0
0

0.9
8

0.8
5

1.0
0

1.0
0

0.8
5

0.9
9

Flt
 P

ro
tec

ted
0.9

5
1.0

0
1.0

0
1.0

0
0.9

5
0.9

6
1.0

0
0.9

5
Sa

td.
 F

low
 (p

ro
t)

18
02

35
74

46
22

13
23

17
15

17
10

28
42

17
68

Flt
 P

er
mi

tte
d

0.1
8

1.0
0

1.0
0

1.0
0

0.9
5

0.9
6

1.0
0

0.9
5

Sa
td.

 F
low

 (p
er

m)
34

8
35

74
46

22
13

23
17

15
17

10
28

42
17

68
Pe

ak
-h

ou
r f

ac
tor

, P
HF

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

Ad
j. F

low
 (v

ph
)

5
53

75
3

11
43

1
50

1
74

8
12

23
73

9
24

15
RT

OR
 R

ed
uc

tio
n (

vp
h)

0
0

0
11

0
24

5
0

0
0

0
0

0
La

ne
 G

ro
up

 F
low

 (v
ph

)
0

58
75

3
12

63
0

12
6

38
9

0
39

4
73

9
0

41
Co

nfl
. P

ed
s. 

(#
/hr

)
7

11
He

av
y V

eh
icl

es
 (%

)
2%

0%
1%

4%
0%

5%
0%

2%
13

%
0%

2%
0%

Tu
rn

 T
yp

e
Pr

ot
NA

NA
Pe

rm
Sp

lit
Sp

lit
NA

cu
sto

m
Pe

rm
Pr

ot
Pr

ote
cte

d P
ha

se
s

5
2

6
8

8
8

1 8
7

Pe
rm

itte
d P

ha
se

s
6

7
Ac

tua
ted

 G
re

en
, G

 (s
)

21
.8

51
.5

40
.8

40
.8

34
.6

34
.6

45
.7

8.8
Ef

fec
tiv

e G
re

en
, g

 (s
)

21
.8

51
.5

40
.8

40
.8

34
.6

34
.6

45
.7

8.8
Ac

tua
ted

 g/
C 

Ra
tio

0.1
8

0.4
3

0.3
4

0.3
4

0.2
9

0.2
9

0.3
8

0.0
7

Cl
ea

ra
nc

e T
im

e (
s)

3.0
4.0

4.0
4.0

3.5
3.5

3.5
Ve

hic
le 

Ex
ten

sio
n (

s)
2.0

2.0
2.0

2.0
2.0

2.0
2.0

La
ne

 G
rp

 C
ap

 (v
ph

)
63

15
33

15
71

44
9

49
4

49
3

10
82

12
9

v/s
 R

ati
o P

ro
t

0.2
1

c0
.27

0.2
3

c0
.23

0.2
6

v/s
 R

ati
o P

er
m

c0
.17

0.1
0

0.0
2

v/c
 R

ati
o

0.9
2

0.4
9

0.8
0

0.2
8

0.7
9

0.8
0

0.6
8

0.3
2

Un
ifo

rm
 D

ela
y, 

d1
48

.2
24

.8
36

.0
28

.9
39

.3
39

.5
31

.1
52

.8
Pr

og
re

ss
ion

 F
ac

tor
1.0

0
1.0

0
0.8

4
1.3

6
1.0

0
1.0

0
1.0

0
1.0

0
Inc

re
me

nta
l D

ela
y, 

d2
84

.4
1.1

4.0
1.4

7.5
8.3

1.4
0.5

De
lay

 (s
)

13
2.6

25
.9

34
.3

40
.7

46
.8

47
.7

32
.5

53
.3

Le
ve

l o
f S

er
vic

e
F

C
C

D
D

D
C

D
Ap

pr
oa

ch
 D

ela
y (

s)
33

.5
35

.7
40

.1
53

.3
Ap

pr
oa

ch
 LO

S
C

D
D

D

Int
er

se
cti

on
 S

um
ma

ry
HC

M 
20

00
 C

on
tro

l D
ela

y
37

.1
HC

M 
20

00
 Le

ve
l o

f S
er

vic
e

D
HC

M 
20

00
 V

olu
me

 to
 C

ap
ac

ity
 ra

tio
0.7

9
Ac

tua
ted

 C
yc

le 
Le

ng
th 

(s)
 

12
0.0

Su
m 

of 
los

t ti
me

 (s
)

14
.0

Int
er

se
cti

on
 C

ap
ac

ity
 U

tili
za

tio
n

79
.9%

IC
U 

Le
ve

l o
f S

er
vic

e
D

An
aly

sis
 P

er
iod

 (m
in)

15
c  

  C
riti

ca
l L

an
e G

ro
up

H
C

M
 S

ig
na

liz
ed

 In
te

rs
ec

tio
n 

C
ap

ac
ity

 A
na

ly
si

s
3:

 U
S

 1
01

 N
B

 O
ff-

R
am

p/
U

S
 1

01
 N

B
 O

n-
R

am
p 

&
 R

ow
la

nd
 B

lv
d

05
/06

/20
17

Pr
op

os
ed

 H
an

na
 R

an
ch

 P
ro

jec
t

Sy
nc

hr
o 9

 R
ep

or
t

W
ee

kd
ay

 P
M 

Ex
ist

ing
 +

 P
ro

jec
t

W
-T

ra
ns

Mo
ve

me
nt

NE
R

La
ne

 C
on

fig
ur

ati
on

s
Tr

aff
ic 

Vo
lum

e (
vp

h)
2

Fu
tur

e V
olu

me
 (v

ph
)

2
Ide

al 
Flo

w 
(vp

hp
l)

19
00

To
tal

 Lo
st 

tim
e (

s)
La

ne
 U

til.
 F

ac
tor

Fr
pb

, p
ed

/bi
ke

s
Flp

b, 
pe

d/b
ike

s
Fr

t
Flt

 P
ro

tec
ted

Sa
td.

 F
low

 (p
ro

t)
Flt

 P
er

mi
tte

d
Sa

td.
 F

low
 (p

er
m)

Pe
ak

-h
ou

r f
ac

tor
, P

HF
0.9

7
Ad

j. F
low

 (v
ph

)
2

RT
OR

 R
ed

uc
tio

n (
vp

h)
0

La
ne

 G
ro

up
 F

low
 (v

ph
)

0
Co

nfl
. P

ed
s. 

(#
/hr

)
He

av
y V

eh
icl

es
 (%

)
15

%
Tu

rn
 T

yp
e

Pr
ote

cte
d P

ha
se

s
Pe

rm
itte

d P
ha

se
s

Ac
tua

ted
 G

re
en

, G
 (s

)
Ef

fec
tiv

e G
re

en
, g

 (s
)

Ac
tua

ted
 g/

C 
Ra

tio
Cl

ea
ra

nc
e T

im
e (

s)
Ve

hic
le 

Ex
ten

sio
n (

s)
La

ne
 G

rp
 C

ap
 (v

ph
)

v/s
 R

ati
o P

ro
t

v/s
 R

ati
o P

er
m

v/c
 R

ati
o

Un
ifo

rm
 D

ela
y, 

d1
Pr

og
re

ss
ion

 F
ac

tor
Inc

re
me

nta
l D

ela
y, 

d2
De

lay
 (s

)
Le

ve
l o

f S
er

vic
e

Ap
pr

oa
ch

 D
ela

y (
s)

Ap
pr

oa
ch

 LO
S

Int
er

se
cti

on
 S

um
ma

ry



H
C

M
 S

ig
na

liz
ed

 In
te

rs
ec

tio
n 

C
ap

ac
ity

 A
na

ly
si

s
3:

 U
S

 1
01

 N
B

 O
ff-

R
am

p/
U

S
 1

01
 N

B
 O

n-
R

am
p 

&
 R

ow
la

nd
 B

lv
d

05
/05

/20
17

Pr
op

os
ed

 H
an

na
 R

an
ch

 P
ro

jec
t

Sy
nc

hr
o 9

 R
ep

or
t

W
ee

ke
nd

 M
idd

ay
 E

xis
tin

g +
 P

ro
jec

t
W

-T
ra

ns

Mo
ve

me
nt

EB
L2

EB
L

EB
T

W
BT

W
BR

W
BR

2
NB

L2
NB

L
NB

T
NB

R
NE

L2
NE

L
La

ne
 C

on
fig

ur
ati

on
s

Tr
aff

ic 
Vo

lum
e (

vp
h)

5
62

10
08

12
86

1
50

7
39

4
2

11
11

14
2

3
Fu

tur
e V

olu
me

 (v
ph

)
5

62
10

08
12

86
1

50
7

39
4

2
11

11
14

2
3

Ide
al 

Flo
w 

(vp
hp

l)
19

00
19

00
19

00
19

00
19

00
19

00
19

00
19

00
19

00
19

00
19

00
19

00
To

tal
 Lo

st 
tim

e (
s)

3.0
4.0

4.0
4.0

3.5
3.5

3.0
3.5

La
ne

 U
til.

 F
ac

tor
1.0

0
0.9

5
0.8

6
0.8

6
0.9

5
0.9

5
0.8

8
1.0

0
Fr

pb
, p

ed
/bi

ke
s

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

Flp
b, 

pe
d/b

ike
s

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

Fr
t

1.0
0

1.0
0

0.9
9

0.8
5

1.0
0

1.0
0

0.8
5

0.9
8

Flt
 P

ro
tec

ted
0.9

5
1.0

0
1.0

0
1.0

0
0.9

5
0.9

5
1.0

0
0.9

6
Sa

td.
 F

low
 (p

ro
t)

18
02

35
74

46
45

13
23

17
15

17
11

28
42

17
28

Flt
 P

er
mi

tte
d

0.1
9

1.0
0

1.0
0

1.0
0

0.9
5

0.9
5

1.0
0

0.9
6

Sa
td.

 F
low

 (p
er

m)
35

1
35

74
46

45
13

23
17

15
17

11
28

42
17

28
Pe

ak
-h

ou
r f

ac
tor

, P
HF

0.9
5

0.9
5

0.9
5

0.9
5

0.9
5

0.9
5

0.9
5

0.9
5

0.9
5

0.9
5

0.9
5

0.9
5

Ad
j. F

low
 (v

ph
)

5
65

10
61

13
54

1
53

4
41

5
2

12
11

73
2

3
RT

OR
 R

ed
uc

tio
n (

vp
h)

0
0

0
7

0
24

1
0

0
0

0
0

0
La

ne
 G

ro
up

 F
low

 (v
ph

)
0

70
10

61
14

60
0

18
1

21
6

0
21

3
11

73
0

6
Co

nfl
. P

ed
s. 

(#
/hr

)
7

11
He

av
y V

eh
icl

es
 (%

)
2%

0%
1%

4%
0%

5%
0%

2%
13

%
0%

2%
0%

Tu
rn

 T
yp

e
Pr

ot
NA

NA
Pe

rm
Sp

lit
Sp

lit
NA

cu
sto

m
Pe

rm
Pr

ot
Pr

ote
cte

d P
ha

se
s

5
2

6
8

8
8

1 8
7

Pe
rm

itte
d P

ha
se

s
6

7
Ac

tua
ted

 G
re

en
, G

 (s
)

21
.6

49
.1

38
.7

38
.7

43
.5

43
.5

54
.7

2.2
Ef

fec
tiv

e G
re

en
, g

 (s
)

21
.6

49
.1

38
.7

38
.7

43
.5

43
.5

54
.7

2.2
Ac

tua
ted

 g/
C 

Ra
tio

0.1
8

0.4
1

0.3
2

0.3
2

0.3
6

0.3
6

0.4
6

0.0
2

Cl
ea

ra
nc

e T
im

e (
s)

3.0
4.0

4.0
4.0

3.5
3.5

3.5
Ve

hic
le 

Ex
ten

sio
n (

s)
2.0

2.0
2.0

2.0
2.0

2.0
2.0

La
ne

 G
rp

 C
ap

 (v
ph

)
63

14
62

14
98

42
6

62
1

62
0

12
95

31
v/s

 R
ati

o P
ro

t
0.3

0
c0

.31
0.1

3
0.1

2
c0

.41
v/s

 R
ati

o P
er

m
c0

.20
0.1

4
0.0

0
v/c

 R
ati

o
1.1

1
0.7

3
0.9

7
0.4

2
0.3

5
0.3

4
0.9

1
0.1

9
Un

ifo
rm

 D
ela

y, 
d1

49
.2

29
.8

40
.2

31
.9

27
.9

27
.9

30
.3

58
.0

Pr
og

re
ss

ion
 F

ac
tor

1.0
0

1.0
0

0.8
3

1.1
3

1.0
0

1.0
0

1.0
0

1.0
0

Inc
re

me
nta

l D
ela

y, 
d2

14
7.1

3.2
15

.0
2.3

0.1
0.1

9.0
1.1

De
lay

 (s
)

19
6.3

33
.0

48
.4

38
.3

28
.0

28
.0

39
.3

59
.1

Le
ve

l o
f S

er
vic

e
F

C
D

D
C

C
D

E
Ap

pr
oa

ch
 D

ela
y (

s)
43

.1
46

.2
36

.3
59

.1
Ap

pr
oa

ch
 LO

S
D

D
D

E

Int
er

se
cti

on
 S

um
ma

ry
HC

M 
20

00
 C

on
tro

l D
ela

y
42

.0
HC

M 
20

00
 Le

ve
l o

f S
er

vic
e

D
HC

M 
20

00
 V

olu
me

 to
 C

ap
ac

ity
 ra

tio
0.9

6
Ac

tua
ted

 C
yc

le 
Le

ng
th 

(s)
 

12
0.0

Su
m 

of 
los

t ti
me

 (s
)

14
.0

Int
er

se
cti

on
 C

ap
ac

ity
 U

tili
za

tio
n

77
.1%

IC
U 

Le
ve

l o
f S

er
vic

e
D

An
aly

sis
 P

er
iod

 (m
in)

15
c  

  C
riti

ca
l L

an
e G

ro
up

H
C

M
 S

ig
na

liz
ed

 In
te

rs
ec

tio
n 

C
ap

ac
ity

 A
na

ly
si

s
3:

 U
S

 1
01

 N
B

 O
ff-

R
am

p/
U

S
 1

01
 N

B
 O

n-
R

am
p 

&
 R

ow
la

nd
 B

lv
d

05
/05

/20
17

Pr
op

os
ed

 H
an

na
 R

an
ch

 P
ro

jec
t

Sy
nc

hr
o 9

 R
ep

or
t

W
ee

ke
nd

 M
idd

ay
 E

xis
tin

g +
 P

ro
jec

t
W

-T
ra

ns

Mo
ve

me
nt

NE
R

La
ne

 C
on

fig
ur

ati
on

s
Tr

aff
ic 

Vo
lum

e (
vp

h)
1

Fu
tur

e V
olu

me
 (v

ph
)

1
Ide

al 
Flo

w 
(vp

hp
l)

19
00

To
tal

 Lo
st 

tim
e (

s)
La

ne
 U

til.
 F

ac
tor

Fr
pb

, p
ed

/bi
ke

s
Flp

b, 
pe

d/b
ike

s
Fr

t
Flt

 P
ro

tec
ted

Sa
td.

 F
low

 (p
ro

t)
Flt

 P
er

mi
tte

d
Sa

td.
 F

low
 (p

er
m)

Pe
ak

-h
ou

r f
ac

tor
, P

HF
0.9

5
Ad

j. F
low

 (v
ph

)
1

RT
OR

 R
ed

uc
tio

n (
vp

h)
0

La
ne

 G
ro

up
 F

low
 (v

ph
)

0
Co

nfl
. P

ed
s. 

(#
/hr

)
He

av
y V

eh
icl

es
 (%

)
15

%
Tu

rn
 T

yp
e

Pr
ote

cte
d P

ha
se

s
Pe

rm
itte

d P
ha

se
s

Ac
tua

ted
 G

re
en

, G
 (s

)
Ef

fec
tiv

e G
re

en
, g

 (s
)

Ac
tua

ted
 g/

C 
Ra

tio
Cl

ea
ra

nc
e T

im
e (

s)
Ve

hic
le 

Ex
ten

sio
n (

s)
La

ne
 G

rp
 C

ap
 (v

ph
)

v/s
 R

ati
o P

ro
t

v/s
 R

ati
o P

er
m

v/c
 R

ati
o

Un
ifo

rm
 D

ela
y, 

d1
Pr

og
re

ss
ion

 F
ac

tor
Inc

re
me

nta
l D

ela
y, 

d2
De

lay
 (s

)
Le

ve
l o

f S
er

vic
e

Ap
pr

oa
ch

 D
ela

y (
s)

Ap
pr

oa
ch

 LO
S

Int
er

se
cti

on
 S

um
ma

ry



H
C

M
 S

ig
na

liz
ed

 In
te

rs
ec

tio
n 

C
ap

ac
ity

 A
na

ly
si

s
4:

 R
ow

la
nd

 B
lv

d 
&

 R
ow

la
nd

 W
ay

05
/06

/20
17

Pr
op

os
ed

 H
an

na
 R

an
ch

 P
ro

jec
t

Sy
nc

hr
o 9

 R
ep

or
t

W
ee

kd
ay

 P
M 

Ex
ist

ing
 +

 P
ro

jec
t

W
-T

ra
ns

Mo
ve

me
nt

EB
L

EB
T

W
BT

W
BR

SB
L

SB
R

La
ne

 C
on

fig
ur

ati
on

s
Tr

aff
ic 

Vo
lum

e (
vp

h)
18

3
12

65
11

93
43

54
39

2
Fu

tur
e V

olu
me

 (v
ph

)
18

3
12

65
11

93
43

54
39

2
Ide

al 
Flo

w 
(vp

hp
l)

19
00

19
00

19
00

19
00

19
00

19
00

To
tal

 Lo
st 

tim
e (

s)
3.5

4.0
4.0

3.2
3.2

La
ne

 U
til.

 F
ac

tor
0.9

7
0.9

1
0.9

5
1.0

0
0.9

5
Fr

pb
, p

ed
/bi

ke
s

1.0
0

1.0
0

1.0
0

0.9
8

0.9
7

Flp
b, 

pe
d/b

ike
s

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

Fr
t

1.0
0

1.0
0

0.9
9

0.8
9

0.8
5

Flt
 P

ro
tec

ted
0.9

5
1.0

0
1.0

0
0.9

9
1.0

0
Sa

td.
 F

low
 (p

ro
t)

34
67

51
87

35
81

16
10

14
79

Flt
 P

er
mi

tte
d

0.9
5

1.0
0

1.0
0

0.9
9

1.0
0

Sa
td.

 F
low

 (p
er

m)
34

67
51

87
35

81
16

10
14

79
Pe

ak
-h

ou
r f

ac
tor

, P
HF

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

Ad
j. F

low
 (v

ph
)

18
9

13
04

12
30

44
56

40
4

RT
OR

 R
ed

uc
tio

n (
vp

h)
0

0
1

0
12

1
19

7
La

ne
 G

ro
up

 F
low

 (v
ph

)
18

9
13

04
12

73
0

11
3

29
Co

nfl
. P

ed
s. 

(#
/hr

)
2

14
Co

nfl
. B

ike
s (

#/h
r)

1
He

av
y V

eh
icl

es
 (%

)
1%

0%
0%

7%
2%

1%
Tu

rn
 T

yp
e

Pr
ot

NA
NA

Pr
ot

Pe
rm

Pr
ote

cte
d P

ha
se

s
5

2
6

4
Pe

rm
itte

d P
ha

se
s

4
Ac

tua
ted

 G
re

en
, G

 (s
)

11
.5

97
.3

82
.3

15
.5

15
.5

Ef
fec

tiv
e G

re
en

, g
 (s

)
11

.5
97

.3
82

.3
15

.5
15

.5
Ac

tua
ted

 g/
C 

Ra
tio

0.1
0

0.8
1

0.6
9

0.1
3

0.1
3

Cl
ea

ra
nc

e T
im

e (
s)

3.5
4.0

4.0
3.2

3.2
Ve

hic
le 

Ex
ten

sio
n (

s)
2.0

4.0
4.0

2.0
2.0

La
ne

 G
rp

 C
ap

 (v
ph

)
33

2
42

05
24

55
20

7
19

1
v/s

 R
ati

o P
ro

t
c0

.05
0.2

5
c0

.36
c0

.07
v/s

 R
ati

o P
er

m
0.0

2
v/c

 R
ati

o
0.5

7
0.3

1
0.5

2
0.5

5
0.1

5
Un

ifo
rm

 D
ela

y, 
d1

51
.9

2.9
9.2

49
.0

46
.4

Pr
og

re
ss

ion
 F

ac
tor

1.0
9

1.1
5

0.8
4

1.0
0

1.0
0

Inc
re

me
nta

l D
ela

y, 
d2

1.1
0.2

0.7
1.6

0.1
De

lay
 (s

)
57

.7
3.5

8.4
50

.5
46

.6
Le

ve
l o

f S
er

vic
e

E
A

A
D

D
Ap

pr
oa

ch
 D

ela
y (

s)
10

.3
8.4

48
.6

Ap
pr

oa
ch

 LO
S

B
A

D

Int
er

se
cti

on
 S

um
ma

ry
HC

M 
20

00
 C

on
tro

l D
ela

y
15

.0
HC

M 
20

00
 Le

ve
l o

f S
er

vic
e

B
HC

M 
20

00
 V

olu
me

 to
 C

ap
ac

ity
 ra

tio
0.5

3
Ac

tua
ted

 C
yc

le 
Le

ng
th 

(s)
 

12
0.0

Su
m 

of 
los

t ti
me

 (s
)

10
.7

Int
er

se
cti

on
 C

ap
ac

ity
 U

tili
za

tio
n

74
.6%

IC
U 

Le
ve

l o
f S

er
vic

e
D

An
aly

sis
 P

er
iod

 (m
in)

15
c  

  C
riti

ca
l L

an
e G

ro
up

H
C

M
 S

ig
na

liz
ed

 In
te

rs
ec

tio
n 

C
ap

ac
ity

 A
na

ly
si

s
4:

 R
ow

la
nd

 B
lv

d 
&

 R
ow

la
nd

 W
ay

05
/05

/20
17

Pr
op

os
ed

 H
an

na
 R

an
ch

 P
ro

jec
t

Sy
nc

hr
o 9

 R
ep

or
t

W
ee

ke
nd

 M
idd

ay
 E

xis
tin

g +
 P

ro
jec

t
W

-T
ra

ns

Mo
ve

me
nt

EB
L

EB
T

W
BT

W
BR

SB
L

SB
R

La
ne

 C
on

fig
ur

ati
on

s
Tr

aff
ic 

Vo
lum

e (
vp

h)
28

4
18

38
15

80
57

65
19

3
Fu

tur
e V

olu
me

 (v
ph

)
28

4
18

38
15

80
57

65
19

3
Ide

al 
Flo

w 
(vp

hp
l)

19
00

19
00

19
00

19
00

19
00

19
00

To
tal

 Lo
st 

tim
e (

s)
3.5

4.0
4.0

3.2
3.2

La
ne

 U
til.

 F
ac

tor
0.9

7
0.9

1
0.9

5
1.0

0
0.9

5
Fr

pb
, p

ed
/bi

ke
s

1.0
0

1.0
0

1.0
0

0.9
9

0.9
7

Flp
b, 

pe
d/b

ike
s

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

Fr
t

1.0
0

1.0
0

0.9
9

0.9
2

0.8
5

Flt
 P

ro
tec

ted
0.9

5
1.0

0
1.0

0
0.9

8
1.0

0
Sa

td.
 F

low
 (p

ro
t)

34
67

51
87

35
81

16
66

14
79

Flt
 P

er
mi

tte
d

0.9
5

1.0
0

1.0
0

0.9
8

1.0
0

Sa
td.

 F
low

 (p
er

m)
34

67
51

87
35

81
16

66
14

79
Pe

ak
-h

ou
r f

ac
tor

, P
HF

0.9
6

0.9
6

0.9
6

0.9
6

0.9
6

0.9
6

Ad
j. F

low
 (v

ph
)

29
6

19
15

16
46

59
68

20
1

RT
OR

 R
ed

uc
tio

n (
vp

h)
0

0
1

0
39

11
5

La
ne

 G
ro

up
 F

low
 (v

ph
)

29
6

19
15

17
04

0
99

16
Co

nfl
. P

ed
s. 

(#
/hr

)
2

14
Co

nfl
. B

ike
s (

#/h
r)

1
He

av
y V

eh
icl

es
 (%

)
1%

0%
0%

7%
2%

1%
Tu

rn
 T

yp
e

Pr
ot

NA
NA

Pr
ot

Pe
rm

Pr
ote

cte
d P

ha
se

s
5

2
6

4
Pe

rm
itte

d P
ha

se
s

4
Ac

tua
ted

 G
re

en
, G

 (s
)

14
.3

97
.8

80
.0

15
.0

15
.0

Ef
fec

tiv
e G

re
en

, g
 (s

)
14

.3
97

.8
80

.0
15

.0
15

.0
Ac

tua
ted

 g/
C 

Ra
tio

0.1
2

0.8
1

0.6
7

0.1
2

0.1
2

Cl
ea

ra
nc

e T
im

e (
s)

3.5
4.0

4.0
3.2

3.2
Ve

hic
le 

Ex
ten

sio
n (

s)
2.0

4.0
4.0

2.0
2.0

La
ne

 G
rp

 C
ap

 (v
ph

)
41

3
42

27
23

87
20

8
18

4
v/s

 R
ati

o P
ro

t
c0

.09
0.3

7
c0

.48
c0

.06
v/s

 R
ati

o P
er

m
0.0

1
v/c

 R
ati

o
0.7

2
0.4

5
0.7

1
0.4

7
0.0

9
Un

ifo
rm

 D
ela

y, 
d1

50
.9

3.3
12

.7
48

.8
46

.5
Pr

og
re

ss
ion

 F
ac

tor
1.0

0
1.1

2
1.0

8
1.0

0
1.0

0
Inc

re
me

nta
l D

ela
y, 

d2
3.0

0.2
1.5

0.6
0.1

De
lay

 (s
)

53
.7

3.9
15

.2
49

.5
46

.5
Le

ve
l o

f S
er

vic
e

D
A

B
D

D
Ap

pr
oa

ch
 D

ela
y (

s)
10

.5
15

.2
48

.0
Ap

pr
oa

ch
 LO

S
B

B
D

Int
er

se
cti

on
 S

um
ma

ry
HC

M 
20

00
 C

on
tro

l D
ela

y
14

.9
HC

M 
20

00
 Le

ve
l o

f S
er

vic
e

B
HC

M 
20

00
 V

olu
me

 to
 C

ap
ac

ity
 ra

tio
0.6

8
Ac

tua
ted

 C
yc

le 
Le

ng
th 

(s)
 

12
0.0

Su
m 

of 
los

t ti
me

 (s
)

10
.7

Int
er

se
cti

on
 C

ap
ac

ity
 U

tili
za

tio
n

80
.6%

IC
U 

Le
ve

l o
f S

er
vic

e
D

An
aly

sis
 P

er
iod

 (m
in)

15
c  

  C
riti

ca
l L

an
e G

ro
up



H
C

M
 S

ig
na

liz
ed

 In
te

rs
ec

tio
n 

C
ap

ac
ity

 A
na

ly
si

s
5:

 V
in

ta
ge

 W
ay

 (N
or

th
) &

 R
ow

la
nd

 B
lv

d
05

/06
/20

17

Pr
op

os
ed

 H
an

na
 R

an
ch

 P
ro

jec
t

Sy
nc

hr
o 9

 R
ep

or
t

W
ee

kd
ay

 P
M 

Ex
ist

ing
 +

 P
ro

jec
t

W
-T

ra
ns

Mo
ve

me
nt

EB
L

EB
T

EB
R

W
BL

W
BT

W
BR

NB
L

NB
T

NB
R

SB
L

SB
T

SB
R

La
ne

 C
on

fig
ur

ati
on

s
Tr

aff
ic 

Vo
lum

e (
vp

h)
81

1
5

2
5

2
4

0
42

3
1

12
55

9
76

4
Fu

tur
e V

olu
me

 (v
ph

)
81

1
5

2
5

2
4

0
42

3
1

12
55

9
76

4
Ide

al 
Flo

w 
(vp

hp
l)

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

To
tal

 Lo
st 

tim
e (

s)
3.6

3.6
3.2

4.0
3.0

4.0
4.0

La
ne

 U
til.

 F
ac

tor
0.9

7
1.0

0
1.0

0
0.9

5
1.0

0
0.9

5
0.8

8
Fr

pb
, p

ed
/bi

ke
s

1.0
0

0.9
9

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

Flp
b, 

pe
d/b

ike
s

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

Fr
t

1.0
0

0.9
6

0.9
5

1.0
0

1.0
0

1.0
0

0.8
5

Flt
 P

ro
tec

ted
0.9

5
1.0

0
0.9

8
1.0

0
0.9

5
1.0

0
1.0

0
Sa

td.
 F

low
 (p

ro
t)

35
02

18
05

17
67

35
73

18
05

35
39

28
42

Flt
 P

er
mi

tte
d

0.9
5

1.0
0

0.9
8

1.0
0

0.9
5

1.0
0

1.0
0

Sa
td.

 F
low

 (p
er

m)
35

02
18

05
17

67
35

73
18

05
35

39
28

42
Pe

ak
-h

ou
r f

ac
tor

, P
HF

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

Ad
j. F

low
 (v

ph
)

83
6

5
2

5
2

4
0

43
6

1
12

57
6

78
8

RT
OR

 R
ed

uc
tio

n (
vp

h)
0

1
0

0
4

0
0

0
0

0
0

0
La

ne
 G

ro
up

 F
low

 (v
ph

)
83

6
6

0
0

7
0

0
43

7
0

12
57

6
78

8
Co

nfl
. P

ed
s. 

(#
/hr

)
10

9
10

4
Co

nfl
. B

ike
s (

#/h
r)

2
He

av
y V

eh
icl

es
 (%

)
0%

0%
0%

0%
0%

0%
0%

1%
0%

0%
2%

0%
Tu

rn
 T

yp
e

Sp
lit

NA
Sp

lit
NA

Pr
ot

NA
Pr

ot
NA

pt+
ov

Pr
ote

cte
d P

ha
se

s
3

3
4

4
1

6
5

2
2 3

Pe
rm

itte
d P

ha
se

s
Ac

tua
ted

 G
re

en
, G

 (s
)

51
.4

51
.4

2.4
50

.0
2.4

49
.6

10
5.0

Ef
fec

tiv
e G

re
en

, g
 (s

)
51

.4
51

.4
2.4

50
.0

2.4
49

.6
10

5.0
Ac

tua
ted

 g/
C 

Ra
tio

0.4
3

0.4
3

0.0
2

0.4
2

0.0
2

0.4
1

0.8
8

Cl
ea

ra
nc

e T
im

e (
s)

3.6
3.6

3.2
4.0

3.0
4.0

Ve
hic

le 
Ex

ten
sio

n (
s)

3.0
3.0

2.0
2.0

2.0
2.0

La
ne

 G
rp

 C
ap

 (v
ph

)
15

00
77

3
35

14
88

36
14

62
24

86
v/s

 R
ati

o P
ro

t
c0

.24
0.0

0
c0

.00
c0

.12
0.0

1
c0

.16
c0

.28
v/s

 R
ati

o P
er

m
v/c

 R
ati

o
0.5

6
0.0

1
0.2

0
0.2

9
0.3

3
0.3

9
0.3

2
Un

ifo
rm

 D
ela

y, 
d1

25
.8

19
.7

57
.9

23
.3

58
.0

24
.7

1.3
Pr

og
re

ss
ion

 F
ac

tor
1.0

0
1.0

0
1.0

0
1.0

0
1.2

2
1.2

2
0.9

0
Inc

re
me

nta
l D

ela
y, 

d2
1.5

0.0
1.0

0.5
1.9

0.8
0.3

De
lay

 (s
)

27
.3

19
.7

58
.9

23
.8

72
.7

30
.8

1.5
Le

ve
l o

f S
er

vic
e

C
B

E
C

E
C

A
Ap

pr
oa

ch
 D

ela
y (

s)
27

.2
58

.9
23

.8
14

.4
Ap

pr
oa

ch
 LO

S
C

E
C

B

Int
er

se
cti

on
 S

um
ma

ry
HC

M 
20

00
 C

on
tro

l D
ela

y
20

.2
HC

M 
20

00
 Le

ve
l o

f S
er

vic
e

C
HC

M 
20

00
 V

olu
me

 to
 C

ap
ac

ity
 ra

tio
0.4

7
Ac

tua
ted

 C
yc

le 
Le

ng
th 

(s)
 

12
0.0

Su
m 

of 
los

t ti
me

 (s
)

13
.8

Int
er

se
cti

on
 C

ap
ac

ity
 U

tili
za

tio
n

59
.8%

IC
U 

Le
ve

l o
f S

er
vic

e
B

An
aly

sis
 P

er
iod

 (m
in)

15
c  

  C
riti

ca
l L

an
e G

ro
up

H
C

M
 S

ig
na

liz
ed

 In
te

rs
ec

tio
n 

C
ap

ac
ity

 A
na

ly
si

s
5:

 V
in

ta
ge

 W
ay

 (N
or

th
) &

 R
ow

la
nd

 B
lv

d
05

/05
/20

17

Pr
op

os
ed

 H
an

na
 R

an
ch

 P
ro

jec
t

Sy
nc

hr
o 9

 R
ep

or
t

W
ee

ke
nd

 M
idd

ay
 E

xis
tin

g +
 P

ro
jec

t
W

-T
ra

ns

Mo
ve

me
nt

EB
L

EB
T

EB
R

W
BL

W
BT

W
BR

NB
L

NB
T

NB
R

SB
L

SB
T

SB
R

La
ne

 C
on

fig
ur

ati
on

s
Tr

aff
ic 

Vo
lum

e (
vp

h)
96

2
9

8
4

8
1

7
65

3
14

29
69

2
11

75
Fu

tur
e V

olu
me

 (v
ph

)
96

2
9

8
4

8
1

7
65

3
14

29
69

2
11

75
Ide

al 
Flo

w 
(vp

hp
l)

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

To
tal

 Lo
st 

tim
e (

s)
3.6

3.6
3.2

3.0
4.0

3.0
4.0

4.0
La

ne
 U

til.
 F

ac
tor

0.9
7

1.0
0

1.0
0

1.0
0

0.9
5

1.0
0

0.9
5

0.8
8

Fr
pb

, p
ed

/bi
ke

s
1.0

0
0.9

9
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
Flp

b, 
pe

d/b
ike

s
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
Fr

t
1.0

0
0.9

3
0.9

9
1.0

0
1.0

0
1.0

0
1.0

0
0.8

5
Flt

 P
ro

tec
ted

0.9
5

1.0
0

0.9
8

0.9
5

1.0
0

0.9
5

1.0
0

1.0
0

Sa
td.

 F
low

 (p
ro

t)
35

02
17

45
18

52
18

05
35

59
18

05
35

39
28

42
Flt

 P
er

mi
tte

d
0.9

5
1.0

0
0.9

8
0.9

5
1.0

0
0.9

5
1.0

0
1.0

0
Sa

td.
 F

low
 (p

er
m)

35
02

17
45

18
52

18
05

35
59

18
05

35
39

28
42

Pe
ak

-h
ou

r f
ac

tor
, P

HF
0.9

6
0.9

6
0.9

6
0.9

6
0.9

6
0.9

6
0.9

6
0.9

6
0.9

6
0.9

6
0.9

6
0.9

6
Ad

j. F
low

 (v
ph

)
10

02
9

8
4

8
1

7
68

0
15

30
72

1
12

24
RT

OR
 R

ed
uc

tio
n (

vp
h)

0
5

0
0

1
0

0
1

0
0

0
0

La
ne

 G
ro

up
 F

low
 (v

ph
)

10
02

12
0

0
12

0
7

69
4

0
30

72
1

12
24

Co
nfl

. P
ed

s. 
(#

/hr
)

10
9

10
4

Co
nfl

. B
ike

s (
#/h

r)
2

He
av

y V
eh

icl
es

 (%
)

0%
0%

0%
0%

0%
0%

0%
1%

0%
0%

2%
0%

Tu
rn

 T
yp

e
Sp

lit
NA

Sp
lit

NA
Pr

ot
NA

Pr
ot

NA
pt+

ov
Pr

ote
cte

d P
ha

se
s

3
3

4
4

1
6

5
2

2 3
Pe

rm
itte

d P
ha

se
s

Ac
tua

ted
 G

re
en

, G
 (s

)
51

.4
51

.4
4.8

4.0
42

.2
7.8

46
.0

10
1.4

Ef
fec

tiv
e G

re
en

, g
 (s

)
51

.4
51

.4
4.8

4.0
42

.2
7.8

46
.0

10
1.4

Ac
tua

ted
 g/

C 
Ra

tio
0.4

3
0.4

3
0.0

4
0.0

3
0.3

5
0.0

6
0.3

8
0.8

5
Cl

ea
ra

nc
e T

im
e (

s)
3.6

3.6
3.2

3.0
4.0

3.0
4.0

Ve
hic

le 
Ex

ten
sio

n (
s)

3.0
3.0

2.0
2.0

2.0
2.0

2.0
La

ne
 G

rp
 C

ap
 (v

ph
)

15
00

74
7

74
60

12
51

11
7

13
56

24
01

v/s
 R

ati
o P

ro
t

c0
.29

0.0
1

c0
.01

0.0
0

c0
.19

0.0
2

0.2
0

c0
.43

v/s
 R

ati
o P

er
m

v/c
 R

ati
o

0.6
7

0.0
2

0.1
6

0.1
2

0.5
5

0.2
6

0.5
3

0.5
1

Un
ifo

rm
 D

ela
y, 

d1
27

.5
19

.7
55

.7
56

.3
31

.3
53

.3
28

.7
2.5

Pr
og

re
ss

ion
 F

ac
tor

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.1
4

1.1
6

0.8
0

Inc
re

me
nta

l D
ela

y, 
d2

2.4
0.0

0.4
0.3

1.8
0.4

1.4
0.7

De
lay

 (s
)

29
.8

19
.8

56
.0

56
.6

33
.1

61
.4

34
.6

2.7
Le

ve
l o

f S
er

vic
e

C
B

E
E

C
E

C
A

Ap
pr

oa
ch

 D
ela

y (
s)

29
.7

56
.0

33
.3

15
.2

Ap
pr

oa
ch

 LO
S

C
E

C
B

Int
er

se
cti

on
 S

um
ma

ry
HC

M 
20

00
 C

on
tro

l D
ela

y
22

.8
HC

M 
20

00
 Le

ve
l o

f S
er

vic
e

C
HC

M 
20

00
 V

olu
me

 to
 C

ap
ac

ity
 ra

tio
0.6

0
Ac

tua
ted

 C
yc

le 
Le

ng
th 

(s)
 

12
0.0

Su
m 

of 
los

t ti
me

 (s
)

13
.8

Int
er

se
cti

on
 C

ap
ac

ity
 U

tili
za

tio
n

66
.5%

IC
U 

Le
ve

l o
f S

er
vic

e
C

An
aly

sis
 P

er
iod

 (m
in)

15
c  

  C
riti

ca
l L

an
e G

ro
up



H
C

M
 U

ns
ig

na
liz

ed
 In

te
rs

ec
tio

n 
C

ap
ac

ity
 A

na
ly

si
s

6:
 V

in
ta

ge
 W

ay
 (S

ou
th

) &
 R

ow
la

nd
 B

lv
d

05
/06

/20
17

Pr
op

os
ed

 H
an

na
 R

an
ch

 P
ro

jec
t

Sy
nc

hr
o 9

 R
ep

or
t

W
ee

kd
ay

 P
M 

Ex
ist

ing
 +

 P
ro

jec
t

W
-T

ra
ns

Mo
ve

me
nt

EB
L

EB
R

NB
L

NB
T

SB
T

SB
R

La
ne

 C
on

fig
ur

ati
on

s
Si

gn
 C

on
tro

l
St

op
St

op
St

op
Tr

aff
ic 

Vo
lum

e (
vp

h)
11

5
0

0
20

0
37

5
10

8
Fu

tur
e V

olu
me

 (v
ph

)
11

5
0

0
20

0
37

5
10

8
Pe

ak
 H

ou
r F

ac
tor

0.8
9

0.8
9

0.8
9

0.8
9

0.8
9

0.8
9

Ho
ur

ly 
flo

w 
ra

te 
(vp

h)
12

9
0

0
22

5
42

1
12

1

Di
re

cti
on

, L
an

e #
EB

 1
NB

 1
NB

 2
SB

 1
Vo

lum
e T

ota
l (v

ph
)

12
9

75
15

0
54

2
Vo

lum
e L

eft
 (v

ph
)

12
9

0
0

0
Vo

lum
e R

igh
t (

vp
h)

0
0

0
12

1
Ha

dj 
(s)

0.2
3

0.0
3

0.0
3

-0
.10

De
pa

rtu
re

 H
ea

dw
ay

 (s
)

5.9
5.4

5.4
4.6

De
gr

ee
 U

tili
za

tio
n, 

x
0.2

1
0.1

1
0.2

3
0.6

9
Ca

pa
cit

y (
ve

h/h
)

55
1

63
6

63
7

76
7

Co
ntr

ol 
De

lay
 (s

)
10

.4
7.9

8.8
17

.2
Ap

pr
oa

ch
 D

ela
y (

s)
10

.4
8.5

17
.2

Ap
pr

oa
ch

 LO
S

B
A

C

Int
er

se
cti

on
 S

um
ma

ry
De

lay
 

14
.0

Le
ve

l o
f S

er
vic

e
B

Int
er

se
cti

on
 C

ap
ac

ity
 U

tili
za

tio
n 

39
.8%

IC
U 

Le
ve

l o
f S

er
vic

e 
A

An
aly

sis
 P

er
iod

 (m
in)

15

H
C

M
 U

ns
ig

na
liz

ed
 In

te
rs

ec
tio

n 
C

ap
ac

ity
 A

na
ly

si
s

6:
 V

in
ta

ge
 W

ay
 (S

ou
th

) &
 R

ow
la

nd
 B

lv
d

05
/05

/20
17

Pr
op

os
ed

 H
an

na
 R

an
ch

 P
ro

jec
t

Sy
nc

hr
o 9

 R
ep

or
t

W
ee

ke
nd

 M
idd

ay
 E

xis
tin

g +
 P

ro
jec

t
W

-T
ra

ns

Mo
ve

me
nt

EB
L

EB
R

NB
L

NB
T

SB
T

SB
R

La
ne

 C
on

fig
ur

ati
on

s
Si

gn
 C

on
tro

l
St

op
St

op
St

op
Tr

aff
ic 

Vo
lum

e (
vp

h)
16

5
0

1
32

3
35

9
20

2
Fu

tur
e V

olu
me

 (v
ph

)
16

5
0

1
32

3
35

9
20

2
Pe

ak
 H

ou
r F

ac
tor

0.9
4

0.9
4

0.9
4

0.9
4

0.9
4

0.9
4

Ho
ur

ly 
flo

w 
ra

te 
(vp

h)
17

6
0

1
34

4
38

2
21

5

Di
re

cti
on

, L
an

e #
EB

 1
NB

 1
NB

 2
SB

 1
Vo

lum
e T

ota
l (v

ph
)

17
6

11
6

22
9

59
7

Vo
lum

e L
eft

 (v
ph

)
17

6
1

0
0

Vo
lum

e R
igh

t (
vp

h)
0

0
0

21
5

Ha
dj 

(s)
0.2

3
0.0

4
0.0

3
-0

.18
De

pa
rtu

re
 H

ea
dw

ay
 (s

)
6.3

5.8
5.8

4.9
De

gr
ee

 U
tili

za
tio

n, 
x

0.3
1

0.1
9

0.3
7

0.8
1

Ca
pa

cit
y (

ve
h/h

)
53

0
60

0
60

2
72

6
Co

ntr
ol 

De
lay

 (s
)

12
.2

8.9
10

.9
25

.2
Ap

pr
oa

ch
 D

ela
y (

s)
12

.2
10

.2
25

.2
Ap

pr
oa

ch
 LO

S
B

B
D

Int
er

se
cti

on
 S

um
ma

ry
De

lay
 

18
.5

Le
ve

l o
f S

er
vic

e
C

Int
er

se
cti

on
 C

ap
ac

ity
 U

tili
za

tio
n 

47
.3%

IC
U 

Le
ve

l o
f S

er
vic

e 
A

An
aly

sis
 P

er
iod

 (m
in)

15



H
C

M
 S

ig
na

liz
ed

 In
te

rs
ec

tio
n 

C
ap

ac
ity

 A
na

ly
si

s
1:

 R
ed

w
oo

d 
B

lv
d 

&
 R

ow
la

nd
 B

lv
d

05
/04

/20
17

Pr
op

os
ed

 H
an

na
 R

an
ch

 P
ro

jec
t

Sy
nc

hr
o 9

 R
ep

or
t

W
ee

kd
ay

 P
M 

Ba
se

lin
e +

 P
ro

jec
t

W
-T

ra
ns

Mo
ve

me
nt

EB
L

EB
T

EB
R

W
BL

W
BT

W
BR

NB
L

NB
T

NB
R

SB
L

SB
T

SB
R

La
ne

 C
on

fig
ur

ati
on

s
Tr

aff
ic 

Vo
lum

e (
vp

h)
10

0
59

4
45

95
78

6
33

8
31

32
45

42
3

33
16

8
Fu

tur
e V

olu
me

 (v
ph

)
10

0
59

4
45

95
78

6
33

8
31

32
45

42
3

33
16

8
Ide

al 
Flo

w 
(vp

hp
l)

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

To
tal

 Lo
st 

tim
e (

s)
3.5

4.5
4.5

3.5
4.5

3.5
4.1

3.5
4.8

4.8
La

ne
 U

til.
 F

ac
tor

1.0
0

0.9
5

1.0
0

1.0
0

0.9
5

1.0
0

0.9
5

0.9
7

1.0
0

1.0
0

Fr
pb

, p
ed

/bi
ke

s
1.0

0
1.0

0
0.9

8
1.0

0
1.0

0
1.0

0
0.9

9
1.0

0
1.0

0
0.9

9
Flp

b, 
pe

d/b
ike

s
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
Fr

t
1.0

0
1.0

0
0.8

5
1.0

0
0.9

5
1.0

0
0.9

1
1.0

0
1.0

0
0.8

5
Flt

 P
ro

tec
ted

0.9
5

1.0
0

1.0
0

0.9
5

1.0
0

0.9
5

1.0
0

0.9
5

1.0
0

1.0
0

Sa
td.

 F
low

 (p
ro

t)
18

05
35

74
15

91
18

05
34

32
18

05
32

61
35

02
19

00
15

94
Flt

 P
er

mi
tte

d
0.9

5
1.0

0
1.0

0
0.9

5
1.0

0
0.9

5
1.0

0
0.9

5
1.0

0
1.0

0
Sa

td.
 F

low
 (p

er
m)

18
05

35
74

15
91

18
05

34
32

18
05

32
61

35
02

19
00

15
94

Pe
ak

-h
ou

r f
ac

tor
, P

HF
0.9

5
0.9

5
0.9

5
0.9

5
0.9

5
0.9

5
0.9

5
0.9

5
0.9

5
0.9

5
0.9

5
0.9

5
Ad

j. F
low

 (v
ph

)
10

5
62

5
47

10
0

82
7

35
6

33
34

47
44

5
35

17
7

RT
OR

 R
ed

uc
tio

n (
vp

h)
0

0
27

0
35

0
0

40
0

0
0

13
9

La
ne

 G
ro

up
 F

low
 (v

ph
)

10
5

62
5

20
10

0
11

48
0

33
41

0
44

5
35

38
Co

nfl
. P

ed
s. 

(#
/hr

)
4

3
9

Co
nfl

. B
ike

s (
#/h

r)
1

He
av

y V
eh

icl
es

 (%
)

0%
1%

0%
0%

0%
0%

0%
0%

0%
0%

0%
0%

Tu
rn

 T
yp

e
Pr

ot
NA

Pe
rm

Pr
ot

NA
Pr

ot
NA

Pr
ot

NA
Pe

rm
Pr

ote
cte

d P
ha

se
s

5
2

1
6

3
8

7
4

Pe
rm

itte
d P

ha
se

s
2

4
Ac

tua
ted

 G
re

en
, G

 (s
)

8.1
38

.1
38

.1
9.0

39
.0

5.9
12

.4
13

.1
18

.9
18

.9
Ef

fec
tiv

e G
re

en
, g

 (s
)

8.1
38

.1
38

.1
9.0

39
.0

5.9
12

.4
13

.1
18

.9
18

.9
Ac

tua
ted

 g/
C 

Ra
tio

0.0
9

0.4
3

0.4
3

0.1
0

0.4
4

0.0
7

0.1
4

0.1
5

0.2
1

0.2
1

Cl
ea

ra
nc

e T
im

e (
s)

3.5
4.5

4.5
3.5

4.5
3.5

4.1
3.5

4.8
4.8

Ve
hic

le 
Ex

ten
sio

n (
s)

2.0
4.0

4.0
2.0

4.0
2.0

2.5
2.5

2.5
2.5

La
ne

 G
rp

 C
ap

 (v
ph

)
16

5
15

43
68

7
18

4
15

17
12

0
45

8
52

0
40

7
34

1
v/s

 R
ati

o P
ro

t
c0

.06
0.1

7
0.0

6
c0

.33
0.0

2
0.0

1
c0

.13
0.0

2
v/s

 R
ati

o P
er

m
0.0

1
c0

.02
v/c

 R
ati

o
0.6

4
0.4

1
0.0

3
0.5

4
0.7

6
0.2

8
0.0

9
0.8

6
0.0

9
0.1

1
Un

ifo
rm

 D
ela

y, 
d1

38
.6

17
.2

14
.4

37
.6

20
.6

39
.1

33
.0

36
.6

27
.7

27
.9

Pr
og

re
ss

ion
 F

ac
tor

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

Inc
re

me
nta

l D
ela

y, 
d2

5.8
0.2

0.0
1.8

2.3
0.5

0.1
12

.9
0.1

0.1
De

lay
 (s

)
44

.4
17

.5
14

.4
39

.4
23

.0
39

.6
33

.0
49

.5
27

.8
28

.0
Le

ve
l o

f S
er

vic
e

D
B

B
D

C
D

C
D

C
C

Ap
pr

oa
ch

 D
ela

y (
s)

20
.9

24
.3

34
.9

42
.5

Ap
pr

oa
ch

 LO
S

C
C

C
D

Int
er

se
cti

on
 S

um
ma

ry
HC

M 
20

00
 C

on
tro

l D
ela

y
28

.0
HC

M 
20

00
 Le

ve
l o

f S
er

vic
e

C
HC

M 
20

00
 V

olu
me

 to
 C

ap
ac

ity
 ra

tio
0.6

6
Ac

tua
ted

 C
yc

le 
Le

ng
th 

(s)
 

88
.2

Su
m 

of 
los

t ti
me

 (s
)

16
.3

Int
er

se
cti

on
 C

ap
ac

ity
 U

tili
za

tio
n

71
.6%

IC
U 

Le
ve

l o
f S

er
vic

e
C

An
aly

sis
 P

er
iod

 (m
in)

15
c  

  C
riti

ca
l L

an
e G

ro
up

H
C

M
 S

ig
na

liz
ed

 In
te

rs
ec

tio
n 

C
ap

ac
ity

 A
na

ly
si

s
1:

 R
ed

w
oo

d 
B

lv
d 

&
 R

ow
la

nd
 B

lv
d

05
/04

/20
17

Pr
op

os
ed

 H
an

na
 R

an
ch

 P
ro

jec
t

Sy
nc

hr
o 9

 R
ep

or
t

W
ee

ke
nd

 M
idd

ay
 B

as
eli

ne
 +

 P
ro

jec
t

W
-T

ra
ns

Mo
ve

me
nt

EB
L

EB
T

EB
R

W
BL

W
BT

W
BR

NB
L

NB
T

NB
R

SB
L

SB
T

SB
R

La
ne

 C
on

fig
ur

ati
on

s
Tr

aff
ic 

Vo
lum

e (
vp

h)
10

1
69

4
31

55
54

7
32

3
18

32
73

42
7

32
13

1
Fu

tur
e V

olu
me

 (v
ph

)
10

1
69

4
31

55
54

7
32

3
18

32
73

42
7

32
13

1
Ide

al 
Flo

w 
(vp

hp
l)

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

To
tal

 Lo
st 

tim
e (

s)
3.5

4.5
4.5

3.5
4.5

3.5
4.1

3.5
4.8

4.8
La

ne
 U

til.
 F

ac
tor

1.0
0

0.9
5

1.0
0

1.0
0

0.9
5

1.0
0

0.9
5

0.9
7

1.0
0

1.0
0

Fr
pb

, p
ed

/bi
ke

s
1.0

0
1.0

0
0.9

9
1.0

0
0.9

9
1.0

0
0.9

9
1.0

0
1.0

0
0.9

9
Flp

b, 
pe

d/b
ike

s
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
Fr

t
1.0

0
1.0

0
0.8

5
1.0

0
0.9

4
1.0

0
0.9

0
1.0

0
1.0

0
0.8

5
Flt

 P
ro

tec
ted

0.9
5

1.0
0

1.0
0

0.9
5

1.0
0

0.9
5

1.0
0

0.9
5

1.0
0

1.0
0

Sa
td.

 F
low

 (p
ro

t)
18

05
35

74
15

91
18

05
33

91
18

05
31

95
35

02
19

00
15

94
Flt

 P
er

mi
tte

d
0.9

5
1.0

0
1.0

0
0.9

5
1.0

0
0.9

5
1.0

0
0.9

5
1.0

0
1.0

0
Sa

td.
 F

low
 (p

er
m)

18
05

35
74

15
91

18
05

33
91

18
05

31
95

35
02

19
00

15
94

Pe
ak

-h
ou

r f
ac

tor
, P

HF
0.9

5
0.9

5
0.9

5
0.9

5
0.9

5
0.9

5
0.9

5
0.9

5
0.9

5
0.9

5
0.9

5
0.9

5
Ad

j. F
low

 (v
ph

)
10

6
73

1
33

58
57

6
34

0
19

34
77

44
9

34
13

8
RT

OR
 R

ed
uc

tio
n (

vp
h)

0
0

21
0

72
0

0
65

0
0

0
10

0
La

ne
 G

ro
up

 F
low

 (v
ph

)
10

6
73

1
12

58
84

4
0

19
46

0
44

9
34

38
Co

nfl
. P

ed
s. 

(#
/hr

)
4

3
9

Co
nfl

. B
ike

s (
#/h

r)
1

He
av

y V
eh

icl
es

 (%
)

0%
1%

0%
0%

0%
0%

0%
0%

0%
0%

0%
0%

Tu
rn

 T
yp

e
Pr

ot
NA

Pe
rm

Pr
ot

NA
Pr

ot
NA

Pr
ot

NA
Pe

rm
Pr

ote
cte

d P
ha

se
s

5
2

1
6

3
8

7
4

Pe
rm

itte
d P

ha
se

s
2

4
Ac

tua
ted

 G
re

en
, G

 (s
)

8.1
28

.7
28

.7
8.8

29
.4

3.6
12

.7
13

.7
22

.1
22

.1
Ef

fec
tiv

e G
re

en
, g

 (s
)

8.1
28

.7
28

.7
8.8

29
.4

3.6
12

.7
13

.7
22

.1
22

.1
Ac

tua
ted

 g/
C 

Ra
tio

0.1
0

0.3
6

0.3
6

0.1
1

0.3
7

0.0
5

0.1
6

0.1
7

0.2
8

0.2
8

Cl
ea

ra
nc

e T
im

e (
s)

3.5
4.5

4.5
3.5

4.5
3.5

4.1
3.5

4.8
4.8

Ve
hic

le 
Ex

ten
sio

n (
s)

2.0
4.0

4.0
2.0

4.0
2.0

2.5
2.5

2.5
2.5

La
ne

 G
rp

 C
ap

 (v
ph

)
18

3
12

90
57

4
19

9
12

54
81

51
0

60
3

52
8

44
3

v/s
 R

ati
o P

ro
t

c0
.06

0.2
0

0.0
3

c0
.25

0.0
1

0.0
1

c0
.13

0.0
2

v/s
 R

ati
o P

er
m

0.0
1

c0
.02

v/c
 R

ati
o

0.5
8

0.5
7

0.0
2

0.2
9

0.6
7

0.2
3

0.0
9

0.7
4

0.0
6

0.0
9

Un
ifo

rm
 D

ela
y, 

d1
34

.1
20

.4
16

.4
32

.5
21

.0
36

.6
28

.5
31

.2
21

.1
21

.2
Pr

og
re

ss
ion

 F
ac

tor
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
Inc

re
me

nta
l D

ela
y, 

d2
2.7

0.7
0.0

0.3
1.6

0.5
0.1

4.7
0.0

0.1
De

lay
 (s

)
36

.8
21

.1
16

.4
32

.8
22

.6
37

.2
28

.5
36

.0
21

.1
21

.3
Le

ve
l o

f S
er

vic
e

D
C

B
C

C
D

C
D

C
C

Ap
pr

oa
ch

 D
ela

y (
s)

22
.8

23
.2

29
.8

31
.9

Ap
pr

oa
ch

 LO
S

C
C

C
C

Int
er

se
cti

on
 S

um
ma

ry
HC

M 
20

00
 C

on
tro

l D
ela

y
25

.5
HC

M 
20

00
 Le

ve
l o

f S
er

vic
e

C
HC

M 
20

00
 V

olu
me

 to
 C

ap
ac

ity
 ra

tio
0.5

7
Ac

tua
ted

 C
yc

le 
Le

ng
th 

(s)
 

79
.5

Su
m 

of 
los

t ti
me

 (s
)

16
.3

Int
er

se
cti

on
 C

ap
ac

ity
 U

tili
za

tio
n

65
.1%

IC
U 

Le
ve

l o
f S

er
vic

e
C

An
aly

sis
 P

er
iod

 (m
in)

15
c  

  C
riti

ca
l L

an
e G

ro
up



H
C

M
 S

ig
na

liz
ed

 In
te

rs
ec

tio
n 

C
ap

ac
ity

 A
na

ly
si

s
2:

 U
S

 1
01

 S
B

 O
n-

R
am

p/
U

S
 1

01
 S

B
 O

ff-
R

am
p 

&
 R

ow
la

nd
 B

lv
d

05
/04

/20
17

Pr
op

os
ed

 H
an

na
 R

an
ch

 P
ro

jec
t

Sy
nc

hr
o 9

 R
ep

or
t

W
ee

kd
ay

 P
M 

Ba
se

lin
e +

 P
ro

jec
t

W
-T

ra
ns

Mo
ve

me
nt

EB
L

EB
T

EB
R

W
BL

W
BT

W
BR

NB
L

NB
T

NB
R

SB
L

SB
T

SB
R

La
ne

 C
on

fig
ur

ati
on

s
Tr

aff
ic 

Vo
lum

e (
vp

h)
0

48
6

55
4

74
8

11
40

0
0

0
0

33
9

6
12

4
Fu

tur
e V

olu
me

 (v
ph

)
0

48
6

55
4

74
8

11
40

0
0

0
0

33
9

6
12

4
Ide

al 
Flo

w 
(vp

hp
l)

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

To
tal

 Lo
st 

tim
e (

s)
4.0

4.0
3.0

4.0
3.0

3.0
La

ne
 U

til.
 F

ac
tor

0.9
1

0.9
1

0.9
7

0.9
5

0.9
1

0.9
1

Fr
pb

, p
ed

/bi
ke

s
1.0

0
0.9

9
1.0

0
1.0

0
1.0

0
0.9

9
Flp

b, 
pe

d/b
ike

s
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
Fr

t
0.9

5
0.8

5
1.0

0
1.0

0
1.0

0
0.9

4
Flt

 P
ro

tec
ted

1.0
0

1.0
0

0.9
5

1.0
0

0.9
5

0.9
7

Sa
td.

 F
low

 (p
ro

t)
32

55
14

51
35

02
36

10
16

43
31

18
Flt

 P
er

mi
tte

d
1.0

0
1.0

0
0.9

5
1.0

0
0.9

5
0.9

7
Sa

td.
 F

low
 (p

er
m)

32
55

14
51

35
02

36
10

16
43

31
18

Pe
ak

-h
ou

r f
ac

tor
, P

HF
0.9

4
0.9

4
0.9

4
0.9

4
0.9

4
0.9

4
0.9

4
0.9

4
0.9

4
0.9

4
0.9

4
0.9

4
Ad

j. F
low

 (v
ph

)
0

51
7

58
9

79
6

12
13

0
0

0
0

36
1

6
13

2
RT

OR
 R

ed
uc

tio
n (

vp
h)

0
57

22
4

0
0

0
0

0
0

0
24

0
La

ne
 G

ro
up

 F
low

 (v
ph

)
0

70
7

11
8

79
6

12
13

0
0

0
0

18
0

29
5

0
Co

nfl
. P

ed
s. 

(#
/hr

)
1

13
1

He
av

y V
eh

icl
es

 (%
)

0%
1%

0%
0%

0%
0%

0%
0%

0%
0%

33
%

0%
Tu

rn
 T

yp
e

NA
Pe

rm
Pr

ot
NA

Sp
lit

NA
Pr

ote
cte

d P
ha

se
s

2
1

6
4

4
Pe

rm
itte

d P
ha

se
s

2
Ac

tua
ted

 G
re

en
, G

 (s
)

19
.5

19
.5

13
.5

36
.0

13
.3

13
.3

Ef
fec

tiv
e G

re
en

, g
 (s

)
19

.5
19

.5
13

.5
36

.0
13

.3
13

.3
Ac

tua
ted

 g/
C 

Ra
tio

0.3
5

0.3
5

0.2
4

0.6
4

0.2
4

0.2
4

Cl
ea

ra
nc

e T
im

e (
s)

4.0
4.0

3.0
4.0

3.0
3.0

Ve
hic

le 
Ex

ten
sio

n (
s)

4.0
4.0

2.0
2.5

2.0
2.0

La
ne

 G
rp

 C
ap

 (v
ph

)
11

27
50

2
83

9
23

08
38

8
73

6
v/s

 R
ati

o P
ro

t
c0

.22
c0

.23
0.3

4
c0

.11
0.0

9
v/s

 R
ati

o P
er

m
0.0

8
v/c

 R
ati

o
0.6

3
0.2

4
0.9

5
0.5

3
0.4

6
0.4

0
Un

ifo
rm

 D
ela

y, 
d1

15
.4

13
.1

21
.1

5.5
18

.4
18

.1
Pr

og
re

ss
ion

 F
ac

tor
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
Inc

re
me

nta
l D

ela
y, 

d2
1.2

0.3
19

.3
0.2

0.3
0.1

De
lay

 (s
)

16
.6

13
.4

40
.4

5.7
18

.8
18

.3
Le

ve
l o

f S
er

vic
e

B
B

D
A

B
B

Ap
pr

oa
ch

 D
ela

y (
s)

15
.6

19
.4

0.0
18

.4
Ap

pr
oa

ch
 LO

S
B

B
A

B

Int
er

se
cti

on
 S

um
ma

ry
HC

M 
20

00
 C

on
tro

l D
ela

y
18

.1
HC

M 
20

00
 Le

ve
l o

f S
er

vic
e

B
HC

M 
20

00
 V

olu
me

 to
 C

ap
ac

ity
 ra

tio
0.6

7
Ac

tua
ted

 C
yc

le 
Le

ng
th 

(s)
 

56
.3

Su
m 

of 
los

t ti
me

 (s
)

10
.0

Int
er

se
cti

on
 C

ap
ac

ity
 U

tili
za

tio
n

67
.2%

IC
U 

Le
ve

l o
f S

er
vic

e
C

An
aly

sis
 P

er
iod

 (m
in)

15
c  

  C
riti

ca
l L

an
e G

ro
up

H
C

M
 S

ig
na

liz
ed

 In
te

rs
ec

tio
n 

C
ap

ac
ity

 A
na

ly
si

s
2:

 U
S

 1
01

 S
B

 O
n-

R
am

p/
U

S
 1

01
 S

B
 O

ff-
R

am
p 

&
 R

ow
la

nd
 B

lv
d

05
/04

/20
17

Pr
op

os
ed

 H
an

na
 R

an
ch

 P
ro

jec
t

Sy
nc

hr
o 9

 R
ep

or
t

W
ee

ke
nd

 M
idd

ay
 B

as
eli

ne
 +

 P
ro

jec
t

W
-T

ra
ns

Mo
ve

me
nt

EB
L

EB
T

EB
R

W
BL

W
BT

W
BR

NB
L

NB
T

NB
R

SB
L

SB
T

SB
R

La
ne

 C
on

fig
ur

ati
on

s
Tr

aff
ic 

Vo
lum

e (
vp

h)
0

65
0

49
8

89
6

85
7

0
0

0
0

48
2

3
86

Fu
tur

e V
olu

me
 (v

ph
)

0
65

0
49

8
89

6
85

7
0

0
0

0
48

2
3

86
Ide

al 
Flo

w 
(vp

hp
l)

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

To
tal

 Lo
st 

tim
e (

s)
4.0

4.0
3.0

4.0
3.0

3.0
La

ne
 U

til.
 F

ac
tor

0.9
1

0.9
1

0.9
7

0.9
5

0.9
1

0.9
1

Fr
pb

, p
ed

/bi
ke

s
1.0

0
0.9

9
1.0

0
1.0

0
1.0

0
1.0

0
Flp

b, 
pe

d/b
ike

s
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
Fr

t
0.9

7
0.8

5
1.0

0
1.0

0
1.0

0
0.9

6
Flt

 P
ro

tec
ted

1.0
0

1.0
0

0.9
5

1.0
0

0.9
5

0.9
6

Sa
td.

 F
low

 (p
ro

t)
33

26
14

51
35

02
36

10
16

43
31

86
Flt

 P
er

mi
tte

d
1.0

0
1.0

0
0.9

5
1.0

0
0.9

5
0.9

6
Sa

td.
 F

low
 (p

er
m)

33
26

14
51

35
02

36
10

16
43

31
86

Pe
ak

-h
ou

r f
ac

tor
, P

HF
0.9

9
0.9

9
0.9

9
0.9

9
0.9

9
0.9

9
0.9

9
0.9

9
0.9

9
0.9

9
0.9

9
0.9

9
Ad

j. F
low

 (v
ph

)
0

65
7

50
3

90
5

86
6

0
0

0
0

48
7

3
87

RT
OR

 R
ed

uc
tio

n (
vp

h)
0

20
23

0
0

0
0

0
0

0
0

54
0

La
ne

 G
ro

up
 F

low
 (v

ph
)

0
78

8
12

2
90

5
86

6
0

0
0

0
24

3
28

0
0

Co
nfl

. P
ed

s. 
(#

/hr
)

1
13

1
He

av
y V

eh
icl

es
 (%

)
0%

1%
0%

0%
0%

0%
0%

0%
0%

0%
33

%
0%

Tu
rn

 T
yp

e
NA

Pe
rm

Pr
ot

NA
Sp

lit
NA

Pr
ote

cte
d P

ha
se

s
2

1
6

4
4

Pe
rm

itte
d P

ha
se

s
2

Ac
tua

ted
 G

re
en

, G
 (s

)
20

.6
20

.6
13

.4
37

.0
15

.2
15

.2
Ef

fec
tiv

e G
re

en
, g

 (s
)

20
.6

20
.6

13
.4

37
.0

15
.2

15
.2

Ac
tua

ted
 g/

C 
Ra

tio
0.3

5
0.3

5
0.2

3
0.6

2
0.2

6
0.2

6
Cl

ea
ra

nc
e T

im
e (

s)
4.0

4.0
3.0

4.0
3.0

3.0
Ve

hic
le 

Ex
ten

sio
n (

s)
4.0

4.0
2.0

2.5
2.0

2.0
La

ne
 G

rp
 C

ap
 (v

ph
)

11
57

50
4

79
2

22
56

42
1

81
8

v/s
 R

ati
o P

ro
t

c0
.24

c0
.26

0.2
4

c0
.15

0.0
9

v/s
 R

ati
o P

er
m

0.0
8

v/c
 R

ati
o

0.6
8

0.2
4

1.1
4

0.3
8

0.5
8

0.3
4

Un
ifo

rm
 D

ela
y, 

d1
16

.5
13

.7
22

.9
5.5

19
.2

17
.9

Pr
og

re
ss

ion
 F

ac
tor

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

Inc
re

me
nta

l D
ela

y, 
d2

1.8
0.3

79
.0

0.1
1.2

0.1
De

lay
 (s

)
18

.3
14

.1
10

1.9
5.6

20
.4

18
.0

Le
ve

l o
f S

er
vic

e
B

B
F

A
C

B
Ap

pr
oa

ch
 D

ela
y (

s)
17

.0
54

.8
0.0

19
.0

Ap
pr

oa
ch

 LO
S

B
D

A
B

Int
er

se
cti

on
 S

um
ma

ry
HC

M 
20

00
 C

on
tro

l D
ela

y
36

.4
HC

M 
20

00
 Le

ve
l o

f S
er

vic
e

D
HC

M 
20

00
 V

olu
me

 to
 C

ap
ac

ity
 ra

tio
0.7

7
Ac

tua
ted

 C
yc

le 
Le

ng
th 

(s)
 

59
.2

Su
m 

of 
los

t ti
me

 (s
)

10
.0

Int
er

se
cti

on
 C

ap
ac

ity
 U

tili
za

tio
n

79
.2%

IC
U 

Le
ve

l o
f S

er
vic

e
D

An
aly

sis
 P

er
iod

 (m
in)

15
c  

  C
riti

ca
l L

an
e G

ro
up



H
C

M
 S

ig
na

liz
ed

 In
te

rs
ec

tio
n 

C
ap

ac
ity

 A
na

ly
si

s
3:

 U
S

 1
01

 N
B

 O
ff-

R
am

p/
U

S
 1

01
 N

B
 O

n-
R

am
p 

&
 R

ow
la

nd
 B

lv
d

05
/04

/20
17

Pr
op

os
ed

 H
an

na
 R

an
ch

 P
ro

jec
t

Sy
nc

hr
o 9

 R
ep

or
t

W
ee

kd
ay

 P
M 

Ba
se

lin
e +

 P
ro

jec
t

W
-T

ra
ns

Mo
ve

me
nt

EB
L2

EB
L

EB
T

W
BT

W
BR

W
BR

2
NB

L2
NB

L
NB

T
NB

R
NE

L2
NE

L
La

ne
 C

on
fig

ur
ati

on
s

Tr
aff

ic 
Vo

lum
e (

vp
h)

5
52

76
8

11
58

1
50

1
73

0
12

22
73

9
23

15
Fu

tur
e V

olu
me

 (v
ph

)
5

52
76

8
11

58
1

50
1

73
0

12
22

73
9

23
15

Ide
al 

Flo
w 

(vp
hp

l)
19

00
19

00
19

00
19

00
19

00
19

00
19

00
19

00
19

00
19

00
19

00
19

00
To

tal
 Lo

st 
tim

e (
s)

3.0
4.0

4.0
4.0

3.5
3.5

3.0
3.5

La
ne

 U
til.

 F
ac

tor
1.0

0
0.9

5
0.8

6
0.8

6
0.9

5
0.9

5
0.8

8
1.0

0
Fr

pb
, p

ed
/bi

ke
s

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

Flp
b, 

pe
d/b

ike
s

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

Fr
t

1.0
0

1.0
0

0.9
8

0.8
5

1.0
0

1.0
0

0.8
5

0.9
9

Flt
 P

ro
tec

ted
0.9

5
1.0

0
1.0

0
1.0

0
0.9

5
0.9

6
1.0

0
0.9

5
Sa

td.
 F

low
 (p

ro
t)

18
02

35
74

46
23

13
23

17
15

17
10

28
42

17
68

Flt
 P

er
mi

tte
d

0.1
9

1.0
0

1.0
0

1.0
0

0.9
5

0.9
6

1.0
0

0.9
5

Sa
td.

 F
low

 (p
er

m)
35

5
35

74
46

23
13

23
17

15
17

10
28

42
17

68
Pe

ak
-h

ou
r f

ac
tor

, P
HF

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

Ad
j. F

low
 (v

ph
)

5
54

79
2

11
94

1
51

6
75

3
12

23
76

2
24

15
RT

OR
 R

ed
uc

tio
n (

vp
h)

0
0

0
11

0
25

2
0

0
0

0
0

0
La

ne
 G

ro
up

 F
low

 (v
ph

)
0

59
79

2
13

18
0

13
0

39
2

0
39

6
76

2
0

41
Co

nfl
. P

ed
s. 

(#
/hr

)
7

11
He

av
y V

eh
icl

es
 (%

)
2%

0%
1%

4%
0%

5%
0%

2%
13

%
0%

2%
0%

Tu
rn

 T
yp

e
Pr

ot
NA

NA
Pe

rm
Sp

lit
Sp

lit
NA

cu
sto

m
Pe

rm
Pr

ot
Pr

ote
cte

d P
ha

se
s

5
2

6
8

8
8

1 8
7

Pe
rm

itte
d P

ha
se

s
6

7
Ac

tua
ted

 G
re

en
, G

 (s
)

21
.4

51
.0

40
.8

40
.8

35
.0

35
.0

46
.2

8.8
Ef

fec
tiv

e G
re

en
, g

 (s
)

21
.4

51
.0

40
.8

40
.8

35
.0

35
.0

46
.2

8.8
Ac

tua
ted

 g/
C 

Ra
tio

0.1
8

0.4
2

0.3
4

0.3
4

0.2
9

0.2
9

0.3
9

0.0
7

Cl
ea

ra
nc

e T
im

e (
s)

3.0
4.0

4.0
4.0

3.5
3.5

3.5
Ve

hic
le 

Ex
ten

sio
n (

s)
2.0

2.0
2.0

2.0
2.0

2.0
2.0

La
ne

 G
rp

 C
ap

 (v
ph

)
63

15
18

15
71

44
9

50
0

49
8

10
94

12
9

v/s
 R

ati
o P

ro
t

0.2
2

c0
.29

0.2
3

c0
.23

0.2
7

v/s
 R

ati
o P

er
m

c0
.17

0.1
0

0.0
2

v/c
 R

ati
o

0.9
4

0.5
2

0.8
4

0.2
9

0.7
8

0.8
0

0.7
0

0.3
2

Un
ifo

rm
 D

ela
y, 

d1
48

.6
25

.5
36

.6
29

.0
39

.0
39

.2
31

.0
52

.8
Pr

og
re

ss
ion

 F
ac

tor
1.0

0
1.0

0
0.8

7
1.5

3
1.0

0
1.0

0
1.0

0
1.0

0
Inc

re
me

nta
l D

ela
y, 

d2
89

.3
1.3

4.9
1.4

7.3
8.0

1.6
0.5

De
lay

 (s
)

13
7.9

26
.8

36
.8

45
.8

46
.3

47
.2

32
.6

53
.3

Le
ve

l o
f S

er
vic

e
F

C
D

D
D

D
C

D
Ap

pr
oa

ch
 D

ela
y (

s)
34

.5
38

.8
39

.8
53

.3
Ap

pr
oa

ch
 LO

S
C

D
D

D

Int
er

se
cti

on
 S

um
ma

ry
HC

M 
20

00
 C

on
tro

l D
ela

y
38

.4
HC

M 
20

00
 Le

ve
l o

f S
er

vic
e

D
HC

M 
20

00
 V

olu
me

 to
 C

ap
ac

ity
 ra

tio
0.8

0
Ac

tua
ted

 C
yc

le 
Le

ng
th 

(s)
 

12
0.0

Su
m 

of 
los

t ti
me

 (s
)

14
.0

Int
er

se
cti

on
 C

ap
ac

ity
 U

tili
za

tio
n

81
.0%

IC
U 

Le
ve

l o
f S

er
vic

e
D

An
aly

sis
 P

er
iod

 (m
in)

15
c  

  C
riti

ca
l L

an
e G

ro
up

H
C

M
 S

ig
na

liz
ed

 In
te

rs
ec

tio
n 

C
ap

ac
ity

 A
na

ly
si

s
3:

 U
S

 1
01

 N
B

 O
ff-

R
am

p/
U

S
 1

01
 N

B
 O

n-
R

am
p 

&
 R

ow
la

nd
 B

lv
d

05
/04

/20
17

Pr
op

os
ed

 H
an

na
 R

an
ch

 P
ro

jec
t

Sy
nc

hr
o 9

 R
ep

or
t

W
ee

kd
ay

 P
M 

Ba
se

lin
e +

 P
ro

jec
t

W
-T

ra
ns

Mo
ve

me
nt

NE
R

La
ne

 C
on

fig
ur

ati
on

s
Tr

aff
ic 

Vo
lum

e (
vp

h)
2

Fu
tur

e V
olu

me
 (v

ph
)

2
Ide

al 
Flo

w 
(vp

hp
l)

19
00

To
tal

 Lo
st 

tim
e (

s)
La

ne
 U

til.
 F

ac
tor

Fr
pb

, p
ed

/bi
ke

s
Flp

b, 
pe

d/b
ike

s
Fr

t
Flt

 P
ro

tec
ted

Sa
td.

 F
low

 (p
ro

t)
Flt

 P
er

mi
tte

d
Sa

td.
 F

low
 (p

er
m)

Pe
ak

-h
ou

r f
ac

tor
, P

HF
0.9

7
Ad

j. F
low

 (v
ph

)
2

RT
OR

 R
ed

uc
tio

n (
vp

h)
0

La
ne

 G
ro

up
 F

low
 (v

ph
)

0
Co

nfl
. P

ed
s. 

(#
/hr

)
He

av
y V

eh
icl

es
 (%

)
15

%
Tu

rn
 T

yp
e

Pr
ote

cte
d P

ha
se

s
Pe

rm
itte

d P
ha

se
s

Ac
tua

ted
 G

re
en

, G
 (s

)
Ef

fec
tiv

e G
re

en
, g

 (s
)

Ac
tua

ted
 g/

C 
Ra

tio
Cl

ea
ra

nc
e T

im
e (

s)
Ve

hic
le 

Ex
ten

sio
n (

s)
La

ne
 G

rp
 C

ap
 (v

ph
)

v/s
 R

ati
o P

ro
t

v/s
 R

ati
o P

er
m

v/c
 R

ati
o

Un
ifo

rm
 D

ela
y, 

d1
Pr

og
re

ss
ion

 F
ac

tor
Inc

re
me

nta
l D

ela
y, 

d2
De

lay
 (s

)
Le

ve
l o

f S
er

vic
e

Ap
pr

oa
ch

 D
ela

y (
s)

Ap
pr

oa
ch

 LO
S

Int
er

se
cti

on
 S

um
ma

ry



H
C

M
 S

ig
na

liz
ed

 In
te

rs
ec

tio
n 

C
ap

ac
ity

 A
na

ly
si

s
3:

 U
S

 1
01

 N
B

 O
ff-

R
am

p/
U

S
 1

01
 N

B
 O

n-
R

am
p 

&
 R

ow
la

nd
 B

lv
d

05
/04

/20
17

Pr
op

os
ed

 H
an

na
 R

an
ch

 P
ro

jec
t

Sy
nc

hr
o 9

 R
ep

or
t

W
ee

ke
nd

 M
idd

ay
 B

as
eli

ne
 +

 P
ro

jec
t

W
-T

ra
ns

Mo
ve

me
nt

EB
L2

EB
L

EB
T

W
BT

W
BR

W
BR

2
NB

L2
NB

L
NB

T
NB

R
NE

L2
NE

L
La

ne
 C

on
fig

ur
ati

on
s

Tr
aff

ic 
Vo

lum
e (

vp
h)

5
64

10
65

13
48

1
52

7
40

0
2

11
11

47
2

3
Fu

tur
e V

olu
me

 (v
ph

)
5

64
10

65
13

48
1

52
7

40
0

2
11

11
47

2
3

Ide
al 

Flo
w 

(vp
hp

l)
19

00
19

00
19

00
19

00
19

00
19

00
19

00
19

00
19

00
19

00
19

00
19

00
To

tal
 Lo

st 
tim

e (
s)

3.0
4.0

4.0
4.0

3.5
3.5

3.0
3.5

La
ne

 U
til.

 F
ac

tor
1.0

0
0.9

5
0.8

6
0.8

6
0.9

5
0.9

5
0.8

8
1.0

0
Fr

pb
, p

ed
/bi

ke
s

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

Flp
b, 

pe
d/b

ike
s

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

Fr
t

1.0
0

1.0
0

0.9
9

0.8
5

1.0
0

1.0
0

0.8
5

0.9
8

Flt
 P

ro
tec

ted
0.9

5
1.0

0
1.0

0
1.0

0
0.9

5
0.9

5
1.0

0
0.9

6
Sa

td.
 F

low
 (p

ro
t)

18
02

35
74

46
45

13
23

17
15

17
11

28
42

17
28

Flt
 P

er
mi

tte
d

0.1
9

1.0
0

1.0
0

1.0
0

0.9
5

0.9
5

1.0
0

0.9
6

Sa
td.

 F
low

 (p
er

m)
35

1
35

74
46

45
13

23
17

15
17

11
28

42
17

28
Pe

ak
-h

ou
r f

ac
tor

, P
HF

0.9
5

0.9
5

0.9
5

0.9
5

0.9
5

0.9
5

0.9
5

0.9
5

0.9
5

0.9
5

0.9
5

0.9
5

Ad
j. F

low
 (v

ph
)

5
67

11
21

14
19

1
55

5
42

1
2

12
12

07
2

3
RT

OR
 R

ed
uc

tio
n (

vp
h)

0
0

0
7

0
23

8
0

0
0

0
0

0
La

ne
 G

ro
up

 F
low

 (v
ph

)
0

72
11

21
15

30
0

20
0

21
9

0
21

6
12

07
0

6
Co

nfl
. P

ed
s. 

(#
/hr

)
7

11
He

av
y V

eh
icl

es
 (%

)
2%

0%
1%

4%
0%

5%
0%

2%
13

%
0%

2%
0%

Tu
rn

 T
yp

e
Pr

ot
NA

NA
Pe

rm
Sp

lit
Sp

lit
NA

cu
sto

m
Pe

rm
Pr

ot
Pr

ote
cte

d P
ha

se
s

5
2

6
8

8
8

1 8
7

Pe
rm

itte
d P

ha
se

s
6

7
Ac

tua
ted

 G
re

en
, G

 (s
)

21
.6

48
.8

38
.7

38
.7

43
.5

43
.5

55
.0

2.2
Ef

fec
tiv

e G
re

en
, g

 (s
)

21
.6

48
.8

38
.7

38
.7

43
.5

43
.5

55
.0

2.2
Ac

tua
ted

 g/
C 

Ra
tio

0.1
8

0.4
1

0.3
2

0.3
2

0.3
6

0.3
6

0.4
6

0.0
2

Cl
ea

ra
nc

e T
im

e (
s)

3.0
4.0

4.0
4.0

3.5
3.5

3.5
Ve

hic
le 

Ex
ten

sio
n (

s)
2.0

2.0
2.0

2.0
2.0

2.0
2.0

La
ne

 G
rp

 C
ap

 (v
ph

)
63

14
53

14
98

42
6

62
1

62
0

13
02

31
v/s

 R
ati

o P
ro

t
0.3

1
c0

.33
0.1

3
0.1

3
c0

.42
v/s

 R
ati

o P
er

m
c0

.20
0.1

5
0.0

0
v/c

 R
ati

o
1.1

4
0.7

7
1.0

2
0.4

7
0.3

5
0.3

5
0.9

3
0.1

9
Un

ifo
rm

 D
ela

y, 
d1

49
.2

30
.8

40
.6

32
.4

28
.0

27
.9

30
.6

58
.0

Pr
og

re
ss

ion
 F

ac
tor

1.0
0

1.0
0

0.8
5

1.0
5

1.0
0

1.0
0

1.0
0

1.0
0

Inc
re

me
nta

l D
ela

y, 
d2

15
7.6

4.0
25

.2
2.6

0.1
0.1

11
.2

1.1
De

lay
 (s

)
20

6.8
34

.8
59

.8
36

.7
28

.1
28

.0
41

.8
59

.1
Le

ve
l o

f S
er

vic
e

F
C

E
D

C
C

D
E

Ap
pr

oa
ch

 D
ela

y (
s)

45
.2

54
.6

38
.2

59
.1

Ap
pr

oa
ch

 LO
S

D
D

D
E

Int
er

se
cti

on
 S

um
ma

ry
HC

M 
20

00
 C

on
tro

l D
ela

y
46

.7
HC

M 
20

00
 Le

ve
l o

f S
er

vic
e

D
HC

M 
20

00
 V

olu
me

 to
 C

ap
ac

ity
 ra

tio
0.9

9
Ac

tua
ted

 C
yc

le 
Le

ng
th 

(s)
 

12
0.0

Su
m 

of 
los

t ti
me

 (s
)

14
.0

Int
er

se
cti

on
 C

ap
ac

ity
 U

tili
za

tio
n

78
.6%

IC
U 

Le
ve

l o
f S

er
vic

e
D

An
aly

sis
 P

er
iod

 (m
in)

15
c  

  C
riti

ca
l L

an
e G

ro
up

H
C

M
 S

ig
na

liz
ed

 In
te

rs
ec

tio
n 

C
ap

ac
ity

 A
na

ly
si

s
3:

 U
S

 1
01

 N
B

 O
ff-

R
am

p/
U

S
 1

01
 N

B
 O

n-
R

am
p 

&
 R

ow
la

nd
 B

lv
d

05
/04

/20
17

Pr
op

os
ed

 H
an

na
 R

an
ch

 P
ro

jec
t

Sy
nc

hr
o 9

 R
ep

or
t

W
ee

ke
nd

 M
idd

ay
 B

as
eli

ne
 +

 P
ro

jec
t

W
-T

ra
ns

Mo
ve

me
nt

NE
R

La
ne

 C
on

fig
ur

ati
on

s
Tr

aff
ic 

Vo
lum

e (
vp

h)
1

Fu
tur

e V
olu

me
 (v

ph
)

1
Ide

al 
Flo

w 
(vp

hp
l)

19
00

To
tal

 Lo
st 

tim
e (

s)
La

ne
 U

til.
 F

ac
tor

Fr
pb

, p
ed

/bi
ke

s
Flp

b, 
pe

d/b
ike

s
Fr

t
Flt

 P
ro

tec
ted

Sa
td.

 F
low

 (p
ro

t)
Flt

 P
er

mi
tte

d
Sa

td.
 F

low
 (p

er
m)

Pe
ak

-h
ou

r f
ac

tor
, P

HF
0.9

5
Ad

j. F
low

 (v
ph

)
1

RT
OR

 R
ed

uc
tio

n (
vp

h)
0

La
ne

 G
ro

up
 F

low
 (v

ph
)

0
Co

nfl
. P

ed
s. 

(#
/hr

)
He

av
y V

eh
icl

es
 (%

)
15

%
Tu

rn
 T

yp
e

Pr
ote

cte
d P

ha
se

s
Pe

rm
itte

d P
ha

se
s

Ac
tua

ted
 G

re
en

, G
 (s

)
Ef

fec
tiv

e G
re

en
, g

 (s
)

Ac
tua

ted
 g/

C 
Ra

tio
Cl

ea
ra

nc
e T

im
e (

s)
Ve

hic
le 

Ex
ten

sio
n (

s)
La

ne
 G

rp
 C

ap
 (v

ph
)

v/s
 R

ati
o P

ro
t

v/s
 R

ati
o P

er
m

v/c
 R

ati
o

Un
ifo

rm
 D

ela
y, 

d1
Pr

og
re

ss
ion

 F
ac

tor
Inc

re
me

nta
l D

ela
y, 

d2
De

lay
 (s

)
Le

ve
l o

f S
er

vic
e

Ap
pr

oa
ch

 D
ela

y (
s)

Ap
pr

oa
ch

 LO
S

Int
er

se
cti

on
 S

um
ma

ry



H
C

M
 S

ig
na

liz
ed

 In
te

rs
ec

tio
n 

C
ap

ac
ity

 A
na

ly
si

s
4:

 R
ow

la
nd

 B
lv

d 
&

 R
ow

la
nd

 W
ay

05
/04

/20
17

Pr
op

os
ed

 H
an

na
 R

an
ch

 P
ro

jec
t

Sy
nc

hr
o 9

 R
ep

or
t

W
ee

kd
ay

 P
M 

Ba
se

lin
e +

 P
ro

jec
t

W
-T

ra
ns

Mo
ve

me
nt

EB
L

EB
T

W
BT

W
BR

SB
L

SB
R

La
ne

 C
on

fig
ur

ati
on

s
Tr

aff
ic 

Vo
lum

e (
vp

h)
18

4
13

24
12

57
44

55
39

2
Fu

tur
e V

olu
me

 (v
ph

)
18

4
13

24
12

57
44

55
39

2
Ide

al 
Flo

w 
(vp

hp
l)

19
00

19
00

19
00

19
00

19
00

19
00

To
tal

 Lo
st 

tim
e (

s)
3.5

4.0
4.0

3.2
3.2

La
ne

 U
til.

 F
ac

tor
0.9

7
0.9

1
0.9

5
1.0

0
0.9

5
Fr

pb
, p

ed
/bi

ke
s

1.0
0

1.0
0

1.0
0

0.9
8

0.9
7

Flp
b, 

pe
d/b

ike
s

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

Fr
t

1.0
0

1.0
0

0.9
9

0.8
9

0.8
5

Flt
 P

ro
tec

ted
0.9

5
1.0

0
1.0

0
0.9

9
1.0

0
Sa

td.
 F

low
 (p

ro
t)

34
67

51
87

35
82

16
11

14
79

Flt
 P

er
mi

tte
d

0.9
5

1.0
0

1.0
0

0.9
9

1.0
0

Sa
td.

 F
low

 (p
er

m)
34

67
51

87
35

82
16

11
14

79
Pe

ak
-h

ou
r f

ac
tor

, P
HF

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

Ad
j. F

low
 (v

ph
)

19
0

13
65

12
96

45
57

40
4

RT
OR

 R
ed

uc
tio

n (
vp

h)
0

0
1

0
11

9
19

6
La

ne
 G

ro
up

 F
low

 (v
ph

)
19

0
13

65
13

40
0

11
6

30
Co

nfl
. P

ed
s. 

(#
/hr

)
2

14
Co

nfl
. B

ike
s (

#/h
r)

1
He

av
y V

eh
icl

es
 (%

)
1%

0%
0%

7%
2%

1%
Tu

rn
 T

yp
e

Pr
ot

NA
NA

Pr
ot

Pe
rm

Pr
ote

cte
d P

ha
se

s
5

2
6

4
Pe

rm
itte

d P
ha

se
s

4
Ac

tua
ted

 G
re

en
, G

 (s
)

11
.5

97
.1

82
.1

15
.7

15
.7

Ef
fec

tiv
e G

re
en

, g
 (s

)
11

.5
97

.1
82

.1
15

.7
15

.7
Ac

tua
ted

 g/
C 

Ra
tio

0.1
0

0.8
1

0.6
8

0.1
3

0.1
3

Cl
ea

ra
nc

e T
im

e (
s)

3.5
4.0

4.0
3.2

3.2
Ve

hic
le 

Ex
ten

sio
n (

s)
2.0

4.0
4.0

2.0
2.0

La
ne

 G
rp

 C
ap

 (v
ph

)
33

2
41

97
24

50
21

0
19

3
v/s

 R
ati

o P
ro

t
c0

.05
0.2

6
c0

.37
c0

.07
v/s

 R
ati

o P
er

m
0.0

2
v/c

 R
ati

o
0.5

7
0.3

3
0.5

5
0.5

5
0.1

5
Un

ifo
rm

 D
ela

y, 
d1

51
.9

3.0
9.6

48
.9

46
.3

Pr
og

re
ss

ion
 F

ac
tor

1.0
9

1.1
4

0.8
8

1.0
0

1.0
0

Inc
re

me
nta

l D
ela

y, 
d2

1.2
0.2

0.8
1.8

0.1
De

lay
 (s

)
57

.6
3.5

9.2
50

.6
46

.4
Le

ve
l o

f S
er

vic
e

E
A

A
D

D
Ap

pr
oa

ch
 D

ela
y (

s)
10

.2
9.2

48
.6

Ap
pr

oa
ch

 LO
S

B
A

D

Int
er

se
cti

on
 S

um
ma

ry
HC

M 
20

00
 C

on
tro

l D
ela

y
15

.0
HC

M 
20

00
 Le

ve
l o

f S
er

vic
e

B
HC

M 
20

00
 V

olu
me

 to
 C

ap
ac

ity
 ra

tio
0.5

5
Ac

tua
ted

 C
yc

le 
Le

ng
th 

(s)
 

12
0.0

Su
m 

of 
los

t ti
me

 (s
)

10
.7

Int
er

se
cti

on
 C

ap
ac

ity
 U

tili
za

tio
n

76
.4%

IC
U 

Le
ve

l o
f S

er
vic

e
D

An
aly

sis
 P

er
iod

 (m
in)

15
c  

  C
riti

ca
l L

an
e G

ro
up

H
C

M
 S

ig
na

liz
ed

 In
te

rs
ec

tio
n 

C
ap

ac
ity

 A
na

ly
si

s
4:

 R
ow

la
nd

 B
lv

d 
&

 R
ow

la
nd

 W
ay

05
/04

/20
17

Pr
op

os
ed

 H
an

na
 R

an
ch

 P
ro

jec
t

Sy
nc

hr
o 9

 R
ep

or
t

W
ee

ke
nd

 M
idd

ay
 B

as
eli

ne
 +

 P
ro

jec
t

W
-T

ra
ns

Mo
ve

me
nt

EB
L

EB
T

W
BT

W
BR

SB
L

SB
R

La
ne

 C
on

fig
ur

ati
on

s
Tr

aff
ic 

Vo
lum

e (
vp

h)
28

6
19

27
16

62
59

67
19

4
Fu

tur
e V

olu
me

 (v
ph

)
28

6
19

27
16

62
59

67
19

4
Ide

al 
Flo

w 
(vp

hp
l)

19
00

19
00

19
00

19
00

19
00

19
00

To
tal

 Lo
st 

tim
e (

s)
3.5

4.0
4.0

3.2
3.2

La
ne

 U
til.

 F
ac

tor
0.9

7
0.9

1
0.9

5
1.0

0
0.9

5
Fr

pb
, p

ed
/bi

ke
s

1.0
0

1.0
0

1.0
0

0.9
9

0.9
7

Flp
b, 

pe
d/b

ike
s

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

Fr
t

1.0
0

1.0
0

0.9
9

0.9
2

0.8
5

Flt
 P

ro
tec

ted
0.9

5
1.0

0
1.0

0
0.9

8
1.0

0
Sa

td.
 F

low
 (p

ro
t)

34
67

51
87

35
81

16
66

14
79

Flt
 P

er
mi

tte
d

0.9
5

1.0
0

1.0
0

0.9
8

1.0
0

Sa
td.

 F
low

 (p
er

m)
34

67
51

87
35

81
16

66
14

79
Pe

ak
-h

ou
r f

ac
tor

, P
HF

0.9
6

0.9
6

0.9
6

0.9
6

0.9
6

0.9
6

Ad
j. F

low
 (v

ph
)

29
8

20
07

17
31

61
70

20
2

RT
OR

 R
ed

uc
tio

n (
vp

h)
0

0
1

0
38

11
4

La
ne

 G
ro

up
 F

low
 (v

ph
)

29
8

20
07

17
91

0
10

3
17

Co
nfl

. P
ed

s. 
(#

/hr
)

2
14

Co
nfl

. B
ike

s (
#/h

r)
1

He
av

y V
eh

icl
es

 (%
)

1%
0%

0%
7%

2%
1%

Tu
rn

 T
yp

e
Pr

ot
NA

NA
Pr

ot
Pe

rm
Pr

ote
cte

d P
ha

se
s

5
2

6
4

Pe
rm

itte
d P

ha
se

s
4

Ac
tua

ted
 G

re
en

, G
 (s

)
14

.3
97

.6
79

.8
15

.2
15

.2
Ef

fec
tiv

e G
re

en
, g

 (s
)

14
.3

97
.6

79
.8

15
.2

15
.2

Ac
tua

ted
 g/

C 
Ra

tio
0.1

2
0.8

1
0.6

6
0.1

3
0.1

3
Cl

ea
ra

nc
e T

im
e (

s)
3.5

4.0
4.0

3.2
3.2

Ve
hic

le 
Ex

ten
sio

n (
s)

2.0
4.0

4.0
2.0

2.0
La

ne
 G

rp
 C

ap
 (v

ph
)

41
3

42
18

23
81

21
1

18
7

v/s
 R

ati
o P

ro
t

c0
.09

0.3
9

c0
.50

c0
.06

v/s
 R

ati
o P

er
m

0.0
1

v/c
 R

ati
o

0.7
2

0.4
8

0.7
5

0.4
9

0.0
9

Un
ifo

rm
 D

ela
y, 

d1
50

.9
3.4

13
.5

48
.8

46
.3

Pr
og

re
ss

ion
 F

ac
tor

1.0
1

1.0
7

1.1
4

1.0
0

1.0
0

Inc
re

me
nta

l D
ela

y, 
d2

3.0
0.2

1.8
0.6

0.1
De

lay
 (s

)
54

.4
3.9

17
.1

49
.4

46
.4

Le
ve

l o
f S

er
vic

e
D

A
B

D
D

Ap
pr

oa
ch

 D
ela

y (
s)

10
.4

17
.1

47
.9

Ap
pr

oa
ch

 LO
S

B
B

D

Int
er

se
cti

on
 S

um
ma

ry
HC

M 
20

00
 C

on
tro

l D
ela

y
15

.5
HC

M 
20

00
 Le

ve
l o

f S
er

vic
e

B
HC

M 
20

00
 V

olu
me

 to
 C

ap
ac

ity
 ra

tio
0.7

1
Ac

tua
ted

 C
yc

le 
Le

ng
th 

(s)
 

12
0.0

Su
m 

of 
los

t ti
me

 (s
)

10
.7

Int
er

se
cti

on
 C

ap
ac

ity
 U

tili
za

tio
n

82
.9%

IC
U 

Le
ve

l o
f S

er
vic

e
E

An
aly

sis
 P

er
iod

 (m
in)

15
c  

  C
riti

ca
l L

an
e G

ro
up



H
C

M
 S

ig
na

liz
ed

 In
te

rs
ec

tio
n 

C
ap

ac
ity

 A
na

ly
si

s
5:

 V
in

ta
ge

 W
ay

 (N
or

th
) &

 R
ow

la
nd

 B
lv

d
05

/04
/20

17

Pr
op

os
ed

 H
an

na
 R

an
ch

 P
ro

jec
t

Sy
nc

hr
o 9

 R
ep

or
t

W
ee

kd
ay

 P
M 

Ba
se

lin
e +

 P
ro

jec
t

W
-T

ra
ns

Mo
ve

me
nt

EB
L

EB
T

EB
R

W
BL

W
BT

W
BR

NB
L

NB
T

NB
R

SB
L

SB
T

SB
R

La
ne

 C
on

fig
ur

ati
on

s
Tr

aff
ic 

Vo
lum

e (
vp

h)
81

1
5

2
5

2
4

0
48

8
1

11
61

9
76

4
Fu

tur
e V

olu
me

 (v
ph

)
81

1
5

2
5

2
4

0
48

8
1

11
61

9
76

4
Ide

al 
Flo

w 
(vp

hp
l)

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

To
tal

 Lo
st 

tim
e (

s)
3.6

3.6
3.2

4.0
3.0

4.0
4.0

La
ne

 U
til.

 F
ac

tor
0.9

7
1.0

0
1.0

0
0.9

5
1.0

0
0.9

5
0.8

8
Fr

pb
, p

ed
/bi

ke
s

1.0
0

0.9
9

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

Flp
b, 

pe
d/b

ike
s

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

Fr
t

1.0
0

0.9
6

0.9
5

1.0
0

1.0
0

1.0
0

0.8
5

Flt
 P

ro
tec

ted
0.9

5
1.0

0
0.9

8
1.0

0
0.9

5
1.0

0
1.0

0
Sa

td.
 F

low
 (p

ro
t)

35
02

18
05

17
67

35
73

18
05

35
39

28
42

Flt
 P

er
mi

tte
d

0.9
5

1.0
0

0.9
8

1.0
0

0.9
5

1.0
0

1.0
0

Sa
td.

 F
low

 (p
er

m)
35

02
18

05
17

67
35

73
18

05
35

39
28

42
Pe

ak
-h

ou
r f

ac
tor

, P
HF

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

0.9
7

Ad
j. F

low
 (v

ph
)

83
6

5
2

5
2

4
0

50
3

1
11

63
8

78
8

RT
OR

 R
ed

uc
tio

n (
vp

h)
0

1
0

0
4

0
0

0
0

0
0

0
La

ne
 G

ro
up

 F
low

 (v
ph

)
83

6
6

0
0

7
0

0
50

4
0

11
63

8
78

8
Co

nfl
. P

ed
s. 

(#
/hr

)
10

9
10

4
Co

nfl
. B

ike
s (

#/h
r)

2
He

av
y V

eh
icl

es
 (%

)
0%

0%
0%

0%
0%

0%
0%

1%
0%

0%
2%

0%
Tu

rn
 T

yp
e

Sp
lit

NA
Sp

lit
NA

Pr
ot

NA
Pr

ot
NA

pt+
ov

Pr
ote

cte
d P

ha
se

s
3

3
4

4
1

6
5

2
2 3

Pe
rm

itte
d P

ha
se

s
Ac

tua
ted

 G
re

en
, G

 (s
)

51
.4

51
.4

2.4
50

.0
2.4

49
.6

10
5.0

Ef
fec

tiv
e G

re
en

, g
 (s

)
51

.4
51

.4
2.4

50
.0

2.4
49

.6
10

5.0
Ac

tua
ted

 g/
C 

Ra
tio

0.4
3

0.4
3

0.0
2

0.4
2

0.0
2

0.4
1

0.8
8

Cl
ea

ra
nc

e T
im

e (
s)

3.6
3.6

3.2
4.0

3.0
4.0

Ve
hic

le 
Ex

ten
sio

n (
s)

3.0
3.0

2.0
2.0

2.0
2.0

La
ne

 G
rp

 C
ap

 (v
ph

)
15

00
77

3
35

14
88

36
14

62
24

86
v/s

 R
ati

o P
ro

t
c0

.24
0.0

0
c0

.00
c0

.14
0.0

1
c0

.18
c0

.28
v/s

 R
ati

o P
er

m
v/c

 R
ati

o
0.5

6
0.0

1
0.2

0
0.3

4
0.3

1
0.4

4
0.3

2
Un

ifo
rm

 D
ela

y, 
d1

25
.8

19
.7

57
.9

23
.8

58
.0

25
.2

1.3
Pr

og
re

ss
ion

 F
ac

tor
1.0

0
1.0

0
1.0

0
1.0

0
1.2

2
1.2

0
0.9

5
Inc

re
me

nta
l D

ela
y, 

d2
1.5

0.0
1.0

0.6
1.7

0.9
0.3

De
lay

 (s
)

27
.3

19
.7

58
.9

24
.4

72
.3

31
.2

1.6
Le

ve
l o

f S
er

vic
e

C
B

E
C

E
C

A
Ap

pr
oa

ch
 D

ela
y (

s)
27

.2
58

.9
24

.4
15

.2
Ap

pr
oa

ch
 LO

S
C

E
C

B

Int
er

se
cti

on
 S

um
ma

ry
HC

M 
20

00
 C

on
tro

l D
ela

y
20

.7
HC

M 
20

00
 Le

ve
l o

f S
er

vic
e

C
HC

M 
20

00
 V

olu
me

 to
 C

ap
ac

ity
 ra

tio
0.4

9
Ac

tua
ted

 C
yc

le 
Le

ng
th 

(s)
 

12
0.0

Su
m 

of 
los

t ti
me

 (s
)

13
.8

Int
er

se
cti

on
 C

ap
ac

ity
 U

tili
za

tio
n

59
.8%

IC
U 

Le
ve

l o
f S

er
vic

e
B

An
aly

sis
 P

er
iod

 (m
in)

15
c  

  C
riti

ca
l L

an
e G

ro
up

H
C

M
 S

ig
na

liz
ed

 In
te

rs
ec

tio
n 

C
ap

ac
ity

 A
na

ly
si

s
5:

 V
in

ta
ge

 W
ay

 (N
or

th
) &

 R
ow

la
nd

 B
lv

d
05

/04
/20

17

Pr
op

os
ed

 H
an

na
 R

an
ch

 P
ro

jec
t

Sy
nc

hr
o 9

 R
ep

or
t

W
ee

ke
nd

 M
idd

ay
 B

as
eli

ne
 +

 P
ro

jec
t

W
-T

ra
ns

Mo
ve

me
nt

EB
L

EB
T

EB
R

W
BL

W
BT

W
BR

NB
L

NB
T

NB
R

SB
L

SB
T

SB
R

La
ne

 C
on

fig
ur

ati
on

s
Tr

aff
ic 

Vo
lum

e (
vp

h)
96

2
9

8
4

8
1

7
73

7
14

29
78

3
11

75
Fu

tur
e V

olu
me

 (v
ph

)
96

2
9

8
4

8
1

7
73

7
14

29
78

3
11

75
Ide

al 
Flo

w 
(vp

hp
l)

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

To
tal

 Lo
st 

tim
e (

s)
3.6

3.6
3.2

3.0
4.0

3.0
4.0

4.0
La

ne
 U

til.
 F

ac
tor

0.9
7

1.0
0

1.0
0

1.0
0

0.9
5

1.0
0

0.9
5

0.8
8

Fr
pb

, p
ed

/bi
ke

s
1.0

0
0.9

9
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
Flp

b, 
pe

d/b
ike

s
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
Fr

t
1.0

0
0.9

3
0.9

9
1.0

0
1.0

0
1.0

0
1.0

0
0.8

5
Flt

 P
ro

tec
ted

0.9
5

1.0
0

0.9
8

0.9
5

1.0
0

0.9
5

1.0
0

1.0
0

Sa
td.

 F
low

 (p
ro

t)
35

02
17

45
18

52
18

05
35

61
18

05
35

39
28

42
Flt

 P
er

mi
tte

d
0.9

5
1.0

0
0.9

8
0.9

5
1.0

0
0.9

5
1.0

0
1.0

0
Sa

td.
 F

low
 (p

er
m)

35
02

17
45

18
52

18
05

35
61

18
05

35
39

28
42

Pe
ak

-h
ou

r f
ac

tor
, P

HF
0.9

6
0.9

6
0.9

6
0.9

6
0.9

6
0.9

6
0.9

6
0.9

6
0.9

6
0.9

6
0.9

6
0.9

6
Ad

j. F
low

 (v
ph

)
10

02
9

8
4

8
1

7
76

8
15

30
81

6
12

24
RT

OR
 R

ed
uc

tio
n (

vp
h)

0
5

0
0

1
0

0
1

0
0

0
0

La
ne

 G
ro

up
 F

low
 (v

ph
)

10
02

12
0

0
12

0
7

78
2

0
30

81
6

12
24

Co
nfl

. P
ed

s. 
(#

/hr
)

10
9

10
4

Co
nfl

. B
ike

s (
#/h

r)
2

He
av

y V
eh

icl
es

 (%
)

0%
0%

0%
0%

0%
0%

0%
1%

0%
0%

2%
0%

Tu
rn

 T
yp

e
Sp

lit
NA

Sp
lit

NA
Pr

ot
NA

Pr
ot

NA
pt+

ov
Pr

ote
cte

d P
ha

se
s

3
3

4
4

1
6

5
2

2 3
Pe

rm
itte

d P
ha

se
s

Ac
tua

ted
 G

re
en

, G
 (s

)
51

.4
51

.4
4.8

4.0
42

.2
7.8

46
.0

10
1.4

Ef
fec

tiv
e G

re
en

, g
 (s

)
51

.4
51

.4
4.8

4.0
42

.2
7.8

46
.0

10
1.4

Ac
tua

ted
 g/

C 
Ra

tio
0.4

3
0.4

3
0.0

4
0.0

3
0.3

5
0.0

6
0.3

8
0.8

5
Cl

ea
ra

nc
e T

im
e (

s)
3.6

3.6
3.2

3.0
4.0

3.0
4.0

Ve
hic

le 
Ex

ten
sio

n (
s)

3.0
3.0

2.0
2.0

2.0
2.0

2.0
La

ne
 G

rp
 C

ap
 (v

ph
)

15
00

74
7

74
60

12
52

11
7

13
56

24
01

v/s
 R

ati
o P

ro
t

c0
.29

0.0
1

c0
.01

0.0
0

c0
.22

0.0
2

c0
.23

0.4
3

v/s
 R

ati
o P

er
m

v/c
 R

ati
o

0.6
7

0.0
2

0.1
6

0.1
2

0.6
2

0.2
6

0.6
0

0.5
1

Un
ifo

rm
 D

ela
y, 

d1
27

.5
19

.7
55

.7
56

.3
32

.3
53

.3
29

.7
2.5

Pr
og

re
ss

ion
 F

ac
tor

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.1
6

1.1
5

0.7
7

Inc
re

me
nta

l D
ela

y, 
d2

2.4
0.0

0.4
0.3

2.4
0.4

1.8
0.7

De
lay

 (s
)

29
.8

19
.8

56
.0

56
.6

34
.7

62
.4

36
.0

2.6
Le

ve
l o

f S
er

vic
e

C
B

E
E

C
E

D
A

Ap
pr

oa
ch

 D
ela

y (
s)

29
.7

56
.0

34
.9

16
.6

Ap
pr

oa
ch

 LO
S

C
E

C
B

Int
er

se
cti

on
 S

um
ma

ry
HC

M 
20

00
 C

on
tro

l D
ela

y
23

.9
HC

M 
20

00
 Le

ve
l o

f S
er

vic
e

C
HC

M 
20

00
 V

olu
me

 to
 C

ap
ac

ity
 ra

tio
0.6

3
Ac

tua
ted

 C
yc

le 
Le

ng
th 

(s)
 

12
0.0

Su
m 

of 
los

t ti
me

 (s
)

13
.8

Int
er

se
cti

on
 C

ap
ac

ity
 U

tili
za

tio
n

66
.5%

IC
U 

Le
ve

l o
f S

er
vic

e
C

An
aly

sis
 P

er
iod

 (m
in)

15
c  

  C
riti

ca
l L

an
e G

ro
up



H
C

M
 U

ns
ig

na
liz

ed
 In

te
rs

ec
tio

n 
C

ap
ac

ity
 A

na
ly

si
s

6:
 V

in
ta

ge
 W

ay
 (S

ou
th

) &
 R

ow
la

nd
 B

lv
d

05
/04

/20
17

Pr
op

os
ed

 H
an

na
 R

an
ch

 P
ro

jec
t

Sy
nc

hr
o 9

 R
ep

or
t

W
ee

kd
ay

 P
M 

Ba
se

lin
e +

 P
ro

jec
t

W
-T

ra
ns

Mo
ve

me
nt

EB
L

EB
R

NB
L

NB
T

SB
T

SB
R

La
ne

 C
on

fig
ur

ati
on

s
Si

gn
 C

on
tro

l
St

op
St

op
St

op
Tr

aff
ic 

Vo
lum

e (
vp

h)
11

5
0

0
20

0
37

5
10

8
Fu

tur
e V

olu
me

 (v
ph

)
11

5
0

0
20

0
37

5
10

8
Pe

ak
 H

ou
r F

ac
tor

0.8
9

0.8
9

0.8
9

0.8
9

0.8
9

0.8
9

Ho
ur

ly 
flo

w 
ra

te 
(vp

h)
12

9
0

0
22

5
42

1
12

1

Di
re

cti
on

, L
an

e #
EB

 1
NB

 1
NB

 2
SB

 1
Vo

lum
e T

ota
l (v

ph
)

12
9

75
15

0
54

2
Vo

lum
e L

eft
 (v

ph
)

12
9

0
0

0
Vo

lum
e R

igh
t (

vp
h)

0
0

0
12

1
Ha

dj 
(s)

0.2
3

0.0
3

0.0
3

-0
.10

De
pa

rtu
re

 H
ea

dw
ay

 (s
)

5.9
5.4

5.4
4.6

De
gr

ee
 U

tili
za

tio
n, 

x
0.2

1
0.1

1
0.2

3
0.6

9
Ca

pa
cit

y (
ve

h/h
)

55
1

63
6

63
7

76
7

Co
ntr

ol 
De

lay
 (s

)
10

.4
7.9

8.8
17

.2
Ap

pr
oa

ch
 D

ela
y (

s)
10

.4
8.5

17
.2

Ap
pr

oa
ch

 LO
S

B
A

C

Int
er

se
cti

on
 S

um
ma

ry
De

lay
 

14
.0

Le
ve

l o
f S

er
vic

e
B

Int
er

se
cti

on
 C

ap
ac

ity
 U

tili
za

tio
n 

39
.8%

IC
U 

Le
ve

l o
f S

er
vic

e 
A

An
aly

sis
 P

er
iod

 (m
in)

15

H
C

M
 U

ns
ig

na
liz

ed
 In

te
rs

ec
tio

n 
C

ap
ac

ity
 A

na
ly

si
s

6:
 V

in
ta

ge
 W

ay
 (S

ou
th

) &
 R

ow
la

nd
 B

lv
d

05
/04

/20
17

Pr
op

os
ed

 H
an

na
 R

an
ch

 P
ro

jec
t

Sy
nc

hr
o 9

 R
ep

or
t

W
ee

ke
nd

 M
idd

ay
 B

as
eli

ne
 +

 P
ro

jec
t

W
-T

ra
ns

Mo
ve

me
nt

EB
L

EB
R

NB
L

NB
T

SB
T

SB
R

La
ne

 C
on

fig
ur

ati
on

s
Si

gn
 C

on
tro

l
St

op
St

op
St

op
Tr

aff
ic 

Vo
lum

e (
vp

h)
16

5
0

1
32

3
35

9
20

2
Fu

tur
e V

olu
me

 (v
ph

)
16

5
0

1
32

3
35

9
20

2
Pe

ak
 H

ou
r F

ac
tor

0.9
4

0.9
4

0.9
4

0.9
4

0.9
4

0.9
4

Ho
ur

ly 
flo

w 
ra

te 
(vp

h)
17

6
0

1
34

4
38

2
21

5

Di
re

cti
on

, L
an

e #
EB

 1
NB

 1
NB

 2
SB

 1
Vo

lum
e T

ota
l (v

ph
)

17
6

11
6

22
9

59
7

Vo
lum

e L
eft

 (v
ph

)
17

6
1

0
0

Vo
lum

e R
igh

t (
vp

h)
0

0
0

21
5

Ha
dj 

(s)
0.2

3
0.0

4
0.0

3
-0

.18
De

pa
rtu

re
 H

ea
dw

ay
 (s

)
6.3

5.8
5.8

4.9
De

gr
ee

 U
tili

za
tio

n, 
x

0.3
1

0.1
9

0.3
7

0.8
1

Ca
pa

cit
y (

ve
h/h

)
53

0
60

0
60

2
72

6
Co

ntr
ol 

De
lay

 (s
)

12
.2

8.9
10

.9
25

.2
Ap

pr
oa

ch
 D

ela
y (

s)
12

.2
10

.2
25

.2
Ap

pr
oa

ch
 LO

S
B

B
D

Int
er

se
cti

on
 S

um
ma

ry
De

lay
 

18
.5

Le
ve

l o
f S

er
vic

e
C

Int
er

se
cti

on
 C

ap
ac

ity
 U

tili
za

tio
n 

47
.3%

IC
U 

Le
ve

l o
f S

er
vic

e 
A

An
aly

sis
 P

er
iod

 (m
in)

15



H
C

M
 S

ig
na

liz
ed

 In
te

rs
ec

tio
n 

C
ap

ac
ity

 A
na

ly
si

s
1:

 R
ed

w
oo

d 
B

lv
d 

&
 R

ow
la

nd
 B

lv
d

05
/05

/20
17

Pr
op

os
ed

 H
an

na
 R

an
ch

 P
ro

jec
t

Sy
nc

hr
o 9

 R
ep

or
t

W
ee

kd
ay

 P
M 

Fu
tur

e +
 P

ro
jec

t
W

-T
ra

ns

Mo
ve

me
nt

EB
L

EB
T

EB
R

W
BL

W
BT

W
BR

NB
L

NB
T

NB
R

SB
L

SB
T

SB
R

La
ne

 C
on

fig
ur

ati
on

s
Tr

aff
ic 

Vo
lum

e (
vp

h)
10

5
62

8
46

97
85

5
40

4
32

33
46

49
7

34
17

3
Fu

tur
e V

olu
me

 (v
ph

)
10

5
62

8
46

97
85

5
40

4
32

33
46

49
7

34
17

3
Ide

al 
Flo

w 
(vp

hp
l)

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

To
tal

 Lo
st 

tim
e (

s)
3.5

4.5
4.5

3.5
4.5

3.5
4.1

3.5
4.8

4.8
La

ne
 U

til.
 F

ac
tor

1.0
0

0.9
5

1.0
0

1.0
0

0.9
5

1.0
0

0.9
5

0.9
7

1.0
0

1.0
0

Fr
pb

, p
ed

/bi
ke

s
1.0

0
1.0

0
0.9

8
1.0

0
1.0

0
1.0

0
0.9

9
1.0

0
1.0

0
0.9

9
Flp

b, 
pe

d/b
ike

s
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
Fr

t
1.0

0
1.0

0
0.8

5
1.0

0
0.9

5
1.0

0
0.9

1
1.0

0
1.0

0
0.8

5
Flt

 P
ro

tec
ted

0.9
5

1.0
0

1.0
0

0.9
5

1.0
0

0.9
5

1.0
0

0.9
5

1.0
0

1.0
0

Sa
td.

 F
low

 (p
ro

t)
18

05
35

74
15

90
18

05
34

21
18

05
32

59
35

02
19

00
15

94
Flt

 P
er

mi
tte

d
0.9

5
1.0

0
1.0

0
0.9

5
1.0

0
0.9

5
1.0

0
0.9

5
1.0

0
1.0

0
Sa

td.
 F

low
 (p

er
m)

18
05

35
74

15
90

18
05

34
21

18
05

32
59

35
02

19
00

15
94

Pe
ak

-h
ou

r f
ac

tor
, P

HF
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
Ad

j. F
low

 (v
ph

)
10

5
62

8
46

97
85

5
40

4
32

33
46

49
7

34
17

3
RT

OR
 R

ed
uc

tio
n (

vp
h)

0
0

26
0

40
0

0
39

0
0

0
13

7
La

ne
 G

ro
up

 F
low

 (v
ph

)
10

5
62

8
20

97
12

19
0

32
40

0
49

7
34

36
Co

nfl
. P

ed
s. 

(#
/hr

)
4

3
9

Co
nfl

. B
ike

s (
#/h

r)
1

He
av

y V
eh

icl
es

 (%
)

0%
1%

0%
0%

0%
0%

0%
0%

0%
0%

0%
0%

Tu
rn

 T
yp

e
Pr

ot
NA

Pe
rm

Pr
ot

NA
Pr

ot
NA

Pr
ot

NA
Pe

rm
Pr

ote
cte

d P
ha

se
s

5
2

1
6

3
8

7
4

Pe
rm

itte
d P

ha
se

s
2

4
Ac

tua
ted

 G
re

en
, G

 (s
)

8.3
40

.1
40

.1
9.2

41
.0

6.1
12

.8
12

.7
18

.7
18

.7
Ef

fec
tiv

e G
re

en
, g

 (s
)

8.3
40

.1
40

.1
9.2

41
.0

6.1
12

.8
12

.7
18

.7
18

.7
Ac

tua
ted

 g/
C 

Ra
tio

0.0
9

0.4
4

0.4
4

0.1
0

0.4
5

0.0
7

0.1
4

0.1
4

0.2
1

0.2
1

Cl
ea

ra
nc

e T
im

e (
s)

3.5
4.5

4.5
3.5

4.5
3.5

4.1
3.5

4.8
4.8

Ve
hic

le 
Ex

ten
sio

n (
s)

2.0
4.0

4.0
2.0

4.0
2.0

2.5
2.5

2.5
2.5

La
ne

 G
rp

 C
ap

 (v
ph

)
16

5
15

85
70

5
18

3
15

51
12

1
46

1
49

1
39

3
32

9
v/s

 R
ati

o P
ro

t
c0

.06
0.1

8
0.0

5
c0

.36
0.0

2
0.0

1
c0

.14
0.0

2
v/s

 R
ati

o P
er

m
0.0

1
c0

.02
v/c

 R
ati

o
0.6

4
0.4

0
0.0

3
0.5

3
0.7

9
0.2

6
0.0

9
1.0

1
0.0

9
0.1

1
Un

ifo
rm

 D
ela

y, 
d1

39
.6

17
.0

14
.2

38
.5

21
.0

40
.0

33
.7

38
.9

29
.0

29
.1

Pr
og

re
ss

ion
 F

ac
tor

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

Inc
re

me
nta

l D
ela

y, 
d2

5.8
0.2

0.0
1.5

2.9
0.4

0.1
43

.7
0.1

0.1
De

lay
 (s

)
45

.4
17

.2
14

.2
40

.0
23

.8
40

.4
33

.8
82

.6
29

.0
29

.2
Le

ve
l o

f S
er

vic
e

D
B

B
D

C
D

C
F

C
C

Ap
pr

oa
ch

 D
ela

y (
s)

20
.8

25
.0

35
.7

66
.9

Ap
pr

oa
ch

 LO
S

C
C

D
E

Int
er

se
cti

on
 S

um
ma

ry
HC

M 
20

00
 C

on
tro

l D
ela

y
34

.3
HC

M 
20

00
 Le

ve
l o

f S
er

vic
e

C
HC

M 
20

00
 V

olu
me

 to
 C

ap
ac

ity
 ra

tio
0.7

0
Ac

tua
ted

 C
yc

le 
Le

ng
th 

(s)
 

90
.4

Su
m 

of 
los

t ti
me

 (s
)

16
.3

Int
er

se
cti

on
 C

ap
ac

ity
 U

tili
za

tio
n

77
.8%

IC
U 

Le
ve

l o
f S

er
vic

e
D

An
aly

sis
 P

er
iod

 (m
in)

15
c  

  C
riti

ca
l L

an
e G

ro
up

H
C

M
 S

ig
na

liz
ed

 In
te

rs
ec

tio
n 

C
ap

ac
ity

 A
na

ly
si

s
1:

 R
ed

w
oo

d 
B

lv
d 

&
 R

ow
la

nd
 B

lv
d

05
/04

/20
17

Pr
op

os
ed

 H
an

na
 R

an
ch

 P
ro

jec
t

Sy
nc

hr
o 9

 R
ep

or
t

W
ee

ke
nd

 M
idd

ay
 F

utu
re

 +
 P

ro
jec

t
W

-T
ra

ns

Mo
ve

me
nt

EB
L

EB
T

EB
R

W
BL

W
BT

W
BR

NB
L

NB
T

NB
R

SB
L

SB
T

SB
R

La
ne

 C
on

fig
ur

ati
on

s
Tr

aff
ic 

Vo
lum

e (
vp

h)
11

1
74

8
35

61
58

6
32

8
20

36
82

44
1

36
14

4
Fu

tur
e V

olu
me

 (v
ph

)
11

1
74

8
35

61
58

6
32

8
20

36
82

44
1

36
14

4
Ide

al 
Flo

w 
(vp

hp
l)

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

To
tal

 Lo
st 

tim
e (

s)
3.5

4.5
4.5

3.5
4.5

3.5
4.1

3.5
4.8

4.8
La

ne
 U

til.
 F

ac
tor

1.0
0

0.9
5

1.0
0

1.0
0

0.9
5

1.0
0

0.9
5

0.9
7

1.0
0

1.0
0

Fr
pb

, p
ed

/bi
ke

s
1.0

0
1.0

0
0.9

8
1.0

0
0.9

9
1.0

0
0.9

9
1.0

0
1.0

0
0.9

9
Flp

b, 
pe

d/b
ike

s
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
Fr

t
1.0

0
1.0

0
0.8

5
1.0

0
0.9

5
1.0

0
0.9

0
1.0

0
1.0

0
0.8

5
Flt

 P
ro

tec
ted

0.9
5

1.0
0

1.0
0

0.9
5

1.0
0

0.9
5

1.0
0

0.9
5

1.0
0

1.0
0

Sa
td.

 F
low

 (p
ro

t)
18

05
35

74
15

91
18

05
33

98
18

05
31

93
35

02
19

00
15

94
Flt

 P
er

mi
tte

d
0.9

5
1.0

0
1.0

0
0.9

5
1.0

0
0.9

5
1.0

0
0.9

5
1.0

0
1.0

0
Sa

td.
 F

low
 (p

er
m)

18
05

35
74

15
91

18
05

33
98

18
05

31
93

35
02

19
00

15
94

Pe
ak

-h
ou

r f
ac

tor
, P

HF
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
Ad

j. F
low

 (v
ph

)
11

1
74

8
35

61
58

6
32

8
20

36
82

44
1

36
14

4
RT

OR
 R

ed
uc

tio
n (

vp
h)

0
0

22
0

68
0

0
65

0
0

0
10

2
La

ne
 G

ro
up

 F
low

 (v
ph

)
11

1
74

8
13

61
84

6
0

20
53

0
44

1
36

42
Co

nfl
. P

ed
s. 

(#
/hr

)
4

3
9

Co
nfl

. B
ike

s (
#/h

r)
1

He
av

y V
eh

icl
es

 (%
)

0%
1%

0%
0%

0%
0%

0%
0%

0%
0%

0%
0%

Tu
rn

 T
yp

e
Pr

ot
NA

Pe
rm

Pr
ot

NA
Pr

ot
NA

Pr
ot

NA
Pe

rm
Pr

ote
cte

d P
ha

se
s

5
2

1
6

3
8

7
4

Pe
rm

itte
d P

ha
se

s
2

4
Ac

tua
ted

 G
re

en
, G

 (s
)

11
.4

31
.0

31
.0

9.5
29

.1
3.9

17
.5

12
.5

25
.4

25
.4

Ef
fec

tiv
e G

re
en

, g
 (s

)
11

.4
31

.0
31

.0
9.5

29
.1

3.9
17

.5
12

.5
25

.4
25

.4
Ac

tua
ted

 g/
C 

Ra
tio

0.1
3

0.3
6

0.3
6

0.1
1

0.3
4

0.0
5

0.2
0

0.1
5

0.3
0

0.3
0

Cl
ea

ra
nc

e T
im

e (
s)

3.5
4.5

4.5
3.5

4.5
3.5

4.1
3.5

4.8
4.8

Ve
hic

le 
Ex

ten
sio

n (
s)

2.0
4.0

4.0
2.0

4.0
2.0

2.5
2.5

2.5
2.5

La
ne

 G
rp

 C
ap

 (v
ph

)
23

8
12

86
57

2
19

9
11

48
81

64
8

50
8

56
0

47
0

v/s
 R

ati
o P

ro
t

c0
.06

0.2
1

0.0
3

c0
.25

0.0
1

0.0
2

c0
.13

0.0
2

v/s
 R

ati
o P

er
m

0.0
1

c0
.03

v/c
 R

ati
o

0.4
7

0.5
8

0.0
2

0.3
1

0.7
4

0.2
5

0.0
8

0.8
7

0.0
6

0.0
9

Un
ifo

rm
 D

ela
y, 

d1
34

.5
22

.3
17

.8
35

.3
25

.1
39

.7
27

.8
36

.0
21

.8
22

.0
Pr

og
re

ss
ion

 F
ac

tor
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
Inc

re
me

nta
l D

ela
y, 

d2
0.5

0.8
0.0

0.3
2.7

0.6
0.0

14
.4

0.0
0.1

De
lay

 (s
)

35
.1

23
.1

17
.8

35
.6

27
.8

40
.3

27
.8

50
.4

21
.8

22
.0

Le
ve

l o
f S

er
vic

e
D

C
B

D
C

D
C

D
C

C
Ap

pr
oa

ch
 D

ela
y (

s)
24

.4
28

.3
29

.6
42

.2
Ap

pr
oa

ch
 LO

S
C

C
C

D

Int
er

se
cti

on
 S

um
ma

ry
HC

M 
20

00
 C

on
tro

l D
ela

y
30

.3
HC

M 
20

00
 Le

ve
l o

f S
er

vic
e

C
HC

M 
20

00
 V

olu
me

 to
 C

ap
ac

ity
 ra

tio
0.5

6
Ac

tua
ted

 C
yc

le 
Le

ng
th 

(s)
 

86
.1

Su
m 

of 
los

t ti
me

 (s
)

16
.3

Int
er

se
cti

on
 C

ap
ac

ity
 U

tili
za

tio
n

66
.6%

IC
U 

Le
ve

l o
f S

er
vic

e
C

An
aly

sis
 P

er
iod

 (m
in)

15
c  

  C
riti

ca
l L

an
e G

ro
up



H
C

M
 S

ig
na

liz
ed

 In
te

rs
ec

tio
n 

C
ap

ac
ity

 A
na

ly
si

s
2:

 U
S

 1
01

 S
B

 O
n-

R
am

p/
U

S
 1

01
 S

B
 O

ff-
R

am
p 

&
 R

ow
la

nd
 B

lv
d

05
/05

/20
17

Pr
op

os
ed

 H
an

na
 R

an
ch

 P
ro

jec
t

Sy
nc

hr
o 9

 R
ep

or
t

W
ee

kd
ay

 P
M 

Fu
tur

e +
 P

ro
jec

t
W

-T
ra

ns

Mo
ve

me
nt

EB
L

EB
T

EB
R

W
BL

W
BT

W
BR

NB
L

NB
T

NB
R

SB
L

SB
T

SB
R

La
ne

 C
on

fig
ur

ati
on

s
Tr

aff
ic 

Vo
lum

e (
vp

h)
0

52
8

61
9

77
5

12
23

0
0

0
0

34
5

6
17

6
Fu

tur
e V

olu
me

 (v
ph

)
0

52
8

61
9

77
5

12
23

0
0

0
0

34
5

6
17

6
Ide

al 
Flo

w 
(vp

hp
l)

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

To
tal

 Lo
st 

tim
e (

s)
4.0

4.0
3.0

4.0
3.0

3.0
La

ne
 U

til.
 F

ac
tor

0.9
1

0.9
1

0.9
7

0.9
5

0.9
1

0.9
1

Fr
pb

, p
ed

/bi
ke

s
1.0

0
0.9

9
1.0

0
1.0

0
1.0

0
0.9

9
Flp

b, 
pe

d/b
ike

s
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
Fr

t
0.9

5
0.8

5
1.0

0
1.0

0
1.0

0
0.9

2
Flt

 P
ro

tec
ted

1.0
0

1.0
0

0.9
5

1.0
0

0.9
5

0.9
8

Sa
td.

 F
low

 (p
ro

t)
32

51
14

51
35

02
36

10
16

43
30

82
Flt

 P
er

mi
tte

d
1.0

0
1.0

0
0.9

5
1.0

0
0.9

5
0.9

8
Sa

td.
 F

low
 (p

er
m)

32
51

14
51

35
02

36
10

16
43

30
82

Pe
ak

-h
ou

r f
ac

tor
, P

HF
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
Ad

j. F
low

 (v
ph

)
0

52
8

61
9

77
5

12
23

0
0

0
0

34
5

6
17

6
RT

OR
 R

ed
uc

tio
n (

vp
h)

0
60

23
3

0
0

0
0

0
0

0
24

0
La

ne
 G

ro
up

 F
low

 (v
ph

)
0

72
8

12
6

77
5

12
23

0
0

0
0

18
3

32
0

0
Co

nfl
. P

ed
s. 

(#
/hr

)
1

13
1

He
av

y V
eh

icl
es

 (%
)

0%
1%

0%
0%

0%
0%

0%
0%

0%
0%

33
%

0%
Tu

rn
 T

yp
e

NA
Pe

rm
Pr

ot
NA

Sp
lit

NA
Pr

ote
cte

d P
ha

se
s

2
1

6
4

4
Pe

rm
itte

d P
ha

se
s

2
Ac

tua
ted

 G
re

en
, G

 (s
)

19
.9

19
.9

13
.5

36
.4

13
.5

13
.5

Ef
fec

tiv
e G

re
en

, g
 (s

)
19

.9
19

.9
13

.5
36

.4
13

.5
13

.5
Ac

tua
ted

 g/
C 

Ra
tio

0.3
5

0.3
5

0.2
4

0.6
4

0.2
4

0.2
4

Cl
ea

ra
nc

e T
im

e (
s)

4.0
4.0

3.0
4.0

3.0
3.0

Ve
hic

le 
Ex

ten
sio

n (
s)

4.0
4.0

2.0
2.5

2.0
2.0

La
ne

 G
rp

 C
ap

 (v
ph

)
11

36
50

7
83

0
23

09
38

9
73

1
v/s

 R
ati

o P
ro

t
c0

.22
c0

.22
0.3

4
c0

.11
0.1

0
v/s

 R
ati

o P
er

m
0.0

9
v/c

 R
ati

o
0.6

4
0.2

5
0.9

3
0.5

3
0.4

7
0.4

4
Un

ifo
rm

 D
ela

y, 
d1

15
.5

13
.2

21
.3

5.6
18

.6
18

.5
Pr

og
re

ss
ion

 F
ac

tor
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
Inc

re
me

nta
l D

ela
y, 

d2
1.4

0.4
17

.0
0.2

0.3
0.2

De
lay

 (s
)

16
.9

13
.5

38
.3

5.8
19

.0
18

.6
Le

ve
l o

f S
er

vic
e

B
B

D
A

B
B

Ap
pr

oa
ch

 D
ela

y (
s)

15
.8

18
.4

0.0
18

.7
Ap

pr
oa

ch
 LO

S
B

B
A

B

Int
er

se
cti

on
 S

um
ma

ry
HC

M 
20

00
 C

on
tro

l D
ela

y
17

.6
HC

M 
20

00
 Le

ve
l o

f S
er

vic
e

B
HC

M 
20

00
 V

olu
me

 to
 C

ap
ac

ity
 ra

tio
0.6

8
Ac

tua
ted

 C
yc

le 
Le

ng
th 

(s)
 

56
.9

Su
m 

of 
los

t ti
me

 (s
)

10
.0

Int
er

se
cti

on
 C

ap
ac

ity
 U

tili
za

tio
n

70
.0%

IC
U 

Le
ve

l o
f S

er
vic

e
C

An
aly

sis
 P

er
iod

 (m
in)

15
c  

  C
riti

ca
l L

an
e G

ro
up

H
C

M
 S

ig
na

liz
ed

 In
te

rs
ec

tio
n 

C
ap

ac
ity

 A
na

ly
si

s
2:

 U
S

 1
01

 S
B

 O
n-

R
am

p/
U

S
 1

01
 S

B
 O

ff-
R

am
p 

&
 R

ow
la

nd
 B

lv
d

05
/04

/20
17

Pr
op

os
ed

 H
an

na
 R

an
ch

 P
ro

jec
t

Sy
nc

hr
o 9

 R
ep

or
t

W
ee

ke
nd

 M
idd

ay
 F

utu
re

 +
 P

ro
jec

t
W

-T
ra

ns

Mo
ve

me
nt

EB
L

EB
T

EB
R

W
BL

W
BT

W
BR

NB
L

NB
T

NB
R

SB
L

SB
T

SB
R

La
ne

 C
on

fig
ur

ati
on

s
Tr

aff
ic 

Vo
lum

e (
vp

h)
0

67
0

54
9

95
5

90
1

0
0

0
0

50
3

3
94

Fu
tur

e V
olu

me
 (v

ph
)

0
67

0
54

9
95

5
90

1
0

0
0

0
50

3
3

94
Ide

al 
Flo

w 
(vp

hp
l)

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

To
tal

 Lo
st 

tim
e (

s)
4.0

4.0
3.0

4.0
3.0

3.0
La

ne
 U

til.
 F

ac
tor

0.9
1

0.9
1

0.9
7

0.9
5

0.9
1

0.9
1

Fr
pb

, p
ed

/bi
ke

s
1.0

0
0.9

9
1.0

0
1.0

0
1.0

0
1.0

0
Flp

b, 
pe

d/b
ike

s
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
Fr

t
0.9

7
0.8

5
1.0

0
1.0

0
1.0

0
0.9

6
Flt

 P
ro

tec
ted

1.0
0

1.0
0

0.9
5

1.0
0

0.9
5

0.9
7

Sa
td.

 F
low

 (p
ro

t)
33

15
14

51
35

02
36

10
16

43
31

83
Flt

 P
er

mi
tte

d
1.0

0
1.0

0
0.9

5
1.0

0
0.9

5
0.9

7
Sa

td.
 F

low
 (p

er
m)

33
15

14
51

35
02

36
10

16
43

31
83

Pe
ak

-h
ou

r f
ac

tor
, P

HF
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
Ad

j. F
low

 (v
ph

)
0

67
0

54
9

95
5

90
1

0
0

0
0

50
3

3
94

RT
OR

 R
ed

uc
tio

n (
vp

h)
0

24
24

2
0

0
0

0
0

0
0

58
0

La
ne

 G
ro

up
 F

low
 (v

ph
)

0
82

2
13

1
95

5
90

1
0

0
0

0
25

1
29

1
0

Co
nfl

. P
ed

s. 
(#

/hr
)

1
13

1
He

av
y V

eh
icl

es
 (%

)
0%

1%
0%

0%
0%

0%
0%

0%
0%

0%
33

%
0%

Tu
rn

 T
yp

e
NA

Pe
rm

Pr
ot

NA
Sp

lit
NA

Pr
ote

cte
d P

ha
se

s
2

1
6

4
4

Pe
rm

itte
d P

ha
se

s
2

Ac
tua

ted
 G

re
en

, G
 (s

)
20

.9
20

.9
13

.4
37

.3
15

.4
15

.4
Ef

fec
tiv

e G
re

en
, g

 (s
)

20
.9

20
.9

13
.4

37
.3

15
.4

15
.4

Ac
tua

ted
 g/

C 
Ra

tio
0.3

5
0.3

5
0.2

2
0.6

2
0.2

6
0.2

6
Cl

ea
ra

nc
e T

im
e (

s)
4.0

4.0
3.0

4.0
3.0

3.0
Ve

hic
le 

Ex
ten

sio
n (

s)
4.0

4.0
2.0

2.5
2.0

2.0
La

ne
 G

rp
 C

ap
 (v

ph
)

11
60

50
7

78
6

22
55

42
3

82
1

v/s
 R

ati
o P

ro
t

c0
.25

c0
.27

0.2
5

c0
.15

0.0
9

v/s
 R

ati
o P

er
m

0.0
9

v/c
 R

ati
o

0.7
1

0.2
6

1.2
2

0.4
0

0.5
9

0.3
5

Un
ifo

rm
 D

ela
y, 

d1
16

.8
13

.9
23

.2
5.6

19
.4

18
.1

Pr
og

re
ss

ion
 F

ac
tor

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

Inc
re

me
nta

l D
ela

y, 
d2

2.2
0.4

10
8.3

0.1
1.5

0.1
De

lay
 (s

)
18

.9
14

.2
13

1.5
5.7

20
.9

18
.2

Le
ve

l o
f S

er
vic

e
B

B
F

A
C

B
Ap

pr
oa

ch
 D

ela
y (

s)
17

.5
70

.4
0.0

19
.3

Ap
pr

oa
ch

 LO
S

B
E

A
B

Int
er

se
cti

on
 S

um
ma

ry
HC

M 
20

00
 C

on
tro

l D
ela

y
44

.5
HC

M 
20

00
 Le

ve
l o

f S
er

vic
e

D
HC

M 
20

00
 V

olu
me

 to
 C

ap
ac

ity
 ra

tio
0.8

1
Ac

tua
ted

 C
yc

le 
Le

ng
th 

(s)
 

59
.7

Su
m 

of 
los

t ti
me

 (s
)

10
.0

Int
er

se
cti

on
 C

ap
ac

ity
 U

tili
za

tio
n

82
.5%

IC
U 

Le
ve

l o
f S

er
vic

e
E

An
aly

sis
 P

er
iod

 (m
in)

15
c  

  C
riti

ca
l L

an
e G

ro
up



H
C

M
 S

ig
na

liz
ed

 In
te

rs
ec

tio
n 

C
ap

ac
ity

 A
na

ly
si

s
3:

 U
S

 1
01

 N
B

 O
ff-

R
am

p/
U

S
 1

01
 N

B
 O

n-
R

am
p 

&
 R

ow
la

nd
 B

lv
d

05
/05

/20
17

Pr
op

os
ed

 H
an

na
 R

an
ch

 P
ro

jec
t

Sy
nc

hr
o 9

 R
ep

or
t

W
ee

kd
ay

 P
M 

Fu
tur

e +
 P

ro
jec

t
W

-T
ra

ns

Mo
ve

me
nt

EB
L2

EB
L

EB
T

W
BT

W
BR

W
BR

2
NB

L2
NB

L
NB

T
NB

R
NE

L2
NE

L
La

ne
 C

on
fig

ur
ati

on
s

Tr
aff

ic 
Vo

lum
e (

vp
h)

6
82

78
7

12
14

2
52

4
78

3
12

22
74

5
24

16
Fu

tur
e V

olu
me

 (v
ph

)
6

82
78

7
12

14
2

52
4

78
3

12
22

74
5

24
16

Ide
al 

Flo
w 

(vp
hp

l)
19

00
19

00
19

00
19

00
19

00
19

00
19

00
19

00
19

00
19

00
19

00
19

00
To

tal
 Lo

st 
tim

e (
s)

3.0
4.0

4.0
4.0

3.5
3.5

3.0
3.5

La
ne

 U
til.

 F
ac

tor
1.0

0
0.9

5
0.8

6
0.8

6
0.9

5
0.9

5
0.8

8
1.0

0
Fr

pb
, p

ed
/bi

ke
s

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

Flp
b, 

pe
d/b

ike
s

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

Fr
t

1.0
0

1.0
0

0.9
8

0.8
5

1.0
0

1.0
0

0.8
5

0.9
9

Flt
 P

ro
tec

ted
0.9

5
1.0

0
1.0

0
1.0

0
0.9

5
0.9

5
1.0

0
0.9

6
Sa

td.
 F

low
 (p

ro
t)

18
03

35
74

46
17

13
23

17
15

17
11

28
42

17
60

Flt
 P

er
mi

tte
d

0.1
9

1.0
0

1.0
0

1.0
0

0.9
5

0.9
5

1.0
0

0.9
6

Sa
td.

 F
low

 (p
er

m)
36

1
35

74
46

17
13

23
17

15
17

11
28

42
17

60
Pe

ak
-h

ou
r f

ac
tor

, P
HF

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

0.9
7

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

Ad
j. F

low
 (v

ph
)

6
82

78
7

12
14

2
54

0
78

3
12

22
74

5
24

16
RT

OR
 R

ed
uc

tio
n (

vp
h)

0
0

0
12

0
26

0
0

0
0

0
0

0
La

ne
 G

ro
up

 F
low

 (v
ph

)
0

88
78

7
13

50
0

13
4

40
7

0
41

0
74

5
0

43
Co

nfl
. P

ed
s. 

(#
/hr

)
7

11
He

av
y V

eh
icl

es
 (%

)
2%

0%
1%

4%
0%

5%
0%

2%
13

%
0%

2%
0%

Tu
rn

 T
yp

e
Pr

ot
NA

NA
Pe

rm
Sp

lit
Sp

lit
NA

cu
sto

m
Pe

rm
Pr

ot
Pr

ote
cte

d P
ha

se
s

5
2

6
8

8
8

1 8
7

Pe
rm

itte
d P

ha
se

s
6

7
Ac

tua
ted

 G
re

en
, G

 (s
)

21
.0

50
.7

40
.8

40
.8

35
.4

35
.4

46
.5

8.8
Ef

fec
tiv

e G
re

en
, g

 (s
)

21
.0

50
.7

40
.8

40
.8

35
.4

35
.4

46
.5

8.8
Ac

tua
ted

 g/
C 

Ra
tio

0.1
8

0.4
2

0.3
4

0.3
4

0.2
9

0.2
9

0.3
9

0.0
7

Cl
ea

ra
nc

e T
im

e (
s)

3.0
4.0

4.0
4.0

3.5
3.5

3.5
Ve

hic
le 

Ex
ten

sio
n (

s)
2.0

2.0
2.0

2.0
2.0

2.0
2.0

La
ne

 G
rp

 C
ap

 (v
ph

)
63

15
10

15
69

44
9

50
5

50
4

11
01

12
9

v/s
 R

ati
o P

ro
t

0.2
2

c0
.29

0.2
4

c0
.24

0.2
6

v/s
 R

ati
o P

er
m

c0
.24

0.1
0

0.0
2

v/c
 R

ati
o

1.4
0

0.5
2

0.8
6

0.3
0

0.8
1

0.8
1

0.6
8

0.3
3

Un
ifo

rm
 D

ela
y, 

d1
49

.5
25

.7
36

.9
29

.1
39

.1
39

.2
30

.5
52

.8
Pr

og
re

ss
ion

 F
ac

tor
1.0

0
1.0

0
0.8

8
1.5

6
1.0

0
1.0

0
1.0

0
1.0

0
Inc

re
me

nta
l D

ela
y, 

d2
25

0.3
1.3

5.7
1.5

8.6
9.2

1.3
0.6

De
lay

 (s
)

29
9.8

27
.0

38
.1

46
.9

47
.7

48
.5

31
.8

53
.4

Le
ve

l o
f S

er
vic

e
F

C
D

D
D

D
C

D
Ap

pr
oa

ch
 D

ela
y (

s)
54

.4
40

.1
40

.3
53

.4
Ap

pr
oa

ch
 LO

S
D

D
D

D

Int
er

se
cti

on
 S

um
ma

ry
HC

M 
20

00
 C

on
tro

l D
ela

y
43

.3
HC

M 
20

00
 Le

ve
l o

f S
er

vic
e

D
HC

M 
20

00
 V

olu
me

 to
 C

ap
ac

ity
 ra

tio
0.9

1
Ac

tua
ted

 C
yc

le 
Le

ng
th 

(s)
 

12
0.0

Su
m 

of 
los

t ti
me

 (s
)

14
.0

Int
er

se
cti

on
 C

ap
ac

ity
 U

tili
za

tio
n

84
.9%

IC
U 

Le
ve

l o
f S

er
vic

e
E

An
aly

sis
 P

er
iod

 (m
in)

15
c  

  C
riti

ca
l L

an
e G

ro
up

H
C

M
 S

ig
na

liz
ed

 In
te

rs
ec

tio
n 

C
ap

ac
ity

 A
na

ly
si

s
3:

 U
S

 1
01

 N
B

 O
ff-

R
am

p/
U

S
 1

01
 N

B
 O

n-
R

am
p 

&
 R

ow
la

nd
 B

lv
d

05
/05

/20
17

Pr
op

os
ed

 H
an

na
 R

an
ch

 P
ro

jec
t

Sy
nc

hr
o 9

 R
ep

or
t

W
ee

kd
ay

 P
M 

Fu
tur

e +
 P

ro
jec

t
W

-T
ra

ns

Mo
ve

me
nt

NE
R

La
ne

 C
on

fig
ur

ati
on

s
Tr

aff
ic 

Vo
lum

e (
vp

h)
3

Fu
tur

e V
olu

me
 (v

ph
)

3
Ide

al 
Flo

w 
(vp

hp
l)

19
00

To
tal

 Lo
st 

tim
e (

s)
La

ne
 U

til.
 F

ac
tor

Fr
pb

, p
ed

/bi
ke

s
Flp

b, 
pe

d/b
ike

s
Fr

t
Flt

 P
ro

tec
ted

Sa
td.

 F
low

 (p
ro

t)
Flt

 P
er

mi
tte

d
Sa

td.
 F

low
 (p

er
m)

Pe
ak

-h
ou

r f
ac

tor
, P

HF
1.0

0
Ad

j. F
low

 (v
ph

)
3

RT
OR

 R
ed

uc
tio

n (
vp

h)
0

La
ne

 G
ro

up
 F

low
 (v

ph
)

0
Co

nfl
. P

ed
s. 

(#
/hr

)
He

av
y V

eh
icl

es
 (%

)
15

%
Tu

rn
 T

yp
e

Pr
ote

cte
d P

ha
se

s
Pe

rm
itte

d P
ha

se
s

Ac
tua

ted
 G

re
en

, G
 (s

)
Ef

fec
tiv

e G
re

en
, g

 (s
)

Ac
tua

ted
 g/

C 
Ra

tio
Cl

ea
ra

nc
e T

im
e (

s)
Ve

hic
le 

Ex
ten

sio
n (

s)
La

ne
 G

rp
 C

ap
 (v

ph
)

v/s
 R

ati
o P

ro
t

v/s
 R

ati
o P

er
m

v/c
 R

ati
o

Un
ifo

rm
 D

ela
y, 

d1
Pr

og
re

ss
ion

 F
ac

tor
Inc

re
me

nta
l D

ela
y, 

d2
De

lay
 (s

)
Le

ve
l o

f S
er

vic
e

Ap
pr

oa
ch

 D
ela

y (
s)

Ap
pr

oa
ch

 LO
S

Int
er

se
cti

on
 S

um
ma

ry



H
C

M
 S

ig
na

liz
ed

 In
te

rs
ec

tio
n 

C
ap

ac
ity

 A
na

ly
si

s
3:

 U
S

 1
01

 N
B

 O
ff-

R
am

p/
U

S
 1

01
 N

B
 O

n-
R

am
p 

&
 R

ow
la

nd
 B

lv
d

05
/04

/20
17

Pr
op

os
ed

 H
an

na
 R

an
ch

 P
ro

jec
t

Sy
nc

hr
o 9

 R
ep

or
t

W
ee

ke
nd

 M
idd

ay
 F

utu
re

 +
 P

ro
jec

t
W

-T
ra

ns

Mo
ve

me
nt

EB
L2

EB
L

EB
T

W
BT

W
BR

W
BR

2
NB

L2
NB

L
NB

T
NB

R
NE

L2
NE

L
La

ne
 C

on
fig

ur
ati

on
s

Tr
aff

ic 
Vo

lum
e (

vp
h)

6
69

11
00

14
12

2
55

7
44

0
3

12
12

32
3

4
Fu

tur
e V

olu
me

 (v
ph

)
6

69
11

00
14

12
2

55
7

44
0

3
12

12
32

3
4

Ide
al 

Flo
w 

(vp
hp

l)
19

00
19

00
19

00
19

00
19

00
19

00
19

00
19

00
19

00
19

00
19

00
19

00
To

tal
 Lo

st 
tim

e (
s)

3.0
4.0

4.0
4.0

3.5
3.5

3.0
3.5

La
ne

 U
til.

 F
ac

tor
1.0

0
0.9

5
0.8

6
0.8

6
0.9

5
0.9

5
0.8

8
1.0

0
Fr

pb
, p

ed
/bi

ke
s

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

Flp
b, 

pe
d/b

ike
s

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

Fr
t

1.0
0

1.0
0

0.9
9

0.8
5

1.0
0

1.0
0

0.8
5

0.9
7

Flt
 P

ro
tec

ted
0.9

5
1.0

0
1.0

0
1.0

0
0.9

5
0.9

5
1.0

0
0.9

6
Sa

td.
 F

low
 (p

ro
t)

18
02

35
74

46
36

13
23

17
15

17
11

28
42

17
06

Flt
 P

er
mi

tte
d

0.1
9

1.0
0

1.0
0

1.0
0

0.9
5

0.9
5

1.0
0

0.9
6

Sa
td.

 F
low

 (p
er

m)
35

1
35

74
46

36
13

23
17

15
17

11
28

42
17

06
Pe

ak
-h

ou
r f

ac
tor

, P
HF

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

0.9
7

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

Ad
j. F

low
 (v

ph
)

6
69

11
00

14
12

2
57

4
44

0
3

12
12

32
3

4
RT

OR
 R

ed
uc

tio
n (

vp
h)

0
0

0
9

0
24

7
0

0
0

0
0

0
La

ne
 G

ro
up

 F
low

 (v
ph

)
0

75
11

00
15

37
0

19
5

22
9

0
22

6
12

32
0

9
Co

nfl
. P

ed
s. 

(#
/hr

)
7

11
He

av
y V

eh
icl

es
 (%

)
2%

0%
1%

4%
0%

5%
0%

2%
13

%
0%

2%
0%

Tu
rn

 T
yp

e
Pr

ot
NA

NA
Pe

rm
Sp

lit
Sp

lit
NA

cu
sto

m
Pe

rm
Pr

ot
Pr

ote
cte

d P
ha

se
s

5
2

6
8

8
8

1 8
7

Pe
rm

itte
d P

ha
se

s
6

7
Ac

tua
ted

 G
re

en
, G

 (s
)

21
.6

48
.7

38
.7

38
.7

43
.5

43
.5

55
.1

2.2
Ef

fec
tiv

e G
re

en
, g

 (s
)

21
.6

48
.7

38
.7

38
.7

43
.5

43
.5

55
.1

2.2
Ac

tua
ted

 g/
C 

Ra
tio

0.1
8

0.4
1

0.3
2

0.3
2

0.3
6

0.3
6

0.4
6

0.0
2

Cl
ea

ra
nc

e T
im

e (
s)

3.0
4.0

4.0
4.0

3.5
3.5

3.5
Ve

hic
le 

Ex
ten

sio
n (

s)
2.0

2.0
2.0

2.0
2.0

2.0
2.0

La
ne

 G
rp

 C
ap

 (v
ph

)
63

14
50

14
95

42
6

62
1

62
0

13
04

31
v/s

 R
ati

o P
ro

t
0.3

1
c0

.33
0.1

3
0.1

3
c0

.43
v/s

 R
ati

o P
er

m
c0

.21
0.1

5
0.0

1
v/c

 R
ati

o
1.1

9
0.7

6
1.0

3
0.4

6
0.3

7
0.3

6
0.9

4
0.2

9
Un

ifo
rm

 D
ela

y, 
d1

49
.2

30
.6

40
.6

32
.3

28
.1

28
.1

31
.0

58
.1

Pr
og

re
ss

ion
 F

ac
tor

1.0
0

1.0
0

0.8
4

1.0
9

1.0
0

1.0
0

1.0
0

1.0
0

Inc
re

me
nta

l D
ela

y, 
d2

17
3.8

3.8
27

.3
2.5

0.1
0.1

13
.6

1.9
De

lay
 (s

)
22

3.0
34

.4
61

.3
37

.8
28

.3
28

.2
44

.6
60

.0
Le

ve
l o

f S
er

vic
e

F
C

E
D

C
C

D
E

Ap
pr

oa
ch

 D
ela

y (
s)

46
.4

56
.1

40
.2

60
.0

Ap
pr

oa
ch

 LO
S

D
E

D
E

Int
er

se
cti

on
 S

um
ma

ry
HC

M 
20

00
 C

on
tro

l D
ela

y
48

.2
HC

M 
20

00
 Le

ve
l o

f S
er

vic
e

D
HC

M 
20

00
 V

olu
me

 to
 C

ap
ac

ity
 ra

tio
1.0

1
Ac

tua
ted

 C
yc

le 
Le

ng
th 

(s)
 

12
0.0

Su
m 

of 
los

t ti
me

 (s
)

14
.0

Int
er

se
cti

on
 C

ap
ac

ity
 U

tili
za

tio
n

81
.3%

IC
U 

Le
ve

l o
f S

er
vic

e
D

An
aly

sis
 P

er
iod

 (m
in)

15
c  

  C
riti

ca
l L

an
e G

ro
up

H
C

M
 S

ig
na

liz
ed

 In
te

rs
ec

tio
n 

C
ap

ac
ity

 A
na

ly
si

s
3:

 U
S

 1
01

 N
B

 O
ff-

R
am

p/
U

S
 1

01
 N

B
 O

n-
R

am
p 

&
 R

ow
la

nd
 B

lv
d

05
/04

/20
17

Pr
op

os
ed

 H
an

na
 R

an
ch

 P
ro

jec
t

Sy
nc

hr
o 9

 R
ep

or
t

W
ee

ke
nd

 M
idd

ay
 F

utu
re

 +
 P

ro
jec

t
W

-T
ra

ns

Mo
ve

me
nt

NE
R

La
ne

 C
on

fig
ur

ati
on

s
Tr

aff
ic 

Vo
lum

e (
vp

h)
2

Fu
tur

e V
olu

me
 (v

ph
)

2
Ide

al 
Flo

w 
(vp

hp
l)

19
00

To
tal

 Lo
st 

tim
e (

s)
La

ne
 U

til.
 F

ac
tor

Fr
pb

, p
ed

/bi
ke

s
Flp

b, 
pe

d/b
ike

s
Fr

t
Flt

 P
ro

tec
ted

Sa
td.

 F
low

 (p
ro

t)
Flt

 P
er

mi
tte

d
Sa

td.
 F

low
 (p

er
m)

Pe
ak

-h
ou

r f
ac

tor
, P

HF
1.0

0
Ad

j. F
low

 (v
ph

)
2

RT
OR

 R
ed

uc
tio

n (
vp

h)
0

La
ne

 G
ro

up
 F

low
 (v

ph
)

0
Co

nfl
. P

ed
s. 

(#
/hr

)
He

av
y V

eh
icl

es
 (%

)
15

%
Tu

rn
 T

yp
e

Pr
ote

cte
d P

ha
se

s
Pe

rm
itte

d P
ha

se
s

Ac
tua

ted
 G

re
en

, G
 (s

)
Ef

fec
tiv

e G
re

en
, g

 (s
)

Ac
tua

ted
 g/

C 
Ra

tio
Cl

ea
ra

nc
e T

im
e (

s)
Ve

hic
le 

Ex
ten

sio
n (

s)
La

ne
 G

rp
 C

ap
 (v

ph
)

v/s
 R

ati
o P

ro
t

v/s
 R

ati
o P

er
m

v/c
 R

ati
o

Un
ifo

rm
 D

ela
y, 

d1
Pr

og
re

ss
ion

 F
ac

tor
Inc

re
me

nta
l D

ela
y, 

d2
De

lay
 (s

)
Le

ve
l o

f S
er

vic
e

Ap
pr

oa
ch

 D
ela

y (
s)

Ap
pr

oa
ch

 LO
S

Int
er

se
cti

on
 S

um
ma

ry



H
C

M
 S

ig
na

liz
ed

 In
te

rs
ec

tio
n 

C
ap

ac
ity

 A
na

ly
si

s
4:

 R
ow

la
nd

 B
lv

d 
&

 R
ow

la
nd

 W
ay

05
/05

/20
17

Pr
op

os
ed

 H
an

na
 R

an
ch

 P
ro

jec
t

Sy
nc

hr
o 9

 R
ep

or
t

W
ee

kd
ay

 P
M 

Fu
tur

e +
 P

ro
jec

t
W

-T
ra

ns

Mo
ve

me
nt

EB
L

EB
T

W
BT

W
BR

SB
L

SB
R

La
ne

 C
on

fig
ur

ati
on

s
Tr

aff
ic 

Vo
lum

e (
vp

h)
18

7
13

50
13

37
44

55
40

0
Fu

tur
e V

olu
me

 (v
ph

)
18

7
13

50
13

37
44

55
40

0
Ide

al 
Flo

w 
(vp

hp
l)

19
00

19
00

19
00

19
00

19
00

19
00

To
tal

 Lo
st 

tim
e (

s)
3.5

4.0
4.0

3.2
3.2

La
ne

 U
til.

 F
ac

tor
0.9

7
0.9

1
0.9

5
1.0

0
0.9

5
Fr

pb
, p

ed
/bi

ke
s

1.0
0

1.0
0

1.0
0

0.9
8

0.9
7

Flp
b, 

pe
d/b

ike
s

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

Fr
t

1.0
0

1.0
0

1.0
0

0.8
9

0.8
5

Flt
 P

ro
tec

ted
0.9

5
1.0

0
1.0

0
0.9

9
1.0

0
Sa

td.
 F

low
 (p

ro
t)

34
67

51
87

35
83

16
10

14
79

Flt
 P

er
mi

tte
d

0.9
5

1.0
0

1.0
0

0.9
9

1.0
0

Sa
td.

 F
low

 (p
er

m)
34

67
51

87
35

83
16

10
14

79
Pe

ak
-h

ou
r f

ac
tor

, P
HF

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

Ad
j. F

low
 (v

ph
)

18
7

13
50

13
37

44
55

40
0

RT
OR

 R
ed

uc
tio

n (
vp

h)
0

0
1

0
12

2
19

5
La

ne
 G

ro
up

 F
low

 (v
ph

)
18

7
13

50
13

80
0

10
9

29
Co

nfl
. P

ed
s. 

(#
/hr

)
2

14
Co

nfl
. B

ike
s (

#/h
r)

1
He

av
y V

eh
icl

es
 (%

)
1%

0%
0%

7%
2%

1%
Tu

rn
 T

yp
e

Pr
ot

NA
NA

Pr
ot

Pe
rm

Pr
ote

cte
d P

ha
se

s
5

2
6

4
Pe

rm
itte

d P
ha

se
s

4
Ac

tua
ted

 G
re

en
, G

 (s
)

11
.4

97
.5

82
.6

15
.3

15
.3

Ef
fec

tiv
e G

re
en

, g
 (s

)
11

.4
97

.5
82

.6
15

.3
15

.3
Ac

tua
ted

 g/
C 

Ra
tio

0.1
0

0.8
1

0.6
9

0.1
3

0.1
3

Cl
ea

ra
nc

e T
im

e (
s)

3.5
4.0

4.0
3.2

3.2
Ve

hic
le 

Ex
ten

sio
n (

s)
2.0

4.0
4.0

2.0
2.0

La
ne

 G
rp

 C
ap

 (v
ph

)
32

9
42

14
24

66
20

5
18

8
v/s

 R
ati

o P
ro

t
c0

.05
0.2

6
c0

.39
c0

.07
v/s

 R
ati

o P
er

m
0.0

2
v/c

 R
ati

o
0.5

7
0.3

2
0.5

6
0.5

3
0.1

5
Un

ifo
rm

 D
ela

y, 
d1

51
.9

2.9
9.5

49
.0

46
.6

Pr
og

re
ss

ion
 F

ac
tor

1.0
8

1.1
1

0.8
9

1.0
0

1.0
0

Inc
re

me
nta

l D
ela

y, 
d2

1.1
0.2

0.8
1.3

0.1
De

lay
 (s

)
57

.0
3.3

9.3
50

.3
46

.7
Le

ve
l o

f S
er

vic
e

E
A

A
D

D
Ap

pr
oa

ch
 D

ela
y (

s)
9.9

9.3
48

.5
Ap

pr
oa

ch
 LO

S
A

A
D

Int
er

se
cti

on
 S

um
ma

ry
HC

M 
20

00
 C

on
tro

l D
ela

y
14

.8
HC

M 
20

00
 Le

ve
l o

f S
er

vic
e

B
HC

M 
20

00
 V

olu
me

 to
 C

ap
ac

ity
 ra

tio
0.5

6
Ac

tua
ted

 C
yc

le 
Le

ng
th 

(s)
 

12
0.0

Su
m 

of 
los

t ti
me

 (s
)

10
.7

Int
er

se
cti

on
 C

ap
ac

ity
 U

tili
za

tio
n

78
.8%

IC
U 

Le
ve

l o
f S

er
vic

e
D

An
aly

sis
 P

er
iod

 (m
in)

15
c  

  C
riti

ca
l L

an
e G

ro
up

H
C

M
 S

ig
na

liz
ed

 In
te

rs
ec

tio
n 

C
ap

ac
ity

 A
na

ly
si

s
4:

 R
ow

la
nd

 B
lv

d 
&

 R
ow

la
nd

 W
ay

05
/04

/20
17

Pr
op

os
ed

 H
an

na
 R

an
ch

 P
ro

jec
t

Sy
nc

hr
o 9

 R
ep

or
t

W
ee

ke
nd

 M
idd

ay
 F

utu
re

 +
 P

ro
jec

t
W

-T
ra

ns

Mo
ve

me
nt

EB
L

EB
T

W
BT

W
BR

SB
L

SB
R

La
ne

 C
on

fig
ur

ati
on

s
Tr

aff
ic 

Vo
lum

e (
vp

h)
31

9
20

15
17

30
62

71
21

6
Fu

tur
e V

olu
me

 (v
ph

)
31

9
20

15
17

30
62

71
21

6
Ide

al 
Flo

w 
(vp

hp
l)

19
00

19
00

19
00

19
00

19
00

19
00

To
tal

 Lo
st 

tim
e (

s)
3.5

4.0
4.0

3.2
3.2

La
ne

 U
til.

 F
ac

tor
0.9

7
0.9

1
0.9

5
1.0

0
0.9

5
Fr

pb
, p

ed
/bi

ke
s

1.0
0

1.0
0

1.0
0

0.9
9

0.9
7

Flp
b, 

pe
d/b

ike
s

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

Fr
t

1.0
0

1.0
0

0.9
9

0.9
2

0.8
5

Flt
 P

ro
tec

ted
0.9

5
1.0

0
1.0

0
0.9

8
1.0

0
Sa

td.
 F

low
 (p

ro
t)

34
67

51
87

35
81

16
64

14
79

Flt
 P

er
mi

tte
d

0.9
5

1.0
0

1.0
0

0.9
8

1.0
0

Sa
td.

 F
low

 (p
er

m)
34

67
51

87
35

81
16

64
14

79
Pe

ak
-h

ou
r f

ac
tor

, P
HF

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

Ad
j. F

low
 (v

ph
)

31
9

20
15

17
30

62
71

21
6

RT
OR

 R
ed

uc
tio

n (
vp

h)
0

0
1

0
41

12
2

La
ne

 G
ro

up
 F

low
 (v

ph
)

31
9

20
15

17
91

0
10

6
18

Co
nfl

. P
ed

s. 
(#

/hr
)

2
14

Co
nfl

. B
ike

s (
#/h

r)
1

He
av

y V
eh

icl
es

 (%
)

1%
0%

0%
7%

2%
1%

Tu
rn

 T
yp

e
Pr

ot
NA

NA
Pr

ot
Pe

rm
Pr

ote
cte

d P
ha

se
s

5
2

6
4

Pe
rm

itte
d P

ha
se

s
4

Ac
tua

ted
 G

re
en

, G
 (s

)
15

.0
97

.5
79

.0
15

.3
15

.3
Ef

fec
tiv

e G
re

en
, g

 (s
)

15
.0

97
.5

79
.0

15
.3

15
.3

Ac
tua

ted
 g/

C 
Ra

tio
0.1

2
0.8

1
0.6

6
0.1

3
0.1

3
Cl

ea
ra

nc
e T

im
e (

s)
3.5

4.0
4.0

3.2
3.2

Ve
hic

le 
Ex

ten
sio

n (
s)

2.0
4.0

4.0
2.0

2.0
La

ne
 G

rp
 C

ap
 (v

ph
)

43
3

42
14

23
57

21
2

18
8

v/s
 R

ati
o P

ro
t

c0
.09

0.3
9

c0
.50

c0
.06

v/s
 R

ati
o P

er
m

0.0
1

v/c
 R

ati
o

0.7
4

0.4
8

0.7
6

0.5
0

0.0
9

Un
ifo

rm
 D

ela
y, 

d1
50

.6
3.4

14
.0

48
.8

46
.2

Pr
og

re
ss

ion
 F

ac
tor

1.0
1

1.0
9

1.0
1

1.0
0

1.0
0

Inc
re

me
nta

l D
ela

y, 
d2

3.2
0.2

1.8
0.7

0.1
De

lay
 (s

)
54

.2
4.0

16
.0

49
.5

46
.3

Le
ve

l o
f S

er
vic

e
D

A
B

D
D

Ap
pr

oa
ch

 D
ela

y (
s)

10
.8

16
.0

47
.9

Ap
pr

oa
ch

 LO
S

B
B

D

Int
er

se
cti

on
 S

um
ma

ry
HC

M 
20

00
 C

on
tro

l D
ela

y
15

.3
HC

M 
20

00
 Le

ve
l o

f S
er

vic
e

B
HC

M 
20

00
 V

olu
me

 to
 C

ap
ac

ity
 ra

tio
0.7

2
Ac

tua
ted

 C
yc

le 
Le

ng
th 

(s)
 

12
0.0

Su
m 

of 
los

t ti
me

 (s
)

10
.7

Int
er

se
cti

on
 C

ap
ac

ity
 U

tili
za

tio
n

86
.3%

IC
U 

Le
ve

l o
f S

er
vic

e
E

An
aly

sis
 P

er
iod

 (m
in)

15
c  

  C
riti

ca
l L

an
e G

ro
up



H
C

M
 S

ig
na

liz
ed

 In
te

rs
ec

tio
n 

C
ap

ac
ity

 A
na

ly
si

s
5:

 V
in

ta
ge

 W
ay

 (N
or

th
) &

 R
ow

la
nd

 B
lv

d
05

/05
/20

17

Pr
op

os
ed

 H
an

na
 R

an
ch

 P
ro

jec
t

Sy
nc

hr
o 9

 R
ep

or
t

W
ee

kd
ay

 P
M 

Fu
tur

e +
 P

ro
jec

t
W

-T
ra

ns

Mo
ve

me
nt

EB
L

EB
T

EB
R

W
BL

W
BT

W
BR

NB
L

NB
T

NB
R

SB
L

SB
T

SB
R

La
ne

 C
on

fig
ur

ati
on

s
Tr

aff
ic 

Vo
lum

e (
vp

h)
82

7
5

9
5

2
4

14
50

1
1

11
68

9
77

9
Fu

tur
e V

olu
me

 (v
ph

)
82

7
5

9
5

2
4

14
50

1
1

11
68

9
77

9
Ide

al 
Flo

w 
(vp

hp
l)

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

To
tal

 Lo
st 

tim
e (

s)
3.6

3.6
3.2

3.0
4.0

3.0
4.0

4.0
La

ne
 U

til.
 F

ac
tor

0.9
7

1.0
0

1.0
0

1.0
0

0.9
5

1.0
0

0.9
5

0.8
8

Fr
pb

, p
ed

/bi
ke

s
1.0

0
0.9

8
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
Flp

b, 
pe

d/b
ike

s
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
Fr

t
1.0

0
0.9

0
0.9

5
1.0

0
1.0

0
1.0

0
1.0

0
0.8

5
Flt

 P
ro

tec
ted

0.9
5

1.0
0

0.9
8

0.9
5

1.0
0

0.9
5

1.0
0

1.0
0

Sa
td.

 F
low

 (p
ro

t)
35

02
16

89
17

67
18

05
35

73
18

05
35

39
28

42
Flt

 P
er

mi
tte

d
0.9

5
1.0

0
0.9

8
0.9

5
1.0

0
0.9

5
1.0

0
1.0

0
Sa

td.
 F

low
 (p

er
m)

35
02

16
89

17
67

18
05

35
73

18
05

35
39

28
42

Pe
ak

-h
ou

r f
ac

tor
, P

HF
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
Ad

j. F
low

 (v
ph

)
82

7
5

9
5

2
4

14
50

1
1

11
68

9
77

9
RT

OR
 R

ed
uc

tio
n (

vp
h)

0
5

0
0

4
0

0
0

0
0

0
0

La
ne

 G
ro

up
 F

low
 (v

ph
)

82
7

9
0

0
7

0
14

50
2

0
11

68
9

77
9

Co
nfl

. P
ed

s. 
(#

/hr
)

10
9

10
4

Co
nfl

. B
ike

s (
#/h

r)
2

He
av

y V
eh

icl
es

 (%
)

0%
0%

0%
0%

0%
0%

0%
1%

0%
0%

2%
0%

Tu
rn

 T
yp

e
Sp

lit
NA

Sp
lit

NA
Pr

ot
NA

Pr
ot

NA
pt+

ov
Pr

ote
cte

d P
ha

se
s

3
3

4
4

1
6

5
2

2 3
Pe

rm
itte

d P
ha

se
s

Ac
tua

ted
 G

re
en

, G
 (s

)
51

.4
51

.4
2.4

4.0
50

.0
2.4

48
.4

10
3.8

Ef
fec

tiv
e G

re
en

, g
 (s

)
51

.4
51

.4
2.4

4.0
50

.0
2.4

48
.4

10
3.8

Ac
tua

ted
 g/

C 
Ra

tio
0.4

3
0.4

3
0.0

2
0.0

3
0.4

2
0.0

2
0.4

0
0.8

6
Cl

ea
ra

nc
e T

im
e (

s)
3.6

3.6
3.2

3.0
4.0

3.0
4.0

Ve
hic

le 
Ex

ten
sio

n (
s)

3.0
3.0

2.0
2.0

2.0
2.0

2.0
La

ne
 G

rp
 C

ap
 (v

ph
)

15
00

72
3

35
60

14
88

36
14

27
24

58
v/s

 R
ati

o P
ro

t
c0

.24
0.0

1
c0

.00
0.0

1
c0

.14
0.0

1
c0

.19
0.2

7
v/s

 R
ati

o P
er

m
v/c

 R
ati

o
0.5

5
0.0

1
0.2

0
0.2

3
0.3

4
0.3

1
0.4

8
0.3

2
Un

ifo
rm

 D
ela

y, 
d1

25
.7

19
.7

57
.9

56
.5

23
.8

58
.0

26
.5

1.5
Pr

og
re

ss
ion

 F
ac

tor
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.1

9
1.1

7
0.9

0
Inc

re
me

nta
l D

ela
y, 

d2
1.5

0.0
1.0

0.7
0.6

1.7
1.1

0.3
De

lay
 (s

)
27

.1
19

.7
58

.9
57

.2
24

.4
70

.9
32

.2
1.7

Le
ve

l o
f S

er
vic

e
C

B
E

E
C

E
C

A
Ap

pr
oa

ch
 D

ela
y (

s)
27

.0
58

.9
25

.3
16

.4
Ap

pr
oa

ch
 LO

S
C

E
C

B

Int
er

se
cti

on
 S

um
ma

ry
HC

M 
20

00
 C

on
tro

l D
ela

y
21

.3
HC

M 
20

00
 Le

ve
l o

f S
er

vic
e

C
HC

M 
20

00
 V

olu
me

 to
 C

ap
ac

ity
 ra

tio
0.5

1
Ac

tua
ted

 C
yc

le 
Le

ng
th 

(s)
 

12
0.0

Su
m 

of 
los

t ti
me

 (s
)

13
.8

Int
er

se
cti

on
 C

ap
ac

ity
 U

tili
za

tio
n

60
.3%

IC
U 

Le
ve

l o
f S

er
vic

e
B

An
aly

sis
 P

er
iod

 (m
in)

15
c  

  C
riti

ca
l L

an
e G

ro
up

H
C

M
 S

ig
na

liz
ed

 In
te

rs
ec

tio
n 

C
ap

ac
ity

 A
na

ly
si

s
5:

 V
in

ta
ge

 W
ay

 (N
or

th
) &

 R
ow

la
nd

 B
lv

d
05

/04
/20

17

Pr
op

os
ed

 H
an

na
 R

an
ch

 P
ro

jec
t

Sy
nc

hr
o 9

 R
ep

or
t

W
ee

ke
nd

 M
idd

ay
 F

utu
re

 +
 P

ro
jec

t
W

-T
ra

ns

Mo
ve

me
nt

EB
L

EB
T

EB
R

W
BL

W
BT

W
BR

NB
L

NB
T

NB
R

SB
L

SB
T

SB
R

La
ne

 C
on

fig
ur

ati
on

s
Tr

aff
ic 

Vo
lum

e (
vp

h)
10

76
10

9
4

9
1

8
69

2
16

32
73

1
13

14
Fu

tur
e V

olu
me

 (v
ph

)
10

76
10

9
4

9
1

8
69

2
16

32
73

1
13

14
Ide

al 
Flo

w 
(vp

hp
l)

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

19
00

To
tal

 Lo
st 

tim
e (

s)
3.6

3.6
3.2

3.0
4.0

3.0
4.0

4.0
La

ne
 U

til.
 F

ac
tor

0.9
7

1.0
0

1.0
0

1.0
0

0.9
5

1.0
0

0.9
5

0.8
8

Fr
pb

, p
ed

/bi
ke

s
1.0

0
0.9

9
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
Flp

b, 
pe

d/b
ike

s
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
Fr

t
1.0

0
0.9

3
0.9

9
1.0

0
1.0

0
1.0

0
1.0

0
0.8

5
Flt

 P
ro

tec
ted

0.9
5

1.0
0

0.9
9

0.9
5

1.0
0

0.9
5

1.0
0

1.0
0

Sa
td.

 F
low

 (p
ro

t)
35

02
17

44
18

55
18

05
35

59
18

05
35

39
28

42
Flt

 P
er

mi
tte

d
0.9

5
1.0

0
0.9

9
0.9

5
1.0

0
0.9

5
1.0

0
1.0

0
Sa

td.
 F

low
 (p

er
m)

35
02

17
44

18
55

18
05

35
59

18
05

35
39

28
42

Pe
ak

-h
ou

r f
ac

tor
, P

HF
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
1.0

0
Ad

j. F
low

 (v
ph

)
10

76
10

9
4

9
1

8
69

2
16

32
73

1
13

14
RT

OR
 R

ed
uc

tio
n (

vp
h)

0
5

0
0

1
0

0
1

0
0

0
0

La
ne

 G
ro

up
 F

low
 (v

ph
)

10
76

14
0

0
13

0
8

70
7

0
32

73
1

13
14

Co
nfl

. P
ed

s. 
(#

/hr
)

10
9

10
4

Co
nfl

. B
ike

s (
#/h

r)
2

He
av

y V
eh

icl
es

 (%
)

0%
0%

0%
0%

0%
0%

0%
1%

0%
0%

2%
0%

Tu
rn

 T
yp

e
Sp

lit
NA

Sp
lit

NA
Pr

ot
NA

Pr
ot

NA
pt+

ov
Pr

ote
cte

d P
ha

se
s

3
3

4
4

1
6

5
2

2 3
Pe

rm
itte

d P
ha

se
s

Ac
tua

ted
 G

re
en

, G
 (s

)
51

.4
51

.4
4.8

4.0
42

.2
7.8

46
.0

10
1.4

Ef
fec

tiv
e G

re
en

, g
 (s

)
51

.4
51

.4
4.8

4.0
42

.2
7.8

46
.0

10
1.4

Ac
tua

ted
 g/

C 
Ra

tio
0.4

3
0.4

3
0.0

4
0.0

3
0.3

5
0.0

6
0.3

8
0.8

5
Cl

ea
ra

nc
e T

im
e (

s)
3.6

3.6
3.2

3.0
4.0

3.0
4.0

Ve
hic

le 
Ex

ten
sio

n (
s)

3.0
3.0

2.0
2.0

2.0
2.0

2.0
La

ne
 G

rp
 C

ap
 (v

ph
)

15
00

74
7

74
60

12
51

11
7

13
56

24
01

v/s
 R

ati
o P

ro
t

c0
.31

0.0
1

c0
.01

0.0
0

c0
.20

0.0
2

0.2
1

c0
.46

v/s
 R

ati
o P

er
m

v/c
 R

ati
o

0.7
2

0.0
2

0.1
8

0.1
3

0.5
6

0.2
7

0.5
4

0.5
5

Un
ifo

rm
 D

ela
y, 

d1
28

.3
19

.8
55

.7
56

.3
31

.5
53

.4
28

.8
2.7

Pr
og

re
ss

ion
 F

ac
tor

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.1
6

1.1
8

0.8
0

Inc
re

me
nta

l D
ela

y, 
d2

3.0
0.0

0.4
0.4

1.9
0.4

1.4
0.8

De
lay

 (s
)

31
.3

19
.8

56
.1

56
.7

33
.3

62
.6

35
.4

2.9
Le

ve
l o

f S
er

vic
e

C
B

E
E

C
E

D
A

Ap
pr

oa
ch

 D
ela

y (
s)

31
.1

56
.1

33
.6

15
.3

Ap
pr

oa
ch

 LO
S

C
E

C
B

Int
er

se
cti

on
 S

um
ma

ry
HC

M 
20

00
 C

on
tro

l D
ela

y
23

.2
HC

M 
20

00
 Le

ve
l o

f S
er

vic
e

C
HC

M 
20

00
 V

olu
me

 to
 C

ap
ac

ity
 ra

tio
0.6

4
Ac

tua
ted

 C
yc

le 
Le

ng
th 

(s)
 

12
0.0

Su
m 

of 
los

t ti
me

 (s
)

13
.8

Int
er

se
cti

on
 C

ap
ac

ity
 U

tili
za

tio
n

71
.4%

IC
U 

Le
ve

l o
f S

er
vic

e
C

An
aly

sis
 P

er
iod

 (m
in)

15
c  

  C
riti

ca
l L

an
e G

ro
up



H
C

M
 U

ns
ig

na
liz

ed
 In

te
rs

ec
tio

n 
C

ap
ac

ity
 A

na
ly

si
s

6:
 V

in
ta

ge
 W

ay
 (S

ou
th

) &
 R

ow
la

nd
 B

lv
d

05
/05

/20
17

Pr
op

os
ed

 H
an

na
 R

an
ch

 P
ro

jec
t

Sy
nc

hr
o 9

 R
ep

or
t

W
ee

kd
ay

 P
M 

Fu
tur

e +
 P

ro
jec

t
W

-T
ra

ns

Mo
ve

me
nt

EB
L

EB
R

NB
L

NB
T

SB
T

SB
R

La
ne

 C
on

fig
ur

ati
on

s
Si

gn
 C

on
tro

l
St

op
St

op
St

op
Tr

aff
ic 

Vo
lum

e (
vp

h)
13

0
1

2
25

7
38

7
12

1
Fu

tur
e V

olu
me

 (v
ph

)
13

0
1

2
25

7
38

7
12

1
Pe

ak
 H

ou
r F

ac
tor

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

Ho
ur

ly 
flo

w 
ra

te 
(vp

h)
13

0
1

2
25

7
38

7
12

1

Di
re

cti
on

, L
an

e #
EB

 1
NB

 1
NB

 2
SB

 1
Vo

lum
e T

ota
l (v

ph
)

13
1

88
17

1
50

8
Vo

lum
e L

eft
 (v

ph
)

13
0

2
0

0
Vo

lum
e R

igh
t (

vp
h)

1
0

0
12

1
Ha

dj 
(s)

0.2
3

0.0
5

0.0
3

-0
.11

De
pa

rtu
re

 H
ea

dw
ay

 (s
)

5.9
5.4

5.4
4.6

De
gr

ee
 U

tili
za

tio
n, 

x
0.2

1
0.1

3
0.2

6
0.6

5
Ca

pa
cit

y (
ve

h/h
)

55
2

63
9

64
1

76
0

Co
ntr

ol 
De

lay
 (s

)
10

.5
8.0

9.0
15

.9
Ap

pr
oa

ch
 D

ela
y (

s)
10

.5
8.7

15
.9

Ap
pr

oa
ch

 LO
S

B
A

C

Int
er

se
cti

on
 S

um
ma

ry
De

lay
 

13
.0

Le
ve

l o
f S

er
vic

e
B

Int
er

se
cti

on
 C

ap
ac

ity
 U

tili
za

tio
n 

42
.1%

IC
U 

Le
ve

l o
f S

er
vic

e 
A

An
aly

sis
 P

er
iod

 (m
in)

15

H
C

M
 U

ns
ig

na
liz

ed
 In

te
rs

ec
tio

n 
C

ap
ac

ity
 A

na
ly

si
s

6:
 V

in
ta

ge
 W

ay
 (S

ou
th

) &
 R

ow
la

nd
 B

lv
d

05
/04

/20
17

Pr
op

os
ed

 H
an

na
 R

an
ch

 P
ro

jec
t

Sy
nc

hr
o 9

 R
ep

or
t

W
ee

ke
nd

 M
idd

ay
 F

utu
re

 +
 P

ro
jec

t
W

-T
ra

ns

Mo
ve

me
nt

EB
L

EB
R

NB
L

NB
T

SB
T

SB
R

La
ne

 C
on

fig
ur

ati
on

s
Si

gn
 C

on
tro

l
St

op
St

op
St

op
Tr

aff
ic 

Vo
lum

e (
vp

h)
18

4
0

2
32

9
36

3
22

6
Fu

tur
e V

olu
me

 (v
ph

)
18

4
0

2
32

9
36

3
22

6
Pe

ak
 H

ou
r F

ac
tor

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

1.0
0

Ho
ur

ly 
flo

w 
ra

te 
(vp

h)
18

4
0

2
32

9
36

3
22

6

Di
re

cti
on

, L
an

e #
EB

 1
NB

 1
NB

 2
SB

 1
Vo

lum
e T

ota
l (v

ph
)

18
4

11
2

21
9

58
9

Vo
lum

e L
eft

 (v
ph

)
18

4
2

0
0

Vo
lum

e R
igh

t (
vp

h)
0

0
0

22
6

Ha
dj 

(s)
0.2

3
0.0

4
0.0

3
-0

.20
De

pa
rtu

re
 H

ea
dw

ay
 (s

)
6.3

5.8
5.8

4.9
De

gr
ee

 U
tili

za
tio

n, 
x

0.3
2

0.1
8

0.3
5

0.8
0

Ca
pa

cit
y (

ve
h/h

)
53

2
59

7
59

9
72

6
Co

ntr
ol 

De
lay

 (s
)

12
.2

8.8
10

.7
24

.3
Ap

pr
oa

ch
 D

ela
y (

s)
12

.2
10

.1
24

.3
Ap

pr
oa

ch
 LO

S
B

B
C

Int
er

se
cti

on
 S

um
ma

ry
De

lay
 

18
.0

Le
ve

l o
f S

er
vic

e
C

Int
er

se
cti

on
 C

ap
ac

ity
 U

tili
za

tio
n 

50
.0%

IC
U 

Le
ve

l o
f S

er
vic

e 
A

An
aly

sis
 P

er
iod

 (m
in)

15



C 
Traffic Impact Study for the Hanna Ranch Project 
June 2017 

Appendix C 

Freeway Segment Level of Service Calculations 
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