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Executive SummaryThis Area-Wide Planning Study has been prepared at the request of the City of Amherst.   The study areais primarily located in the City of Amherst, Lorain County, Ohio.  A portion of the City of Lorain will alsobe included in the study area.  The study area will consist of the following intersections:
1. Oak Point Road & Buck Horn Boulevard2. Oak Point Road/North Lake Street & Cooper Foster Park Road3. North Lake Street & State Route 2 Westbound Ramps4. North Lake Street & State Route 2 Eastbound Ramps5. Cooper Foster Park Road & Hollstein Drive6. North Main Street & Cooper Foster Park Road  

The analysis of the study area included proposed and under construction developments that are locatedwithin the study area.  The following developments were considered in forecast of future trafficvolumes for the study area:
1. Medical Office Building (17,756 SF) - 20212. Reserve at Beaver Creek Subdivision (109 Units) - 20213. Eagle Ridge Subdivision (59 Units) - 20214. Preserve at Quarry Lakes Subdivision (100 Units) - 20205. Buckeye Square/Nova Medical Offices (11,325 SF) - 20206. Sandy Springs PUD (161 Units) 

The year 2022 was analyzed for the opening year conditions.   The future design year will be 2042based on providing a twenty year design period for any recommended improvements in the study area. 
The weekday AM peak hour of traffic was determined to be 7:15 AM to 8:15 AM.  The weekday PM peakhour of traffic was found to be 4:30 PM to 5:30 PM.  These periods were used to forecast expected andfuture traffic volumes since they reflect the period of the highest volume of vehicular traffic flow for thestudy area roadways. 

July 6, 2020 Page vi TMS Engineers, Inc.
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The ODOT GIS Crash Analysis Tool (GCAT) was used to collect crash information at the study area

intersections for the years 2017 - 2019.  The study area experienced a total of 68 intersection related

crashes between 2017 and 2019.   Rear end crashes represented approximately 51% (35 crashes) of

the total amount of crashes.  Angle crashes represented approximately 19% of the crashes.  Left and

right turn crashes represented approximately 13% of the crashes.  These four types of crashes

represent the predominate crash types at the study area intersections.

Conditions at the study area intersections during the AM and PM peak hours were determined to

operate with level-of-service D or better under the forecasted 2022 Build conditions.

Conditions at the study area intersections during the 2042 Build AM and PM peak hours were

determined to operate with level-of-service D or better except at the following intersections under the

PM peak hour:

# Oak Point Road & Cooper Foster Park Road

# North Lake Street & State Route 2 Westbound Ramps

# North Lake Street & State Route 2 Eastbound Ramps

The following turn lanes were determined to experience a queue length which exceeds the existing

length of the turn lane based on the HCS analysis:

Oak Point Road & Cooper Foster Park Road

# Northbound Right Turn Lane (AM & PM Peak Hour)

# Northbound Left Turn Lane (PM Peak Hour)

# Eastbound Right Turn Lane (AM & PM Peak Hour)

North Lake Street & State Route 2 Westbound Ramps

# Westbound Left Turn Lane (PM Peak Hour)

# Southbound Right Turn Lane (PM Peak Hour)

# Northbound Left Turn Lane (PM Peak Hour)

North Lake Street & State Route 2 Eastbound Ramps

# Eastbound Left Turn Lane (AM & PM Peak Hour)

# Southbound Left Turn Lane (AM & PM Peak Hour)

July 6, 2020 Page vii TMS Engineers, Inc.
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Based on the available storage lengths along Oak Point Road/North Lake Street at Cooper Foster ParkRoad and the State Route 2 interchange there are multiple movements at each intersection that areexpected to queue through the adjacent intersections and potentially block traffic from moving duringa green indication in the signal phasing.    
The report analyzed the following 8 alternatives in order to determine if the intersection levels-of-service can be improved and the impact of queued traffic can be reduced.  

# Alternative #1 - Additional Turn Lanes
# Alternative #2 - Roundabouts
# Alternative #3 - NE Quadrant Roadway
# Alternative #4 - By-Pass Roadway
# Alternative #5 - Minor Street Bowtie
# Alternative #6 - Major Street Bowtie
# Alternative #7 - RCUT
# Alternative #8 - Additional Through Lanes

The eight scenarios were evaluated based on various criteria to consider a range of impacts. A matrixwas prepared, which provides a comparative assessment of the eight scenarios.  Information gatheredfor this report and the analysis contained within it were used to complete the matrix seen Figure 5.1,
Page 114.  

Upon detailed screening of capacity analysis results and qualitative impacts of 8 possible PreliminaryAlternatives, 6 alternatives are presented for consideration:
# Alternative #1 - Additional Turn Lanes
# Alternative #2 - Roundabouts
# Alternative #3 - NE Quadrant Roadway
# Alternative #4 - By-Pass Roadway
# Alternative #5 - Minor Street Bowtie
# Alternative #8 - Additional Through Lanes

These alternatives are expected to address the intersection capacity issues at all locations.  The queuelength and turn lane lengths were determined to experience various levels of improvement howeverthe impact of the queue lengths were not completely mitigated under any scenario and the availablestorage between intersections did not allow turn lane lengths that were able to fully accommodate thenecessary length.
July 6, 2020 Page viii TMS Engineers, Inc.
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The improvements associated with Alternative #2 and Alternative #8 were determined to be the

preferred alternatives based on the data analyzed for this report and shown in the matrix (Figure	5.1,

Page	114).  The alternatives were shown to improve the intersection capacity issues and to minimize

queue blocking between the closely spaced intersections without relocating or closing access to any

intersection. 

The following interim improvements are also recommended for consideration in the study area:

# Review and update signal timing with optimized change and clearance intervals.

# Install signal backplate/retro-reflective back-plates to increase visibility of traffic

control devices.

# Install “Left Turn Yield On Green Ball” signs (R10-12) on the traffic signal mast arms for

approaches with protected and permissive left turn phases.   The use of these signs

would be in addition to the existing traffic control infrastructure.  

# Upgrade traffic signal control to use the flashing yellow arrow for the left turn

movements.  The “Left Turn Yield On Green Ball” signs (R10-12) would not be used with

this configuration of traffic control equipment.  

# Provide surface treatment to increase friction of roadway surface.

July 6, 2020 Page ix TMS Engineers, Inc.



Area-Wide Planning Study  City of Amherst, Ohio

Chapter 1
Introduction

1.1 Purpose of Report

This Area-Wide Planning Study has been prepared at the request of the City of Amherst.   The study areais primarily located in the City of Amherst, Lorain County, Ohio.  A portion of the City of Lorain will alsobe included in the study area.  The study area will consist of the following intersections:
1. Oak Point Road & Buck Horn Boulevard2. Oak Point Road/North Lake Street & Cooper Foster Park Road3. North Lake Street & State Route 2 Westbound Ramps4. North Lake Street & State Route 2 Eastbound Ramps5. Cooper Foster Park Road & Hollstein Drive6. North Main Street & Cooper Foster Park Road  

Figure 1.1, Page 2 shows the study area and intersections under study. 
The analysis of the study area will also included proposed and under construction developments thatare located within the study area.  The following developments will be considered for the forecast offuture traffic volumes for the study area:

1. Medical Office Building (17,756 SF) - 20212. Reserve at Beaver Creek Subdivision (109 Units) - 20213. Eagle Ridge Subdivision (59 Units) - 20214. Preserve at Quarry Lakes Subdivision (100 Units) - 20205. Buckeye Square/Nova Medical Offices (11,325 SF) - 20206. Sandy Springs PUD (161 Units) 
Figure 1.2, Page 3 details the development locations within the study area.

The year 2022 will be analyzed for the opening year conditions.   The future design year will be 2042based on providing a twenty year design period for any recommended improvements in the study area.  

July 6, 2020 Page 1 TMS Engineers, Inc.
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1.2 Study	Objectives

This study is structured for the following purposes;

# to adequately identify and assess the existing and future study area traffic conditions,

# to adequately assess the traffic impacts associated with future development and

identify the level of off-site access and traffic,

# to provide a comprehensive study which evaluates and documents the traffic impacts

and off-site improvements, where warranted,

# and to provide a technically sound basis to identify mitigation requirements to off-site

traffic impacts.

This study documents the methodologies, findings and conclusions of the analysis, including the basis

for all assumptions, traffic parameters utilized and conclusions reached. 

The development of future traffic volumes will be based on the forecasting guidelines and methodology

found in the Ohio Department of Transportation’s Ohio	Traffic	Forecasting	Manual.  

The traffic impacts will be determined by comparing the existing intersection levels-of-service before

the construction of the proposed development to the anticipated levels-of-service after the

development is completed.  Levels-of-service for the study area and access roadway intersections will

be calculated using the computerized version of the Transportation Research Board's Highway

Capacity	Manual	6TH	Edition	(HCS7,	Release	7.8.5).    

The justification for any changes in the intersections will be determined by comparing data collected

of the existing traffic conditions to the criteria established by the Ohio	Manual	of	Uniform	Traffic

Control	Devices and professional engineering judgment from an on-site field review.

Intersection geometric design guidelines will be based in the information and procedures found in the

Ohio Department of Transportation’s Location	&	Design	Manual,	Volume	1.  The left and right turn

lane warrants discussed in Section 401-6 will be used in addition to the capacity analyses to determine

the need for deceleration and exclusive turn lanes at the unsignalized locations.     

July 6, 2020 Page 4 TMS Engineers, Inc.
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1.3 Intersection Capacity & Levels-of-Service

Intersection capacity analyses will be performed at the study area intersections using the proceduresoutlined in the computerized version of the Transportation Research Board’s  Highway Capacity
Manual 6TH Edition (HCS7, Release 7.8.5).  The capacity analyses will be performed in order toestimate the maximum amount of traffic that can be accommodated by a roadway facility whilemaintaining recommended operational qualities.  Peak hour traffic volumes will be analyzed todetermine the level-of-service (LOS) at the study area intersections.
The capacity analysis procedures provide a calculated “average vehicle delay”, which is based on trafficvolumes, number of lanes, type of traffic control, channelization, grade, and percentage of large vehiclesin the traffic stream at each intersection.  The average delay calculated at an intersection is thenassigned a “grade” or level of service (LOS) ranging from LOS A, the best, to LOS F, the worst based upondriver expectation.  The intersection LOS “grades” as defined by the  Transportation Research Boardare as follows:

Table 1.1 Intersection LOS

LOS
UNSIGNALIZED

AVERAGE DELAY
PER VEHICLE 

(sec)

SIGNALIZED
AVERAGE DELAY

PER VEHICLE
(sec)

ROUNDABOUT
AVERAGE DELAY

PER VEHICLE
(sec)A # 10.0 # 10.0 # 10.0B 10.1 to 15.0 10.1 to 20.0 10.1 to 20.0C 15.1 to 25.0 20.1 to 35.0 20.1 to 35.0D 25.1 to 35.0 35.1 to 55.0 35.1 to 50.0E 35.1 to 50.0 55.1 to 80.0 50.1 to 70.0F > 50 > 80 > 70

July 6, 2020 Page 5 TMS Engineers, Inc.
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The capacity analysis procedures and the resulting level-of-service grades and delays are a recognizedtraffic engineering standard for measuring the efficiency of intersection operations by suchorganizations as the Institute of Transportation Engineers, American Association of State Highway andTransportation Officials, and the Ohio Department of Transportation.  
In most cases, a level-of-service D is considered the maximum delay threshold in an urbanized settingafter which improvements should be investigated to determine if the delay can be reduced to a levelof D or better.  The capacity analyses will determine if there are any locations, approaches ormovements in which the delay exceeds the level-of-service D. 
The capacity analyses for signalized intersections will assume that the signal timing would be optimizedto balance critical lane delays at the intersection.  
It should be noted that any values shown in the HCS analysis summary sheets that are displayed in redindicate that the movement is expected to experience a queue length which exceeds the existing lengthof the turn lane.

July 6, 2020 Page 6 TMS Engineers, Inc.
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1.4 Intersection Turn Lanes

Turn Lane Warrants

The ODOT Location and Design Manual, Volume 1 and the State Highway Access Management
Manual recommend that the need for auxiliary turn lanes at unsignalized intersections be determinedby using the Auxiliary Lane Graphs found in Section 401-6 of the Location and Design Manual,
Volume 1.  This recommendation is made for the free-flow approaches at unsignalized intersections. Section 401.6.3 of the ODOT Location and Design Manual states that:
“To determine the number and use of left (right) turn lanes, intersection capacity analysis procedures of
the current edition of the Highway Capacity Manual should be used.  For unsignalized intersections, left
(right)  turn lanes may also be needed if they meet warrants provided in Figures 401-5(6)a, b,  c and d. 
The warrants apply only to the free-flow approach of the unsignalized intersection.”

It is the intent of this report to evaluate the need for exclusive deceleration and turn lanes atunsignalized intersections using the auxiliary lane graphs.  The need for turn lanes at the signalizedintersections will be based on the results of the capacity analyses.
Turn Lane Length

Turn lanes will be analyzed to determine the necessary turn lane storage length in accordance with theprocedure recommended by the Ohio Department of Transportation in their Location and Design
Manual, Volume 1, Section 401.  The ODOT criteria and procedures are furnished in Appendix A.  
It should be noted that the recommended maximum length is 800 feet for a right turn lane and 600 feetfor a left turn lane, however if the calculated turn lane length is lower than these values, the maximumlength will not be applicable.  

July 6, 2020 Page 7 TMS Engineers, Inc.
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Chapter 2
Area Conditions

2.1 Transportation Network Study Area

The Ohio Department of Transportation (ODOT) functionally classifies roadways to help define aroadway’s characteristics as well as identify roadways that are eligible for federal funds.  Functionalclassification is the grouping of roads, streets, and highways in a hierarchy based on the type of highwayservice they provide.  Generally, streets and highways perform two types of service.  They provideeither traffic mobility or land access and can be ranked in terms of the proportion of service  theyprovide. 
The functional classification as determined by ODOT will be used in this report to apply growth anddesign hour factors to the study area roadways for use in forecasting the future traffic volumes in thestudy area.  These factors are determined using data, guidelines, and methodology supplied by ODOT. These methods and the corresponding data are based on the roadways assigned functionalclassification.  The ODOT methods for forecasting future traffic volumes are a recognized trafficengineering standard.
The ODOT functional classification of the roadways in the study area can currently be seen on ODOT’swebsite at the following web address:
http://www.dot.state.oh.us/Divisions/Planning/ProgramManagement/MajorPrograms/Pages/RoadwayFunctionalClass.aspx
Roadways and driveways that are not listed as having a functional classification can be assigned intoone of two categories.  The first category is a local roadway and the second category is that of an accessdrive.

July 6, 2020 Page 8 TMS Engineers, Inc.
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The following table lists the study area roadways that have an assigned functional classification asdetermined by ODOT and local government entities.  
Table 2.1 Functional Classification

ROADWAY AREA FC # CLASSIFICATIONSR 2 Ramps Urban 2 Other Freeway/ExpresswayCooper Foster Park Road Urban 4 Minor ArterialNorth Main Street Urban 4 Minor ArterialOak Point Road/North Lake Street Urban 5 Major CollectorBuck Horn Boulevard Urban 7 Local RoadwayPark Square Drive Urban 7 Local RoadwayHollstein Drive Urban 7 Local Roadway
Figure 2.1, Page 10 illustrates the section of the functional classification map for the study area. 

July 6, 2020 Page 9 TMS Engineers, Inc.
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The following table details the primary characteristics of the study area roadways:
Table 2.2 Roadway Characteristics

ROADWAY
# OF

LANES
ORIENTATION

SPEED LIMIT
(MPH)SR 2 WB Exit Ramp 2 East-West NOT POSTEDSR 2 WB Entrance Ramp 1 East-West NOT POSTEDSR 2 EB Exit Ramp 2 East-West NOT POSTEDSR 2 EB Entrance Ramp 1 East-West NOT POSTEDCooper Foster Park Road 2 East-West 35/25North Main Street 2 North-South 35Oak Point Rd/North Lake St 3 North-South 35Buck Horn Boulevard 2 East-West 25Park Square Drive 2 East-West 25Hollstein Drive 2 North-South 25

Cooper Foster Park Road has a posted speed limit of 35 miles per hour west of Oak Point Road and 25miles per hour east of Oak Point Road.
The following sections detail the existing lane use and traffic control at each location under study forthis report.
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OAK POINT ROAD & BUCK HORN BOULEVARD/PARK SQUARE DRIVE

Oak Point Road North Approach Oak Point Road South Approach- 1 Exclusive Left Turn Lane - 1 Exclusive Left Turn Lane- 1 Shared Through & Right Turn Lane - 1 Shared Through & Right Turn Lane
Buck Horn Boulevard West Approach Park Square Drive East Approach- 1 Shared Left Turn & Through Lane - 1 Shared Left/Through/Right Turn Lane- 1 Exclusive Right Turn Lane
The intersection is controlled by a traffic signal.  The traffic signal operation includes three phases.  Thefirst phase is the northbound and southbound left turn movements.  The second phase is all northboundand southbound movements.  The third phase is all east and westbound movements.  Northbound andsouthbound left turn movements can be made during the green arrow indication (protected movement)and during a green ball indication when there is a gap in the opposing through traffic movements(permissive movement).  The signal operation also includes a right turn overlap that allows theeastbound right turn movement during the protected northbound left turn phase.    
OAK POINT ROAD & COOPER FOSTER PARK ROAD

Oak Point Road North Approach Oak Point Road South Approach- 1 Exclusive Left Turn Lane - 1 Exclusive Left Turn Lane- 1 Shared Through & Right Turn Lane - 1 Through Lane- 1 Exclusive Right Turn Lane
Cooper Foster Park Road West Approach Cooper Foster Park Road East Approach- 1 Shared Left Turn & Through Lane - 1 Shared Left/Through/Right Turn Lane- 1 Exclusive Right Turn Lane
The intersection is controlled by a traffic signal.  The traffic signal operation includes three phases.  Thefirst phase is the northbound and southbound left turn movements.  The second phase is all northboundand southbound movements.  The third phase is all east and westbound movements.  Northbound andsouthbound left turn movements can be made during the green arrow indication (protected movement)and during a green ball indication when there is a gap in the opposing through traffic movements(permissive movement).  The signal operation also includes a right turn overlap that allows theeastbound right turn movement during the protected northbound left turn phase.     
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NORTH LAKE STREET & STATE ROUTE 2 WESTBOUND RAMPS

North Lake Street North Approach North Lake Street South Approach- 1 Through Lane - 1 Exclusive Left Turn Lane- 1 Exclusive Right Turn Lane - 1 Through Lane
SR 2 WB Entrance Ramp West Approach SR 2 WB Exit Ramp East Approach- 1 Receiving Lane - 1 Exclusive Left Turn Lane- 1 Exclusive Right Turn Lane
The intersection is controlled by a traffic signal.  The intersection operates with 2 signal phases.  Thefirst phase allows all northbound and southbound movements.  The second phase allows thewestbound movements from the exit ramp.  The northbound left turn movement is made during thegreen ball indication when there is a gap in the opposing through traffic (permissive movement). 
NORTH LAKE STREET & STATE ROUTE 2 EASTBOUND RAMPS

North Lake Street North Approach North Lake Street South Approach- 1 Exclusive Left Turn Lane - 1 Shared Through & Right Turn Lane- 1 Through Lane
SR 2 EB Exit Ramp West Approach SR 2 WB Entrance Ramp East Approach- 1 Exclusive Left Turn Lane - 1 Receiving Lane- 1 Exclusive Right Turn Lane
The intersection is controlled by a traffic signal.  The intersection operates with 3 signal phases.  Thefirst phase allows the southbound moments.  The second phase allows all northbound and southboundmovements.  The third phase allows the eastbound movements from the exit ramp.  The southboundleft turn movement can be made during the green arrow indication (protected movement) and duringa green ball indication when there is a gap in the opposing through traffic movement (permissivemovement).  
Figure 2.2, Page 14 shows an aerial view of the State Route 2 interchange area with Oak PointRoad/North Lake Street and Cooper Foster Park Road. 
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COOPER	FOSTER	PARK	ROAD	&	HOLLSTEIN	DRIVE

Cooper	Foster	Park	Road	West	Approach Cooper	Foster	Park	Road	East	Approach

- 1 Shared Left Turn & Through Lane - 1 Shared Through & Right Turn Lane

Hollstein	Drive	North	Approach

- 1 Exclusive Left Turn Lane

- 1 Exclusive Right Turn Lane

The intersection is controlled by a stop sign on the Hollstein Drive approach.  The Cooper Foster Park

Road approaches operate under free-flow conditions eastbound left turn movement yielding to the

westbound movements. 

NORTH	MAIN	STREET	&	COOPER	FOSTER	PARK	ROAD

North	Main	Street	North	Approach North	Main	Street	South	Approach

- 1 Exclusive Left Turn Lane - 1 Exclusive Left Turn Lane

- 1 Shared Through & Right Turn Lane - 1 Through Lane

- 1 Exclusive Right Turn Lane

Cooper	Foster	Park	Road	West	Approach Cooper	Foster	Park	Road	East	Approach

- 1 Shared Left/Through/Right Turn Lane - 1 Shared Through & Right Turn Lane

- 1 Exclusive Right Turn Lane

The intersection is controlled by a traffic signal.  The intersection operates with 3 signal phases.  The

first phase allows all southbound movements.  The second phase allows all northbound and

southbound movements.  The third phase allows all eastbound and westbound movements.  The

southbound left turn movement can be made during the green arrow indication (protected movement)

and during a green ball indication when there is a gap in the opposing through traffic movements

(permissive movement).  The remaining left turn movements can only be made during a green ball

indication (permissive movement).  The signal operation also includes a right turn overlap that allows

the westbound right turn movement during the protected southbound left turn phase.    

 

Figure	 2.3,	 Page	 16	 shows the lane use and traffic control conditions based upon the existing

conditions in the study area.  The existing turn lane storage lengths and the available storage between

intersections is also shown on Figure	2.3.  These will be considered the existing base conditions for this

report.   
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2.2 Traffic

The traffic count data that was collected for this report was conducted just prior to and on the opening

day of the Ohio “Stay at Home Order” in response to the COVID-19 pandemic of 2020.   The order

restricts travel to essential activities primarily related to health and safety.  These activities can include,

but are not limited, to obtaining necessary supplies, travel for certain types of work, to take care of

others, and for outdoor activity.  A copy of the stay at home order can be seen in Appendix	B.  Prior to

the order travel was beginning to the lessen due to closures of schools and certain businesses.  

The collected traffic count data will be used to determine the directional distribution of the turn

movements at the study area intersections and the peak hours of traffic flow.  However, due to the

COVID-19 pandemic and the “Stay at Home” order, these volumes are expected to be less than would

typically be experienced at the intersections.  The use of available recent and historical traffic data in

the study area will be used in conjunction with the collected traffic data to forecast expected current

and future traffic volumes in the study area under typical weekday conditions.    

Traffic data collection at the study area intersections was performed on Thursday, March 19 and

Tuesday, March 24, 2020.  The intersection of North Main Street and Cooper Foster Park Road was

counted on Tuesday, February 19, 2019.  It should be noted that Tuesday, March 24, 2020 was the first

day of Ohio’s “Stay at Home Order”	 in response to the COVID-19 pandemic of 2020.    

Weekday nine hour turning movement counts were performed on at the following locations:

  1. Oak	Point	Road	&	Buck	Horn	Boulevard

2. Oak	Point	Road/North	Lake	Street	&	Cooper	Foster	Park	Road

3. North	Lake	Street	&	State	Route	2	Westbound	Ramps

4. North	Lake	Street	&	State	Route	2	Eastbound	Ramps

5. Cooper	Foster	Park	Road	&	Hollstein	Drive

6. North	Main	Street	&	Cooper	Foster	Park	Road	
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The weekday traffic counts were conducted in fifteen (15) minute intervals between the hours of 7 AM -10 AM, 11 AM - 2 PM, and 3 PM - 6 PM, then hourly totals were calculated.  Average daily traffic wascalculated for the roadways using expansion factors to account for daily and seasonal variationsaccording to the recommendations and latest data from the Ohio Department of Transportation.  A copyof the intersection turn movement count is included in Appendix C.  
The following tables detail a breakdown of the hourly volumes during the AM and PM hours that weredetermined to experience the highest traffic volumes.  The data shown in the tables will be used in thedetermination of the AM and PM peak hours for the study area intersections.

Table 2.3 AM Peak Hour Traffic Volumes
(Total Entering Volume - Vehicles per Hour)

* INTERSECTION
#

HOUR BEGINS

7:00 7:15 7:30 7:45 8:00 8:15 8:30 8:45 9:00#1 323 337 326 297 263 259 268 280 297#2 791 838 878 827 766 750 754 771 762#3 692 768 802 749 706 670 673 685 664#4 659 720 716 679 629 579 571 571 549#5 139 135 143 150 141 158 155 142 149#6 1047 994 901 825 805 777 775 763 758
TOTAL 3651 3792 3766 3527 3310 3193 3196 3212 3179

*  See Traffic Count Locations Detailed on Page 17
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Table 2.4 PM Peak Hour Traffic Volumes
(Total Entering Volume - Vehicles per Hour)

* INTERSECTION
#

HOUR BEGINS @

3:00 3:15 3:30 3:45 4:00 4:15 4:30 4:45 5:00#1 553 535 533 535 555 610 623 595 563#2 1179 1272 1323 1375 1391 1379 1426 1340 1271#3 1097 1214 1279 1338 1354 1343 1382 1311 1242#4 862 889 945 1013 1044 1085 1117 1034 959#5 229 227 202 218 242 240 252 221 205#6 1153 1126 1089 1038 1068 1101 1110 1108 1039
TOTAL 5073 5263 5371 5517 5654 5758 5910 5609 5279

*  See Traffic Count Locations Detailed on Page 17

Based on the collected traffic data, the peak hours for the study area were determined based on the AMand PM hour experiencing the highest total volume indicated in red in the previous tables.  Theweekday AM peak hour of traffic was determined to be 7:15 AM to 8:15 AM.  The weekday PM peakhour of traffic was found to be 4:30 PM to 5:30 PM.  These periods will be used to forecast expected andfuture traffic volumes since they reflect the period of the highest volume of vehicular traffic flow for thestudy area roadways. 
The peak hour traffic volumes detailed in Appendix C were determined to have minimal variationsbetween the adjacent count locations.   The volumes along Oak Point Road/North Lake Street shouldbe equal between the adjacent intersections as there are no intersecting roadways or drivewaysbetween the minor streets to gain or lose vehicles.  
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Balancing traffic volumes is a process by which the differences between traffic volume data at adjacenttraffic count locations is eliminated.  The volumes along Oak Point Road/North Lake Street werebalanced using a combination of the methods described in ODOT’s Ohio Traffic Forecasting Manual,
Volume 2 in order to provide a conservative estimate of study area traffic volumes.  The method usedfor the study area uses the volume from a single main intersection as the control volume and carriesit through the adjacent intersections. 
The volumes along Oak Point Road/North Lake Street were balanced using the volumes from theintersection at Oak Point Road and Cooper Foster Park Road.  The volume at Oak Point Road andCooper Foster Park Road was distributed north and south through the corridor by adding orsubtracting the resulting difference to the north and south through movements at each intersection. 
The existing balanced AM and PM peak hour traffic volumes are shown in Figure 2.4, Page 21.  Itshould be noted that it will be necessary to adjust these volumes due to the effects of the COVID-19pandemic and Ohio’s “Stay at Home” order.  

July 6, 2020 Page 20 TMS Engineers, Inc.



NORTHNOT TOSCALE

Oak Point
Road

North Lake
Street

Buck Horn
Boulevard

Park Square
Drive

SR 2 EB
Exit Ramp

SR 2 EB
Entrance 

Ramp

SR 2 WB
Entrance

Ramp
SR 2 WB

Exit Ramp

Cooper 
Foster Park 

Road

Holstein
Drive

Cooper 
Foster Park 

Road

North Main
Street

Areawide Planning Study
Amherst, Ohio

Figure:

Page:

Existing Weekday
Peak Hour

Balanced Traffic Volumes

2.4

21

LEGEND

PM Peak Hour Traffic 
AM Peak Hour Traffic XX

(XX)

16 (7)
224

(124)
16 (70)

2 (17)
0 (5)
5 (39)

6
(21)

189
(247)

17 (60)

16 (66)
3 (3)

25 (32)

185 (100)
145

(225)

177 (273)
96

(399)

101 (94)
23 (49)

216 (278)
30

(41)

206 (286)
45 (203)

228
(469)

75
(135)

201 (69)
129

(266)
92 (229)

19 (36)
20 (57)
52 (110)

29
(37)

169 (248)
21

(33)

8 (39)
16 (56)

82 (246)

37 (54)
153 (114)
37 (27)

196 (153)
59 (90)
24 (57)

160
(215)

145 (143)
34

(55)

23 (68)
68 (100)
44 (34)

11 (5)
63 (83)

2
(10)

5 (18)

22 (4)
32 (136)



Area-Wide Planning Study  City of Amherst, Ohio

2.3 Crash	Data

The Ohio Department of Transportation provides a tool to retrieve crash data.  The ODOT GIS Crash

Analysis Tool (GCAT) was used to collect crash information at the study area intersections.  The ODOT

GIS Crash Analysis Tool can currently be found at the following web address:

https://gis.dot.state.oh.us/tims/

The years 2017 through 2019 at the six study area intersections were reviewed using the ODOT GCAT

portal.  Crash data summaries for each study area intersection with reported crash data can be found

in Appendix	D. 

The study area experienced a total of 68 intersection related crashes between 2017 and 2019.   Rear

end crashes represented approximately 51% (35 crashes) of the total amount of crashes.  Angle crashes

represented approximately 19% of the crashes.  Left and right turn crashes represented approximately

13% of the crashes.  These four types of crashes represent the predominate crash types at the study

area intersections.

Typical causes of rear end crashes at signalized intersections may include congestion, large turn

volumes, slippery surfaces, excessive speed, lack of adequate gaps, and drivers unaware of the

intersection.  Rear end crashes can also be associated with roadways and intersections that are nearing

or exceeding capacity.  The cited contributing circumstance for all of the rear end crashes was Followed

Too Closely/ACDA.  Based on a review of the rear-end crash reports it is likely that driver inattention

was also a factor in the crashes. 

Typical causes of angle, left turn, and right turn crashes are congestion, large turn volumes, slippery

surfaces, excessive speed, poor traffic signal coordination between intersections, inadequate clearance

intervals, and poor visibility of traffic control devices.  Left turn crashes can also be associated with

roadways and intersections that are nearing or exceeding capacity. 

      

The crashes were tabulated by intersection and crash type in order to address probable causes and

corrective measures at each intersection based on the dominate crash type.  The table detailing the

intersection crash patterns and probable causes can be seen on the following page:
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Table	2.6	‐	2017	‐	2019	Intersection	Crash	Patterns

INTERSECTION

TOTAL

CRASHES

(INJURY)

CRASH

RATE*

MAJOR	CRASH

PATTERN

PROBABLE

CAUSE

Oak Point Road

&

Buck Horn Blvd.

6 (0) 0.69 Rear End (5)

Roadway surface (weather)

Traffic signal timing

Congestion

Driver inattention

Oak Point Road

&

Cooper Foster Park
16 (5) 0.76

Angle (4)

Right Turn (4)

Rear End (4)

Left Turn (3)

Large turning volumes

Poor device visibility

 Traffic signal timing

Congestion

Driver inattention

North Lake Street

&

SR 2 WB Ramps

23 (3) 1.19
Rear End (16)

Angle (4)

Large turning volumes

Poor device visibility

 Traffic signal timing

Congestion

Driver inattention

North Lake Street

&

SR 2 EB Ramps

9 (2) 0.58
Rear End (3)

Angle (2)

Large turning volumes

Poor device visibility

 Traffic signal timing

Cooper Foster Park

&

Hollstein

0 0.00

North Main Street

&

Cooper Foster Park

14 (1) 0.98

Rear End (7)

Angle (3)

Left Turn (2)

Driver inattention

Large turning volumes

 Traffic signal timing

*	Crash	Rate	‐	Crashes	per	Million	Entering	Vehicles
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Typical countermeasures in order to reduce the frequency of left turn, right turn, and angle crashes mayinclude:
# Improve turn lane channelization with turn lanes.
# Update signal timing with optimized change and clearance intervals.
# Install signal backplate/retro-reflective back-plates to increase visibility of trafficcontrol devices.
# Install “Left Turn Yield On Green Ball” signs (R10-12) on the traffic signal mast arms forapproaches with protected and permissive left turn phases.
# Upgrade traffic signal control to use the flashing yellow arrow for the left turnmovements.

Typical countermeasures in order to reduce the frequency of rear end crashes may include:
# Update signal timing with optimized change and clearance intervals.
# Install signal backplate/retro-reflective back-plates to increase visibility of trafficcontrol devices.
# Provide surface treatment to increase friction of roadway surface.
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Crash Diagram

An intersection crash diagram was prepared for the each intersection based on the results from theprevious table and the summaries in Appendix D.  
A crash diagram is a schematic drawing that has been compiled from a series of individual crash reportsrelative to a specific location (intersection).  The diagram includes the vehicles direction of travel priorto contact, and the presence of any pedestrians or bicycles  whose presence contributed to a collisionor were involved directly in the crash.  The crash diagrams can be used as a visual reference inanalyzing possible crash patterns at an intersection.  
The crash diagrams include the following information:

# Title block with project and study area description.
# Schematic of the location with the approaches labeled and directional arrow indicatingnorth.
# A legend key to denote the symbols and abbreviations used in the diagram.
# Each crash includes the date in the following format: MM-DD-YR
# Each crash also includes the road conditions, light conditions, and the severity of thecrash (Property Damage, Injury, or Fatality).

The crash data from the years 2017 through 2019 was used to create a crash diagram for eachintersection under study.  The intersection crash diagrams can be seen in Appendix E. 
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Chapter 3
Projected Traffic Conditions

3.1 Adjusted Traffic

The collected peak hour traffic volumes have been impacted due to the COVID-19 pandemic and the Ohio “Stay at Home Order”.  The traffic volumes as they were collected are not representative of atypical weekday under normal travel patterns and show less volume.  The ODOT Modeling andForecasting Section of the Office of Statewide Planning and Research has developed a process tocalibrate counts that are artificially low  due to the COVID-19 situation.  An overview of the ODOTguidance and process can be seen in Appendix F.  The development of calibration factors for the studyarea traffic volumes in order to determine the base line traffic conditions for future forecasting isdescribed in the following paragraphs.     
The ODOT Traffic Monitoring Management System (TMMS) was consulted to determine available PeakHour Traffic along the study area roadways.  Data from the following locations will be used to forecastthe 2020 traffic volumes for the study area intersections on a typical weekday:  

1. State Route 2 Westbound Exit Ramp - Location ID 24547
2. State Route 2 Westbound Entrance Ramp - Location ID 24347
3. State Route 2 Eastbound Exit Ramp - Location ID 24247
4. State Route 2 Eastbound Entrance Ramp - Location ID 24447

These locations were determined to provide recent peak hour traffic data.  The peak hour data fromthese locations will be used in conjunction with the collected peak hour volumes to determinecalibration factors for the AM and PM peak hours at the study area intersections.  
The COVID factors are determined by dividing the historical peak hour volume by the collected peakhour volume for each ramp.  The average of the four ramps was used to determine the COVID factor forthe study area that will be applied to all intersections with the exception of North Main Street andCooper Foster Park Road.  The North Main Street and Cooper Foster Park Road intersection wascounted in 2019 and was not impacted by the COVID-19 pandemic and the  Ohio “Stay at Home Order” 
The AM peak hour was determined to have a COVID factor of 1.358 and the PM peak hour had a factorof 1.293.  Calculations to determine the COVID factors can be seen in Appendix F.  
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3.2 Site Traffic

Trip Generation Calculating future total driveway trips requires an estimate of the traffic generated by proposeddevelopments in the study area.  The most widely accepted method of determining the amount of trafficthat the proposed development will generate is to compare the proposed land use with existingfacilities of the same use.  The Institute of Transportation Engineers (ITE) has prepared a manual titled“Trip Generation Manual”, which is a compilation of similar traffic generation studies to aide inmaking such a comparison.  The most recent update of this manual is the 10TH edition and was utilizedfor this study.
The following developments were identified in the study area that are either under constructioncurrently or will be in the near future:

# Medical Office Building (17,756 SF) - 2021
# Reserve at Beaver Creek Subdivision (109 Units) - 2021
# Eagle Ridge Subdivision (59 Units) - 2021
# Preserve at Quarry Lakes Subdivision (100 Units) - 2020
# Buckeye Square/Nova Medical Offices (11,325 SF) - 2020
# Sandy Springs PUD (161 Units) 

The Preserve at Quarry Lakes is nearly built out.  The remaining residential developments have recentlystarted construction or about to begin construction.  The Preserve at Quarry Lakes will not be includedin the site generated trips for the future traffic forecasts due to the nearly built out status of thedevelopment.  The remaining developments will be included in the future forecasts based on the totalnumber of units regardless of the status of the development build out.  It is our opinion that theseassumptions will provide a conservative estimate of generated traffic from the proposed developmentsin the study area based on the status of each development.  
The following table details the development land use and the corresponding ITE land use that will beused to forecast the site generated traffic volumes for future conditions:
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Table	3.1	ITE	Land	Use	Code

SITE	PLAN

DESCRIPTION

LAND	USE ITE

CODE

ITE

DESCRIPTION

Medical Office Building Office 720 Medical-Dental Office Building

Reserve at Beaver Creek Residential 210 Single Family Detached Housing

Eagle Ridge Residential 210 Single Family Detached Housing

Buckeye Square/Nova Office 720 Medical-Dental Office Building

Sandy Springs Residential 210 Single Family Detached Housing

The following table details the development generated traffic volumes based on the previously

described methods as outlined in the (ITE) Trip	Generation	Handbook.  Copies of the trip generation

worksheets can be seen in Appendix	G.  

Table	3.2	Site	Generated	Traffic

ITE	TRIP	GENERATION

SIZE
(Units	or	SF)

TRIP	ENDS

ITE

Code
Land	Use	Description

AM	Peak	Hour

of	Generator

(Enter/Exit)

PM	Peak	Hour

of	Generator

(Enter/Exit)

720 Medical Office Building 17,756 SF 39 24 28 43

210 Reserve at Beaver Creek 109 Units 23 65 74 42

210 Eagle Ridge 59 Units 13 37 42 23

720 Buckeye Square/Nova 11,325 SF 26 16 17 27

210 Sandy Springs 161 Units 32 92 107 60

TOTAL	NEW	GENERATED	TRIPS

133 234 268 195

367 463
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Distribution of Generated Traffic

The directional distribution for the new generated traffic of each development is a function of theprevailing operating conditions on the existing roadways.  The primary distribution patterns that wereassumed for each development are based upon the existing traffic volumes entering and exiting thestudy area during the AM and PM peak hours shown in Figure 2.4.    
The distribution pattern that was assumed at each development was based on the overall inbound(entering traffic) and outbound (exiting traffic) at each point of access for the proposed developments. The entering and exiting site generated traffic was then distributed through the study area roadwaynetwork based on the distribution of traffic at each intersection as the traffic volumes progress throughthe system.
The directionally distributed site generated trips for the proposed Medical Office Building located alongthe south side of Cooper Foster Park Road at Hollstein Drive can be seen in Figure 3.1, Page 30

The directionally distributed site generated trips for the proposed Reserve at Beaver Creek subdivisionlocated at the north end of Hollstein Drive can be seen Figure 3.2, Page 31.
The directionally distributed site generated trips for the proposed Eagle Ridge subdivision locatedalong the north side of Cooper Foster Park Road to the west of Oak Point Road can be seen Figure 3.3,
Page 32.
The directionally distributed site generated trips for the proposed Buckeye Square/Nova medicaloffices located at the southeast corner of the North Main Street and Cooper Foster Park Roadintersection can be seen Figure 3.4, Page 33.
The directionally distributed site generated trips for the proposed Sandy Springs PUD located northof Buck Horn Boulevard along the west side of Oak Point Road can be seen Figure 3.5, Page 34.
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3.3 Non-Site Traffic

Background Traffic Growth

Design of new roadways or improvements to existing roadways should not usually be based on currenttraffic volumes alone, but should consider future traffic volumes expected to make use of the facilities. Roadways should be designed to accommodate the traffic volume that is likely to occur within thedesign life of the facility.  In a practical sense, this design volume should be a value that can be estimatedwith reasonable accuracy.  It is believed that the maximum design period is in the range of 15 to 24years.  Therefore, a period of twenty years is widely used as a basis for design for large projects.  Trafficcannot usually be forecasted accurately beyond this period on a specific facility because of probablechanges in the general regional economy, population, and land development along the roadway.   TheODOT Certified Traffic Manual requires that twenty year design hour traffic volumes be analyzed. 
Roadways, like those found in the study area, carry a significant amount of through traffic due to theirfunctional characteristics.  This through traffic component generally increases as regional growthoccurs.  Therefore, it is anticipated that existing traffic in the study area will increase in future years. The years 2022 (Opening Year) and 2042 (Design Year) will be analyzed for the study area.  Therefore,it is necessary to estimate historical growth rates in order to establish the future traffic on the studyarea roadways.
A growth rate for the study area was developed using data supplied by the Northeast AreawideCoordinating Agency (NOACA).  NOACA provided 2020 and 2040 traffic data from the NOACA TravelForecasting Model for the study area at the State Route 2 interchange.  A copy of the NOACA supplieddata can be found in Appendix H.  
A linear growth rate of 0.7088% per year was utilized to estimate the AM peak hour traffic growthbased on the growth from the 2020 data to the 2040 data that was supplied.  A linear growth rate of1.3831% per year was utilized to estimate the PM peak hour traffic growth based on the growth fromthe 2020 data to the 2040 data that was supplied.   A copy of the growth rate calculations can be seenin Appendix H.     

July 6, 2020 Page 35 TMS Engineers, Inc.



Area-Wide Planning Study  City of Amherst, Ohio

Design Hour Traffic

The traffic patterns on any roadway typically show considerable variation in the traffic volumesexperienced during the various hours of the day and in the hourly volumes experienced throughout theyear.  A key decision in the design process involves determining which of these hourly traffic volumesshould be used as the basis for the design.  
It would be wasteful to predicate a design on the maximum peak hour traffic that occurs during the yearand the use of the average hourly traffic would result in an inadequate design.  The hourly trafficvolumes used in a design should not be exceeded very often or by very much.  However, the hourlytraffic volumes should not be so high that traffic would rarely be sufficient to make full use of thedesigned facility.  
Normal design policy in the State of Ohio is based upon a review of curves that depict the variation inhourly traffic volumes during the year.  The Ohio Department of Transportation recommends using the30TH highest hour as a design control for urban streets.  There is typically very little difference betweenthe volumes in this range.   The Ohio Department of Transportation provides factors that are appliedto counted daily traffic volumes to determine appropriate design hour traffic volumes. 
Following guidelines set forth in the ODOT State Highway Access Management Manual, all analysesare required to examine the design hour volume for the adjacent roadway and peak hour traffic volumeof the proposed development.  The Ohio Traffic Forecasting Manual will be used to determined peakhour factors for the study area roadways.   
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The design hour volumes are determined by multiplying the AM and PM peak hour volumes by theappropriate factors from the ODOT Peak Hour to Design Hour Factor Report based on the functionalclassification of the roadway, the day of the week and the month that the traffic data was collected.  Acopy of the ODOT’s Peak Hour to Design Hour Factor Report can be seen in Appendix I.     
Table 3.3 - Peak Hour to Design Hour Factors

LOCATION AREA
FUNCTIONAL

CLASSIFICATION
MONTH DAY

 DHV
FACTORSR 2 Ramps Urban Freeway/Expressway March Thursday 1.105Cooper Foster @ Oak Point Urban Minor Arterial March Thursday 1.135Cooper Foster @ Hollstein Urban Minor Arterial March Tuesday 1.158Cooper Foster @ N. Main Urban Minor Arterial February Tuesday 1.161North Main Street Urban Minor Arterial February Tuesday 1.161Oak Point @ Buck Horn Urban Major Collector March Tuesday 1.158Oak Point @ Cooper Foster Urban Major Collector March Thursday 1.135North Lake Street Urban Major Collector March Thursday 1.135Buck Horn Boulevard Urban Local Roadway March Tuesday 1.158Park Square Drive Urban Local Roadway March Tuesday 1.158Hollstein Drive Urban Local Roadway March Tuesday 1.158
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3.4 Future Traffic

No-Build Condition

The previously discussed calculation of COVID factors, design hour factors, and growth rates for eachmovement were applied to the existing 2020 traffic volumes shown in Figure 2.4 in order to estimatethe future traffic without the site specific developments discussed in Section 3.2.    
A spreadsheet detailing  the use of the COVID factors, the calculated growth rates, the design hourfactors, and the resulting expected 2022 and 2042 No-Build traffic volumes can be found in Appendix
F.  
The estimated 2022 and 2042 No-Build traffic volumes for the study area are shown graphically in
Figures 3.6 and 3.7, Pages 39  and 40.  This traffic is the expected traffic if the proposed developments
are not constructed, the “No-Build” condition.  
The No-Build traffic volumes have been rounded to the nearest 10 to adhere to preferred ODOTpractices.
Build Condition

The sum of the 2022 and 2042 No-Build volumes, shown in Figures 3.6 and 3.7, were added to the newgenerated traffic (Figures 3.1 - 3.5) to equal the future Build peak hour volumes in order to estimatethe future traffic considering the expected conditions.  
The estimated 2022 Build traffic volumes for the study area are shown graphically in Figure 3.8, Page
41.  These traffic volumes are the expected volumes if the proposed developments are constructed, orthe “Build” condition.  
The estimated 2042 Build traffic volumes for the study area under the full build conditions are showngraphically in Figures 3.9, Pages 42.  These traffic volumes are the expected volumes if the proposeddevelopments are constructed, or the “Build” condition.  
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Chapter	4

Traffic	Analysis

4.1 Future	Conditions	Analysis

Build	Conditions	‐	2022	Capacity	Analysis

Analyses were performed for the projected 2022 Build conditions.  The traffic volumes used in the

analyses can be seen in Figure	3.8.  Copies of the capacity worksheets are included in Appendix	J.		

The results of the Year 2022 Build analyses with the existing roadway conditions are shown in the

following table:

Table	4.1	‐	2022	Levels‐of‐Service

(Build	Volumes	&	Existing	Roadway	Conditions)

INTERSECTION
TRAFFIC

CONTROL

MOVEMENT/

APPROACH

AM	PEAK

LOS	(DELAY)

PM	PEAK

LOS	(DELAY)

Oak Point Road & Traffic Signal Intersection B (19.7) C (23.6)

		Buck Horn Boulevard Eastbound B (18.7) C (23.5)

Westbound C (21.1) C (24.9)

Northbound B (18.3) C (22.1)

Southbound C (20.7) C (25.1)

Oak Point Road & Traffic Signal Intersection C (20.6) C (32.0)

		Cooper Foster Park Road Eastbound B (18.2) C (23.1)

Westbound C (23.6) D (39.0)

Northbound C (20.7) C (28.5)

Southbound B (19.9) D (36.5)

(XX.X)	=	Average	vehicle	delay	in	seconds	per	vehicle
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Table 4.1 - 2022 Levels-of-Service
(Build Volumes & Existing Roadway Conditions)

INTERSECTION
TRAFFIC

CONTROL
MOVEMENT/
APPROACH

AM PEAK
LOS (DELAY)

PM PEAK
LOS (DELAY)North Lake Street & Traffic Signal Intersection B (17.9) C (27.7)  SR 2 WB Ramps Westbound C (22.1) D (35.8)Northbound B (16.7) B (19.7)Southbound B (15.8) C (25.7)North Lake Street & Intersection C (26.4) C (25.6)

  SR 2 EB Ramps Eastbound C (29.1) C (33.7)Northbound C (29.5) C (34.4)Southbound C (21.8) B (19.4)Cooper Foster Park Road One-Way Stop Eastbound A (7.6) A (7.8)
  Hollstein Drive Westbound A (7.5) A (7.8)Northbound B (11.6) B (13.4)
 Southbound B (10.1) B (11.7)North Main Street & Traffic Signal Intersection B (14.7) B (15.3)
  Cooper Foster Park Road Eastbound B (17.9) B (18.2)Westbound B (14.6) B (14.8)Northbound B (17.4) B (17.8)Southbound B (11.4) B (12.8)

(XX.X) = Average vehicle delay in seconds per vehicle

Conditions at the study area intersections during the AM and PM peak hour were determined to operatewith level-of-service D or better. 
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The following turn lanes were determined to experience a queue length which exceeds the existinglength of the turn lane based on the HCS analysis:
Oak Point Road & Cooper Foster Park Road
# Northbound Right Turn Lane (AM Peak Hour)
# Northbound Left Turn Lane (PM Peak Hour)
# Eastbound Right Turn Lane (AM Peak Hour)
North Lake Street & State Route 2 Westbound Ramps
# Westbound Left Turn Lane (PM Peak Hour)
# Southbound Right Turn Lane (PM Peak Hour)
North Lake Street & State Route 2 Eastbound Ramps
# Southbound Left Turn Lane (AM & PM Peak Hour)

The 2022 capacity analyses determined that multiple turn lanes in the Oak Point Road/North LakeStreet corridor are not long enough to accommodate the expected traffic volumes.  
Mitigation scenarios at these locations will be investigated in the following sections to determine if theimpact of queued traffic can be reduced. 
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Build Conditions - 2042 Capacity Analysis

Analyses were performed for the projected 2042 design year conditions under the Build scenario.  Thetraffic volumes used in this analysis can be seen in Figure 3.9.  Copies of the capacity worksheets areincluded in Appendix K. 

The results of the Year 2042 Build analyses with the existing roadway conditions are shown in thefollowing table:
Table 4.2 - 2042 Levels-of-Service

(Build Volumes & Existing Roadway Conditions)

INTERSECTION
TRAFFIC

CONTROL
MOVEMENT/
APPROACH

AM PEAK
LOS (DELAY)

PM PEAK
LOS (DELAY)Oak Point Road & Traffic Signal Intersection C (21.4) C (25.9)

  Buck Horn Boulevard Eastbound B (17.9) C (26.4)Westbound C (20.1) C (27.6)Northbound B (19.8) C (23.4)Southbound C (23.2) C (28.3)Oak Point Road & Traffic Signal Intersection C (20.4) E (60.7)
  Cooper Foster Park Road Eastbound C (20.4) C (21.4)Westbound C (26.4) F (100.1)Northbound B (19.6) D (52.5)Southbound B (18.8) F (89.5)

(XX.X) = Average vehicle delay in seconds per vehicle
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Table 4.2 - 2042 Levels-of-Service
(Build Volumes & Existing Roadway Conditions)

INTERSECTION
TRAFFIC

CONTROL
MOVEMENT/
APPROACH

AM PEAK
LOS (DELAY)

PM PEAK
LOS (DELAY)North Lake Street & Traffic Signal Intersection B (19.3) E (59.1)  SR 2 WB Ramps Westbound C (24.2) F (106.1)Northbound B (17.5) C (31.8)Southbound B (16.9) D (37.2)North Lake Street & Intersection C (32.2) D (46.7)

  SR 2 EB Ramps Eastbound D (35.7) E (59.4)Northbound D (36.7) E (69.4)Southbound C (25.8) C (32.3)Cooper Foster Park Road One-Way Stop Eastbound A (7.6) A (7.8)
  Hollstein Drive Westbound A (7.5) A (7.9)Northbound B (11.8) B (15.0)
 Southbound B (10.2) B (12.4)North Main Street & Traffic Signal Intersection B (15.0) B (16.9)
  Cooper Foster Park Road Eastbound B (18.2) B (19.4)Westbound B (14.9) B (15.3)Northbound B (17.6) B (18.5)Southbound B (11.8) B (15.9)

(XX.X) = Average vehicle delay in seconds per vehicle

Conditions at the study area intersections during the AM and PM peak hours were determined tooperate with level-of-service D or better except at the following intersections under the PM peak hour:
# Oak Point Road & Cooper Foster Park Road
# North Lake Street & State Route 2 Westbound Ramps
# North Lake Street & State Route 2 Eastbound Ramps
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The following turn lanes were determined to experience a queue length which exceeds the existinglength of the turn lane based on the HCS analysis:
Oak Point Road & Cooper Foster Park Road
# Northbound Right Turn Lane (AM & PM Peak Hour)
# Northbound Left Turn Lane (PM Peak Hour)
# Eastbound Right Turn Lane (AM & PM Peak Hour)
North Lake Street & State Route 2 Westbound Ramps
# Westbound Left Turn Lane (PM Peak Hour)
# Southbound Right Turn Lane (PM Peak Hour)
# Northbound Left Turn Lane (PM Peak Hour)
North Lake Street & State Route 2 Eastbound Ramps
# Eastbound Left Turn Lane (AM & PM Peak Hour)
# Southbound Left Turn Lane (AM & PM Peak Hour)

The 2022 and 2042 capacity analyses determined that Oak Point Road/Cooper Foster Park Road andthe State Route 2 ramp intersections are expected to operate with poor levels-of-service.  The analysisalso determined that multiple turn lanes in the Oak Point Road/North Lake Street corridor are not longenough to accommodate the expected traffic volumes.  
Mitigation scenarios at these locations will be investigated in the following sections to determine if thelevels-of-service can be improved and the impact of queued traffic can be reduced.  The analysis ofadditional scenarios will be based on the forecasted 2042 traffic volumes to ensure an adequate servicelife of any recommended improvements.  
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Queue Analysis

Queue analyses were performed to determine the impact of queued traffic along Oak Point Roadbetween Cooper Foster Park Road to the north and the State Route 2 Eastbound ramps to the south. The analysis will be based on the previously detailed HCS results shown in Tables 4.1 & 4.2.  
The purpose of the analysis will be to determine if the queued traffic from the signalized intersectionsat Cooper Foster Park Road and the State Route 2 ramps are extending through the adjacentintersections.
The section of roadway between Cooper Foster Park Road and the State Route 2 Westbound ramps hasapproximately 140 feet of storage for northbound traffic and 125 feet of storage for southbound traffic. The section of roadway between the State Route 2 Westbound and Eastbound ramps has approximately600 feet of storage for northbound and southbound traffic in the through lanes.  The back to back leftturn lanes has approximately 550 storage available for the two turn lanes.  The measurements werebased on the location of the stop bar and the point where traffic would begin to block the adjacentintersection.  The existing turn lane lengths and available storage between intersections can be seendetailed in Figure 2.3, Page 16.  
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The following table details the 95TH percentile queue lengths for the 2022 peak periods under study. 

Queue lengths shown to exceed the available storage length are highlighted on yellow.  Copies of the

HCS reports can be found in Appendix	J.  

Table	4.3	2022	Queue	Length	Analysis

(Oak	Point	Road/North	Lake	Street)

LOCATION MOVEMENT
AVAILABLE

STORAGE

AM	PEAK

95TH	Percentile

PM	PEAK

95TH	Percentile

Oak Point & NB Left 140 83 310

  Cooper Foster Park NB Thru 140 146 338

NB Right 140 269 110

North Lake & SB Right 125 78 131

  SR 2 Westbound SB Thru 125 260 620

NB Left 175 (350*) 38 70

NB Thru 600 226 311

North Lake & SB Left 175 (350*) 210 274

  SR 2 Eastbound SB Thru 600 58 280

XXX	‐	Length	in	Feet

*	Additional	storage	space	that	could	be	gained	through	re‐striping.	 

Based on the available storage lengths along Oak Point Road/North Lake Street there are multiple

movements at each intersection that are expected to queue through the adjacent intersections and

potentially block traffic from moving during a green indication in the signal phasing.    
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The following table details the 95TH percentile queue lengths for the 2042 peak periods under study. 

Queue lengths shown to exceed the available storage length are highlighted on yellow.  Copies of the

HCS reports can be found in Appendix	K.  

Table	4.4	2042	Queue	Length	Analysis

(Oak	Point	Road/North	Lake	Street)

LOCATION MOVEMENT
AVAILABLE

STORAGE

AM	PEAK

95TH	Percentile

PM	PEAK

95TH	Percentile

Oak Point & NB Left 140 88 563

  Cooper Foster Park NB Thru 140 159 429

NB Right 140 297 129

North Lake & SB Right 125 84 155

  SR 2 Westbound SB Thru 125 304 913

NB Left 175 (350*) 40 203

NB Thru 600 258 371

North Lake & SB Left 175 (350*) 406 659

  SR 2 Eastbound SB Thru 600 56 270

XXX	=	Queue	Length	in	Feet

*	Additional	storage	space	that	could	be	gained	through	re‐striping.	 

Based on the available storage lengths along Oak Point Road/North Lake Street there are multiple

movements at each intersection that are expected to queue through the adjacent intersections and

potentially block traffic from moving during a green indication in the signal phasing.    

  

Mitigation scenarios at these locations will be investigated in the following sections to determine if the

impact of queued traffic can be reduced.  

The analysis of additional scenarios will be based on the forecasted 2042 traffic volumes to ensure an

adequate service life of any recommended improvements.  
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Turn Lane Warrant Analysis

It is the intent of this section to evaluate the need for exclusive deceleration and turning lanes at theunsignalized intersection of Cooper Foster Park Road and Hollstein Drive based on the followingconditions:  
Cooper Foster Park 
# Two-Lane Roadway 
# Posted Speed Limit - 25 miles per hour

The following tables show the results of the analysis of the need for exclusive deceleration and turnlanes at the unsignalized intersection of Cooper Foster Park Road and Hollstein Drive.  Copies of theODOT turn lane warrant graphs can be seen in Appendix L.
Table 4.5 Turning Lane Warrants

(Cooper Foster Park Road @ Hollstein Drive)

TURN LANE & LOCATION
2042

AM PEAK PM PEAKEastbound Left Turn Lane NO NOEastbound Right Turn Lane NO NOWestbound Left Turn Lane NO NOWestbound Right Turn Lane NO NO
The results of the turn lane warrant analyses indicate that an exclusive right and left turn lanes are notwarranted on Cooper Foster Park Road at Hollstein Drive under the expected 2042 Build conditions. 

July 6, 2020 Page 52 TMS Engineers, Inc.



Area-Wide Planning Study  City of Amherst, Ohio

Turn Lane Length Analysis

Analyses were performed to determine the necessary storage length for the turn lanes that werepreviously identified as having a queue length that exceeds the turn lane length.  The analysis will bebased on the Year 2042 peak hour Build conditions. 
The turn lane calculations at will be based on the following conditions:

# Signalized Traffic Control
# Oak Point Road/North Lake Road - 40 MPH design speed
# Cooper Foster Park Road (West) - 40 MPH design speed
# Cooper Foster Park Road (East) - 30 MPH design speed
# State Route 2 Ramps - 40 mile per hour design speed

The following tables details the results of the turn lane length analyses based upon the highestanticipated turn volumes at the intersections under the expected 2030 Build conditions. 
Table 4.6 - Turn Lane Length Analysis

(Oak Point Road & Cooper Foster Park Road)

Movement
Direction

DHV No. of
Lanes

Cycles
/

Hour

Average
Veh/

Cycle/
Lane

Design
Speed
(mph)

Fig.
401-10
Storage
Length

(ft)

Fig. 401-9 
Condition

Backup
Length

(ft)

Turn
Lane

Length*
(ft)B* C*

NB LT 454 1 36 12.6 40 475 125 590 -- 590*
NB THRU 550 1 36 15.3 40 550 -- -- 550 --

NB RT 404 1 36 11.2 40 450 125 565 -- 565*
EB T/LT 199 1 36 5.5 40 250 -- -- 250 --

EB RT 479 1 36 13.3 40 500 125 615 -- 615*
* Includes 50' taper

There is not sufficient space between Cooper Foster Park Road and the State Route 2 westbound rampsto accommodate the recommended turn lane lengths for the northbound turn lanes.
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Table 4.7 - Turn Lane Length Analysis
(North Lake Street & State Route 2 Westbound Ramps)

Movement
Direction

DHV No. of
Lanes

Cycles
/

Hour

Average
Veh/

Cycle/
Lane

Design
Speed
(mph)

Fig.
401-10
Storage
Length

(ft)

Fig. 401-9 
Condition

Backup
Length

(ft)

Turn
Lane

Length*
(ft)B* C*

NB LT 80 1 36 2.2 40 150 125 265 -- 600*
NB THRU 602 1 36 16.7 40 600 -- -- 600 --

SB RT 274 1 36 7.6 40 325 125 440 -- 800*
SB THRU 941 1 36 26.1 40 875 -- -- 875 --

WB LT 380 1 36 10.6 40 400 125 515 -- 600*
WB RT 582 1 36 16.2 40 600 -- -- 600 --

* Includes 50' taper

There is not sufficient space between Cooper Foster Park Road and the State Route 2 westboundramps to accommodate the recommended turn lane length for the southbound right turn lane.
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Table 4.8 - Turn Lane Length Analysis
(North Lake Street & State Route 2 Eastbound  Ramps)

Movement
Direction

DHV No. of
Lanes

Cycles
/

Hour

Average
Veh/

Cycle/
Lane

Design
Speed
(mph)

Fig.
401-10
Storage
Length

(ft)

Fig. 401-9 
Condition

Backup
Length

(ft)

Turn
Lane

Length*
(ft)B* C*

SB LT 541 1 36 15.0 40 550 125 665 -- 600*
SB THRU 780 1 36 21.7 40 750 -- -- 750 --

EB LT 197 1 36 5.5 40 250 125 365 -- 365*
EB RT 90 1 36 2.5 40 150 -- -- 150 --

* Includes 50' taper

In order to accommodate the recommended length of the southbound left turn lane at the State Route2 eastbound ramps and the northbound left turn lane at the State Route 2 westbound ramps it wouldbe necessary to widen the roadway and the bridge over State Route 2 to construct side by side left turnlanes.  
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4.2 Alternative #1 - Additional Turn Lanes

The impact of adding additional turn lanes and modifying the signal timing was analyzed in order todetermine if the 2042 levels-of-service can be improved and the impact of queued traffic can bereduced. 
The following turn lane and signal improvements were determined to improve the intersection andapproach levels-of-service to D or better:

Oak Point Road & Cooper Foster Park Road
# Eastbound Left Turn Lane
# Westbound Left Turn Lane
# Westbound Right Turn Lane
# Right turn overlap phase for westbound right turn during northbound left turnphase.
North Lake Street & State Route 2 Westbound Ramp
# 2ND Westbound Right Turn Lane
North Lake Street & State Route 2 Eastbound Ramp
# Northbound Right Turn Lane

It will be necessary to include lane destination signage on the westbound exit ramp with a second rightturn lane so that motorists can be in the correct turn lane to access their preferred lane at CooperFoster Park Road as the section between the westbound exit ramp and Cooper Foster Park Road doesnot provide enough room to weave.
The recommended turn lanes and improvements for Alternative #1 can be seen in Figure 4.1, Page 57.
The following table shows the capacity analysis results of implementing the previously mentioned turnlanes and modifications to the signal operation.   Copies of the capacity worksheets for the intersectionare  included in Appendix M. 
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Table 4.9 - 2042 Levels-of-Service
(Alternative #1)

INTERSECTION
TRAFFIC

CONTROL
MOVEMENT/
APPROACH

AM PEAK
LOS (DELAY)

PM PEAK
LOS (DELAY)Oak Point Road & Traffic Signal Intersection C (20.7) D (38.6)  Cooper Foster Park Road Eastbound B (19.5) C (25.4)Westbound C (22.4) D (46.3)Northbound C (21.0) C (34.4)Southbound C (20.0) D (54.8)North Lake Street & Traffic Signal Intersection B (16.9) C (28.1)

  SR 2 WB Ramps Eastbound C (21.7) D (43.9)Northbound B (15.2) B (16.3)Southbound B (14.5) C (22.3)North Lake Street & Traffic Signal Intersection C (20.3) C (27.4)
  SR 2 EB Ramps Eastbound C (24.2) D (36.8)Northbound B (19.5) C (34.6)Southbound B (19.5) C (21.7)

(XX.X) = Average vehicle delay in seconds per vehicle

Conditions at the intersections during the AM and PM peak hour were determined to operate with level-of-service D or better the previously discussed lane use and traffic signal improvements.  It should benoted that while the intersection and approach levels-of-service are D or better at Oak Point Road andCooper Foster Park Road there are individual movements that continue to operate with LOS E.  
The following turn lanes were determined to experience a queue length which exceeds the existinglength of the turn lane based on the HCS analysis:

Oak Point Road & Cooper Foster Park Road
# Northbound Left Turn Lane (AM & PM Peak Hour)
# Eastbound Right Turn Lane (AM & PM Peak Hour)
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North Lake Street & State Route 2 Westbound Ramps

# Westbound Left Turn Lane (PM Peak Hour)

# Southbound Right Turn Lane (PM Peak Hour)

North Lake Street & State Route 2 Eastbound Ramps

# Southbound Left Turn Lane (AM & PM Peak Hour)

# Eastbound Left Turn Lane (PM Peak Hour)

Queue	Analysis

The following table details the 95TH percentile queue lengths for the 2042 peak periods under the

proposed Alternative #1 conditions.  Queue lengths shown to exceed the available storage length

between adjacent intersections are highlighted on yellow.  Copies of the HCS reports can be found in

Appendix	M.  

Table	4.10	2042	Queue	Length	Analysis

(Alternative	#1)

LOCATION MOVEMENT
AVAILABLE

STORAGE

AM	PEAK

95TH	Percentile

PM	PEAK

95TH	Percentile

Oak Point & NB Left 140 93 580

  Cooper Foster Park NB Thru 140 164 371

NB Right 140 308 111

North Lake & SB Right 125 76 130

  SR 2 Westbound SB Thru 125 280 705

NB Left 175 (350*) 37 104

NB Thru 600 240 320

North Lake & SB Left 175 (350*) 200 589

  SR 2 Eastbound SB Thru 600 90 362

XXX	=	Queue	Length	in	Feet

*	Additional	storage	space	that	could	be	gained	through	re‐striping.	 
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Based on the available storage lengths along Oak Point Road/North Lake Street there are multiple

movements at each intersection that are expected to queue through the adjacent intersections and

potentially block traffic from moving during a green indication in the signal phasing.    

Turn	Lane	Length	Analysis

Analyses were performed to determine the necessary storage length for the turn lanes that were

previously identified as having a queue length that exceeds the turn lane length.  The analysis will be

based on the Year 2042 peak hour Alternative #1 conditions. 

The following tables details the results of the turn lane length analyses based upon the highest

anticipated turn volumes at the intersections under the expected 2042 Build conditions with the

recommended turn lanes for Alternative #1. 

Table	4.11	‐	Alternative	#1	Turn	Lane	Length	Analysis

(Oak	Point	Road	&	Cooper	Foster	Park	Road)

Movement

Direction

DHV No.	of

Lanes

Cycles

/

Hour

Average

Veh/

Cycle/

Lane

Design

Speed

(mph)

Fig.

401‐10

Storage

Length

(ft)

Fig.	401‐9	

Condition

Backup

Length

(ft)

Turn

Lane

Length

*

(ft)

A* B* C*

NB LT 454 1 36 12.6 40 475 125 590 -- 590*

NB THRU 550 1 36 15.3 40 550 -- -- 550 --

NB RT 404 1 36 11.2 40 450 125 565 -- 565*

EB LT 78 1 36 2.2 40 150 125 265 -- 265*

EB THRU 121 1 36 3.4 40 175 -- -- 175 --

EB RT 479 1 36 13.3 40 500 125 615 -- 615*

WB LT 242 1 36 6.7 30 275 325 -- 325*

WB THRU 128 1 36 3.6 30 175 -- 175 --

WB RT 84 1 36 2.3 30 150 200 -- 200*

*	Includes	50'	taper

July 6, 2020 Page 60 TMS Engineers, Inc.



Area-Wide Planning Study  City of Amherst, Ohio

There is not sufficient space between Cooper Foster Park Road and the State Route 2 westbound ramps

to accommodate the recommended turn lane lengths for the northbound turn lanes.

Table	4.12	‐	Alternative	#1	Turn	Lane	Length	Analysis

(North	Lake	Street	&	State	Route	2	Westbound	Ramps)

Movement

Direction

DHV No.	of

Lanes

Cycles

/

Hour

Average

Veh/

Cycle/

Lane

Design

Speed

(mph)

Fig.

401‐10

Storage

Length

(ft)

Fig.	401‐9	

Condition

Backup

Length

(ft)

Turn

Lane

Length*

(ft)B* C*

SB RT 274 1 36 7.6 40 325 125 440 -- 800*

SB THRU 941 1 36 26.1 40 875 -- -- 875 --

WB LT 380 1 36 10.6 40 400 125 515 -- 515*

WB RT 582 2 36 8.1 40 350 125 465 -- 465*

*	Includes	50'	taper

There is not sufficient space between Cooper Foster Park Road and the State Route 2 westbound ramps

to accommodate the recommended turn lane length for the southbound right turn lane.  
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Table 4.13 - Alternative #1 Turn Lane Length Analysis
(North Lake Street & State Route 2 Eastbound  Ramps)

Movement
Direction

DHV No. of
Lanes

Cycles
/

Hour

Average
Veh/

Cycle/
Lane

Design
Speed
(mph)

Fig.
401-10
Storage
Length

(ft)

Fig. 401-9 
Condition

Backup
Length

(ft)

Turn
Lane

Length*
(ft)B* C*

SB LT 541 1 36 15.0 40 550 125 665 -- 600*
SB THRU 780 1 36 21.7 40 750 -- -- 750 --

NB RT 330 1 36 9.2 40 375 25 490 -- 500*
NB THRU 485 1 36 13.5 40 500 -- -- 500 --

EB LT 197 1 36 5.5 40 250 125 365 -- 365*
EB RT 90 1 36 2.5 40 150 -- -- 150 --

* Includes 50' taper

In order to accommodate the recommended length of the southbound left turn lane at the State Route2 eastbound ramps and the northbound left turn lane at the State Route 2 westbound ramps it wouldbe necessary to widen the roadway and the bridge over State Route 2 to construct side by side left turnlanes.  
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4.3 Alternative #2 - Roundabout Control

The impact of constructing roundabouts at each intersection was analyzed in order to determine if the2042 levels-of-service can be improved and the impact of queued traffic can be reduced. 
The following lane use was determined to improve the intersection and approach levels-of-service toD or better:

Oak Point Road & Cooper Foster Park Road
# Two -Lane Roundabout
# North Approach: 1 Left Turn Lane, 1 Through Lane, & Bypass Right Turn Lane
# South Approach: 1 Left Turn Lane & 1 Shared Through/Right Turn Lane  
# West Approach: 1Shared Through/Left Turn Lane & 1 Bypass Right Turn Lane
# East Approach: 1 Left Turn Lane & 1 Shared Through/Right Turn Lane
North Lake Street & State Route 2 Westbound Ramp
# Two -Lane Roundabout
# North Approach: 2 Through Lanes & 1 Bypass Right Turn Lane
# South Approach: 1 Left Turn Lane & 1 Through Lane  
# East Approach: 1 Left Turn Lane & 1 Right Turn Lane
North Lake Street & State Route 2 Eastbound Ramp
# Two -Lane Roundabout
# North Approach: 1 Left Turn Lane & 1 Through Lane
# South Approach: 1 Through Lane & 1 Right Turn Lane  
# West Approach: 1 Left Turn Lane & 1 Right Turn Lane

The recommended lane use for Alternative #2 can be seen in Figure 4.2, Page 64.

July 6, 2020 Page 63 TMS Engineers, Inc.



NORTHNOT TOSCALE

Oak Point
Road

North Lake
Street

Buck Horn
Boulevard

Park Square
Drive

SR 2 EB
Exit Ramp

SR 2 EB
Entrance 

Ramp

SR 2 WB
Entrance

Ramp
SR 2 WB

Exit Ramp

Cooper 
Foster Park 

Road

Holstein
Drive

Cooper 
Foster Park 

Road

North Main
Street

Areawide Planning Study
Amherst, Ohio

Figure:

Page:

Proposed
Access

Alternative #2
Roundabout Control

Lane Use & Traffic Control

4.2

64

Proposed Lane Use
Proposed Roadway

Existing Lane Use

LEGEND

Existing Roadway
Existing Traffic 
Signal

Proposed Stop Sign

Existing Stop Sign

Proposed
Roundabout

By-Pass
Lane

By-Pass
Lane



Area-Wide Planning Study  City of Amherst, Ohio

The following table shows the capacity analysis results of implementing the previously mentioned turnlanes and roundabout control.   Copies of the capacity worksheets for the intersection are  included in
Appendix N. 

Table 4.14 - 2042 Levels-of-Service
(Alternative #2)

INTERSECTION
TRAFFIC

CONTROL
MOVEMENT/
APPROACH

AM PEAK
LOS (DELAY)

PM PEAK
LOS (DELAY)Oak Point Road & Traffic Signal Intersection A (7.3) C (21.3)  Cooper Foster Park Road Eastbound A (6.6) D (31.1)Westbound A (5.4) C (19.7)Northbound A (8.4) B (13.9)Southbound A (6.7) D (26.0)North Lake Street & Traffic Signal Intersection A (5.9) C (15.9)

  SR 2 WB Ramps Eastbound A (9.4) D (28.6)Northbound A (5.2) A (6.7)Southbound A (3.8) B (11.1)North Lake Street & Traffic Signal Intersection A (7.6) C (15.0)
  SR 2 EB Ramps Eastbound A (7.8) C (23.5)Northbound A (9.8) C (24.4)Southbound A (5.0) A (8.4)

(XX.X) = Average vehicle delay in seconds per vehicle

Conditions at the intersections during the AM and PM peak hour were determined to operate with level-of-service D or better under the proposed lane use and roundabout control.  
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Queue	Analysis

The following table details the 95TH percentile queue lengths for the 2042 peak periods under study. 

Queue lengths shown to exceed the available storage length between adjacent intersections are

highlighted on yellow.  Copies of the HCS reports can be found in Appendix	N.  

Table	4.15	2042	Queue	Length	Analysis

(Alternative	#2)

LOCATION MOVEMENT
AVAILABLE

STORAGE

AM	PEAK

95TH	Percentile

PM	PEAK

95TH	Percentile

Oak Point & NB Left 140 20 60

  Cooper Foster Park NB Thru/Right 140 80 160

North Lake & SB Left 125 20 100

  SR 2 Westbound SB Thru/Right 125 20 100

NB Left 175 (350*) 20 20

NB Thru/Right 600 40 60

North Lake & SB Left 175 (350*) 40 60

  SR 2 Eastbound SB Thru/Right 600 20 100

XXX	=	Queue	Length	in	Feet

*	Additional	storage	space	that	could	be	gained	through	re‐striping.	 

Based on the available storage lengths along Oak Point Road/North Lake Street only the shared

northbound through and right turn lane at Cooper Foster Park Road is expected to queue through the

adjacent intersection and potentially block traffic from moving through the roundabout.    
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QUADRANT ROADWAY-INTERSECTION EXAMPLE

4.4 Alternative #3 - Quadrant Roadway-Intersection

A Quadrant Roadway (QR)  intersection is an alternative design for an intersection of two high volumeroadways. The intersection works by rerouting all four left–turn movements at a four–leggedintersection onto a road that connects the two intersecting roads.  This design prohibits all left turnsat the main intersection and therefore allows a simple two–phase signal to process the remainingthrough and right–turn movements. Both junctions of the connector road are typically signalized.  Thelocation of the connector road depends on traffic flow and availability of right–of–way.
A QR intersection typically needs three sets of signal controlled intersections.  The main intersectionwith two signal phases and two secondary intersections at the ends of the connecting roadway withthree signal phases each typically comprise the QR intersection treatment.   A typical intersectionconfiguration with the quadrant roadway intersections can be seen below:

Northeast (NE) Quadrant ScenarioThe NE Quadrant scenario would create a connecting roadway between Oak Point Road at the BuckHorn Boulevard/Park Square Drive intersection to Cooper Foster Park Road.  An aerial view of thenortheast quadrant at the intersection of Oak Point Road and Cooper Foster Park Road can be seen in
Figure 4.3, Page, 68.  The lane use, traffic control, and redistributed intersection volumes can be seenin Figure 4.4, Page 69.
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Capacity analyses were performed for the estimated 2042 design hour conditions under the NEQuadrant scenario.  The traffic volumes used in this analysis can be seen in Figure 4.4.  Copies of thecapacity worksheets are included in Appendix O.  The results of the Year 2042 Design Hour Conditionsanalysis are shown in the following table: 
Table 4.16 - 2042 Levels-of-Service

(Alternative #3)

INTERSECTION
TRAFFIC

CONTROL
MOVEMENT/
APPROACH

AM PEAK
LOS (DELAY)

PM PEAK
LOS (DELAY)Oak Point Road & Traffic Signal Intersection C (23.7) C (31.3)  Buck Horn Boulevard Eastbound C (24.8) D (37.4)Westbound C (22.0) D (35.2)Northbound C (21.9) C (24.9)Southbound C (26.0) D (37.5)Oak Point Road & Traffic Signal Intersection B (17.1) C (27.2)

  Cooper Foster Park Road Eastbound B (18.0) C (29.5)Westbound B (18.4) C (33.3)Northbound B (16.6) B (19.9)Southbound B (16.8) C (30.2)Cooper Foster Park Road Traffic Signal Intersection B (16.5) C (21.4)
 & Proposed Quadrant Roadway Eastbound B (12.0) B (17.9)Northbound B (19.9) C (24.2)Southbound B (17.9) C (23.7)

(XX.X) = Average vehicle delay in seconds per vehicle
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Conditions at the intersections during the AM and PM peak hour were determined to operate with level-of-service D or better under the proposed NE Quadrant Roadway scenario.  
The following turn lanes were determined to experience a queue length which exceeds the existinglength of the turn lane based on the HCS analysis:

Oak Point Road & Cooper Foster Park Road
# Eastbound Right Turn Lane (AM & PM Peak Hour)
# Northbound Right Turn Lane (AM & PM Peak Hour)

Queue Analysis

The following table details the 95TH percentile queue lengths for the 2042 peak periods under study. Queue lengths shown to exceed the available storage length between adjacent intersections arehighlighted on yellow.  Copies of the HCS reports can be found in Appendix O.  
Table 4.17 2042 Queue Length Analysis

(Alternative #3)

LOCATION MOVEMENT
AVAILABLE
STORAGE

AM PEAK
95TH Percentile

PM PEAK
95TH PercentileOak Point & NB Thru 140 118 361  Cooper Foster Park NB Right 140 269 121

XXX = Queue Length in Feet

Based on the available storage lengths along Oak Point Road/North Lake Street between Cooper FosterPark Road and the State Route 2 westbound ramps the northbound queue at Cooper Foster Park Roadis expected to block the State Route 2 westbound ramps. 
Queue lengths between the State Route 2 ramps are expected to remained unchanged under Alternative#3 based on the previous scenarios.       
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Turn Lane Length Analysis

Analyses were performed to determine the necessary storage length for the recommended turn lanesand those that were previously identified as having a queue length that exceeds the turn lane length. The analysis will be based on the Year 2042 peak hour Build conditions. 
The following tables details the results of the turn lane length analyses based upon the highestanticipated turn volumes at the intersections under the expected 2030 Build conditions. 

Table 4.18 - Alternative #3 Turn Lane Length Analysis
(Oak Point Road & Buck Horn Boulevard)

Movement
Direction

DHV No. of
Lanes

Cycles
/

Hour

Average
Veh/

Cycle/
Lane

Design
Speed
(mph)

Fig.
401-10
Storage
Length

(ft)

Fig. 401-9 
Condition

Backup
Length

(ft)

Turn
Lane

Length
*

(ft)
A* B* C*

NB LT 140 1 36 3.9 40 175 125 290 -- 500
NB THRU 484 1 36 13.4 40 500 -- -- 500 --

NB RT 464 1 36 12.9 40 475 125 590 -- 590
WB LT 322 1 36 8.9 30 350 400 -- 400*

WB T/RT 118 1 36 3.3 30 175 -- 175 --
* Includes 50' taper
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Table 4.19 - Alternative #3 Turn Lane Length Analysis
(Oak Point Road & Cooper Foster Park Road)

Movement
Direction

DHV No. of
Lanes

Cycles
/

Hour

Average
Veh/

Cycle/
Lane

Design
Speed
(mph)

Fig.
401-10
Storage
Length

(ft)

Fig. 401-9 
Condition

Backup
Length (ft)

Turn
Lane

Length
*

(ft)
A* B* C

*NB RT 404 1 36 11.2 40 450 125 56 -- 565*
NB THRU 1004 2 36 13.9 40 500 -- -- 500 --

SB RT 292 1 36 8.1 40 350 125 46 -- 725*
SB THRU 736 1 36 20.4 40 725 -- -- 725 --

EB RT 479 1 36 13.3 40 500 125 61 -- 615*
EB THRU 199 1 36 5.5 40 250 -- -- 250 --

WB RT 84 1 36 2.3 30 150 200 -- 600*
WB THRU 582 1 36 16.2 30 600 -- 600 --

* Includes 50' taper

There is not sufficient space between Cooper Foster Park Road and the State Route 2 westbound rampsto accommodate the recommended turn lane length for the northbound right turn lane.
Table 4.20 - Alternative #3 Turn Lane Length Analysis

(Cooper Foster Park Road & Quadrant Roadway)

Movement
Direction

DHV No. of
Lanes

Cycles
/

Hour

Average
Veh/

Cycle/
Lane

Design
Speed
(mph)

Fig.
401-10
Storage
Length

(ft)

Fig. 401-9 
Condition

Backup
Length

(ft)

Turn
Lane

Length*
(ft)A*

EB LT 199 1 36 5.5 30 250 300 -- 350*
EB THRU 303 1 36 8.4 30 350 -- 350 --

SB LT 42 1 36 1.2 30 100 -- 100 -- 
SB RT 496 1 36 13.8 30 500 550 -- 550*

* Includes 50' taper
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4.5 Alternative #4 - By-Pass Roadway 

Alternative #4 would create a proposed Cooper Foster Park Road by-pass that diverts from a pointalong Cooper Foster Park Road to the west of the Deerfield retail plaza and intersects Buck HornBoulevard where it would intersect with Oak Point Road at the existing traffic signal controlledintersection.  From this intersection the proposed by-pass would continue to run east until curvingsouth and intersecting Cooper Foster Park Road to the west of Hollstein Drive.  The traffic flow onCooper Foster Park Road would be restricted to right turns only at Oak Point Road.  The southboundleft turn movement from Oak Point Road to Cooper Foster Park Road would also be restricted.
An aerial view of the by-pass alternative can be seen in Figure 4.5, Page, 75  
The elimination of the respective eastbound and westbound Cooper Foster Park Road traffic at OakPoint Road and the proposed by-pass would result in a re-distribution of traffic within the study area. The directional distribution for the rerouted traffic is a function of several variables including theprevailing operating conditions on the existing roadways, population distribution within the definedarea of influence and current land uses. 
The lane use, traffic control, and redistributed intersection volumes can be seen in Figure 4.6, Page 76.

Capacity analyses were performed for the estimated 2042 design hour conditions under Alternative#4.  The traffic volumes used in this analysis can be seen in Figure 4.6.  Copies of the capacityworksheets are included in Appendix P.  The results of the Year 2042 Design Hour Conditions analysisare shown in the following table: 
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Table 4.21 - 2042 Levels-of-Service
(Alternative #4)

INTERSECTION
TRAFFIC

CONTROL
MOVEMENT/
APPROACH

AM PEAK
LOS (DELAY)

PM PEAK
LOS (DELAY)Oak Point Road & Traffic Signal Intersection C (25.2) D (36.5)  Buck Horn Boulevard Eastbound C (26.3) D (38.7)Westbound C (25.0) D (38.3)Northbound C (23.4) C (31.1)Southbound C (26.0) D (39.1)Oak Point Road & Traffic Signal Intersection B (16.5) C (32.0)

  Cooper Foster Park Road Eastbound B (19.5) D (44.4)Westbound C (22.5) D (42.6)Northbound B (12.2) B (19.2)Southbound C (21.9) D (42.3)Cooper Foster Park Road & One-Way Stop Eastbound A (7.7) A (9.3)
  By-Pass Roadway West Southbound B (10.8) E (44.2)Buck Horn Boulevard & One-Way Stop Westbound A (7.5) A (8.0)
  By-Pass Roadway West Northbound A (9.4) B (11.8)Cooper Foster Park Road & One-Way Stop Eastbound A (7.8) A (8.4)  By-Pass Roadway East Southbound B (12.1) C (18.4)

(XX.X) = Average vehicle delay in seconds per vehicle

Conditions at the intersections during the AM and PM peak hour were determined to operate with level-of-service D or better under the proposed NE Quadrant Roadway scenario with the exception of thesouthbound approach at the proposed intersection of Cooper Foster Park Road and the By-PassRoadway West during the PM peak hour.  
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The following turn lanes were determined to experience a queue length which exceeds the existinglength of the turn lane based on the HCS analysis:
Oak Point Road & Cooper Foster Park Road
# Northbound Right Turn Lane (AM & PM Peak Hour)

Queue Analysis

The following table details the 95TH percentile queue lengths for the 2042 peak periods under study. Queue lengths shown to exceed the available storage length between adjacent intersections arehighlighted on yellow.  Copies of the HCS reports can be found in Appendix P.  
Table 4.22 2042 Queue Length Analysis

(Alternative #4)

LOCATION MOVEMENT
AVAILABLE
STORAGE

AM PEAK
95TH Percentile

PM PEAK
95TH PercentileOak Point & NB Left 140 20 112  Cooper Foster Park NB Thru 140 194 428NB Right 140 20 6

XXX = Queue Length in Feet

Based on the available storage lengths along Oak Point Road/North Lake Street between Cooper FosterPark Road and the State Route 2 westbound ramps the northbound through lane queue at CooperFoster Park Road is expected to block the State Route 2 westbound ramps.      Queue lengths between the State Route 2 ramps are expected to remained unchanged under Alternative#4 based on the previous scenarios. 
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Turn Lane Warrant Analysis

It is the intent of this section to evaluate the need for exclusive deceleration and turning lanes at theunsignalized intersections of Cooper Foster Park Road, Buck Horn Boulevard, and the by-pass roadwaysbased on the following conditions:  
Cooper Foster Park 
# Two-Lane Roadway 
# Posted Speed Limit - 25/35 miles per hour
Buck Horn Boulevard
# Two-Lane Roadway 
# Posted Speed Limit - 25 miles per hour

The following tables show the results of the analysis of the need for exclusive deceleration and turnlanes at the unsignalized intersections of Cooper Foster Park Road at the east and west by-passroadways.  Copies of the ODOT turn lane warrant graphs can be seen in Appendix L.
Table 4.23 Alternative #4 Turning Lane Warrants
(Cooper Foster Park Road @ By-Pass Roadways)

TURN LANE & LOCATION
2042

AM PEAK PM PEAKEastbound Left Turn Lane @ West By-Pass Roadway NO YESWestbound Right Turn Lane @ West By-Pass Roadway NO NOEastbound Left Turn Lane @ East By-Pass Roadway NO YESWestbound Right Turn Lane @ East By-Pass Roadway NO NO
The results of the turn lane warrant analyses indicate that exclusive right turn lanes are not warrantedon Cooper Foster Park Road at the intersections with the west and east by-pass roadways under theexpected 2042 Build conditions.  
The results of the turn lane warrant analyses indicate that exclusive left turn lanes are warranted onCooper Foster Park Road at the intersections with the west and east by-pass roadways under theexpected 2042 Build conditions.  
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The following tables show the results of the analysis of the need for exclusive deceleration and turnlanes at the unsignalized intersection of Buck Horn Boulevard and the west by-pass roadway.  Copiesof the ODOT turn lane warrant graphs can be seen in Appendix L.
Table 4.24 Alternative #4 Turning Lane Warrants
(Buck Horn Boulevard @ West By-Pass Roadway)

TURN LANE & LOCATION
2042

AM PEAK PM PEAKWestbound Left Turn Lane @ West By-Pass Roadway NO YESEastbound Right Turn Lane @ West By-Pass Roadway NO NO
The results of the turn lane warrant analyses indicate that an exclusive right turn lane is not warrantedon Buck Horn Boulevard at the intersection with the west by-pass roadway under the expected 2042Build conditions.  
The results of the turn lane warrant analyses indicate that an exclusive left turn lane is warranted onBuck Horn Road at the intersection with the west by-pass roadway under the expected 2042 Buildconditions.  
Turn Lane Length Analysis

Analyses were performed to determine the necessary storage length for the turn lanes that werepreviously identified as having a queue length that exceeds the turn lane length.  The analysis will bebased on the Year 2042 peak hour Build conditions. 
The following tables details the results of the turn lane length analyses based upon the highestanticipated turn volumes at the intersections under the expected 2030 Build conditions. 
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Table 4.25 - Alternative #4 Turn Lane Length Analysis
(Oak Point Road & Buck Horn Boulevard)

Movement
Direction

DHV No. of
Lanes

Cycles
/

Hour

Average
Veh/

Cycle/
Lane

Design
Speed
(mph)

Fig.
401-10
Storage
Length

(ft)

Fig. 401-9 
Condition

Backup
Length

(ft)

Turn
Lane

Length
*

(ft)
A* B* C*

NB LT 140 1 36 3.9 40 175 125 290 -- 500
NB THRU 484 1 36 13.4 40 500 -- -- 500 --

NB RT 30 1 36 0.8 40 50 125 165 -- 500
WB LT 322 1 36 8.9 30 350 400 -- 400*

WB T/RT 168 1 36 4.7 30 200 -- 200 --
EB LT 208 1 36 5.8 30 250 300 -- 300*

EB T/RT 191 1 36 5.3 30 250 -- 250 --
* Includes 50' taper

Table 4.26 - Alternative #4 Turn Lane Length Analysis
(Oak Point Road & Cooper Foster Park Road)

Movement
Direction

DHV No. of
Lanes

Cycles
/

Hour

Average
Veh/

Cycle/
Lane

Design
Speed
(mph)

Fig.
401-10
Storage
Length

(ft)

Fig. 401-9 
Condition

Backup
Length (ft)

Turn
Lane

Length
*

(ft)
B* C*

NB LT 454 1 36 12.6 40 475 125 590 -- 590*
NB THRU 550 1 36 15.3 40 550 -- -- 550 --

NB RT 404 1 36 11.2 40 450 125 565 -- 565*
SB THRU 736 1 36 20.4 30 725 -- -- 725 --

SB RT 65 1 36 1.8 30 100 125 215 -- 725*
* Includes 50' taper
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There is not sufficient space between Cooper Foster Park Road and the State Route 2 westbound rampsto accommodate the recommended turn lane length for the northbound right turn lane.
Table 4.27 - Alternative #4 Turn Lane Length Analysis

(Cooper Foster Park Road & West By-Pass Road)

Movement
Direction

DHV No. of
Lanes

Cycles
/

Hour

Average
Veh/

Cycle/
Lane

Design
Speed
(mph)

Fig.
401-10
Storage
Length

(ft)

Fig. 401-9 
Condition

Backup
Length

(ft)

Turn
Lane

Length*
(ft)B* C*

EB LT 199 1 60 3.3 40 175 125 290 -- 290*
* Includes 50' taper

Table 4.28 - Alternative #4 Turn Lane Length Analysis
(Cooper Foster Park Road & East By-Pass Road)

Movement
Direction

DHV No. of
Lanes

Cycles
/

Hour

Average
Veh/

Cycle/
Lane

Design
Speed
(mph)

Fig.
401-10
Storage
Length

(ft)

Fig. 401-9 
Condition

Backup
Length

(ft)

Turn
Lane

Length*
(ft)A*

EB LT 185 1 60 3.1 30 175 225 -- 225*
* Includes 50' taper

Table 4.29 - Alternative #4 Turn Lane Length Analysis
(Buck Horn Boulevard & West By-Pass Road)

Movement
Direction

DHV No. of
Lanes

Cycles
/

Hour

Average
Veh/

Cycle/
Lane

Design
Speed
(mph)

Fig.
401-10
Storage
Length

(ft)

Fig. 401-9 
Condition

Backup
Length

(ft)

Turn
Lane

Length*
(ft)A*

WB LT 128 1 60 2.1 30 150 200 -- 200*
* Includes 50' taper
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4.6 Alternative #5- Minor Street Bowtie

The minor street Bowtie treatment involves re-directing the left turns at the intersection of Oak PointRoad and Cooper Foster Park Road to adjacent roundabouts along the Cooper Foster Park Road.  Theroundabouts will be evaluated based on the existing roadway conditions with single lanes enteringfrom the east and west.   The removal of the left turns at the main intersection allows for a simpler twophase operation where one phase is all north-south movements and the second phase is all east-westmovements. 
The following turn lane were determined to be necessary as part of Alternative #5:

Oak Point Road & Cooper Foster Park Road
# 2ND Northbound Right Turn Lane
# 2ND Eastbound Right Turn Lane
# Westbound Right Turn Lane
# Southbound Right Turn Lane

The Bowtie scenario was determined to require single lane roundabouts along Cooper Foster ParkRoad.  
The lane use, traffic control, and redistributed intersection volumes can be seen in Figure 4.7, Page 84.

Capacity analyses were performed for the estimated 2042 design hour conditions under the Bowtiealternative.  The traffic volumes used in this analysis can be seen in Figure 4.7.  Copies of the capacityworksheets are included in Appendix Q.  The results of the Year 2042 Design Hour Conditions analysisare shown in the following table:  
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Table 4.30 - 2042 Levels-of-Service
(Alternative #5)

INTERSECTION
TRAFFIC

CONTROL
MOVEMENT/
APPROACH

AM PEAK
LOS (DELAY)

PM PEAK
LOS (DELAY)Oak Point Road & Traffic Signal Intersection B (17.5) C (29.3)

  Cooper Foster Park Road Eastbound B (16.3) B (16.0)Westbound B (18.0) D (36.5)Northbound B (18.0) C (34.0)Southbound B (17.4) C (30.6)Cooper Foster Park Road & Roundabout Intersection A (5.8) C (17.4)  West Bow Tie Eastbound A (5.3) C (20.4)Westbound A (6.1) C (15.3)Cooper Foster Park Road & Roundabout Intersection A (5.0) B (11.7)  East Bow Tie Eastbound A (5.1) B (12.2)Westbound A (4.9) A (9.8)
(XX.X) = Average vehicle delay in seconds per vehicle

Conditions at the intersections during the AM and PM peak hour were determined to operate with level-of-service D or better under the proposed Bow Tie scenario during the AM and PM peak hours.  The following turn lanes were determined to experience a queue length which exceeds the existinglength of the turn lane based on the HCS analysis:
Oak Point Road & Cooper Foster Park Road
# Eastbound Right Turn Lane (AM & PM Peak Hour)
# Northbound Right Turn Lane (AM & PM Peak Hour)
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Queue Analysis

The following table details the 95TH percentile queue lengths for the 2042 peak periods under study. Queue lengths shown to exceed the available storage length between adjacent intersections arehighlighted on yellow.  Copies of the HCS reports can be found in Appendix Q.  
Table 4.18 2042 Queue Length Analysis

(Alternative #5)

LOCATION MOVEMENT
AVAILABLE
STORAGE

AM PEAK
95TH Percentile

PM PEAK
95TH PercentileOak Point & NB Thru 140 154 539  Cooper Foster Park NB Right (2 Lanes) 140 199 289

XXX = Queue Length in Feet

Based on the available storage lengths along Oak Point Road/North Lake Street northbound movementsat Cooper Foster Park Road are expected to queue through the State Route 2 westbound exit ramp andpotentially block traffic from moving during a green indication in the signal phasing.  
Queue lengths between the State Route 2 ramps are expected to remained unchanged under Alternative#4 based on the previous scenarios.      
Turn Lane Length Analysis

Analyses were performed to determine the necessary storage length for the turn lanes that werepreviously identified as having a queue length that exceeds the turn lane length.  The analysis will bebased on the Year 2042 peak hour Build conditions. 
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The following tables details the results of the turn lane length analyses based upon the highestanticipated turn volumes at the intersection under the expected 2042 Build conditions. 
Table 4.32 - Alternative #5 Turn Lane Length Analysis

(Oak Point Road & Cooper Foster Park Road)

Movement
Direction

DHV No. of
Lanes

Cycles
/

Hour

Average
Veh/

Cycle/
Lane

Design
Speed
(mph)

Fig.
401-10
Storage
Length

(ft)

Fig. 401-9 
Condition

Backup
Length

(ft)

Turn
Lane

Length
*

(ft)
A* B* C*

NB RT 550 2 36 7.6 40 325 125 440 -- 625*
NB THRU 634 1 36 17.6 40 625 -- -- 625 --

SB RT 149 1 36 4.1 40 200 125 315 -- 500*
SB THRU 494 1 36 13.7 40 500 -- -- 500 --

WB RT 162 1 36 4.5 40 200 125 315 -- 775*
WB THRU 824 1 36 22.9 40 775 -- -- 775 --

EB RT 721 2 36 10.0 30 400 450 -- 450*
EB THRU 283 1 36 7.9 30 325 -- 325 --

* Includes 50' taper

There is not sufficient space between Cooper Foster Park Road and the State Route 2 westbound rampsto accommodate the recommended turn lane length for the northbound right turn lanes.
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4.7 Alternative	#6	‐	Major	Street	Bowtie

The major street Bowtie treatment involves re-directing left turns and minor street through movements 

at the intersection of Oak Point Road and Cooper Foster Park Road to adjacent roundabouts along the

Oak Point Road and North Lake Road.  The removal of the conflicting minor street traffic and

southbound left turns at the main intersection allows for a simpler three phase operation where one

phase is all northbound movements, then all permitted north-south movements and the third phase

is all east-west right turn movements.  The intent of the movement restrictions is to provide as much

time as possible in the cycle length for northbound traffic in order to reduce the impact of queued traffic

between Cooper Foster Park Road and the State Route 2 westbound ramps.  

The roundabouts would likely need to be located north of Buck Horn Boulevard and south of the State

Route 2 interchange.  The roundabouts will be evaluated based on the existing roadway conditions with

single lanes entering from the north and south.     

The following turn lane were determined to be necessary as part of Alternative #5:

Oak Point Road & Cooper Foster Park Road

# 2ND Eastbound Right Turn Lane

# Dual Westbound Right Turn Lanes

# Southbound Right Turn Lane

The scenario also included the recommended turn lanes at the State Route 2 ramps from Alternative

#1.

The lane use, traffic control, and redistributed intersection volumes based on the major street Bow Tie

alternative can be seen in Figure	4.8,	Page	89.

Capacity analyses were performed for the estimated 2042 design hour conditions under the major

street Bowtie scenario.  The traffic volumes used in this analysis can be seen in Figure	4.8.  Copies of

the capacity worksheets are included in Appendix	R.  The results of the Year 2042 Design Hour

Conditions analysis are shown in the following table: 
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Table 4.33 - 2042 Levels-of-Service
(Alternative #6)

INTERSECTION
TRAFFIC

CONTROL
MOVEMENT/
APPROACH

AM PEAK
LOS (DELAY)

PM PEAK
LOS (DELAY)Oak Point & North Bow Tie Roundabout Intersection A (7.2) C (21.3)Northbound A (6.1) C (22.0)Southbound A (8.3) C (20.2)Oak Point Road & Traffic Signal Intersection C (21.7) D (35.7)  Buck Horn Boulevard Eastbound C (22.2) D (38.5)Westbound C (24.5) D (39.5)Northbound B (18.5) C (29.8)Southbound C (23.9) D (41.1)Oak Point Road & Traffic Signal Intersection B (17.6) D (48.2)  Cooper Foster Park Road Eastbound B (18.3) E (66.2)Westbound C (23.3) D (54.0)Northbound B (12.9) B (17.8)Southbound C (22.2) E (66.0)North Lake Street & Traffic Signal Intersection B (17.0) D (53.2)

  SR 2 WB Ramps Westbound C (22.5) F (116.3)Northbound B (15.2) C (21.6)Southbound B (14.6) C (30.0)North Lake Street & Traffic Signal Intersection B (19.9) D (41.0)
  SR 2 EB Ramps Eastbound C (25.4) E (56.7)Northbound B (18.6) E (55.6)Southbound B (19.3) C (29.5)North Lake & South U-Turn Roundabout Intersection A (7.2) C (17.7)Northbound A (8.3) B (13.5)Southbound A (4.6) C (20.4)

(XX.X) = Average vehicle delay in seconds per vehicle
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Conditions at the study area intersections during the AM and PM peak hours were determined tooperate with level-of-service D or better except at the following intersections under the PM peak hour:
# Oak Point Road & Cooper Foster Park Road
# North Lake Street & State Route 2 Westbound Ramps
# North Lake Street & State Route 2 Eastbound Ramps  The following turn lanes were determined to experience a queue length which exceeds the existinglength of the turn lane based on the HCS analysis:
Oak Point Road & Cooper Foster Park Road
# Northbound Right Turn Lane (AM Peak Hour)
# Northbound Left Turn Lane (PM Peak Hour)
# Eastbound Right Turn Lane (PM Peak Hour)
North Lake Street & State Route 2 Westbound Ramps
# Westbound Left Turn Lane (PM Peak Hour)
# Northbound Left Turn Lane (PM Peak Hour)
North Lake Street & State Route 2 Eastbound Ramps
# Eastbound Left Turn Lane (PM Peak Hour)
# Southbound Left Turn Lane (AM & PM Peak Hour)
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Queue	Analysis

The following table details the 95TH percentile queue lengths for the 2042 peak periods under study. 

Queue lengths shown to exceed the available storage length between adjacent intersections are

highlighted on yellow.  Copies of the HCS reports can be found in Appendix	R.  

Table	4.34	2042	Queue	Length	Analysis

(Alternative	#6)

LOCATION MOVEMENT
AVAILABLE

STORAGE

AM	PEAK

95TH	Percentile

PM	PEAK

95TH	Percentile

Oak Point & NB Left 140 87 131

  Cooper Foster Park NB Thru 140 119 503

NB Right 140 242 3

North Lake & SB Right 125 74 100

  SR 2 Westbound SB Thru 125 306 953

NB Left 175 (350*) 38 185

NB Thru 600 264 387

North Lake & SB Left 175 (350*) 212 638

  SR 2 Eastbound SB Thru 600 110 415

XX/XX	=	Queue	Length	in	Feet

*	Additional	storage	space	that	could	be	gained	through	re‐striping.	 

Based on the available storage lengths along Oak Point Road/North Lake Street there are multiple

movements at each intersection that are expected to queue through the adjacent intersections and

potentially block traffic from moving during a green indication in the signal phasing.    
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Turn Lane Length Analysis

Analyses were performed to determine the necessary storage length for the turn lanes that werepreviously identified as having a queue length that exceeds the turn lane length.  The analysis will bebased on the Year 2042 peak hour Build conditions. 
Table 4.35 - Alternative #6 Turn Lane Length Analysis

(Oak Point Road & Cooper Foster Park Road)

Movement
Direction

DHV No. of
Lanes

Cycles
/

Hour

Average
Veh/

Cycle/
Lane

Design
Speed
(mph)

Fig.
401-10
Storage
Length

(ft)

Fig. 401-9 
Condition

Backup
Length

(ft)

Turn
Lane

Length
*

(ft)
A* B* C*

NB LT 454 1 36 12.6 40 475 125 590 -- 600*
NB THRU 628 1 36 17.4 40 625 -- -- 625 --

NB RT 301 1 36 8.4 40 350 125 465 -- 625*
SB RT 193 1 36 5.4 40 250 125 365 -- 725*

SB THRU 736 1 36 20.4 40 725 -- -- 725 --
EB RT 678 2 36 9.4 30 375 125 490 -- 490*
WB RT 454 2 36 6.3 30 275 325 -- 325*

* Includes 50' taper

There is not sufficient space between Cooper Foster Park Road and the State Route 2 westboundramps to accommodate the recommended turn lane lengths for the northbound turn lanes.

July 6, 2020 Page 93 TMS Engineers, Inc.



Area-Wide Planning Study  City of Amherst, Ohio

Table 4.36 - Alternative #6 Turn Lane Length Analysis
(North Lake Street & State Route 2 Westbound Ramps)

Movement
Direction

DHV No. of
Lanes

Cycles
/

Hour

Average
Veh/

Cycle/
Lane

Design
Speed
(mph)

Fig.
401-10
Storage
Length

(ft)

Fig. 401-9 
Condition

Backup
Length

(ft)

Turn
Lane

Length*
(ft)B* C*

NB LT 80 1 36 2.2 40 100 125 215 -- 600*
NB THRU 801 1 36 22.3 40 775 -- -- 775 --

SB RT 274 1 36 7.6 40 325 125 440 -- 800*
SB THRU 1140 1 36 31.7 40 1075 -- -- 1075 --

WB LT 380 1 36 10.6 40 400 125 515 -- 515*
WB RT 582 2 36 8.1 40 350 125 465 -- 465*

* Includes 50' taper

There is not sufficient space between Cooper Foster Park Road and the State Route 2 westboundramps to accommodate the recommended turn lane length for the southbound right turn lane.
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Table 4.37 - Alternative #6 Turn Lane Length Analysis
(North Lake Street & State Route 2 Eastbound  Ramps)

Movement
Direction

DHV No. of
Lanes

Cycles
/

Hour

Average
Veh/

Cycle/
Lane

Design
Speed
(mph)

Fig.
401-10
Storage
Length

(ft)

Fig. 401-9 
Condition

Backup
Length

(ft)

Turn
Lane

Length*
(ft)B* C*

SB LT 541 1 36 15.0 40 525 125 640 -- 600*
SB THRU 979 1 36 27.2 40 900 -- -- 900 --

EB LT 197 1 36 5.5 40 250 125 365 -- 365*
EB RT 90 1 36 2.5 40 150 -- -- 150 --

* Includes 50' taper

In order to accommodate the recommended length of the southbound left turn lane at the State Route2 eastbound ramps and the northbound left turn lane at the State Route 2 westbound ramps it wouldbe necessary to widen the roadway and the bridge over State Route 2 to construct side by side left turnlanes.  
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4.8 Alternative	#7	‐	Restricted	Crossing	U‐Turn	(RCUT)

This alternative reconfigures the Oak Point Road and Cooper Foster Park Road intersection to prohibit

left turn movements by adding median U-turn crossovers on Oak Point Road, and provides the

additional lanes as described in Alternative #1 at the State Route 2 ramps.   The removal of the

conflicting minor street traffic and southbound left turns at the main intersection allows for a simpler

three phase operation where one phase is all northbound movements, then all permitted north-south

movements and the third phase is all east-west right turn movements.  The intent of the movement

restrictions is to provide as much time as possible in the cycle length for northbound traffic in order

to reduce the impact of queued traffic between Cooper Foster Park Road and the State Route 2

westbound ramps.  

The median u-turns would likely need to be located north of Buck Horn Boulevard and south of the

State Route 2 interchange.  Additional roadway widening will be needed at these locations to provide

a lane for the u-turn traffic and as well as enough pavement to accommodate the turning radii of the

u-turn vehicle.  Traffic signal control would be necessary at each u-turn location in order to provide

gaps in the opposing traffic stream for the u-turn movements.  

The following turn lanes were determined to be necessary as part of Alternative #6:

Oak Point Road & Cooper Foster Park Road

# 2ND Eastbound Right Turn Lane

# Dual Westbound Right Turn Lanes

# Southbound Right Turn Lane

The scenario also included the recommended turn lanes at the State Route 2 ramps from Alternative

#1.

The lane use, traffic control, and redistributed intersection volumes based on the major street Bow Tie

alternative can be seen in Figure	4.9,	Page	97.

Capacity analyses were performed for the estimated 2042 design hour conditions under the Alternative

#7.  The traffic volumes used in this analysis can be seen in Figure	4.9.  Copies of the capacity

worksheets are included in Appendix	S.  The results of the Year 2042 Design Hour Conditions analysis

are shown in the following table: 
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Table 4.38 - 2042 Levels-of-Service
(Alternative #7)

INTERSECTION
TRAFFIC

CONTROL
MOVEMENT/
APPROACH

AM PEAK
LOS (DELAY)

PM PEAK
LOS (DELAY)Oak Point & North U-Turn Traffic Signal Intersection A (3.5) A (3.9)Northbound A (1.3) A (2.5)Southbound A (5.6) A (6.3)Oak Point Road & Traffic Signal Intersection C (21.7) D (35.7)  Buck Horn Boulevard Eastbound C (22.2) D (38.5)Westbound C (24.5) D (39.5)Northbound B (18.5) C (29.8)Southbound C (23.9) D (41.1)Oak Point Road & Traffic Signal Intersection B (17.6) D (48.2)  Cooper Foster Park Road Eastbound B (18.3) E (66.2)Westbound C (23.3) D (54.0)Northbound B (12.9) B (17.8)Southbound C (22.2) E (66.0)North Lake Street & Traffic Signal Intersection B (17.0) D (53.2)

  SR 2 WB Ramps Westbound C (22.5) F (116.3)Northbound B (15.2) C (21.6)Southbound B (14.6) C (30.0)North Lake Street & Traffic Signal Intersection B (19.9) D (41.0)
  SR 2 EB Ramps Eastbound C (25.4) E (56.7)Northbound B (18.6) E (55.6)Southbound B (19.3) C (29.5)North Lake & South U-Turn Traffic Signal Intersection A (1.8) A (4.3)Northbound A (4.7) A (8.1)Southbound A (0.7) A (1.9)

(XX.X) = Average vehicle delay in seconds per vehicle
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Conditions at the study area intersections during the AM and PM peak hours were determined tooperate with level-of-service D or better except at the following intersections under the PM peak hour:
# Oak Point Road & Cooper Foster Park Road
# North Lake Street & State Route 2 Westbound Ramps
# North Lake Street & State Route 2 Eastbound Ramps  The following turn lanes were determined to experience a queue length which exceeds the existinglength of the turn lane based on the HCS analysis:
Oak Point Road & Cooper Foster Park Road
# Northbound Right Turn Lane (AM Peak Hour)
# Northbound Left Turn Lane (PM Peak Hour)
# Eastbound Right Turn Lane (PM Peak Hour)
North Lake Street & State Route 2 Westbound Ramps
# Westbound Left Turn Lane (PM Peak Hour)
# Northbound Left Turn Lane (PM Peak Hour)
North Lake Street & State Route 2 Eastbound Ramps
# Eastbound Left Turn Lane (PM Peak Hour)
# Southbound Left Turn Lane (AM & PM Peak Hour)
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Queue	Analysis

The following table details the 95TH percentile queue lengths for the 2042 peak periods under study. 

Queue lengths shown to exceed the available storage length between adjacent intersections are

highlighted on yellow.  Copies of the HCS reports can be found in Appendix	S.  

Table	4.39	2042	Queue	Length	Analysis

(Alternative	#7)

LOCATION MOVEMENT
AVAILABLE

STORAGE

AM	PEAK

95TH	Percentile

PM	PEAK

95TH	Percentile

Oak Point & NB Left 140 87 131

  Cooper Foster Park NB Thru 140 119 503

NB Right 140 242 3

North Lake & SB Right 125 74 100

  SR 2 Westbound SB Thru 125 306 953

NB Left 175 (350*) 38 185

NB Thru 600 264 387

North Lake & SB Left 175 (350*) 212 638

  SR 2 Eastbound SB Thru 600 110 415

XXX	=	Queue	Length	in	Feet

*	Additional	storage	space	that	could	be	gained	through	re‐striping.	 

Based on the available storage lengths along Oak Point Road/North Lake Street there are multiple

movements at each intersection that are expected to queue through the adjacent intersections and

potentially block traffic from moving during a green indication in the signal phasing.    
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Table 4.40 - Alternative #7 Turn Lane Length Analysis
(Oak Point Road & Cooper Foster Park Road)

Movement
Direction

DHV No. of
Lanes

Cycles
/

Hour

Average
Veh/

Cycle/
Lane

Design
Speed
(mph)

Fig.
401-10
Storage
Length

(ft)

Fig. 401-9 
Condition

Backup
Length

(ft)

Turn
Lane

Length
*

(ft)
A* B* C*

NB LT 454 1 36 12.6 40 475 125 590 -- 600*
NB THRU 628 1 36 17.4 40 625 -- -- 625 --

NB RT 301 1 36 8.4 40 350 125 465 -- 625*
SB RT 193 1 36 5.4 40 250 125 365 -- 725*

SB THRU 736 1 36 20.4 40 725 -- -- 725 --
EB RT 678 2 36 9.4 30 375 125 490 -- 490*
WB RT 454 2 36 6.3 30 275 325 -- 325*

* Includes 50' taper

There is not sufficient space between Cooper Foster Park Road and the State Route 2 westbound rampsto accommodate the recommended turn lane lengths for the northbound turn lanes.
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Table 4.41 - Alternative #7 Turn Lane Length Analysis
(North Lake Street & State Route 2 Westbound Ramps)

Movement
Direction

DHV No. of
Lanes

Cycles
/

Hour

Average
Veh/

Cycle/
Lane

Design
Speed
(mph)

Fig.
401-10
Storage
Length

(ft)

Fig. 401-9 
Condition

Backup
Length

(ft)

Turn
Lane

Length*
(ft)B* C*

NB LT 80 1 36 2.2 40 100 125 215 -- 600*
NB THRU 801 1 36 22.3 40 775 -- -- 775 --

SB RT 274 1 36 7.6 40 325 125 440 -- 800*
SB THRU 1140 1 36 31.7 40 1075 -- -- 1075 --

WB LT 380 1 36 10.6 40 400 125 515 -- 515*
WB RT 582 2 36 8.1 40 350 125 465 -- 465*

* Includes 50' taper

There is not sufficient space between Cooper Foster Park Road and the State Route 2 westbound rampsto accommodate the recommended turn lane length for the southbound right turn lane.
Table 4.42 - Alternative #7 Turn Lane Length Analysis
(North Lake Street & State Route 2 Eastbound  Ramps)

Movement
Direction

DHV No. of
Lanes

Cycles
/

Hour

Average
Veh/

Cycle/
Lane

Design
Speed
(mph)

Fig.
401-10
Storage
Length

(ft)

Fig. 401-9 
Condition

Backup
Length

(ft)

Turn
Lane

Length*
(ft)B* C*

SB LT 541 1 36 15.0 40 525 125 640 -- 600*
SB THRU 979 1 36 27.2 40 900 -- -- 900 --

EB LT 197 1 36 5.5 40 250 125 365 -- 365*
EB RT 90 1 36 2.5 40 150 -- -- 150 --

* Includes 50' taper
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In order to accommodate the recommended length of the southbound left turn lane at the State Route2 eastbound ramps and the northbound left turn lane at the State Route 2 westbound ramps it wouldbe necessary to widen the roadway and the bridge over State Route 2 to construct side by side left turnlanes.  
Table 4.43 - Alternative #7 Turn Lane Length Analysis

(Oak Point Road & North U-Turn)

Movement
Direction

DHV No. of
Lanes

Cycles
/

Hour

Average
Veh/

Cycle/
Lane

Design
Speed
(mph)

Fig.
401-10
Storage
Length

(ft)

Fig. 401-9 
Condition

Backup
Length

(ft)

Turn
Lane

Length*
(ft)B* C*

NB UT 370 1 72 5.1 40 250 125 365 -- 365*
* Includes 50' taper

Table 4.44 - Alternative #7 Turn Lane Length Analysis
(North Lake Street & South U-Turn)

Movement
Direction

DHV No. of
Lanes

Cycles
/

Hour

Average
Veh/

Cycle/
Lane

Design
Speed
(mph)

Fig.
401-10
Storage
Length

(ft)

Fig. 401-9 
Condition

Backup
Length

(ft)

Turn
Lane

Length*
(ft)B* C*

SB  UT 199 1 72 2.8 40 150 125 265 -- 265*
* Includes 50' taper
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4.9 Alternative #8 - Additional Through Lanes

Alternative #8 analyzed the impact of widening Oak Point Road/North Lake Street to a four lane sectionwith two through lanes in each direction.  The 4-lane section would be recommended to being northof Buck Horn Boulevard and south of the State Route 2 eastbound ramps.
The scenario does not include the recommended turn lanes at the Cooper Foster Park Road and StateRoute 2 ramps from Alternative #1.
Capacity analyses were performed for the estimated 2042 design hour conditions under the 4-Lanescenario.  The traffic volumes used in this analysis can be seen in Figure 3.9.  Copies of the capacityworksheets are included in Appendix T.  The results of the Year 2042 Design Hour Conditions analysisare shown in the following table:  
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Table 4.45 - 2042 Levels-of-Service
(Alternative #8)

INTERSECTION
TRAFFIC

CONTROL
MOVEMENT/
APPROACH

AM PEAK
LOS (DELAY)

PM PEAK
LOS (DELAY)Oak Point Road & Traffic Signal Intersection B (18.9) C (22.1)  Buck Horn Boulevard Eastbound B (17.6) C (21.2)Westbound B (19.7) C (22.3)Northbound B (18.4) C (21.5)Southbound B (19.4) C (22.9)Oak Point Road & Traffic Signal Intersection C (20.1) C (32.1)  Cooper Foster Park Road Eastbound B (19.2) B (15.2)Westbound C (25.0) D (44.9)Northbound C (20.5) C (31.2)Southbound B (17.4) D (42.4)North Lake Street & Traffic Signal Intersection B (17.8) C (25.2)

  SR 2 WB Ramps Westbound C (20.1) C (31.0)Northbound B (17.0) C (21.8)Southbound B (16.7) C (22.6)North Lake Street & Traffic Signal Intersection C (22.9) C (25.5)
  SR 2 EB Ramps Eastbound C (25.6) C (34.3)Northbound C (24.6) C (34.8)Southbound C (20.0) B (18.9)

(XX.X) = Average vehicle delay in seconds per vehicle

Conditions at the intersections during the AM and PM peak hour were determined to operate with level-of-service D or better under the proposed alternative #7.  
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The following turn lanes were determined to experience a queue length which exceeds the existinglength of the turn lane based on the HCS analysis:
Oak Point Road & Cooper Foster Park Road
# Northbound Left Turn Lane (AM & PM Peak Hour)
# Northbound Right Turn Lane (PM Peak Hour)
# Eastbound Right Turn Lane (PM Peak Hour)
North Lake Street & State Route 2 Westbound Ramps
# Westbound Left Turn Lane (PM Peak Hour)
# Southbound Right Turn Lane (PM Peak Hour)
North Lake Street & State Route 2 Eastbound Ramps
# Southbound Left Turn Lane (AM Peak Hour)
# Eastbound Left Turn Lane (PM Peak Hour)
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Queue	Analysis

The following table details the 95TH percentile queue lengths for the 2042 peak periods under study. 

Queue lengths shown to exceed the available storage length between adjacent intersections are

highlighted on yellow.  Copies of the HCS reports can be found in Appendix	T.  

Table	4.46	2042	Queue	Length	Analysis

(Alternative	#8)

LOCATION MOVEMENT
AVAILABLE

STORAGE

AM	PEAK

95TH	Percentile

PM	PEAK

95TH	Percentile

Oak Point & NB Left 140 93 430

  Cooper Foster Park NB Thru 140 77 225

NB Right 140 310 149

North Lake & SB Right 125 92 209

  SR 2 Westbound SB Thru 125 156 362

NB Left 175 (350*) 36 90

NB Thru 600 133 223

North Lake & SB Left 175 (350*) 246 347

  SR 2 Eastbound SB Thru 600 40 162

XXX	=	Queue	Length	in	Feet

*	Additional	storage	space	that	could	be	gained	through	re‐striping.	 

Based on the available storage lengths along Oak Point Road/North Lake Street there are movements

at each intersection that are expected to queue through the adjacent intersections and potentially block

traffic from moving during a green indication in the signal phasing.    
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Table 4.47 - Alternative #8 Turn Lane Length Analysis
(Oak Point Road & Cooper Foster Park Road)

Movement
Direction

DHV No. of
Lanes

Cycles
/

Hour

Average
Veh/

Cycle/
Lane

Design
Speed
(mph)

Fig.
401-10
Storage
Length

(ft)

Fig. 401-9 
Condition

Backup
Length

(ft)

Turn
Lane

Length
*

(ft)
A* B* C*

NB LT 454 1 36 12.6 40 475 125 590 -- 590*
NB THRU 550 2 36 7.6 40 325 -- -- 325 --

NB RT 404 1 36 11.2 40 450 125 565 -- 565*
EB LT/T 199 1 36 5.5 30 250 -- -- 250 --

EB RT 479 1 36 13.3 30 500 125 615 615 615*
* Includes 50' taper

There is not sufficient space between Cooper Foster Park Road and the State Route 2 westbound rampsto accommodate the recommended turn lane lengths for the northbound turn lanes.
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Table 4.48 - Alternative #8 Turn Lane Length Analysis
(North Lake Street & State Route 2 Westbound Ramps)

Movement
Direction

DHV No. of
Lanes

Cycles
/

Hour

Average
Veh/

Cycle/
Lane

Design
Speed
(mph)

Fig.
401-10
Storage
Length

(ft)

Fig. 401-9 
Condition

Backup
Length

(ft)

Turn
Lane

Length*
(ft)B* C*

SB RT 274 1 36 7.6 40 325 125 440 -- 500*
SB THRU 941 2 36 13.1 40 500 -- -- 500

WB LT 380 1 36 10.6 40 400 125 515 -- 515*
WB RT 582 1 36 16.2 40 600 -- -- 600 --

* Includes 50' taper

There is not sufficient space between Cooper Foster Park Road and the State Route 2 westbound rampsto accommodate the recommended turn lane length for the southbound right turn lane.
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Table 4.49 - Alternative #8 Turn Lane Length Analysis
(North Lake Street & State Route 2 Eastbound  Ramps)

Movement
Direction

DHV No. of
Lanes

Cycles
/

Hour

Average
Veh/

Cycle/
Lane

Design
Speed
(mph)

Fig.
401-10
Storage
Length

(ft)

Fig. 401-9 
Condition

Backup
Length

(ft)

Turn
Lane

Length*
(ft)B* C*

SB LT 541 1 36 15.0 40 525 125 640 -- 640*
SB THRU 780 2 36 10.8 40 400 -- -- 400 --

EB LT 197 1 36 5.5 40 250 125 365 -- 365*
EB RT 90 1 36 2.5 40 150 -- -- 150 --

* Includes 50' taper

In order to accommodate the recommended length of the southbound left turn lane at the State Route2 eastbound ramps and the northbound left turn lane at the State Route 2 westbound ramps it wouldbe necessary to widen the roadway and the bridge over State Route 2 to construct side by side left turnlanes.  
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Chapter 5
Conclusions

Based on the results of the analyses, we offer the following conclusions and recommendations:  
5.1 This Area-Wide Planning Study has been prepared at the request of the City of Amherst.   Thestudy area is primarily located in the City of Amherst, Lorain County, Ohio.  A portion of the Cityof Lorain will also be included in the study area.  The study area will consist of the followingintersections:

1. Oak Point Road & Buck Horn Boulevard2. Oak Point Road/North Lake Street & Cooper Foster Park Road3. North Lake Street & State Route 2 Westbound Ramps4. North Lake Street & State Route 2 Eastbound Ramps5. Cooper Foster Park Road & Hollstein Drive6. North Main Street & Cooper Foster Park Road  
5.2 The analysis of the study area included proposed and under construction developments thatare located within the study area.  The following developments were considered in forecast offuture traffic volumes for the study area:

1. Medical Office Building (17,756 SF) - 20212. Reserve at Beaver Creek Subdivision (109 Units) - 20213. Eagle Ridge Subdivision (59 Units) - 20214. Preserve at Quarry Lakes Subdivision (100 Units) - 20205. Buckeye Square/Nova Medical Offices (11,325 SF) - 20206. Sandy Springs PUD (161 Units) 
5.3 The year 2022 was analyzed for the opening year conditions.   The future design year will be2042 based on providing a twenty year design period for any recommended improvements inthe study area.  
5.4 The weekday AM peak hour of traffic was determined to be 7:15 AM to 8:15 AM.  The weekdayPM peak hour of traffic was found to be 4:30 PM to 5:30 PM.  These periods were used toforecast expected and future traffic volumes since they reflect the period of the highest volumeof vehicular traffic flow for the study area roadways. 
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5.5 The ODOT GIS Crash Analysis Tool (GCAT) was used to collect crash information at the studyarea intersections for the years 2017 - 2019.  The study area experienced a total of 68intersection related crashes between 2017 and 2019.   Rear end crashes representedapproximately 51% (35 crashes) of the total amount of crashes.  Angle crashes representedapproximately 19% of the crashes.  Left and right turn crashes represented approximately 13%of the crashes.  These four types of crashes represent the predominate crash types at the studyarea intersections.
5.6 Conditions at the study area intersections during the AM and PM peak hours were determinedto operate with level-of-service D or better under the forecasted 2022 Build conditions.
5.7 Conditions at the study area intersections during the 2042 Build AM and PM peak hours weredetermined to operate with level-of-service D or better except at the following intersectionsunder the PM peak hour:

# Oak Point Road & Cooper Foster Park Road
# North Lake Street & State Route 2 Westbound Ramps
# North Lake Street & State Route 2 Eastbound Ramps

5.8 The following turn lanes were determined to experience a queue length which exceeds theexisting length of the turn lane based on the HCS analysis:
Oak Point Road & Cooper Foster Park Road
# Northbound Right Turn Lane (AM & PM Peak Hour)
# Northbound Left Turn Lane (PM Peak Hour)
# Eastbound Right Turn Lane (AM & PM Peak Hour)
North Lake Street & State Route 2 Westbound Ramps
# Westbound Left Turn Lane (PM Peak Hour)
# Southbound Right Turn Lane (PM Peak Hour)
# Northbound Left Turn Lane (PM Peak Hour)
North Lake Street & State Route 2 Eastbound Ramps
# Eastbound Left Turn Lane (AM & PM Peak Hour)
# Southbound Left Turn Lane (AM & PM Peak Hour)
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5.9 Based on the available storage lengths along Oak Point Road/North Lake Street at CooperFoster Park Road and the State Route 2 interchange there are multiple movements at eachintersection that are expected to queue through the adjacent intersections and potentially blocktraffic from moving during a green indication in the signal phasing.    
5.10 The report analyzed the following 8 alternatives in order to determine if the intersection levels-of-service can be improved and the impact of queued traffic can be reduced.  

# Alternative #1 - Additional Turn Lanes
# Alternative #2 - Roundabouts
# Alternative #3 - NE Quadrant Roadway
# Alternative #4 - By-Pass Roadway
# Alternative #5 - Minor Street Bowtie
# Alternative #6 - Major Street Bowtie
# Alternative #7 - RCUT
# Alternative #8 - Additional Through Lanes

5.11 The eight scenarios were evaluated based on various criteria to consider a range of impacts. A matrix was prepared, which provides a comparative assessment of the eight scenarios. Information gathered for this report and the analysis contained within it were used to completethe matrix seen Figure 5.1, Page 114.  

5.12 Upon detailed screening of capacity analysis results and qualitative impacts of 8 possiblePreliminary Alternatives, 6 alternatives are presented for consideration:
# Alternative #1 - Additional Turn Lanes
# Alternative #2 - Roundabouts
# Alternative #3 - NE Quadrant Roadway
# Alternative #4 - By-Pass Roadway
# Alternative #5 - Minor Street Bowtie
# Alternative #8 - Additional Through Lanes

These alternatives are expected to address the intersection capacity issues at all locations.  Thequeue length and turn lane lengths were determined to experience various levels ofimprovement however the impact of the queue lengths were not completely mitigated underany scenario and the available storage between intersections did not allow turn lane lengthsthat were able to fully accommodate the necessary length.
July 6, 2020 Page 113 TMS Engineers, Inc.



NO‐BUILD ALTERNATIVE #2
(Roundabout Control)

Description
Forecasted 2042 traffic 
volumes w/ existing 
roadway conditions.

Install roundabout about control at Cooper 
Foster Park, SR 2 WB ramps, & SR 2 EB 

Ramps

Additional Intersections NONE NO

Additional Roadways NONE NO

Additional Turn Lanes NONE @ Buck Horn: NONE @ Buck Horn: WB Left Turn Lane @ Buck Horn: WB Left Turn Lane @ Buck Horn: NONE @ Buck Horn: NONE @ Buck Horn: NONE @ Buck Horn: NONE
@ Cooper Foster: EB Left Turn Lane NB Right Turn Lane NB Right Turn Lane @ Cooper Foster: 2nd NB Right Turn Lane @ Cooper Foster: 2nd EB Right Turn Lane @ Cooper Foster: 2nd EB Right Turn Lane @ Cooper Foster: NONE

WB Left Turn Lane @ Cooper Foster: WB Right Turn Lane @ Cooper Foster: SB Right Turn Lane 2nd EB Right Turn Lane 2nd WB Right Turn Lane 2nd WB Right Turn Lane @ SR 2 WB: NONE
WB Right Turn Lane NB Through Lane @ SR 2 WB: 2nd WB Right Turn Lane WB Right Turn Lane SB Right Turn Lane SB Right Turn Lane  @ SR 2 EB: NONE

@ SR 2 WB: 2nd WB Right Turn Lane @ SR 2 WB: 2nd WB Right Turn Lane  @ SR 2 EB: NB Right Turn Lane SB Right Turn Lane @ SR 2 WB: 2nd WB Right Turn Lane @ SR 2 WB: 2nd WB Right Turn Lane
 @ SR 2 EB: NB Right Turn Lane  @ SR 2 EB: NB Right Turn Lane @ By‐Pass West: EB Left Turn Lane @ SR 2 WB: 2nd WB Right Turn Lane  @ SR 2 EB: NB Right Turn Lane  @ SR 2 EB: NB Right Turn Lane

@ Quadrant: EB Left Turn Lane @ Buck Horn By‐Pass: WB Left Turn Lane  @ SR 2 EB: NB Right Turn Lane
SB Left Turn Lane @ By‐Pass East EB Left Turn Lane

NONE NONE

PM Intersection LOS
@ Buck Horn: C (25.9) C (25.9)

@ Cooper Foster: E (60.7) D (31.1)
@ SR 2 WB: E (59.1) C (15.9)
 @ SR 2 EB: D (46.7) C (15.0)

Turn Lane Lengths

Multiple turn lane 
lengths are inadequate 
at the interchange and 
Cooper Foster Park 
intersections. 

No turn lanes with roundabout control.

Queue Lengths

Queue lengths are 
expected to block 
adjacent intersections at 
the interchange and 
Cooper Foster Park.

The PM peak northbound queue from 
Cooper Foster is expected to extend into the 
SR 2 WB ramps intersection

Bridge Impact Widening necessary

City of Amherst, Ohio

City of Lorain, Ohio

Operational Benefits
Reduces number of conflict points.  Reduces 
the # of stops.  Reduces queue lenghts.  
Lower operating speeds.

Figure No.: 5.1
Page No.: 114

Traffic Signal Modifications

AMHERST AREAWIDE PLANNING STUDY ‐ COMPARISON OF ALTERNATIVES
Oak Point Road ‐ North Lake Street ‐ Cooper Foster Park Road ‐ State Route 2 Interchange

D (48.2) ‐ EB & SB LOS E
D (53.2) ‐ WB LOS F

D (41.0) ‐ EB & NB LOS E

Insufficient space to accommodate NB turn 
lanes at Cooper Foster Park and SB right turn 
lane at SR2 WB. Brdige widening would be 
necessary for turn lanes at SR 2 ramps.

Queue lengths are expected to block adjacent 
intersections at the interchange and Cooper 
Foster Park.

2 U‐Turn Locations (Signalized)

NO

Create U‐Turn intersections north of Buck 
Horn and south of the SR 2 EB Ramps in order 
to re‐direct the minor street through and left 

turn movements.

NO

Widening necessary

D (48.2) ‐ EB & SB LOS E
D (53.2) ‐ WB LOS F

D (41.0) ‐ EB & NB LOS E

Queue lengths are expected to block adjacent 
intersections at the interchange and Cooper 
Foster Park.

ALTERNATIVE #6
(Major Steet Bowtie)

Modify Cooper Foster Park

D (35.7)

ALTERNATIVE #7
(RCUT)(NE Quadrant Roadway) (By‐Pass Roadway)(Turn Lanes & Signal Modifications)

ALTERNATIVE #1 ALTERNATIVE #3 ALTERNATIVE #4

Modify Cooper Foster Park Modify Cooper Foster Park
Modify Cooper Foster ParkModify Buck Horn 

Left Turn movements are relocated to 
roundabouts east and west of the intersection 

along Cooper Foster Park.

2 New Roundabouts

NOYES

ALTERNATIVE #5
(Minor Street Bowtie)

Construction of a By‐Pass Roadway to re‐locate the 
minor street through and left turns at the Cooper 

Foster Park intersection.

3 New Stop Sign Controlled Intesections

ALTERNATIVE #8
(Additional Through Lanes)

Add an additional through lane in each 
direction beginning north of Buck Horn 

and through the SR 2 EB ramps.

NO

NO

NONE

Queue lengths are expected to block adjacent 
intersections at the interchange and Cooper Foster 
Park.

Each location would require a two lane 
roundabout with 2 lanes entering from the 
north and south.  By‐pass right turn lanes 
would also be necessary at Cooper Foster 
Park and the SR 2 WB Ramps

Construct at Quandrant Roadway at the 
northeast quadrant of the Oak Point & Cooper 

Foster intersection.

1 New Traffic Signal Controlled Intersection

YES

Modify Buck Horn 

C (31.3)
C (27.2)
C (28.1)

D (38.6)

C (27.4)

C (25.9)

C (28.1)

Insfficient space to accommodate NB turn lanes at 
Cooper Foster Park and SB right turn lane at SR2 
WB. Brdige widening would be necessary for turn 
lanes at SR 2 ramps.

The AM & PM peak northbound queue from Cooper 
Foster is expected to extend into the SR 2 WB 
ramps intersection

Insufficient space to accommodate NB turn lanes at 
Cooper Foster Park and SB right turn lane at SR2 
WB. Brdige widening would be necessary for turn 
lanes at SR 2 ramps.

C (27.4)

C (22.1)
C (32.1)
C (25.2)
C (25.5)

Insufficient space to accommodate NB 
turn lanes at Cooper Foster Park and 
SB right turn lane at SR2 WB. Brdige 
widening would be necessary for turn 
lanes at SR 2 ramps.

Construct additional turn lanes and modify traffic 
signal operation.

NO

NO

Right Turn Overlap for WB RT at Cooper Foster

Insfficient space to accommodate NB turn 
lanes at Cooper Foster Park and SB right turn 
lane at SR2 WB. Brdige widening would be 
necessary for turn lanes at SR 2 ramps.

C (27.4)

C (25.9)
C (29.3)

D (36.5)
C (32.0)

C (28.1)

Insufficient space to accommodate NB turn 
lanes at Cooper Foster Park and SB right turn 
lane at SR2 WB. Brdige widening would be 
necessary for turn lanes at SR 2 ramps.

Left Turn movements are relocated to 
roundabouts north of Buck Horn and south of 

the SR 2 EB Ramps.

Modify Cooper Foster Park

D (35.7)

C (27.4)

Insufficient space to accommodate NB right 
turn lane at Cooper Foster Park and SB right 
turn lane at SR2 WB. Bridge widening would be 
necessary for turn lanes at SR 2 ramps.

C (28.1)

2 New Roundabouts

Reduces the number of conflict points.  
Increased effieciency at Cooper Foster Park as 
the left turn movement is eliminated.

Reduces the number of conflict points.  Fewer 
signal phases increases efficiency.

Reduces the number of conflict points.  Fewer signal 
phases increases efficiency.

Increase capacity and shorten through 
traffic queue lengths.

Additional turn lanes increase intersection 
capacity.

Queue lengths are expected to block 
adjacent intersections at the 
interchange and Cooper Foster Park.

Widening necessary Widening necessaryWidening necessary Widening necessaryWidening necessary Widening necessary

The AM & PM peak northbound queue from 
Cooper Foster is expected to extend into the SR 
2 WB ramps intersection

The AM & PM peak northbound queue from 
Cooper Foster is expected to extend into the SR 
2 WB ramps intersection

Reduce the number of conflict points.

Reduce the number of conflict points.  
Increase efficiency at intersection due to re‐
direct of minor street through and left turn 
movements

City of Amherst, Ohio City of Amherst, Ohio City of Amherst, Ohio
Location of Improvements City of Amherst, Ohio

City of Lorain, Ohio City of Lorain, Ohio City of Lorain, Ohio City of Lorain, Ohio City of Lorain, Ohio City of Lorain, Ohio

City of Amherst, Ohio City of Amherst, OhioCity of Amherst, Ohio



Area-Wide Planning Study  City of Amherst, Ohio

5.13 The improvements associated with Alternative #2 and Alternative #8 were determined to be

the preferred alternatives based on the data analyzed for this report and shown in the matrix

(Figure	5.1,	Page	114).  The alternatives were shown to improve the intersection capacity

issues and to minimize queue blocking between the closely spaced intersections without

relocating or closing access to any intersection. 

5.14 The following interim improvements are also recommended for consideration in the study area:

# Review and update signal timing with optimized change and clearance intervals.

# Install signal backplate/retro-reflective back-plates to increase visibility of traffic

control devices.

# Install “Left Turn Yield On Green Ball” signs (R10-12) on the traffic signal mast arms for

approaches with protected and permissive left turn phases.   The use of these signs

would be in addition to the existing traffic control infrastructure.  

# Upgrade traffic signal control to use the flashing yellow arrow for the left turn

movements.  The “Left Turn Yield On Green Ball” signs (R10-12) would not be used with

this configuration of traffic control equipment.  

# Provide surface treatment to increase friction of roadway surface.

July 6, 2020 Page 115 TMS Engineers, Inc.
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Appendix A
ODOT Turn Lane Design Criteria
 

TMS Engineers, Inc.
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Appendix B
Ohio Stay at Home Order

TMS Engineers, Inc.
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Appendix C
Traffic Count Data
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Appendix D
Crash Data Summaries

TMS Engineers, Inc.
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Appendix E
Crash Diagrams

TMS Engineers, Inc.
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Appendix F
ODOT COVID-19 Calibration Guidelines & Calculations

TMS Engineers, Inc.
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Decreased traffic as a result of the COV19 pandemic requires additional consideration in the collection and 
processing of traffic counts for design traffic forecasts.  The Office of Technical Services is continuously reporting 
the statewide decrease in traffic as registered by our permanent traffic recorders at: 

http://www.dot.state.oh.us/Divisions/Planning/TechServ/Documents/Regional‐Traffic‐Analysis.pdf 

Currently about a 45% decrease in traffic is occurring which has been relatively stable since March 24, 2020.  
However, the values reported here are averages based solely on the location of the permanent traffic recorders 
which are heavily biased towards freeways and therefore may not represent local conditions. 

For establishing base line traffic conditions for forecasting projects the following procedure is therefore 
recommended.  However, this method is an expedient to keep projects moving, the preferred methodology 
would be to defer collecting new traffic counts for projects until traffic conditions return to normal.  Any 
forecast submitted for certification using this methodology must: 

A. Contain count plates showing the prior existing counts, original raw counts and the factored values with 
factor stations and the new counts to which they applied clearly indicated. 

B. Forecast plates must contain the following additional uncertainty note: “Counts collected during 
COVID19 Pandemic and factored per ODOT Modeling and Forecasting guidance”.  When traffic returns 
to normal any such project resubmitted for certification for whatever reason is likely to require all new 
traffic counts. 

Step 1 Get Existing Counts 

Utilize the ODOT Traffic Monitoring Management System at: 

https://odot.ms2soft.com/tcds/tsearch.asp?loc=odot 

to obtain as many prior existing counts as possible.  ODOT coverage counts are conducted every 3 years, the 
latest count that is no more than 3 years old should be used, however, only counts conducted prior to March 15, 
2020 should be included.  Efforts should be made to include counts on the primary project routes even if those 
counts are outside of the project study area. 

Step 2 Conduct New Counts 

Conduct new counts as normal, both machine and turning movement.  New machine counts must also be 
conducted at the locations obtained in step 1 to establish “factor stations”.  Counts should be conducted 
following all previously published guidance: 

http://www.dot.state.oh.us/Divisions/Planning/SPR/ModelForecastingUnit/Documents/Traffic%20counts%20fo
r%20traffic%20forecasts.pdf 

Step 3 Create Project Specific Factors 

In lieu of the normal seasonal adjustment factor process to develop AADT, the counts collected at the factor 
stations will be compared to the counts from step 1 to develop factors.  Both daily (AADT) and peak hour factors 
will be calculated separately as it is anticipated that time of day patterns have been changed drastically (and 
thus the peak hour selected for analysis should be determined by the existing counts from step 1).  Note, at the 
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daily level the raw new count is compared to the seasonally adjusted prior count, thus the factor developed is a 
replacement for the seasonal adjustment factoring process.  If other project counts are conducted on different 
days from the factor stations, additional seasonal factors could be applied to reconcile to the factor day, 
however, so long as all project counts are conducted on Monday‐Thursday within a month of one another this 
should be unnecessary.  This does not replace or change other processes such as the application of design hour 
volume factors. 

Step 4 Apply Factors 

The factors from Step 3 will be applied to the other counts collected in Step 2.  The analyst needs to determine 
which factors to apply to each count.  Generally, factors should be selected from the same road as close to the 
subject count as possible.  If this isn’t possible, a factor station with similar characteristics (functional class, 
development density, lanes, speed limit, access type etc.) and geographic proximity should be chosen.  Average 
factors from multiple locations might also be used. 

Step 5 Additional Turn Movement Count Considerations 

As ODOT’s Traffic Monitoring Management System does not contain extensive turning movement counts and 
turning movement counts aren’t conducted for an entire day there are additional considerations.  If a count 
does exist in TMC (the turning movement portion of TMMS) and it is within 3 years old it can be used in lieu of a 
new count.  A new count could also be conducted for the purpose of creating factors from this count in Step 2, 
however, since TM counts are not done for the full day, this would only result in peak hour factors which would 
thus require alternate factor station locations for developing the AADT factors.  Therefore, in general, factor 
station locations are recommended for machine count locations only.    

In addition, it is possible that the turning movement proportions have been skewed as a result of the traffic 
decrease.  Therefore, for important intersections, it is recommended that StreetLight Data be queried at the 
intersection using average week day for one full month of weekdays.  Both a pre and post COVID19 month 
should be queried.  The pre‐C month should either be February 2020 or April 2019.  The former should be used if 
the analyst believes changing development patterns are most important while the latter is used if the analyst 
believes seasonal effects are most important.  The post‐C month will be April 2020 once this is available from 
StreetLight.  As additional months of StreetLight data become available in 2020, the latest available will be used 
in place of April (while February 2020 will remain the same for the option 1 pre‐C month).  Until April 2020 
StreetLight data is available, the pre‐C StreetLight data can be compared directly to the turning movement 
counts (this will involve a high degree of judgement since differences could be due to the different data sources, 
COV19 changes or changes in development patterns).  The comparisons should be made in terms of the turning 
movement percentages, not absolute volume.  If the StreetLight comparisons indicate the turn movement 
percentages have changed by more than 10 percentage points, the turn movement count percentages can be 
adjusted to reflect this.  Any such adjustment must be clearly indicated with the submitted count information. 

 

Note: Check back to the web site for any updates. 



Note: The new count is taken at the 

same location as Location ID: 472 as a 

24-hour count. (probably tube count) 

Simple Corridor Project Factor Example (Blue Dots are TMMS- MS2 Count Locations)

 

 

Step 1:  Get the most recent hourly, 24-hour count. 

Use TMMS (https://odot.ms2soft.com/tcds/tsearch.asp?loc=Odot&mod=) to obtain “Old” pre-COVID 

date count. 

  

 

 

Step 2: Get the new count 

 

 

 

 

 

 

Step 3: Calculate factors: (Pre-COVID count) / (new count) 

Use the most recent 24 hour-hourly count for AADT, AM.PM 

Most Recent Hourly Count Summary from MS2-TMMS 

Repeat this calculation for as many MS2 counts are in the project area within the same 

year and average them.  In this example, the two on US 6 shown may be enough.  

Note: 

We cannot use 2019 AADT 

because it is estimated from 2018.  

There is no hourly data.  

 

Note: 

This example assumed the entire 

corridor peaks at 3:15-4:15 PM.  This 

may not be the case.  Look at all the 

counts in the corridor to establish 

the peak that will be used. 

 

https://odot.ms2soft.com/tcds/tsearch.asp?loc=Odot&mod=
https://odot.ms2soft.com/tcds/tsearch.asp?loc=Odot&mod=


2017 2020 COVID
DATA DATA FACTOR

WB EXIT
ADT 5239 4227 1.2394
7AM 266 218 1.2202
4PM 599 452 1.3252
430 PM 584 489 1.1933
5PM 568 469 1.2111

WB ENTRANCE
ADT 2173 1628 1.3348
7AM 139 97 1.4330
4PM 226 183 1.2350
430 PM 224 176 1.2727
5PM 222 146 1.5205

EB EXIT
ADT 2110 1413 1.4933
7AM 132 105 1.2571
4PM 212 115 1.8435
430 PM 216 143 1.5070
5PM 219 139 1.5755

EB ENTRANCE
ADT 5357 4100 1.3066
7AM 538 354 1.5198
4PM 433 379 1.1425
430 PM 448 373 1.1997
5PM 462 298 1.5503

AM AVG 1.2932
PM AVG 1.3485

COVID FACTOR CALIBRATIONS
STATE ROUTE 2 INTERCHANGE
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Area-Wide Planning Study  City of Amherst, Ohio

Appendix G
Trip Generation Worksheets

TMS Engineers, Inc.



Single Family Detached Housing
ITE Code = 210

RESERVE AT BEAVER CREEK Date: 5/4/2020

Trip Generation based on: Size of Analysis Area: 109 Units

Adjustment
Factor

WEEKDAY

Average Weekday 2-way Volume 10.33 3.70 1.00 1126

7-9 AM Peak Hour Enter 0.19 0.00 1.00 21
7-9 AM Peak Hour Exit 0.57 0.00 1.00 62
7-9 AM Peak Hour Total 0.75 0.90 1.00 82

4-6 PM Peak Hour Enter 0.64 0.00 1.00 70
4-6 PM Peak Hour Exit 0.37 0.00 1.00 41
4-6 PM Peak Hour Total 1.01 1.05 1.00 110

AM Peak Hour Enter 0.21 0.00 1.00 23
AM Peak Hour Exit 0.59 0.00 1.00 65
AM Peak Hour Total 0.80 0.91 1.00 87

PM Peak Hour Enter 0.68 0.00 1.00 74
PM Peak Hour Exit 0.38 0.00 1.00 42
PM Peak Hour Total 1.06 1.05 1.00 116

SATURDAY

9.76 3.72 1.00 1064

Saturday Peak Hour Enter 0.54 0.00 1.00 59
Saturday Peak Hour Exit 0.46 0.00 1.00 50
Saturday Peak Hour Total 1.01 0.99 1.00 110

SUNDAY

8.27 3.36 1.00 902

Sunday Peak Hour Enter 0.47 0.00 1.00 51
Sunday Peak Hour Exit 0.42 0.00 1.00 46
Sunday Peak Hour Total 0.89 0.95 1.00 97

Weekday Peak Hour of Generator

Dwelling Units Average
Rate

Standard
Deviation

Driveway
Volume

Weekday Peak Hour of Adjacent Street Traffic

Average Saturday 2-way Volume

Saturday Peak Hour of Generator

Average Sunday 2-way Volume

Sunday Peak Hour of Generator



Single Family Detached Housing
ITE Code = 210

**The above rates were calculated from the equations shown below:

% ENTER % EXIT
WEEKDAY

Average Weekday 2-way Volume 50% 50%

Weekday Peak Hour of Adjacent Street Traffic

7-9 AM Peak Hour Total 25% 75%

4-6 PM Peak Hour Total 63% 37%

Weekday Peak Hour of Generator

26% 74%

64% 36%

SATURDAY

50% 50%

Saturday Peak Hour of Generator

54% 46%

SUNDAY

50% 50%

Sunday Peak Hour of Generator

53% 47%

Source: Institute of Transportation Engineers
Trip Generation Manual, 10TH Edition, September 2017

Average Saturday 2-way Volume

Saturday Peak Hour Volume

Average Sunday 2-way Volume

Sunday Peak Hour Volume

AM Peak Hour Total

PM Peak Hour Total

(



Single Family Detached Housing
ITE Code = 210

EAGLE RIDGE SUBDIVISION Date: 5/4/2020

Trip Generation based on: Size of Analysis Area: 59 Units

Adjustment
Factor

WEEKDAY

Average Weekday 2-way Volume 10.85 3.70 1.00 640

7-9 AM Peak Hour Enter 0.20 0.00 1.00 12
7-9 AM Peak Hour Exit 0.59 0.00 1.00 35
7-9 AM Peak Hour Total 0.79 0.90 1.00 47

4-6 PM Peak Hour Enter 0.65 0.00 1.00 39
4-6 PM Peak Hour Exit 0.38 0.00 1.00 23
4-6 PM Peak Hour Total 1.04 1.05 1.00 61

AM Peak Hour Enter 0.22 0.00 1.00 13
AM Peak Hour Exit 0.63 0.00 1.00 37
AM Peak Hour Total 0.85 0.91 1.00 50

PM Peak Hour Enter 0.70 0.00 1.00 42
PM Peak Hour Exit 0.40 0.00 1.00 23
PM Peak Hour Total 1.10 1.05 1.00 65

SATURDAY

10.13 3.72 1.00 598

Saturday Peak Hour Enter 0.62 0.00 1.00 36
Saturday Peak Hour Exit 0.53 0.00 1.00 31
Saturday Peak Hour Total 1.14 0.99 1.00 68

SUNDAY

7.77 3.36 1.00 458

Sunday Peak Hour Enter 0.52 0.00 1.00 31
Sunday Peak Hour Exit 0.46 0.00 1.00 27
Sunday Peak Hour Total 0.98 0.95 1.00 58

Weekday Peak Hour of Generator

Dwelling Units Average
Rate

Standard
Deviation

Driveway
Volume

Weekday Peak Hour of Adjacent Street Traffic

Average Saturday 2-way Volume

Saturday Peak Hour of Generator

Average Sunday 2-way Volume

Sunday Peak Hour of Generator



Single Family Detached Housing
ITE Code = 210

**The above rates were calculated from the equations shown below:

% ENTER % EXIT
WEEKDAY

Average Weekday 2-way Volume 50% 50%

Weekday Peak Hour of Adjacent Street Traffic

7-9 AM Peak Hour Total 25% 75%

4-6 PM Peak Hour Total 63% 37%

Weekday Peak Hour of Generator

26% 74%

64% 36%

SATURDAY

50% 50%

Saturday Peak Hour of Generator

54% 46%

SUNDAY

50% 50%

Sunday Peak Hour of Generator

53% 47%

Source: Institute of Transportation Engineers
Trip Generation Manual, 10TH Edition, September 2017

Average Saturday 2-way Volume

Saturday Peak Hour Volume

Average Sunday 2-way Volume

Sunday Peak Hour Volume

AM Peak Hour Total

PM Peak Hour Total

(



Single Family Detached Housing
ITE Code = 210

PRESERVE AT QUARRY LAKES Date: 5/4/2020

Trip Generation based on: Size of Analysis Area: 100 Units

Adjustment
Factor

WEEKDAY

Average Weekday 2-way Volume 10.40 3.70 1.00 1040

7-9 AM Peak Hour Enter 0.19 0.00 1.00 19
7-9 AM Peak Hour Exit 0.57 0.00 1.00 57
7-9 AM Peak Hour Total 0.76 0.90 1.00 76

4-6 PM Peak Hour Enter 0.64 0.00 1.00 64
4-6 PM Peak Hour Exit 0.38 0.00 1.00 38
4-6 PM Peak Hour Total 1.02 1.05 1.00 102

AM Peak Hour Enter 0.21 0.00 1.00 21
AM Peak Hour Exit 0.60 0.00 1.00 60
AM Peak Hour Total 0.81 0.91 1.00 81

PM Peak Hour Enter 0.68 0.00 1.00 68
PM Peak Hour Exit 0.38 0.00 1.00 38
PM Peak Hour Total 1.07 1.05 1.00 107

SATURDAY

9.81 3.72 1.00 981

Saturday Peak Hour Enter 0.55 0.00 1.00 55
Saturday Peak Hour Exit 0.47 0.00 1.00 47
Saturday Peak Hour Total 1.02 0.99 1.00 102

SUNDAY

8.22 3.36 1.00 822

Sunday Peak Hour Enter 0.48 0.00 1.00 48
Sunday Peak Hour Exit 0.42 0.00 1.00 42
Sunday Peak Hour Total 0.90 0.95 1.00 90

Weekday Peak Hour of Generator

Dwelling Units Average
Rate

Standard
Deviation

Driveway
Volume

Weekday Peak Hour of Adjacent Street Traffic

Average Saturday 2-way Volume

Saturday Peak Hour of Generator

Average Sunday 2-way Volume

Sunday Peak Hour of Generator



Single Family Detached Housing
ITE Code = 210

**The above rates were calculated from the equations shown below:

% ENTER % EXIT
WEEKDAY

Average Weekday 2-way Volume 50% 50%

Weekday Peak Hour of Adjacent Street Traffic

7-9 AM Peak Hour Total 25% 75%

4-6 PM Peak Hour Total 63% 37%

Weekday Peak Hour of Generator

26% 74%

64% 36%

SATURDAY

50% 50%

Saturday Peak Hour of Generator

54% 46%

SUNDAY

50% 50%

Sunday Peak Hour of Generator

53% 47%

Source: Institute of Transportation Engineers
Trip Generation Manual, 10TH Edition, September 2017

Average Saturday 2-way Volume

Saturday Peak Hour Volume

Average Sunday 2-way Volume

Sunday Peak Hour Volume

AM Peak Hour Total

PM Peak Hour Total

(



Medical-Dental Office Building
ITE Code = 720

COOPER FOSTER MEDICAL BUILDING Date: 5/4/2020

Trip Generation based on: Size of Analysis Area: 17.756 1,000 SF

Adjustment
Factor

WEEKDAY

Average Weekday 2-way Volume 33.49 0.00 1.00 595

7-9 AM Peak Hour Enter 2.11 0.00 1.00 37
7-9 AM Peak Hour Exit 0.59 0.00 1.00 11
7-9 AM Peak Hour Total 2.70 0.00 1.00 48

4-6 PM Peak Hour Enter 0.98 0.00 1.00 17
4-6 PM Peak Hour Exit 2.52 0.00 1.00 45
4-6 PM Peak Hour Total 3.50 0.00 1.00 62

AM Peak Hour Enter 2.22 0.00 1.00 39
AM Peak Hour Exit 1.36 0.00 1.00 24
AM Peak Hour Total 3.57 0.00 1.00 63

PM Peak Hour Enter 1.56 0.00 1.00 28
PM Peak Hour Exit 2.45 0.00 1.00 43
PM Peak Hour Total 4.01 0.00 1.00 71

SATURDAY

8.57 9.07 1.00 152

Saturday Peak Hour of Generator
SAT Peak Hour Enter 1.19 0.00 1.00 21
SAT Peak Hour Exit 0.89 0.00 1.00 16
SAT Peak Hour Total 2.08 0.00 1.00 37

SUNDAY

1.42 1.44 1.00 25

SUN Peak Hour Enter 0.17 0.00 1.00 3
SUN Peak Hour Exit 0.15 0.00 1.00 3
SUN Peak Hour Total 0.32 0.49 1.00 6

Weekday Peak Hour of Generator

1,000 Square Feet Gross Floor Area Average
Rate

Standard
Deviation

Driveway
Volume

Weekday Peak Hour of Adjacent Street Traffic

Average Saturday 2-way Volume

Average Sunday 2-way Volume

Sunday Peak Hour of Generator



Medical-Dental Office Building
ITE Code = 720

**The above rates were calculated from the equations shown below:

% ENTER % EXIT
WEEKDAY

Average Weekday 2-way Volume 50% 50%

Weekday Peak Hour of Adjacent Street Traffic

7-9 AM Peak Hour Total 78% 22%

4-6 PM Peak Hour Total 28% 72%

Weekday Peak Hour of Generator

62% 38%

39% 61%

SATURDAY

50% 50%

Saturday Peak Hour of Generator

57% 43%

SUNDAY

50% 50%

Sunday Peak Hour of Generator

52% 48%

Source: Institute of Transportation Engineers
Trip Generation Manual, 10TH Edition, September 2017

Peak Hour of Generator

Average Sunday 2-way Volume

Peak Hour of Generator

AM Peak Hour Total

PM Peak Hour Total

Average Saturday 2-way Volume



Medical-Dental Office Building
ITE Code = 720

BUCKEYE SQUARE/NOVA MEDICAL BUILDING Date: 5/4/2020

Trip Generation based on: Size of Analysis Area: 11.325 1,000 SF

Adjustment
Factor

WEEKDAY

Average Weekday 2-way Volume 30.68 0.00 1.00 347

7-9 AM Peak Hour Enter 2.21 0.00 1.00 25
7-9 AM Peak Hour Exit 0.62 0.00 1.00 7
7-9 AM Peak Hour Total 2.84 0.00 1.00 32

4-6 PM Peak Hour Enter 1.00 0.00 1.00 11
4-6 PM Peak Hour Exit 2.57 0.00 1.00 29
4-6 PM Peak Hour Total 3.57 0.00 1.00 40

AM Peak Hour Enter 2.27 0.00 1.00 26
AM Peak Hour Exit 1.39 0.00 1.00 16
AM Peak Hour Total 3.66 0.00 1.00 41

PM Peak Hour Enter 1.51 0.00 1.00 17
PM Peak Hour Exit 2.36 0.00 1.00 27
PM Peak Hour Total 3.86 0.00 1.00 44

SATURDAY

8.57 9.07 1.00 97

Saturday Peak Hour of Generator
SAT Peak Hour Enter 0.26 0.00 1.00 3
SAT Peak Hour Exit 0.20 0.00 1.00 2
SAT Peak Hour Total 0.46 0.00 1.00 5

SUNDAY

1.42 1.44 1.00 16

SUN Peak Hour Enter 0.17 0.00 1.00 2
SUN Peak Hour Exit 0.15 0.00 1.00 2
SUN Peak Hour Total 0.32 0.49 1.00 4

Weekday Peak Hour of Generator

1,000 Square Feet Gross Floor Area Average
Rate

Standard
Deviation

Driveway
Volume

Weekday Peak Hour of Adjacent Street Traffic

Average Saturday 2-way Volume

Average Sunday 2-way Volume

Sunday Peak Hour of Generator



Medical-Dental Office Building
ITE Code = 720

**The above rates were calculated from the equations shown below:

% ENTER % EXIT
WEEKDAY

Average Weekday 2-way Volume 50% 50%

Weekday Peak Hour of Adjacent Street Traffic

7-9 AM Peak Hour Total 78% 22%

4-6 PM Peak Hour Total 28% 72%

Weekday Peak Hour of Generator

62% 38%

39% 61%

SATURDAY

50% 50%

Saturday Peak Hour of Generator

57% 43%

SUNDAY

50% 50%

Sunday Peak Hour of Generator

52% 48%

Source: Institute of Transportation Engineers
Trip Generation Manual, 10TH Edition, September 2017

Peak Hour of Generator

Average Sunday 2-way Volume

Peak Hour of Generator

AM Peak Hour Total

PM Peak Hour Total

Average Saturday 2-way Volume



Single Family Detached Housing
ITE Code = 210

SANDY SPRINGS (LORAIN) Date: 5/4/2020

Trip Generation based on: Size of Analysis Area: 161 Units

Adjustment
Factor

WEEKDAY

Average Weekday 2-way Volume 10.01 3.70 1.00 1611

7-9 AM Peak Hour Enter 0.18 0.00 1.00 30
7-9 AM Peak Hour Exit 0.55 0.00 1.00 89
7-9 AM Peak Hour Total 0.74 0.90 1.00 119

4-6 PM Peak Hour Enter 0.63 0.00 1.00 101
4-6 PM Peak Hour Exit 0.37 0.00 1.00 59
4-6 PM Peak Hour Total 1.00 1.05 1.00 160

AM Peak Hour Enter 0.20 0.00 1.00 32
AM Peak Hour Exit 0.57 0.00 1.00 92
AM Peak Hour Total 0.77 0.91 1.00 124

PM Peak Hour Enter 0.66 0.00 1.00 107
PM Peak Hour Exit 0.37 0.00 1.00 60
PM Peak Hour Total 1.04 1.05 1.00 167

SATURDAY

9.54 3.72 1.00 1535

Saturday Peak Hour Enter 0.51 0.00 1.00 83
Saturday Peak Hour Exit 0.44 0.00 1.00 70
Saturday Peak Hour Total 0.95 0.99 1.00 153

SUNDAY

8.47 3.36 1.00 1363

Sunday Peak Hour Enter 0.45 0.00 1.00 73
Sunday Peak Hour Exit 0.40 0.00 1.00 65
Sunday Peak Hour Total 0.86 0.95 1.00 138

Average Saturday 2-way Volume

Saturday Peak Hour of Generator

Average Sunday 2-way Volume

Sunday Peak Hour of Generator

Weekday Peak Hour of Generator

Dwelling Units Average
Rate

Standard
Deviation

Driveway
Volume

Weekday Peak Hour of Adjacent Street Traffic



Single Family Detached Housing
ITE Code = 210

**The above rates were calculated from the equations shown below:

% ENTER % EXIT
WEEKDAY

Average Weekday 2-way Volume 50% 50%

Weekday Peak Hour of Adjacent Street Traffic

7-9 AM Peak Hour Total 25% 75%

4-6 PM Peak Hour Total 63% 37%

Weekday Peak Hour of Generator

26% 74%

64% 36%

SATURDAY

50% 50%

Saturday Peak Hour of Generator

54% 46%

SUNDAY

50% 50%

Sunday Peak Hour of Generator

53% 47%

Source: Institute of Transportation Engineers
Trip Generation Manual, 10TH Edition, September 2017

Average Saturday 2-way Volume

Saturday Peak Hour Volume

Average Sunday 2-way Volume

Sunday Peak Hour Volume

AM Peak Hour Total

PM Peak Hour Total

(



Area-Wide Planning Study  City of Amherst, Ohio

Appendix H
NOACA Traffic Data

TMS Engineers, Inc.
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Area-Wide Planning Study  City of Amherst, Ohio

Appendix I
ODOT Peak Hour to Design Hour Factors

TMS Engineers, Inc.



Day

Month

WEEKDAY
MON-
THUR

Sunday Monday Tuesday Wednesday Thursday Friday Saturday

January 1.15 2.00 1.18 1.17 1.14 1.13 1.12 1.73
February 1.13 1.89 1.14 1.12 1.13 1.12 1.08 1.64

March 1.11 1.80 1.13 1.11 1.11 1.10 1.10 1.63
April 1.08 1.75 1.11 1.09 1.06 1.07 1.06 1.59
May 1.07 1.69 1.09 1.07 1.07 1.06 1.06 1.56
June 1.08 1.68 1.10 1.08 1.08 1.07 1.07 1.55
July 1.10 1.70 1.13 1.09 1.08 1.09 1.09 1.57

August 1.08 1.67 1.10 1.08 1.07 1.06 1.05 1.54
September 1.07 1.69 1.10 1.07 1.06 1.05 1.03 1.54

October 1.06 1.69 1.09 1.06 1.06 1.04 1.03 1.54
November 1.08 1.76 1.10 1.07 1.07 1.07 1.03 1.60
December 1.09 1.83 1.10 1.10 1.08 1.09 1.08 1.58

source: year 2016, 2017, & 2018 Automatic Traffic Recorders (ATR) Data
Ohio Department of Transportation
Modeling & Forecasting Section
June 2019

Monthly Average by Day-of-Week

peak hour volume * factor = design hour volume

NOTE:  These are NOT seasonal adjustment factors!!!

2018: 105, 136, 502, 504, 546, 547, 554, 555, 556, 557, 564, 586, 
590, 591, 622, 628, 709, 727, 756, 761, N81, N82, N99
2017: 105, 502, 546, 547, 555, 557, 564, 586, 590, 591, 593, 618, 
628, 709, 727, 761

ATR Stations:

PEAK HOUR to DESIGN HOUR FACTORS
FUNCTIONAL CLASSIFICATION = 02u

(Urban Freeways / Expressways) 



Day

Month

WEEKDAY
MON-
THUR

Sunday Monday Tuesday Wednesday Thursday Friday Saturday

January 1.20 1.72 1.22 1.21 1.20 1.17 1.15 1.56
February 1.17 1.63 1.19 1.16 1.17 1.16 1.11 1.48

March 1.15 1.57 1.16 1.16 1.16 1.13 1.11 1.45
April 1.11 1.52 1.13 1.12 1.09 1.09 1.06 1.41
May 1.08 1.44 1.10 1.09 1.08 1.06 1.04 1.35
June 1.14 1.51 1.16 1.15 1.14 1.11 1.09 1.39
July 1.16 1.54 1.19 1.17 1.15 1.15 1.13 1.44

August 1.13 1.51 1.15 1.14 1.13 1.11 1.08 1.40
September 1.12 1.53 1.15 1.11 1.12 1.09 1.04 1.40

October 1.10 1.53 1.13 1.10 1.10 1.08 1.05 1.40
November 1.13 1.56 1.16 1.12 1.13 1.11 1.06 1.48
December 1.13 1.58 1.14 1.13 1.12 1.12 1.09 1.44

source: year 2016, 2017, & 2018 Automatic Traffic Recorders (ATR) Data
Ohio Department of Transportation
Modeling & Forecasting Section
June 2019

PEAK HOUR to DESIGN HOUR FACTORS
FUNCTIONAL CLASSIFICATION = 03, 04, 05u

(Urban Principal Arterial, Urban Minor Arterial, & Urban Minor Collector) 

ATR Stations:
2018: 21, 28, 123, 131, 134, 166, 169, 517, 523, 543, 544, 550, 
565, 605, 765
2017: 21, 123, 523, 538, 543, 544, 550, 565, 605, 725, 765, 28, 
134, 169, 517, 131, 166

Note: Insufficient data exists to produce factors for functional classes 06 and 07 Urban.

Monthly Average by Day-of-Week

peak hour volume * factor = design hour volume

NOTE:  These are NOT seasonal adjustment factors!!!



Area-Wide Planning Study  City of Amherst, Ohio

Appendix J
Build Capacity Analysis Worksheets - 2022 

TMS Engineers, Inc.



HCS7 Signalized Intersection Results Summary

General Information Intersection Information
Agency TMS Engineers, Inc. Duration, h 0.250
Analyst ABC Analysis Date Jun 2, 2020 Area Type Other
Jurisdiction Lorain, OH Time Period AM Peak PHF 0.92
Urban Street Oak Point Road Analysis Year 2022 Analysis Period 1> 7:00
Intersection @ Buck Horn/Park Square File Name AM 22 BuckHorn.xus
Project Description Existing Conditions

Demand Information EB WB NB SB
Approach Movement L T R L T R L T R L T R
Demand ( v ), veh/h 30 0 40 10 0 10 30 208 30 30 352 30

Signal Information

Green
Yellow
Red

7.0 36.2 28.8 0.0 0.0 0.0
4.0 4.0 4.0 0.0 0.0 0.0
2.0 2.0 2.0 0.0 0.0 0.0

1 2 3 4

5 6 7 8

Cycle, s 90.0 Reference Phase 2
Offset, s 0 Reference Point End
Uncoordinated Yes Simult. Gap E/W On
Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 4 8 5 2 1 6
Case Number 7.0 8.0 1.1 4.0 1.1 4.0
Phase Duration, s 34.8 34.8 13.0 42.2 13.0 42.2
Change Period, ( Y+R c ), s 6.0 6.0 6.0 6.0 6.0 6.0
Max Allow Headway ( MAH ), s 3.2 3.2 3.1 3.1 3.1 3.1
Queue Clearance Time ( g s ), s 3.6 2.8 2.9 10.8 2.9 17.5
Green Extension Time ( g e ), s 0.2 0.0 0.0 0.0 0.0 1.2
Phase Call Probability 1.00 1.00 1.00 1.00 1.00 1.00
Max Out Probability 0.00 0.27 0.15 1.00 0.15 0.00

Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 7 4 14 3 8 18 5 2 12 1 6 16
Adjusted Flow Rate ( v ), veh/h 33 43 22 33 259 33 415
Adjusted Saturation Flow Rate ( s ), veh/h/ln 1426 1510 1536 1810 1843 1810 1859
Queue Service Time ( g s ), s 0.7 1.6 0.0 0.9 8.8 0.9 15.5
Cycle Queue Clearance Time ( g c ), s 1.4 1.6 0.8 0.9 8.8 0.9 15.5
Green Ratio ( g/C ) 0.32 0.40 0.32 0.48 0.40 0.48 0.40
Capacity ( c ), veh/h 536 601 551 426 741 542 748
Volume-to-Capacity Ratio ( X ) 0.061 0.072 0.039 0.077 0.349 0.060 0.555
Back of Queue ( Q ), ft/ln ( 95 th percentile) 20.9 25.7 13.9 14.9 162.6 14.8 267.3
Back of Queue ( Q ), veh/ln ( 95 th percentile) 0.8 1.0 0.6 0.6 6.5 0.6 10.6
Queue Storage Ratio ( RQ ) ( 95 th percentile) 0.00 0.17 0.00 0.05 0.00 0.06 0.00
Uniform Delay ( d 1 ), s/veh 21.3 16.8 21.1 14.1 18.7 13.1 20.7
Incremental Delay ( d 2 ), s/veh 0.0 0.0 0.0 0.0 0.1 0.0 0.5
Initial Queue Delay ( d 3 ), s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Control Delay ( d ), s/veh 21.3 16.8 21.1 14.2 18.8 13.1 21.3
Level of Service (LOS) C B C B B B C
Approach Delay, s/veh / LOS 18.7 B 21.1 C 18.3 B 20.7 C
Intersection Delay, s/veh / LOS 19.7 B

Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS
Bicycle LOS Score / LOS
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HCS7 Signalized Intersection Results Summary

General Information Intersection Information
Agency TMS Engineers, Inc. Duration, h 0.250
Analyst ABC Analysis Date Jun 2, 2020 Area Type Other
Jurisdiction Amherst, OH Time Period AM Peak PHF 0.92
Urban Street Oak Point Road Analysis Year 2022 Analysis Period 1> 7:00
Intersection @ Cooper Foster Park … File Name AM 22 CooperFoster.xus
Project Description Existing Conditions

Demand Information EB WB NB SB
Approach Movement L T R L T R L T R L T R
Demand ( v ), veh/h 12 26 143 119 45 46 145 210 354 68 298 36

Signal Information

Green
Yellow
Red

7.0 35.1 29.9 0.0 0.0 0.0
4.0 4.0 4.0 0.0 0.0 0.0
2.0 2.0 2.0 0.0 0.0 0.0

1 2 3 4

5 6 7 8

Cycle, s 90.0 Reference Phase 2
Offset, s 0 Reference Point End
Uncoordinated Yes Simult. Gap E/W On
Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 4 8 5 2 1 6
Case Number 7.0 8.0 1.1 3.0 1.1 4.0
Phase Duration, s 35.9 35.9 13.0 41.1 13.0 41.1
Change Period, ( Y+R c ), s 6.0 6.0 6.0 6.0 6.0 6.0
Max Allow Headway ( MAH ), s 3.2 3.2 3.1 3.2 3.1 3.2
Queue Clearance Time ( g s ), s 8.0 12.5 6.7 19.6 4.0 15.5
Green Extension Time ( g e ), s 0.8 0.0 0.0 0.0 0.0 2.0
Phase Call Probability 1.00 1.00 1.00 1.00 1.00 1.00
Max Out Probability 0.00 1.00 1.00 1.00 1.00 0.00

Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 7 4 14 3 8 18 5 2 12 1 6 16
Adjusted Flow Rate ( v ), veh/h 41 155 228 158 228 385 74 363
Adjusted Saturation Flow Rate ( s ), veh/h/ln 1581 1522 1511 1753 1870 1585 1810 1835
Queue Service Time ( g s ), s 0.0 6.0 8.9 4.7 7.6 17.6 2.0 13.5
Cycle Queue Clearance Time ( g c ), s 1.4 6.0 10.5 4.7 7.6 17.6 2.0 13.5
Green Ratio ( g/C ) 0.33 0.41 0.33 0.47 0.39 0.39 0.47 0.39
Capacity ( c ), veh/h 578 624 565 434 729 618 552 716
Volume-to-Capacity Ratio ( X ) 0.071 0.249 0.404 0.363 0.313 0.622 0.134 0.507
Back of Queue ( Q ), ft/ln ( 95 th percentile) 27.9 96.2 168.7 82.8 145.2 268.9 35.5 238.6
Back of Queue ( Q ), veh/ln ( 95 th percentile) 1.0 3.6 6.6 3.2 5.7 10.6 1.4 9.4
Queue Storage Ratio ( RQ ) ( 95 th percentile) 0.00 1.28 0.00 0.69 0.00 2.24 0.10 0.00
Uniform Delay ( d 1 ), s/veh 20.5 17.4 23.5 15.6 19.1 22.1 13.8 20.9
Incremental Delay ( d 2 ), s/veh 0.0 0.1 0.2 0.2 0.1 1.5 0.0 0.2
Initial Queue Delay ( d 3 ), s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Control Delay ( d ), s/veh 20.6 17.5 23.6 15.8 19.2 23.6 13.9 21.1
Level of Service (LOS) C B C B B C B C
Approach Delay, s/veh / LOS 18.2 B 23.6 C 20.7 C 19.9 B
Intersection Delay, s/veh / LOS 20.6 C

Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS
Bicycle LOS Score / LOS
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HCS7 Signalized Intersection Results Summary

General Information Intersection Information
Agency TMS Engineers, Inc. Duration, h 0.250
Analyst ABC Analysis Date Jun 2, 2020 Area Type Other
Jurisdiction Amherst, OH Time Period AM Peak PHF 0.92
Urban Street North Lake Street Analysis Year 2022 Analysis Period 1> 7:00
Intersection @ SR 2 WB Ramps File Name AM 22 Westbound2.xus
Project Description Existing Conditions

Demand Information EB WB NB SB
Approach Movement L T R L T R L T R L T R
Demand ( v ), veh/h 70 338 50 371 419 141

Signal Information

Green
Yellow
Red

42.9 35.1 0.0 0.0 0.0 0.0
4.0 4.0 0.0 0.0 0.0 0.0
2.0 2.0 0.0 0.0 0.0 0.0

1 2 3 4

5 6 7 8

Cycle, s 90.0 Reference Phase 2
Offset, s 0 Reference Point End
Uncoordinated Yes Simult. Gap E/W On
Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 8 2 6
Case Number 9.0 6.0 7.0
Phase Duration, s 41.1 48.9 48.9
Change Period, ( Y+R c ), s 6.0 6.0 6.0
Max Allow Headway ( MAH ), s 3.3 3.1 3.1
Queue Clearance Time ( g s ), s 18.7 21.1 17.3
Green Extension Time ( g e ), s 0.9 0.0 2.2
Phase Call Probability 1.00 1.00 1.00
Max Out Probability 0.00 1.00 0.00

Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 3 18 5 2 6 16
Adjusted Flow Rate ( v ), veh/h 76 367 54 403 455 153
Adjusted Saturation Flow Rate ( s ), veh/h/ln 1626 1572 951 1870 1856 1598
Queue Service Time ( g s ), s 2.7 16.7 3.8 12.9 15.3 5.0
Cycle Queue Clearance Time ( g c ), s 2.7 16.7 19.1 12.9 15.3 5.0
Green Ratio ( g/C ) 0.39 0.39 0.48 0.48 0.48 0.48
Capacity ( c ), veh/h 634 613 371 891 884 762
Volume-to-Capacity Ratio ( X ) 0.120 0.599 0.146 0.452 0.515 0.201
Back of Queue ( Q ), ft/ln ( 95 th percentile) 48.4 256.8 37.3 225.8 259.6 77.3
Back of Queue ( Q ), veh/ln ( 95 th percentile) 1.8 10.0 1.5 8.9 10.1 3.1
Queue Storage Ratio ( RQ ) ( 95 th percentile) 0.35 0.00 0.22 0.00 0.00 0.64
Uniform Delay ( d 1 ), s/veh 17.6 21.8 23.0 15.7 16.3 13.6
Incremental Delay ( d 2 ), s/veh 0.0 1.1 0.1 0.1 0.2 0.0
Initial Queue Delay ( d 3 ), s/veh 0.0 0.0 0.0 0.0 0.0 0.0
Control Delay ( d ), s/veh 17.6 23.0 23.0 15.8 16.6 13.7
Level of Service (LOS) B C C B B B
Approach Delay, s/veh / LOS 0.0 22.1 C 16.7 B 15.8 B
Intersection Delay, s/veh / LOS 17.9 B

Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS
Bicycle LOS Score / LOS
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HCS7 Signalized Intersection Results Summary

General Information Intersection Information
Agency TMS Engineers, Inc. Duration, h 0.250
Analyst ABC Analysis Date Jun 2, 2020 Area Type Other
Jurisdiction Amherst, OH Time Period AM Peak PHF 0.92
Urban Street North Lake Street Analysis Year 2022 Analysis Period 1> 7:00
Intersection @ SR 2 EB Ramps File Name AM 22 Eastbound2.xus
Project Description Existing Conditions

Demand Information EB WB NB SB
Approach Movement L T R L T R L T R L T R
Demand ( v ), veh/h 162 30 259 290 324 165

Signal Information

Green
Yellow
Red

12.7 38.2 21.1 0.0 0.0 0.0
4.0 4.0 4.0 0.0 0.0 0.0
2.0 2.0 2.0 0.0 0.0 0.0

1 2 3 4

5 6 7 8

Cycle, s 90.0 Reference Phase 2
Offset, s 0 Reference Point End
Uncoordinated Yes Simult. Gap E/W On
Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 4 2 1 6
Case Number 9.0 8.3 1.0 4.0
Phase Duration, s 27.1 44.2 18.7 62.9
Change Period, ( Y+R c ), s 6.0 6.0 6.0 6.0
Max Allow Headway ( MAH ), s 3.2 3.2 3.1 3.2
Queue Clearance Time ( g s ), s 9.6 29.5 11.3 5.6
Green Extension Time ( g e ), s 0.3 0.0 0.1 1.7
Phase Call Probability 1.00 1.00 1.00 1.00
Max Out Probability 0.00 1.00 1.00 0.00

Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 7 14 2 12 1 6
Adjusted Flow Rate ( v ), veh/h 176 33 597 352 179
Adjusted Saturation Flow Rate ( s ), veh/h/ln 1767 1560 1721 1753 1811
Queue Service Time ( g s ), s 7.6 1.5 27.5 9.3 3.6
Cycle Queue Clearance Time ( g c ), s 7.6 1.5 27.5 9.3 3.6
Green Ratio ( g/C ) 0.23 0.23 0.42 0.59 0.63
Capacity ( c ), veh/h 414 366 731 424 1145
Volume-to-Capacity Ratio ( X ) 0.425 0.089 0.817 0.832 0.157
Back of Queue ( Q ), ft/ln ( 95 th percentile) 145.6 25 435.4 209.5 57.7
Back of Queue ( Q ), veh/ln ( 95 th percentile) 5.7 1.0 17.3 8.1 2.2
Queue Storage Ratio ( RQ ) ( 95 th percentile) 0.77 0.00 0.00 1.23 0.00
Uniform Delay ( d 1 ), s/veh 29.3 26.9 22.8 17.1 6.8
Incremental Delay ( d 2 ), s/veh 0.3 0.0 6.7 12.4 0.0
Initial Queue Delay ( d 3 ), s/veh 0.0 0.0 0.0 0.0 0.0
Control Delay ( d ), s/veh 29.5 27.0 29.5 29.5 6.8
Level of Service (LOS) C C C C A
Approach Delay, s/veh / LOS 29.1 C 0.0 29.5 C 21.8 C
Intersection Delay, s/veh / LOS 26.4 C

Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS
Bicycle LOS Score / LOS
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HCS7 Two-Way Stop-Control Report
General Information Site Information

Analyst ABC Intersection Cooper Foster & Hollstein

Agency/Co. TMS Engineers, Inc. Jurisdiction Amherst, OH

Date Performed 6/2/2020 East/West Street Cooper Foster Park Road

Analysis Year 2022 North/South Street Hollstein Drive

Time Analyzed AM Peak Peak Hour Factor 0.92

Intersection Orientation East-West Analysis Time Period (hrs) 0.25

Project Description Existing Conditions

Lanes

Major Street: East-West

Vehicle Volumes and Adjustments
Approach Eastbound Westbound Northbound Southbound

Movement U L T R U L T R U L T R U L T R

Priority 1U 1 2 3 4U 4 5 6 7 8 9 10 11 12

Number of Lanes 0 0 1 0 0 0 1 0 0 1 0 0 1 1

Configuration LTR LTR LTR LT R

Volume (veh/h) 58 70 30 9 105 25 18 0 6 28 0 57

Percent Heavy Vehicles (%) 3 3 3 0 3 3 0 3

Proportion Time Blocked

Percent Grade (%) 0 0

Right Turn Channelized No

Median Type | Storage Undivided

Critical and Follow-up Headways
Base Critical Headway (sec) 4.1 4.1 7.1 6.5 6.2 7.1 6.5 6.2

Critical Headway (sec) 4.13 4.13 7.13 6.50 6.23 7.13 6.50 6.23

Base Follow-Up Headway (sec) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3

Follow-Up Headway (sec) 2.23 2.23 3.53 4.00 3.33 3.53 4.00 3.33

Delay, Queue Length, and Level of Service
Flow Rate, v (veh/h) 63 10 26 30 62

Capacity, c (veh/h) 1436 1476 570 558 920

v/c Ratio 0.04 0.01 0.05 0.05 0.07

95% Queue Length, Q₉₅ (veh) 0.1 0.0 0.1 0.2 0.2

Control Delay (s/veh) 7.6 7.5 11.6 11.8 9.2

Level of Service (LOS) A A B B A

Approach Delay (s/veh) 3.0 0.5 11.6 10.1

Approach LOS B B

Copyright © 2020 University of Florida. All Rights Reserved. HCS™ TWSC Version 7.8.5 Generated: 6/27/2020 2:53:44 PM
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HCS7 Signalized Intersection Results Summary

General Information Intersection Information
Agency TMS Engineers, Inc. Duration, h 0.250
Analyst ABC Analysis Date Jun 2, 2020 Area Type Other
Jurisdiction Amherst, OH Time Period AM Peak PHF 0.92
Urban Street North Main Street Analysis Year 2022 Analysis Period 1> 7:00
Intersection @ Cooper Foster Park … File Name AM 22 Main.xus
Project Description Existing Conditions

Demand Information EB WB NB SB
Approach Movement L T R L T R L T R L T R
Demand ( v ), veh/h 37 104 63 30 81 233 44 183 60 195 174 44

Signal Information

Green
Yellow
Red

7.0 26.3 26.7 0.0 0.0 0.0
4.0 4.0 4.0 0.0 0.0 0.0
1.0 1.0 1.0 0.0 0.0 0.0

1 2 3 4

5 6 7 8

Cycle, s 75.0 Reference Phase 2
Offset, s 0 Reference Point Begin
Uncoordinated Yes Simult. Gap E/W On
Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 4 8 2 1 6
Case Number 8.0 7.0 5.3 1.0 4.0
Phase Duration, s 31.7 31.7 31.3 12.0 43.3
Change Period, ( Y+R c ), s 5.0 5.0 5.0 5.0 5.0
Max Allow Headway ( MAH ), s 3.2 3.2 3.1 3.0 3.1
Queue Clearance Time ( g s ), s 8.9 9.8 7.8 7.3 7.5
Green Extension Time ( g e ), s 1.1 0.0 0.0 0.0 1.0
Phase Call Probability 1.00 1.00 1.00 1.00 1.00
Max Out Probability 0.00 1.00 1.00 1.00 0.00

Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 7 4 14 3 8 18 5 2 12 1 6 16
Adjusted Flow Rate ( v ), veh/h 222 121 253 48 199 65 212 237
Adjusted Saturation Flow Rate ( s ), veh/h/ln 1689 1688 1598 1062 1856 1610 1795 1805
Queue Service Time ( g s ), s 0.0 0.0 7.8 2.3 5.8 2.1 5.3 5.5
Cycle Queue Clearance Time ( g c ), s 6.9 3.3 7.8 2.3 5.8 2.1 5.3 5.5
Green Ratio ( g/C ) 0.36 0.36 0.45 0.35 0.35 0.35 0.47 0.51
Capacity ( c ), veh/h 658 662 718 468 651 565 589 922
Volume-to-Capacity Ratio ( X ) 0.337 0.182 0.353 0.102 0.306 0.116 0.360 0.257
Back of Queue ( Q ), ft/ln ( 95 th percentile) 120.6 60.8 1 25.8 108 32.1 86.5 88.8
Back of Queue ( Q ), veh/ln ( 95 th percentile) 4.7 2.4 0.0 0.9 4.2 1.3 3.4 3.5
Queue Storage Ratio ( RQ ) ( 95 th percentile) 0.00 0.00 0.00 0.09 0.00 0.12 0.18 0.00
Uniform Delay ( d 1 ), s/veh 17.8 16.6 13.5 16.6 17.7 16.5 12.4 10.3
Incremental Delay ( d 2 ), s/veh 0.1 0.0 0.1 0.0 0.1 0.0 0.1 0.1
Initial Queue Delay ( d 3 ), s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Control Delay ( d ), s/veh 17.9 16.7 13.6 16.6 17.8 16.5 12.6 10.4
Level of Service (LOS) B B B B B B B B
Approach Delay, s/veh / LOS 17.9 B 14.6 B 17.4 B 11.4 B
Intersection Delay, s/veh / LOS 14.7 B

Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS
Bicycle LOS Score / LOS
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HCS7 Signalized Intersection Results Summary

General Information Intersection Information
Agency TMS Engineers, Inc. Duration, h 0.250
Analyst ABC Analysis Date Jun 2, 2020 Area Type Other
Jurisdiction Lorain, OH Time Period PM Peak PHF 0.92
Urban Street Oak Point Road Analysis Year 2022 Analysis Period 1> 7:00
Intersection @ Buck Horn/Park Square File Name PM 22 BuckHorn.xus
Project Description Existing Conditions

Demand Information EB WB NB SB
Approach Movement L T R L T R L T R L T R
Demand ( v ), veh/h 100 10 50 60 10 30 110 452 10 10 413 90

Signal Information

Green
Yellow
Red

7.0 43.1 31.9 0.0 0.0 0.0
4.0 4.0 4.0 0.0 0.0 0.0
2.0 2.0 2.0 0.0 0.0 0.0

1 2 3 4

5 6 7 8

Cycle, s 100.0 Reference Phase 2
Offset, s 0 Reference Point End
Uncoordinated Yes Simult. Gap E/W On
Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 4 8 5 2 1 6
Case Number 7.0 8.0 1.1 4.0 1.1 4.0
Phase Duration, s 37.9 37.9 13.0 49.1 13.0 49.1
Change Period, ( Y+R c ), s 6.0 6.0 6.0 6.0 6.0 6.0
Max Allow Headway ( MAH ), s 3.2 3.2 3.1 3.1 3.1 3.1
Queue Clearance Time ( g s ), s 8.2 6.9 5.6 22.8 2.3 26.3
Green Extension Time ( g e ), s 0.5 0.0 0.0 0.0 0.0 2.1
Phase Call Probability 1.00 1.00 1.00 1.00 1.00 1.00
Max Out Probability 0.00 1.00 1.00 1.00 0.02 0.01

Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 7 4 14 3 8 18 5 2 12 1 6 16
Adjusted Flow Rate ( v ), veh/h 120 54 109 120 502 11 547
Adjusted Saturation Flow Rate ( s ), veh/h/ln 1411 1610 1514 1767 1878 1810 1826
Queue Service Time ( g s ), s 1.3 2.1 0.0 3.6 20.8 0.3 24.3
Cycle Queue Clearance Time ( g c ), s 6.2 2.1 4.9 3.6 20.8 0.3 24.3
Green Ratio ( g/C ) 0.32 0.39 0.32 0.50 0.43 0.50 0.43
Capacity ( c ), veh/h 519 626 541 339 809 384 787
Volume-to-Capacity Ratio ( X ) 0.230 0.087 0.201 0.353 0.620 0.028 0.695
Back of Queue ( Q ), ft/ln ( 95 th percentile) 94.3 35.2 84.7 64.4 349.6 5.3 395.1
Back of Queue ( Q ), veh/ln ( 95 th percentile) 3.7 1.4 3.3 2.5 13.9 0.2 15.7
Queue Storage Ratio ( RQ ) ( 95 th percentile) 0.00 0.23 0.00 0.20 0.00 0.02 0.00
Uniform Delay ( d 1 ), s/veh 25.3 19.3 24.8 17.4 22.1 15.2 23.1
Incremental Delay ( d 2 ), s/veh 0.1 0.0 0.1 0.2 1.1 0.0 2.2
Initial Queue Delay ( d 3 ), s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Control Delay ( d ), s/veh 25.4 19.3 24.9 17.6 23.2 15.2 25.3
Level of Service (LOS) C B C B C B C
Approach Delay, s/veh / LOS 23.5 C 24.9 C 22.1 C 25.1 C
Intersection Delay, s/veh / LOS 23.6 C

Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS
Bicycle LOS Score / LOS
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HCS7 Signalized Intersection Results Summary

General Information Intersection Information
Agency TMS Engineers, Inc. Duration, h 0.250
Analyst ABC Analysis Date Jun 2, 2020 Area Type Other
Jurisdiction Amherst, OH Time Period PM Peak PHF 0.92
Urban Street Oak Point Road Analysis Year 2022 Analysis Period 1> 7:00
Intersection @ Cooper Foster Park … File Name PM 22 CooperFoster.xus
Project Description Existing Conditions

Demand Information EB WB NB SB
Approach Movement L T R L T R L T R L T R
Demand ( v ), veh/h 68 91 37 202 108 64 364 440 150 74 394 55

Signal Information

Green
Yellow
Red

7.0 4.0 32.4 32.6 0.0 0.0
4.0 4.0 4.0 4.0 0.0 0.0
2.0 2.0 2.0 2.0 0.0 0.0

1 2 3 4

5 6 7 8

Cycle, s 100.0 Reference Phase 2
Offset, s 0 Reference Point End
Uncoordinated Yes Simult. Gap E/W On
Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 4 8 5 2 1 6
Case Number 7.0 8.0 1.1 3.0 1.1 4.0
Phase Duration, s 38.6 38.6 23.0 48.4 13.0 38.4
Change Period, ( Y+R c ), s 6.0 6.0 6.0 6.0 6.0 6.0
Max Allow Headway ( MAH ), s 3.2 3.2 3.1 3.1 3.1 3.1
Queue Clearance Time ( g s ), s 10.5 29.1 16.0 21.8 4.9 26.3
Green Extension Time ( g e ), s 1.3 0.0 0.1 0.0 0.0 1.5
Phase Call Probability 1.00 1.00 1.00 1.00 1.00 1.00
Max Out Probability 0.00 1.00 1.00 1.00 1.00 0.41

Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 7 4 14 3 8 18 5 2 12 1 6 16
Adjusted Flow Rate ( v ), veh/h 173 40 407 396 478 163 80 488
Adjusted Saturation Flow Rate ( s ), veh/h/ln 1450 1585 1424 1767 1870 1560 1767 1845
Queue Service Time ( g s ), s 0.0 1.3 18.6 14.0 19.8 6.7 2.9 24.3
Cycle Queue Clearance Time ( g c ), s 8.5 1.3 27.1 14.0 19.8 6.7 2.9 24.3
Green Ratio ( g/C ) 0.33 0.50 0.33 0.51 0.42 0.42 0.39 0.32
Capacity ( c ), veh/h 524 786 520 445 793 661 383 598
Volume-to-Capacity Ratio ( X ) 0.330 0.051 0.782 0.889 0.603 0.247 0.210 0.817
Back of Queue ( Q ), ft/ln ( 95 th percentile) 138.1 20.6 387.9 309.9 337.1 109.8 53.6 437.9
Back of Queue ( Q ), veh/ln ( 95 th percentile) 5.5 0.8 15.0 12.1 13.3 4.3 2.1 17.4
Queue Storage Ratio ( RQ ) ( 95 th percentile) 0.00 0.27 0.00 2.58 0.00 0.91 0.16 0.00
Uniform Delay ( d 1 ), s/veh 25.4 13.0 32.0 20.4 22.3 18.5 20.0 31.1
Incremental Delay ( d 2 ), s/veh 0.1 0.0 7.0 18.7 0.9 0.1 0.1 8.1
Initial Queue Delay ( d 3 ), s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Control Delay ( d ), s/veh 25.5 13.0 39.0 39.1 23.2 18.6 20.1 39.2
Level of Service (LOS) C B D D C B C D
Approach Delay, s/veh / LOS 23.1 C 39.0 D 28.5 C 36.5 D
Intersection Delay, s/veh / LOS 32.0 C

Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS
Bicycle LOS Score / LOS
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HCS7 Signalized Intersection Results Summary

General Information Intersection Information
Agency TMS Engineers, Inc. Duration, h 0.250
Analyst ABC Analysis Date Jun 2, 2020 Area Type Other
Jurisdiction Amherst, OH Time Period PM Peak PHF 0.92
Urban Street North Lake Street Analysis Year 2022 Analysis Period 1> 7:00
Intersection @ SR 2 WB Ramps File Name PM 22 Westbound2.xus
Project Description Existing Conditions

Demand Information EB WB NB SB
Approach Movement L T R L T R L T R L T R
Demand ( v ), veh/h 300 472 60 482 761 214

Signal Information

Green
Yellow
Red

51.3 36.7 0.0 0.0 0.0 0.0
4.0 4.0 0.0 0.0 0.0 0.0
2.0 2.0 0.0 0.0 0.0 0.0

1 2 3 4

5 6 7 8

Cycle, s 100.0 Reference Phase 2
Offset, s 0 Reference Point End
Uncoordinated Yes Simult. Gap E/W On
Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 8 2 6
Case Number 9.0 6.0 7.0
Phase Duration, s 42.7 57.3 57.3
Change Period, ( Y+R c ), s 6.0 6.0 6.0
Max Allow Headway ( MAH ), s 3.3 3.2 3.2
Queue Clearance Time ( g s ), s 31.9 50.0 40.6
Green Extension Time ( g e ), s 1.1 0.0 3.4
Phase Call Probability 1.00 1.00 1.00
Max Out Probability 0.59 1.00 0.28

Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 3 18 5 2 6 16
Adjusted Flow Rate ( v ), veh/h 326 513 65 524 827 233
Adjusted Saturation Flow Rate ( s ), veh/h/ln 1795 1598 673 1870 1870 1585
Queue Service Time ( g s ), s 14.0 29.9 9.4 19.0 38.6 8.4
Cycle Queue Clearance Time ( g c ), s 14.0 29.9 48.0 19.0 38.6 8.4
Green Ratio ( g/C ) 0.37 0.37 0.51 0.51 0.51 0.51
Capacity ( c ), veh/h 659 586 157 959 959 813
Volume-to-Capacity Ratio ( X ) 0.495 0.875 0.415 0.546 0.862 0.286
Back of Queue ( Q ), ft/ln ( 95 th percentile) 246 480.4 70 311 619.2 130.4
Back of Queue ( Q ), veh/ln ( 95 th percentile) 9.8 19.1 2.8 12.2 24.4 5.1
Queue Storage Ratio ( RQ ) ( 95 th percentile) 1.76 0.00 0.41 0.00 0.00 1.09
Uniform Delay ( d 1 ), s/veh 24.5 29.5 42.2 16.5 21.3 13.9
Incremental Delay ( d 2 ), s/veh 0.2 13.4 0.6 0.4 7.8 0.1
Initial Queue Delay ( d 3 ), s/veh 0.0 0.0 0.0 0.0 0.0 0.0
Control Delay ( d ), s/veh 24.7 42.9 42.9 16.8 29.0 14.0
Level of Service (LOS) C D D B C B
Approach Delay, s/veh / LOS 0.0 35.8 D 19.7 B 25.7 C
Intersection Delay, s/veh / LOS 27.7 C

Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS
Bicycle LOS Score / LOS
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HCS7 Signalized Intersection Results Summary

General Information Intersection Information
Agency TMS Engineers, Inc. Duration, h 0.250
Analyst ABC Analysis Date Jun 2, 2020 Area Type Other
Jurisdiction Amherst, OH Time Period PM Peak PHF 0.92
Urban Street North Lake Street Analysis Year 2022 Analysis Period 1> 7:00
Intersection @ SR 2 EB Ramps File Name PM 22 Eastbound2.xus
Project Description Existing Conditions

Demand Information EB WB NB SB
Approach Movement L T R L T R L T R L T R
Demand ( v ), veh/h 157 70 385 150 431 630

Signal Information

Green
Yellow
Red

21.2 39.2 21.6 0.0 0.0 0.0
4.0 4.0 4.0 0.0 0.0 0.0
2.0 2.0 2.0 0.0 0.0 0.0

1 2 3 4

5 6 7 8

Cycle, s 100.0 Reference Phase 2
Offset, s 0 Reference Point End
Uncoordinated Yes Simult. Gap E/W On
Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 4 2 1 6
Case Number 9.0 8.3 1.0 4.0
Phase Duration, s 27.6 45.2 27.2 72.4
Change Period, ( Y+R c ), s 6.0 6.0 6.0 6.0
Max Allow Headway ( MAH ), s 3.2 3.1 3.1 3.1
Queue Clearance Time ( g s ), s 10.3 30.8 17.8 21.2
Green Extension Time ( g e ), s 0.4 0.0 0.4 2.8
Phase Call Probability 1.00 1.00 1.00 1.00
Max Out Probability 0.00 1.00 0.86 0.00

Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 7 14 2 12 1 6
Adjusted Flow Rate ( v ), veh/h 171 76 582 468 685
Adjusted Saturation Flow Rate ( s ), veh/h/ln 1781 1610 1809 1795 1885
Queue Service Time ( g s ), s 8.3 3.9 28.8 15.8 19.2
Cycle Queue Clearance Time ( g c ), s 8.3 3.9 28.8 15.8 19.2
Green Ratio ( g/C ) 0.22 0.22 0.39 0.62 0.66
Capacity ( c ), veh/h 385 348 709 540 1252
Volume-to-Capacity Ratio ( X ) 0.444 0.219 0.820 0.868 0.547
Back of Queue ( Q ), ft/ln ( 95 th percentile) 162.5 67.6 479.8 273.6 279.6
Back of Queue ( Q ), veh/ln ( 95 th percentile) 6.4 2.7 19.2 10.9 11.1
Queue Storage Ratio ( RQ ) ( 95 th percentile) 0.86 0.00 0.00 1.61 0.00
Uniform Delay ( d 1 ), s/veh 34.0 32.3 27.2 20.9 8.9
Incremental Delay ( d 2 ), s/veh 0.3 0.1 7.1 13.5 0.3
Initial Queue Delay ( d 3 ), s/veh 0.0 0.0 0.0 0.0 0.0
Control Delay ( d ), s/veh 34.3 32.4 34.4 34.4 9.2
Level of Service (LOS) C C C C A
Approach Delay, s/veh / LOS 33.7 C 0.0 34.4 C 19.4 B
Intersection Delay, s/veh / LOS 25.6 C

Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS
Bicycle LOS Score / LOS
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HCS7 Two-Way Stop-Control Report
General Information Site Information

Analyst ABC Intersection Cooper Foster & Hollstein

Agency/Co. TMS Engineers, Inc. Jurisdiction Amherst, OH

Date Performed 6/2/2020 East/West Street Cooper Foster Park Road

Analysis Year 2022 North/South Street Hollstein Drive

Time Analyzed PM Peak Peak Hour Factor 0.92

Intersection Orientation East-West Analysis Time Period (hrs) 0.25

Project Description Existing Conditions

Lanes

Major Street: East-West

Vehicle Volumes and Adjustments
Approach Eastbound Westbound Northbound Southbound

Movement U L T R U L T R U L T R U L T R

Priority 1U 1 2 3 4U 4 5 6 7 8 9 10 11 12

Number of Lanes 0 0 1 0 0 0 1 0 0 1 0 0 1 1

Configuration LTR LTR LTR LT R

Volume (veh/h) 58 209 18 10 144 36 25 0 18 37 0 55

Percent Heavy Vehicles (%) 3 3 3 0 3 3 0 3

Proportion Time Blocked

Percent Grade (%) 0 0

Right Turn Channelized No

Median Type | Storage Undivided

Critical and Follow-up Headways
Base Critical Headway (sec) 4.1 4.1 7.1 6.5 6.2 7.1 6.5 6.2

Critical Headway (sec) 4.13 4.13 7.13 6.50 6.23 7.13 6.50 6.23

Base Follow-Up Headway (sec) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3

Follow-Up Headway (sec) 2.23 2.23 3.53 4.00 3.33 3.53 4.00 3.33

Delay, Queue Length, and Level of Service
Flow Rate, v (veh/h) 63 11 47 40 60

Capacity, c (veh/h) 1371 1313 477 400 865

v/c Ratio 0.05 0.01 0.10 0.10 0.07

95% Queue Length, Q₉₅ (veh) 0.1 0.0 0.3 0.3 0.2

Control Delay (s/veh) 7.8 7.8 13.4 15.0 9.5

Level of Service (LOS) A A B C A

Approach Delay (s/veh) 1.9 0.5 13.4 11.7

Approach LOS B B
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HCS7 Signalized Intersection Results Summary

General Information Intersection Information
Agency TMS Engineers, Inc. Duration, h 0.250
Analyst ABC Analysis Date Jun 2, 2020 Area Type Other
Jurisdiction Amherst, OH Time Period PM Peak PHF 0.92
Urban Street North Main Street Analysis Year 2022 Analysis Period 1> 7:00
Intersection @ Cooper Foster Park … File Name PM 22 Main.xus
Project Description Existing Conditions

Demand Information EB WB NB SB
Approach Movement L T R L T R L T R L T R
Demand ( v ), veh/h 94 143 47 70 136 184 41 144 70 263 173 83

Signal Information

Green
Yellow
Red

7.0 25.2 27.8 0.0 0.0 0.0
4.0 4.0 4.0 0.0 0.0 0.0
1.0 1.0 1.0 0.0 0.0 0.0

1 2 3 4

5 6 7 8

Cycle, s 75.0 Reference Phase 2
Offset, s 0 Reference Point Begin
Uncoordinated Yes Simult. Gap E/W On
Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 4 8 2 1 6
Case Number 8.0 7.0 5.3 1.0 4.0
Phase Duration, s 32.8 32.8 30.2 12.0 42.2
Change Period, ( Y+R c ), s 5.0 5.0 5.0 5.0 5.0
Max Allow Headway ( MAH ), s 3.2 3.2 3.1 3.0 3.1
Queue Clearance Time ( g s ), s 12.5 8.9 6.5 9.0 9.0
Green Extension Time ( g e ), s 1.4 0.0 0.1 0.0 1.0
Phase Call Probability 1.00 1.00 1.00 1.00 1.00
Max Out Probability 0.00 1.00 1.00 1.00 0.00

Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 7 4 14 3 8 18 5 2 12 1 6 16
Adjusted Flow Rate ( v ), veh/h 309 224 200 45 157 76 286 278
Adjusted Saturation Flow Rate ( s ), veh/h/ln 1628 1626 1598 1118 1885 1610 1795 1781
Queue Service Time ( g s ), s 3.6 0.0 5.8 2.1 4.5 2.5 7.0 7.0
Cycle Queue Clearance Time ( g c ), s 10.5 6.9 5.8 2.1 4.5 2.5 7.0 7.0
Green Ratio ( g/C ) 0.37 0.37 0.46 0.34 0.34 0.34 0.46 0.50
Capacity ( c ), veh/h 667 667 741 472 633 541 606 884
Volume-to-Capacity Ratio ( X ) 0.463 0.336 0.270 0.094 0.247 0.141 0.472 0.315
Back of Queue ( Q ), ft/ln ( 95 th percentile) 170.2 115.9 84.1 22.6 83.8 38.9 127.3 111.6
Back of Queue ( Q ), veh/ln ( 95 th percentile) 6.8 4.6 3.3 0.9 3.3 1.6 5.1 4.4
Queue Storage Ratio ( RQ ) ( 95 th percentile) 0.00 0.00 0.23 0.08 0.00 0.14 0.26 0.00
Uniform Delay ( d 1 ), s/veh 18.0 16.9 12.3 17.2 18.0 17.4 14.0 11.3
Incremental Delay ( d 2 ), s/veh 0.2 0.1 0.1 0.0 0.1 0.0 0.2 0.1
Initial Queue Delay ( d 3 ), s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Control Delay ( d ), s/veh 18.2 17.0 12.4 17.3 18.1 17.4 14.2 11.4
Level of Service (LOS) B B B B B B B B
Approach Delay, s/veh / LOS 18.2 B 14.8 B 17.8 B 12.8 B
Intersection Delay, s/veh / LOS 15.3 B

Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS
Bicycle LOS Score / LOS
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HCS7 Signalized Intersection Results Summary

General Information Intersection Information
Agency TMS Engineers, Inc. Duration, h 0.250
Analyst ABC Analysis Date Jun 2, 2020 Area Type Other
Jurisdiction Lorain, OH Time Period AM Peak PHF 0.92
Urban Street Oak Point Road Analysis Year 2042 Analysis Period 1> 7:00
Intersection @ Buck Horn/Park Square File Name AM 42 BuckHorn.xus
Project Description Existing Conditions

Demand Information EB WB NB SB
Approach Movement L T R L T R L T R L T R
Demand ( v ), veh/h 30 10 50 10 0 10 30 238 30 40 392 30

Signal Information

Green
Yellow
Red

7.0 34.7 30.3 0.0 0.0 0.0
4.0 4.0 4.0 0.0 0.0 0.0
2.0 2.0 2.0 0.0 0.0 0.0

1 2 3 4

5 6 7 8

Cycle, s 90.0 Reference Phase 2
Offset, s 0 Reference Point End
Uncoordinated Yes Simult. Gap E/W On
Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 4 8 5 2 1 6
Case Number 7.0 8.0 1.1 4.0 1.1 4.0
Phase Duration, s 36.3 36.3 13.0 40.7 13.0 40.7
Change Period, ( Y+R c ), s 6.0 6.0 6.0 6.0 6.0 6.0
Max Allow Headway ( MAH ), s 3.2 3.2 3.1 3.1 3.1 3.1
Queue Clearance Time ( g s ), s 4.0 2.8 2.9 12.3 3.2 20.1
Green Extension Time ( g e ), s 0.2 0.1 0.0 0.0 0.0 1.3
Phase Call Probability 1.00 1.00 1.00 1.00 1.00 1.00
Max Out Probability 0.00 0.29 0.16 1.00 0.30 0.01

Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 7 4 14 3 8 18 5 2 12 1 6 16
Adjusted Flow Rate ( v ), veh/h 43 54 22 33 291 43 459
Adjusted Saturation Flow Rate ( s ), veh/h/ln 1529 1510 1528 1810 1848 1810 1861
Queue Service Time ( g s ), s 0.8 2.0 0.0 0.9 10.3 1.2 18.1
Cycle Queue Clearance Time ( g c ), s 1.6 2.0 0.8 0.9 10.3 1.2 18.1
Green Ratio ( g/C ) 0.34 0.41 0.34 0.46 0.39 0.46 0.39
Capacity ( c ), veh/h 585 626 574 375 712 495 718
Volume-to-Capacity Ratio ( X ) 0.074 0.087 0.038 0.087 0.409 0.088 0.639
Back of Queue ( Q ), ft/ln ( 95 th percentile) 27.2 31.2 13.4 15.5 192.9 20.7 310.7
Back of Queue ( Q ), veh/ln ( 95 th percentile) 1.1 1.2 0.5 0.6 7.7 0.8 12.3
Queue Storage Ratio ( RQ ) ( 95 th percentile) 0.00 0.21 0.00 0.05 0.00 0.08 0.00
Uniform Delay ( d 1 ), s/veh 20.3 16.0 20.1 15.5 20.2 14.2 22.5
Incremental Delay ( d 2 ), s/veh 0.0 0.0 0.0 0.0 0.1 0.0 1.5
Initial Queue Delay ( d 3 ), s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Control Delay ( d ), s/veh 20.3 16.0 20.1 15.6 20.3 14.2 24.0
Level of Service (LOS) C B C B C B C
Approach Delay, s/veh / LOS 17.9 B 20.1 C 19.8 B 23.2 C
Intersection Delay, s/veh / LOS 21.4 C

Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS
Bicycle LOS Score / LOS
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HCS7 Signalized Intersection Results Summary

General Information Intersection Information
Agency TMS Engineers, Inc. Duration, h 0.250
Analyst ABC Analysis Date Jun 2, 2020 Area Type Other
Jurisdiction Amherst, OH Time Period AM Peak PHF 0.92
Urban Street Oak Point Road Analysis Year 2042 Analysis Period 1> 7:00
Intersection @ Cooper Foster Park … File Name AM 42 CooperFoster.xus
Project Description Existing Conditions

Demand Information EB WB NB SB
Approach Movement L T R L T R L T R L T R
Demand ( v ), veh/h 12 36 163 129 55 46 165 240 404 68 338 46

Signal Information

Green
Yellow
Red

7.0 37.9 27.1 0.0 0.0 0.0
4.0 4.0 4.0 0.0 0.0 0.0
2.0 2.0 2.0 0.0 0.0 0.0

1 2 3 4

5 6 7 8

Cycle, s 90.0 Reference Phase 2
Offset, s 0 Reference Point End
Uncoordinated Yes Simult. Gap E/W On
Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 4 8 5 2 1 6
Case Number 7.0 8.0 1.1 3.0 1.1 4.0
Phase Duration, s 33.1 33.1 13.0 43.9 13.0 43.9
Change Period, ( Y+R c ), s 6.0 6.0 6.0 6.0 6.0 6.0
Max Allow Headway ( MAH ), s 3.2 3.2 3.1 3.2 3.1 3.2
Queue Clearance Time ( g s ), s 9.4 14.3 7.1 22.0 3.9 17.4
Green Extension Time ( g e ), s 0.9 0.0 0.0 0.0 0.0 2.4
Phase Call Probability 1.00 1.00 1.00 1.00 1.00 1.00
Max Out Probability 0.00 1.00 1.00 1.00 1.00 0.01

Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 7 4 14 3 8 18 5 2 12 1 6 16
Adjusted Flow Rate ( v ), veh/h 52 177 250 179 261 439 74 417
Adjusted Saturation Flow Rate ( s ), veh/h/ln 1625 1522 1512 1753 1870 1585 1810 1831
Queue Service Time ( g s ), s 0.0 7.4 10.3 5.1 8.4 20.0 1.9 15.4
Cycle Queue Clearance Time ( g c ), s 1.9 7.4 12.3 5.1 8.4 20.0 1.9 15.4
Green Ratio ( g/C ) 0.30 0.38 0.30 0.50 0.42 0.42 0.50 0.42
Capacity ( c ), veh/h 539 577 518 434 788 667 567 771
Volume-to-Capacity Ratio ( X ) 0.097 0.307 0.483 0.413 0.331 0.658 0.130 0.541
Back of Queue ( Q ), ft/ln ( 95 th percentile) 37.4 118.9 197.7 88.3 158.6 296.9 32.8 262.8
Back of Queue ( Q ), veh/ln ( 95 th percentile) 1.4 4.5 7.7 3.4 6.2 11.7 1.3 10.3
Queue Storage Ratio ( RQ ) ( 95 th percentile) 0.00 1.59 0.00 0.74 0.00 2.47 0.10 0.00
Uniform Delay ( d 1 ), s/veh 22.6 19.6 26.1 14.7 17.5 20.9 12.4 19.5
Incremental Delay ( d 2 ), s/veh 0.0 0.1 0.3 0.2 0.1 1.9 0.0 0.4
Initial Queue Delay ( d 3 ), s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Control Delay ( d ), s/veh 22.7 19.8 26.4 14.9 17.6 22.8 12.5 20.0
Level of Service (LOS) C B C B B C B B
Approach Delay, s/veh / LOS 20.4 C 26.4 C 19.6 B 18.8 B
Intersection Delay, s/veh / LOS 20.4 C

Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS
Bicycle LOS Score / LOS
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HCS7 Signalized Intersection Results Summary

General Information Intersection Information
Agency TMS Engineers, Inc. Duration, h 0.250
Analyst ABC Analysis Date Jun 2, 2020 Area Type Other
Jurisdiction Amherst, OH Time Period AM Peak PHF 0.92
Urban Street North Lake Street Analysis Year 2042 Analysis Period 1> 7:00
Intersection @ SR 2 WB Ramps File Name AM 42 Westbound2.xus
Project Description Existing Conditions

Demand Information EB WB NB SB
Approach Movement L T R L T R L T R L T R
Demand ( v ), veh/h 80 388 50 421 479 151

Signal Information

Green
Yellow
Red

42.9 35.1 0.0 0.0 0.0 0.0
4.0 4.0 0.0 0.0 0.0 0.0
2.0 2.0 0.0 0.0 0.0 0.0

1 2 3 4

5 6 7 8

Cycle, s 90.0 Reference Phase 2
Offset, s 0 Reference Point End
Uncoordinated Yes Simult. Gap E/W On
Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 8 2 6
Case Number 9.0 6.0 7.0
Phase Duration, s 41.1 48.9 48.9
Change Period, ( Y+R c ), s 6.0 6.0 6.0
Max Allow Headway ( MAH ), s 3.3 3.1 3.1
Queue Clearance Time ( g s ), s 22.1 24.6 20.4
Green Extension Time ( g e ), s 1.0 0.0 2.5
Phase Call Probability 1.00 1.00 1.00
Max Out Probability 0.01 1.00 0.00

Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 3 18 5 2 6 16
Adjusted Flow Rate ( v ), veh/h 87 422 54 458 521 164
Adjusted Saturation Flow Rate ( s ), veh/h/ln 1626 1572 895 1870 1856 1598
Queue Service Time ( g s ), s 3.1 20.1 4.2 15.3 18.4 5.4
Cycle Queue Clearance Time ( g c ), s 3.1 20.1 22.6 15.3 18.4 5.4
Green Ratio ( g/C ) 0.39 0.39 0.48 0.48 0.48 0.48
Capacity ( c ), veh/h 634 613 324 891 884 762
Volume-to-Capacity Ratio ( X ) 0.137 0.688 0.168 0.513 0.589 0.216
Back of Queue ( Q ), ft/ln ( 95 th percentile) 55.6 305.4 39.6 258 303.8 83.4
Back of Queue ( Q ), veh/ln ( 95 th percentile) 2.0 11.9 1.6 10.2 11.9 3.3
Queue Storage Ratio ( RQ ) ( 95 th percentile) 0.40 0.00 0.23 0.00 0.00 0.70
Uniform Delay ( d 1 ), s/veh 17.7 22.9 25.4 16.3 17.1 13.7
Incremental Delay ( d 2 ), s/veh 0.0 2.7 0.1 0.2 0.7 0.1
Initial Queue Delay ( d 3 ), s/veh 0.0 0.0 0.0 0.0 0.0 0.0
Control Delay ( d ), s/veh 17.7 25.6 25.5 16.5 17.8 13.8
Level of Service (LOS) B C C B B B
Approach Delay, s/veh / LOS 0.0 24.2 C 17.5 B 16.9 B
Intersection Delay, s/veh / LOS 19.3 B

Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS
Bicycle LOS Score / LOS
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HCS7 Signalized Intersection Results Summary

General Information Intersection Information
Agency TMS Engineers, Inc. Duration, h 0.250
Analyst ABC Analysis Date Jun 2, 2020 Area Type Other
Jurisdiction Amherst, OH Time Period AM Peak PHF 0.92
Urban Street North Lake Street Analysis Year 2042 Analysis Period 1> 7:00
Intersection @ SR 2 EB Ramps File Name AM 42 Eastbound2.xus
Project Description Existing Conditions

Demand Information EB WB NB SB
Approach Movement L T R L T R L T R L T R
Demand ( v ), veh/h 192 40 279 330 364 195

Signal Information

Green
Yellow
Red

16.4 38.8 16.8 0.0 0.0 0.0
4.0 4.0 4.0 0.0 0.0 0.0
2.0 2.0 2.0 0.0 0.0 0.0

1 2 3 4

5 6 7 8

Cycle, s 90.0 Reference Phase 2
Offset, s 0 Reference Point End
Uncoordinated Yes Simult. Gap E/W On
Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 4 2 1 6
Case Number 9.0 8.3 1.0 4.0
Phase Duration, s 22.8 44.8 22.4 67.2
Change Period, ( Y+R c ), s 6.0 6.0 6.0 6.0
Max Allow Headway ( MAH ), s 3.2 3.2 3.1 3.2
Queue Clearance Time ( g s ), s 11.8 34.1 14.4 5.8
Green Extension Time ( g e ), s 0.2 0.0 0.2 2.0
Phase Call Probability 1.00 1.00 1.00 1.00
Max Out Probability 0.20 1.00 1.00 0.00

Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 7 14 2 12 1 6
Adjusted Flow Rate ( v ), veh/h 209 43 662 396 212
Adjusted Saturation Flow Rate ( s ), veh/h/ln 1767 1560 1718 1753 1811
Queue Service Time ( g s ), s 9.8 2.1 32.1 12.4 3.8
Cycle Queue Clearance Time ( g c ), s 9.8 2.1 32.1 12.4 3.8
Green Ratio ( g/C ) 0.19 0.19 0.43 0.64 0.68
Capacity ( c ), veh/h 330 291 740 456 1232
Volume-to-Capacity Ratio ( X ) 0.633 0.149 0.894 0.868 0.172
Back of Queue ( Q ), ft/ln ( 95 th percentile) 199.1 36.1 527.6 405.4 55.9
Back of Queue ( Q ), veh/ln ( 95 th percentile) 7.8 1.4 20.9 15.7 2.1
Queue Storage Ratio ( RQ ) ( 95 th percentile) 1.05 0.00 0.00 2.38 0.00
Uniform Delay ( d 1 ), s/veh 33.8 30.6 23.7 21.2 5.2
Incremental Delay ( d 2 ), s/veh 3.0 0.1 13.0 15.5 0.0
Initial Queue Delay ( d 3 ), s/veh 0.0 0.0 0.0 0.0 0.0
Control Delay ( d ), s/veh 36.7 30.7 36.7 36.8 5.2
Level of Service (LOS) D C D D A
Approach Delay, s/veh / LOS 35.7 D 0.0 36.7 D 25.8 C
Intersection Delay, s/veh / LOS 32.2 C

Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS
Bicycle LOS Score / LOS
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HCS7 Two-Way Stop-Control Report
General Information Site Information

Analyst ABC Intersection Cooper Foster & Hollstein

Agency/Co. TMS Engineers, Inc. Jurisdiction Amherst, OH

Date Performed 6/2/2020 East/West Street Cooper Foster Park Road

Analysis Year 2042 North/South Street Hollstein Drive

Time Analyzed AM Peak Peak Hour Factor 0.92

Intersection Orientation East-West Analysis Time Period (hrs) 0.25

Project Description Existing Conditions

Lanes

Major Street: East-West

Vehicle Volumes and Adjustments
Approach Eastbound Westbound Northbound Southbound

Movement U L T R U L T R U L T R U L T R

Priority 1U 1 2 3 4U 4 5 6 7 8 9 10 11 12

Number of Lanes 0 0 1 0 0 0 1 0 0 1 0 0 1 1

Configuration LTR LTR LTR LT R

Volume (veh/h) 58 80 30 9 115 25 18 0 6 28 0 57

Percent Heavy Vehicles (%) 3 3 3 0 3 3 0 3

Proportion Time Blocked

Percent Grade (%) 0 0

Right Turn Channelized No

Median Type | Storage Undivided

Critical and Follow-up Headways
Base Critical Headway (sec) 4.1 4.1 7.1 6.5 6.2 7.1 6.5 6.2

Critical Headway (sec) 4.13 4.13 7.13 6.50 6.23 7.13 6.50 6.23

Base Follow-Up Headway (sec) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3

Follow-Up Headway (sec) 2.23 2.23 3.53 4.00 3.33 3.53 4.00 3.33

Delay, Queue Length, and Level of Service
Flow Rate, v (veh/h) 63 10 26 30 62

Capacity, c (veh/h) 1422 1462 552 539 907

v/c Ratio 0.04 0.01 0.05 0.06 0.07

95% Queue Length, Q₉₅ (veh) 0.1 0.0 0.1 0.2 0.2

Control Delay (s/veh) 7.6 7.5 11.8 12.1 9.3

Level of Service (LOS) A A B B A

Approach Delay (s/veh) 2.9 0.5 11.8 10.2

Approach LOS B B
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HCS7 Signalized Intersection Results Summary

General Information Intersection Information
Agency TMS Engineers, Inc. Duration, h 0.250
Analyst ABC Analysis Date Jun 2, 2020 Area Type Other
Jurisdiction Amherst, OH Time Period AM Peak PHF 0.92
Urban Street North Main Street Analysis Year 2042 Analysis Period 1> 7:00
Intersection @ Cooper Foster Park … File Name AM 42 Main.xus
Project Description Existing Conditions

Demand Information EB WB NB SB
Approach Movement L T R L T R L T R L T R
Demand ( v ), veh/h 37 114 73 30 91 263 54 213 70 225 204 54

Signal Information

Green
Yellow
Red

7.0 26.3 26.7 0.0 0.0 0.0
4.0 4.0 4.0 0.0 0.0 0.0
1.0 1.0 1.0 0.0 0.0 0.0

1 2 3 4

5 6 7 8

Cycle, s 75.0 Reference Phase 2
Offset, s 0 Reference Point Begin
Uncoordinated Yes Simult. Gap E/W On
Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 4 8 2 1 6
Case Number 8.0 7.0 5.3 1.0 4.0
Phase Duration, s 31.7 31.7 31.3 12.0 43.3
Change Period, ( Y+R c ), s 5.0 5.0 5.0 5.0 5.0
Max Allow Headway ( MAH ), s 3.2 3.2 3.1 3.0 3.1
Queue Clearance Time ( g s ), s 9.7 11.0 8.9 8.3 8.8
Green Extension Time ( g e ), s 1.2 0.0 0.0 0.0 1.2
Phase Call Probability 1.00 1.00 1.00 1.00 1.00
Max Out Probability 0.00 1.00 1.00 1.00 0.00

Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 7 4 14 3 8 18 5 2 12 1 6 16
Adjusted Flow Rate ( v ), veh/h 243 132 286 59 232 76 245 280
Adjusted Saturation Flow Rate ( s ), veh/h/ln 1692 1699 1598 1020 1856 1610 1795 1802
Queue Service Time ( g s ), s 0.0 0.0 9.0 3.0 6.9 2.4 6.3 6.8
Cycle Queue Clearance Time ( g c ), s 7.7 3.6 9.0 3.0 6.9 2.4 6.3 6.8
Green Ratio ( g/C ) 0.36 0.36 0.45 0.35 0.35 0.35 0.47 0.51
Capacity ( c ), veh/h 658 665 718 454 651 565 562 920
Volume-to-Capacity Ratio ( X ) 0.370 0.198 0.398 0.129 0.356 0.135 0.435 0.305
Back of Queue ( Q ), ft/ln ( 95 th percentile) 134.3 66.6 133 32.1 128.2 37.8 102.2 108
Back of Queue ( Q ), veh/ln ( 95 th percentile) 5.3 2.6 5.3 1.2 5.0 1.5 4.1 4.3
Queue Storage Ratio ( RQ ) ( 95 th percentile) 0.00 0.00 0.36 0.12 0.00 0.14 0.21 0.00
Uniform Delay ( d 1 ), s/veh 18.0 16.7 13.9 16.8 18.1 16.6 12.8 10.6
Incremental Delay ( d 2 ), s/veh 0.1 0.1 0.1 0.0 0.1 0.0 0.2 0.1
Initial Queue Delay ( d 3 ), s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Control Delay ( d ), s/veh 18.2 16.8 14.0 16.8 18.2 16.6 13.0 10.7
Level of Service (LOS) B B B B B B B B
Approach Delay, s/veh / LOS 18.2 B 14.9 B 17.6 B 11.8 B
Intersection Delay, s/veh / LOS 15.0 B

Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS
Bicycle LOS Score / LOS
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HCS7 Signalized Intersection Results Summary

General Information Intersection Information
Agency TMS Engineers, Inc. Duration, h 0.250
Analyst ABC Analysis Date Jun 2, 2020 Area Type Other
Jurisdiction Lorain, OH Time Period PM Peak PHF 0.92
Urban Street Oak Point Road Analysis Year 2042 Analysis Period 1> 7:00
Intersection @ Buck Horn/Park Square File Name PM 42 BuckHorn.xus
Project Description Existing Conditions

Demand Information EB WB NB SB
Approach Movement L T R L T R L T R L T R
Demand ( v ), veh/h 130 10 60 80 10 30 140 562 10 10 503 120

Signal Information

Green
Yellow
Red

7.0 46.1 28.9 0.0 0.0 0.0
4.0 4.0 4.0 0.0 0.0 0.0
2.0 2.0 2.0 0.0 0.0 0.0

1 2 3 4

5 6 7 8

Cycle, s 100.0 Reference Phase 2
Offset, s 0 Reference Point End
Uncoordinated Yes Simult. Gap E/W On
Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 4 8 5 2 1 6
Case Number 7.0 8.0 1.1 4.0 1.1 4.0
Phase Duration, s 34.9 34.9 13.0 52.1 13.0 52.1
Change Period, ( Y+R c ), s 6.0 6.0 6.0 6.0 6.0 6.0
Max Allow Headway ( MAH ), s 3.2 3.2 3.1 3.1 3.1 3.1
Queue Clearance Time ( g s ), s 10.6 8.4 6.4 28.7 2.3 33.9
Green Extension Time ( g e ), s 0.6 0.0 0.0 0.0 0.0 2.5
Phase Call Probability 1.00 1.00 1.00 1.00 1.00 1.00
Max Out Probability 0.00 1.00 1.00 1.00 0.02 0.10

Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 7 4 14 3 8 18 5 2 12 1 6 16
Adjusted Flow Rate ( v ), veh/h 152 65 130 152 622 11 677
Adjusted Saturation Flow Rate ( s ), veh/h/ln 1403 1610 1502 1767 1879 1810 1822
Queue Service Time ( g s ), s 2.2 2.7 0.0 4.4 26.7 0.3 31.9
Cycle Queue Clearance Time ( g c ), s 8.6 2.7 6.4 4.4 26.7 0.3 31.9
Green Ratio ( g/C ) 0.29 0.36 0.29 0.53 0.46 0.53 0.46
Capacity ( c ), veh/h 475 578 494 288 866 341 840
Volume-to-Capacity Ratio ( X ) 0.320 0.113 0.264 0.528 0.718 0.032 0.806
Back of Queue ( Q ), ft/ln ( 95 th percentile) 129.7 45.1 109 79.2 434.2 4.9 508.4
Back of Queue ( Q ), veh/ln ( 95 th percentile) 5.1 1.8 4.3 3.1 17.2 0.2 20.2
Queue Storage Ratio ( RQ ) ( 95 th percentile) 0.00 0.30 0.00 0.24 0.00 0.02 0.00
Uniform Delay ( d 1 ), s/veh 28.3 21.4 27.5 19.2 21.7 15.2 23.1
Incremental Delay ( d 2 ), s/veh 0.1 0.0 0.1 0.9 2.5 0.0 5.4
Initial Queue Delay ( d 3 ), s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Control Delay ( d ), s/veh 28.5 21.4 27.6 20.1 24.2 15.2 28.5
Level of Service (LOS) C C C C C B C
Approach Delay, s/veh / LOS 26.4 C 27.6 C 23.4 C 28.3 C
Intersection Delay, s/veh / LOS 25.9 C

Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS
Bicycle LOS Score / LOS
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HCS7 Signalized Intersection Results Summary

General Information Intersection Information
Agency TMS Engineers, Inc. Duration, h 0.250
Analyst ABC Analysis Date Jun 2, 2020 Area Type Other
Jurisdiction Amherst, OH Time Period PM Peak PHF 0.92
Urban Street Oak Point Road Analysis Year 2042 Analysis Period 1> 7:00
Intersection @ Cooper Foster Park … File Name PM 42 CooperFoster.xus
Project Description Existing Conditions

Demand Information EB WB NB SB
Approach Movement L T R L T R L T R L T R
Demand ( v ), veh/h 78 121 479 242 128 84 454 550 180 84 494 65

Signal Information

Green
Yellow
Red

7.0 8.5 30.2 30.3 0.0 0.0
4.0 4.0 4.0 4.0 0.0 0.0
2.0 2.0 2.0 2.0 0.0 0.0

1 2 3 4

5 6 7 8

Cycle, s 100.0 Reference Phase 2
Offset, s 0 Reference Point End
Uncoordinated Yes Simult. Gap E/W On
Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 4 8 5 2 1 6
Case Number 7.0 8.0 1.1 3.0 1.1 4.0
Phase Duration, s 36.3 36.3 27.5 50.7 13.0 36.2
Change Period, ( Y+R c ), s 6.0 6.0 6.0 6.0 6.0 6.0
Max Allow Headway ( MAH ), s 3.3 3.3 3.1 3.1 3.1 3.1
Queue Clearance Time ( g s ), s 25.6 32.3 23.5 28.0 5.4 32.2
Green Extension Time ( g e ), s 1.6 0.0 0.0 0.0 0.0 0.0
Phase Call Probability 1.00 1.00 1.00 1.00 1.00 1.00
Max Out Probability 0.71 1.00 1.00 1.00 1.00 1.00

Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 7 4 14 3 8 18 5 2 12 1 6 16
Adjusted Flow Rate ( v ), veh/h 216 521 493 493 598 196 91 608
Adjusted Saturation Flow Rate ( s ), veh/h/ln 1455 1585 1336 1767 1870 1560 1767 1847
Queue Service Time ( g s ), s 0.0 23.6 18.9 21.5 26.0 7.9 3.4 30.2
Cycle Queue Clearance Time ( g c ), s 11.4 23.6 30.3 21.5 26.0 7.9 3.4 30.2
Green Ratio ( g/C ) 0.30 0.52 0.30 0.54 0.45 0.45 0.37 0.30
Capacity ( c ), veh/h 491 821 460 452 836 697 332 558
Volume-to-Capacity Ratio ( X ) 0.441 0.634 1.073 1.092 0.715 0.281 0.275 1.090
Back of Queue ( Q ), ft/ln ( 95 th percentile) 186.8 328.7 716.9 562.6 429 128.2 64 821.9
Back of Queue ( Q ), veh/ln ( 95 th percentile) 7.4 12.9 27.8 22.0 16.9 5.0 2.5 32.6
Queue Storage Ratio ( RQ ) ( 95 th percentile) 0.00 4.38 0.00 4.69 0.00 1.07 0.19 0.00
Uniform Delay ( d 1 ), s/veh 28.0 17.3 37.2 30.2 22.5 17.5 21.8 34.9
Incremental Delay ( d 2 ), s/veh 0.2 1.2 62.9 69.5 2.5 0.1 0.2 64.7
Initial Queue Delay ( d 3 ), s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Control Delay ( d ), s/veh 28.2 18.5 100.1 99.7 25.0 17.6 22.0 99.6
Level of Service (LOS) C B F F C B C F
Approach Delay, s/veh / LOS 21.4 C 100.1 F 52.5 D 89.5 F
Intersection Delay, s/veh / LOS 60.7 E

Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS
Bicycle LOS Score / LOS
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HCS7 Signalized Intersection Results Summary

General Information Intersection Information
Agency TMS Engineers, Inc. Duration, h 0.250
Analyst ABC Analysis Date Jun 2, 2020 Area Type Other
Jurisdiction Amherst, OH Time Period PM Peak PHF 0.92
Urban Street North Lake Street Analysis Year 2042 Analysis Period 1> 7:00
Intersection @ SR 2 WB Ramps File Name PM 42 Westbound2.xus
Project Description Existing Conditions

Demand Information EB WB NB SB
Approach Movement L T R L T R L T R L T R
Demand ( v ), veh/h 380 582 80 602 941 274

Signal Information

Green
Yellow
Red

55.8 32.2 0.0 0.0 0.0 0.0
4.0 4.0 0.0 0.0 0.0 0.0
2.0 2.0 0.0 0.0 0.0 0.0

1 2 3 4

5 6 7 8

Cycle, s 100.0 Reference Phase 2
Offset, s 0 Reference Point End
Uncoordinated Yes Simult. Gap E/W On
Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 8 2 6
Case Number 9.0 6.0 7.0
Phase Duration, s 38.2 61.8 61.8
Change Period, ( Y+R c ), s 6.0 6.0 6.0
Max Allow Headway ( MAH ), s 3.3 3.2 3.2
Queue Clearance Time ( g s ), s 34.2 57.8 55.3
Green Extension Time ( g e ), s 0.0 0.0 0.3
Phase Call Probability 1.00 1.00 1.00
Max Out Probability 1.00 1.00 1.00

Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 3 18 5 2 6 16
Adjusted Flow Rate ( v ), veh/h 413 633 87 654 1023 298
Adjusted Saturation Flow Rate ( s ), veh/h/ln 1795 1598 560 1870 1870 1585
Queue Service Time ( g s ), s 20.3 32.2 2.4 23.8 53.3 10.2
Cycle Queue Clearance Time ( g c ), s 20.3 32.2 55.8 23.8 53.3 10.2
Green Ratio ( g/C ) 0.32 0.32 0.56 0.56 0.56 0.56
Capacity ( c ), veh/h 578 514 86 1044 1044 884
Volume-to-Capacity Ratio ( X ) 0.714 1.230 1.015 0.627 0.980 0.337
Back of Queue ( Q ), ft/ln ( 95 th percentile) 351.1 1078.

6
202.2 370.1 912.1 154.5

Back of Queue ( Q ), veh/ln ( 95 th percentile) 13.9 42.8 8.1 14.6 35.9 6.1
Queue Storage Ratio ( RQ ) ( 95 th percentile) 2.51 0.00 1.19 0.00 0.00 1.29
Uniform Delay ( d 1 ), s/veh 29.9 33.9 49.8 15.0 21.6 12.0
Incremental Delay ( d 2 ), s/veh 3.6 119.6 101.4 0.9 22.9 0.1
Initial Queue Delay ( d 3 ), s/veh 0.0 0.0 0.0 0.0 0.0 0.0
Control Delay ( d ), s/veh 33.4 153.5 151.2 15.9 44.5 12.1
Level of Service (LOS) C F F B D B
Approach Delay, s/veh / LOS 0.0 106.1 F 31.8 C 37.2 D
Intersection Delay, s/veh / LOS 59.1 E

Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS
Bicycle LOS Score / LOS
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HCS7 Signalized Intersection Results Summary

General Information Intersection Information
Agency TMS Engineers, Inc. Duration, h 0.250
Analyst ABC Analysis Date Jun 2, 2020 Area Type Other
Jurisdiction Amherst, OH Time Period PM Peak PHF 0.92
Urban Street North Lake Street Analysis Year 2042 Analysis Period 1> 7:00
Intersection @ SR 2 EB Ramps File Name PM 42 Eastbound2.xus
Project Description Existing Conditions

Demand Information EB WB NB SB
Approach Movement L T R L T R L T R L T R
Demand ( v ), veh/h 197 90 485 190 541 780

Signal Information

Green
Yellow
Red

28.5 39.7 13.8 0.0 0.0 0.0
4.0 4.0 4.0 0.0 0.0 0.0
2.0 2.0 2.0 0.0 0.0 0.0

1 2 3 4

5 6 7 8

Cycle, s 100.0 Reference Phase 2
Offset, s 0 Reference Point End
Uncoordinated Yes Simult. Gap E/W On
Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 4 2 1 6
Case Number 9.0 8.3 1.0 4.0
Phase Duration, s 19.8 45.7 34.5 80.2
Change Period, ( Y+R c ), s 6.0 6.0 6.0 6.0
Max Allow Headway ( MAH ), s 3.2 3.1 3.1 3.1
Queue Clearance Time ( g s ), s 13.8 41.7 30.5 23.1
Green Extension Time ( g e ), s 0.0 0.0 0.0 4.0
Phase Call Probability 1.00 1.00 1.00 1.00
Max Out Probability 1.00 1.00 1.00 0.00

Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 7 14 2 12 1 6
Adjusted Flow Rate ( v ), veh/h 214 98 734 588 848
Adjusted Saturation Flow Rate ( s ), veh/h/ln 1781 1610 1808 1795 1885
Queue Service Time ( g s ), s 11.8 5.6 39.7 28.5 21.1
Cycle Queue Clearance Time ( g c ), s 11.8 5.6 39.7 28.5 21.1
Green Ratio ( g/C ) 0.14 0.14 0.40 0.70 0.74
Capacity ( c ), veh/h 246 222 718 584 1399
Volume-to-Capacity Ratio ( X ) 0.871 0.440 1.022 1.007 0.606
Back of Queue ( Q ), ft/ln ( 95 th percentile) 283.1 99.1 816.2 658.4 269.1
Back of Queue ( Q ), veh/ln ( 95 th percentile) 11.1 4.0 32.6 26.1 10.7
Queue Storage Ratio ( RQ ) ( 95 th percentile) 1.49 0.00 0.00 3.87 0.00
Uniform Delay ( d 1 ), s/veh 42.2 39.6 30.2 30.3 6.0
Incremental Delay ( d 2 ), s/veh 26.0 0.5 39.3 39.0 0.5
Initial Queue Delay ( d 3 ), s/veh 0.0 0.0 0.0 0.0 0.0
Control Delay ( d ), s/veh 68.3 40.1 69.4 69.3 6.6
Level of Service (LOS) E D F F A
Approach Delay, s/veh / LOS 59.4 E 0.0 69.4 E 32.3 C
Intersection Delay, s/veh / LOS 46.7 D

Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS
Bicycle LOS Score / LOS
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HCS7 Two-Way Stop-Control Report
General Information Site Information

Analyst ABC Intersection Cooper Foster & Hollstein

Agency/Co. TMS Engineers, Inc. Jurisdiction Amherst, OH

Date Performed 6/2/2020 East/West Street Cooper Foster Park Road

Analysis Year 2042 North/South Street Hollstein Drive

Time Analyzed PM Peak Peak Hour Factor 0.92

Intersection Orientation East-West Analysis Time Period (hrs) 0.25

Project Description Existing Conditions

Lanes

Major Street: East-West

Vehicle Volumes and Adjustments
Approach Eastbound Westbound Northbound Southbound

Movement U L T R U L T R U L T R U L T R

Priority 1U 1 2 3 4U 4 5 6 7 8 9 10 11 12

Number of Lanes 0 0 1 0 0 0 1 0 0 1 0 0 1 1

Configuration LTR LTR LTR LT R

Volume (veh/h) 58 269 18 10 174 36 25 0 18 37 0 65

Percent Heavy Vehicles (%) 3 3 3 0 3 3 0 3

Proportion Time Blocked

Percent Grade (%) 0 0

Right Turn Channelized No

Median Type | Storage Undivided

Critical and Follow-up Headways
Base Critical Headway (sec) 4.1 4.1 7.1 6.5 6.2 7.1 6.5 6.2

Critical Headway (sec) 4.13 4.13 7.13 6.50 6.23 7.13 6.50 6.23

Base Follow-Up Headway (sec) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3

Follow-Up Headway (sec) 2.23 2.23 3.53 4.00 3.33 3.53 4.00 3.33

Delay, Queue Length, and Level of Service
Flow Rate, v (veh/h) 63 11 47 40 71

Capacity, c (veh/h) 1334 1243 408 342 829

v/c Ratio 0.05 0.01 0.11 0.12 0.09

95% Queue Length, Q₉₅ (veh) 0.1 0.0 0.4 0.4 0.3

Control Delay (s/veh) 7.8 7.9 15.0 16.9 9.7

Level of Service (LOS) A A B C A

Approach Delay (s/veh) 1.7 0.4 15.0 12.4

Approach LOS B B
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HCS7 Signalized Intersection Results Summary

General Information Intersection Information
Agency TMS Engineers, Inc. Duration, h 0.250
Analyst ABC Analysis Date Jun 2, 2020 Area Type Other
Jurisdiction Amherst, OH Time Period PM Peak PHF 0.90
Urban Street North Main Street Analysis Year 2019 Analysis Period 1> 7:00
Intersection @ Cooper Foster Park … File Name PM 42 Main.xus
Project Description Existing Conditions

Demand Information EB WB NB SB
Approach Movement L T R L T R L T R L T R
Demand ( v ), veh/h 114 173 57 90 166 234 51 174 80 333 223 93

Signal Information

Green
Yellow
Red

7.0 24.7 28.3 0.0 0.0 0.0
4.0 4.0 4.0 0.0 0.0 0.0
1.0 1.0 1.0 0.0 0.0 0.0

1 2 3 4

5 6 7 8

Cycle, s 75.0 Reference Phase 2
Offset, s 0 Reference Point Begin
Uncoordinated Yes Simult. Gap E/W On
Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 4 8 2 1 6
Case Number 8.0 7.0 5.3 1.0 4.0
Phase Duration, s 33.3 33.3 29.7 12.0 41.7
Change Period, ( Y+R c ), s 5.0 5.0 5.0 5.0 5.0
Max Allow Headway ( MAH ), s 3.2 3.2 3.1 3.0 3.1
Queue Clearance Time ( g s ), s 16.0 12.4 7.7 9.0 11.3
Green Extension Time ( g e ), s 1.7 0.0 0.0 0.0 1.3
Phase Call Probability 1.00 1.00 1.00 1.00 1.00
Max Out Probability 0.04 1.00 1.00 1.00 0.00

Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 7 4 14 3 8 18 5 2 12 1 6 16
Adjusted Flow Rate ( v ), veh/h 382 284 260 57 193 89 370 351
Adjusted Saturation Flow Rate ( s ), veh/h/ln 1611 1529 1598 1046 1885 1610 1795 1790
Queue Service Time ( g s ), s 3.6 0.0 7.7 2.9 5.7 2.9 7.0 9.3
Cycle Queue Clearance Time ( g c ), s 14.0 10.4 7.7 2.9 5.7 2.9 7.0 9.3
Green Ratio ( g/C ) 0.38 0.38 0.47 0.33 0.33 0.33 0.45 0.49
Capacity ( c ), veh/h 672 642 752 441 621 530 567 876
Volume-to-Capacity Ratio ( X ) 0.569 0.443 0.346 0.129 0.311 0.168 0.653 0.401
Back of Queue ( Q ), ft/ln ( 95 th percentile) 216.7 154.7 112.3 29.6 107 46.4 88.6 150.7
Back of Queue ( Q ), veh/ln ( 95 th percentile) 8.7 6.2 4.5 1.2 4.2 1.9 3.5 6.0
Queue Storage Ratio ( RQ ) ( 95 th percentile) 0.00 0.00 0.31 0.11 0.00 0.17 0.18 0.00
Uniform Delay ( d 1 ), s/veh 18.7 17.5 12.6 17.8 18.8 17.9 17.3 12.2
Incremental Delay ( d 2 ), s/veh 0.7 0.2 0.1 0.0 0.1 0.1 2.1 0.1
Initial Queue Delay ( d 3 ), s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Control Delay ( d ), s/veh 19.4 17.6 12.7 17.9 18.9 17.9 19.4 12.3
Level of Service (LOS) B B B B B B B B
Approach Delay, s/veh / LOS 19.4 B 15.3 B 18.5 B 15.9 B
Intersection Delay, s/veh / LOS 16.9 B

Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS
Bicycle LOS Score / LOS
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Area-Wide Planning Study  City of Amherst, Ohio

Appendix L
ODOT Turn Lane Warrant Graphs

TMS Engineers, Inc.



5. Roadway speed limit 25

2

EB/WB

NB

10. Is the Roadway Divided or Undivided Undivided

Right Thru
30 138

PM 18 327

Left Thru Thru Right Advancing Opposing LT%
9 140 138 30 149 168 6.0%

PM 10 210 327 18 220 345 4.5%

Notes:
1. Analyst to fill in all blue areas.
2. Green areas are calculated for the analyst

4. Name of roadway where turn lanes are to be analyzed

6. Number of Lanes

AUXILLIARY TURN LANE WARRANTS
PROJECT INFORMATION

COOPER FOSTER PARK ROAD @ HOLLSTEIN

7. Analysis Condition (Year / Build) 2042 BUILD

8. Direction of Roadway

9. Direction of Side Street Approach

11. Enter Volume Data for Intersection

AM

3. Jurisdiction

2. Job Number

1. Client

CITY OF AMHERST

CITY OF AMHERST

20-039

- Right Turn Advancing
168

EASTBOUND

- Left Turn
WESTBOUND EASTBOUND

AM
345
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5. Roadway speed limit 25

2

EB/WB

SB

10. Is the Roadway Divided or Undivided Undivided

Right Thru
25 124

PM 36 184

Left Thru Thru Right Advancing Opposing LT%
58 110 124 25 168 149 34.5%

PM 58 287 184 36 345 220 16.8%

Notes:
1. Analyst to fill in all blue areas.
2. Green areas are calculated for the analyst

AM

3. Jurisdiction

2. Job Number

1. Client

CITY OF AMHERST

CITY OF AMHERST

20-039

- Right Turn Advancing
149

WESTBOUND

- Left Turn
EASTBOUND WESTBOUND

AM
220

7. Analysis Condition (Year / Build) 2042 BUILD

8. Direction of Roadway

9. Direction of Side Street Approach

11. Enter Volume Data for Intersection

4. Name of roadway where turn lanes are to be analyzed

6. Number of Lanes

AUXILLIARY TURN LANE WARRANTS
PROJECT INFORMATION

COOPER FOSTER PARK ROAD @ HOLLSTEIN
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5. Roadway speed limit 35

2

EB/WB

SB

10. Is the Roadway Divided or Undivided Divided

Right Thru
10 165

PM 10 454

Left Thru Thru Right Advancing Opposing LT%
48 163 165 10 211 175 22.7%

PM 199 479 454 10 678 464 29.4%

Notes:
1. Analyst to fill in all blue areas.
2. Green areas are calculated for the analyst

AM

3. Jurisdiction

2. Job Number

1. Client

CITY OF AMHERST

CITY OF AMHERST

20-039

- Right Turn Advancing
175

WESTBOUND

- Left Turn
EASTBOUND WESTBOUND

AM
464

7. Analysis Condition (Year / Build) 2042 BUILD

8. Direction of Roadway

9. Direction of Side Street Approach

11. Enter Volume Data for Intersection

4. Name of roadway where turn lanes are to be analyzed

6. Number of Lanes

AUXILLIARY TURN LANE WARRANTS
PROJECT INFORMATION

COOPER FOSTER PARK & WEST BY-PASS
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5. Roadway speed limit 25

2

EB/WB

SB

10. Is the Roadway Divided or Undivided Divided

Right Thru
92 98

PM 160 104

Left Thru Thru Right Advancing Opposing LT%
92 150 98 92 242 190 38.0%

PM 185 100 79 185 285 264 64.9%

Notes:
1. Analyst to fill in all blue areas.
2. Green areas are calculated for the analyst

AM

3. Jurisdiction

2. Job Number

1. Client

CITY OF AMHERST

CITY OF AMHERST

20-039

- Right Turn Advancing
190

WESTBOUND

- Left Turn
EASTBOUND WESTBOUND

AM
264

7. Analysis Condition (Year / Build) 2042 BUILD

8. Direction of Roadway

9. Direction of Side Street Approach

11. Enter Volume Data for Intersection

4. Name of roadway where turn lanes are to be analyzed

6. Number of Lanes

AUXILLIARY TURN LANE WARRANTS
PROJECT INFORMATION

COOPER FOSTER PARK & EAST BY-PASS
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5. Roadway speed limit 25

2

EB/WB

NB

10. Is the Roadway Divided or Undivided Divided

Right Thru
10 90

PM 10 200

Left Thru Thru Right Advancing Opposing LT%
55 66 90 10 121 100 45.5%

PM 128 270 200 10 398 210 32.2%

Notes:
1. Analyst to fill in all blue areas.
2. Green areas are calculated for the analyst

4. Name of roadway where turn lanes are to be analyzed

6. Number of Lanes

AUXILLIARY TURN LANE WARRANTS
PROJECT INFORMATION

BUCK HORN BOULEVAD & WEST BY-PASS

7. Analysis Condition (Year / Build) 2042 BUILD

8. Direction of Roadway

9. Direction of Side Street Approach

11. Enter Volume Data for Intersection

AM

3. Jurisdiction

2. Job Number

1. Client

CITY OF AMHERST

CITY OF AMHERST

20-039

- Right Turn Advancing
100

EASTBOUND

- Left Turn
WESTBOUND EASTBOUND

AM
210
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Area-Wide Planning Study  City of Amherst, Ohio

Appendix M
Alternative #1 - 2042 Capacity Analysis Worksheets 

TMS Engineers, Inc.



HCS7 Signalized Intersection Results Summary

General Information Intersection Information
Agency TMS Engineers, Inc. Duration, h 0.250
Analyst ABC Analysis Date Jun 2, 2020 Area Type Other
Jurisdiction Amherst, OH Time Period AM Peak PHF 0.92
Urban Street Oak Point Road Analysis Year 2042 Analysis Period 1> 7:00
Intersection @ Cooper Foster Park … File Name AM 42 CooperFoster TL.xus
Project Description IMP - Turn Lanes & Signal Phasing

Demand Information EB WB NB SB
Approach Movement L T R L T R L T R L T R
Demand ( v ), veh/h 12 36 163 129 55 46 165 240 404 68 338 46

Signal Information

Green
Yellow
Red

7.0 36.5 28.5 0.0 0.0 0.0
4.0 4.0 4.0 0.0 0.0 0.0
2.0 2.0 2.0 0.0 0.0 0.0

1 2 3 4

5 6 7 8

Cycle, s 90.0 Reference Phase 2
Offset, s 0 Reference Point End
Uncoordinated Yes Simult. Gap E/W On
Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 4 8 5 2 1 6
Case Number 5.0 5.0 1.1 3.0 1.1 4.0
Phase Duration, s 34.5 34.5 13.0 42.5 13.0 42.5
Change Period, ( Y+R c ), s 6.0 6.0 6.0 6.0 6.0 6.0
Max Allow Headway ( MAH ), s 3.2 3.2 3.1 3.2 3.1 3.2
Queue Clearance Time ( g s ), s 9.2 10.5 7.3 22.5 4.0 17.8
Green Extension Time ( g e ), s 0.9 0.0 0.0 0.0 0.0 2.3
Phase Call Probability 1.00 1.00 1.00 1.00 1.00 1.00
Max Out Probability 0.00 1.00 1.00 1.00 1.00 0.01

Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 7 4 14 3 8 18 5 2 12 1 6 16
Adjusted Flow Rate ( v ), veh/h 13 39 177 140 60 50 179 261 439 74 417
Adjusted Saturation Flow Rate ( s ), veh/h/ln 1364 1767 1522 1390 1856 1610 1753 1870 1585 1810 1831
Queue Service Time ( g s ), s 0.6 1.4 7.2 7.1 2.0 2.0 5.3 8.7 20.5 2.0 15.8
Cycle Queue Clearance Time ( g c ), s 2.7 1.4 7.2 8.5 2.0 2.0 5.3 8.7 20.5 2.0 15.8
Green Ratio ( g/C ) 0.32 0.32 0.39 0.32 0.32 0.32 0.48 0.41 0.41 0.48 0.41
Capacity ( c ), veh/h 481 559 600 498 588 510 415 758 643 547 743
Volume-to-Capacity Ratio ( X ) 0.027 0.070 0.295 0.281 0.102 0.098 0.433 0.344 0.683 0.135 0.562
Back of Queue ( Q ), ft/ln ( 95 th percentile) 8.7 27.1 115.4 101.7 40 32.6 92.1 164 307.6 34 270.2
Back of Queue ( Q ), veh/ln ( 95 th percentile) 0.3 1.0 4.4 4.1 1.6 1.3 3.6 6.5 12.1 1.4 10.6
Queue Storage Ratio ( RQ ) ( 95 th percentile) 0.00 0.00 1.54 0.00 0.00 0.00 0.77 0.00 2.56 0.10 0.00
Uniform Delay ( d 1 ), s/veh 22.7 21.5 18.7 24.4 21.7 21.7 15.5 18.5 22.0 13.2 20.6
Incremental Delay ( d 2 ), s/veh 0.0 0.0 0.1 0.1 0.0 0.0 0.3 0.1 2.5 0.0 0.6
Initial Queue Delay ( d 3 ), s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Control Delay ( d ), s/veh 22.7 21.5 18.8 24.6 21.7 21.7 15.8 18.6 24.5 13.2 21.2
Level of Service (LOS) C C B C C C B B C B C
Approach Delay, s/veh / LOS 19.5 B 23.3 C 21.0 C 20.0 C
Intersection Delay, s/veh / LOS 20.8 C

Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS
Bicycle LOS Score / LOS
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HCS7 Signalized Intersection Results Summary

General Information Intersection Information
Agency TMS Engineers, Inc. Duration, h 0.250
Analyst ABC Analysis Date Jun 2, 2020 Area Type Other
Jurisdiction Amherst, OH Time Period AM Peak PHF 0.92
Urban Street North Lake Street Analysis Year 2042 Analysis Period 1> 7:00
Intersection @ SR 2 WB Ramps File Name AM 42 Westbound2 TL.xus
Project Description IMP - Turn Lanes & Signal Phasing

Demand Information EB WB NB SB
Approach Movement L T R L T R L T R L T R
Demand ( v ), veh/h 80 388 50 421 479 151

Signal Information

Green
Yellow
Red

46.0 32.0 0.0 0.0 0.0 0.0
4.0 4.0 0.0 0.0 0.0 0.0
2.0 2.0 0.0 0.0 0.0 0.0

1 2 3 4

5 6 7 8

Cycle, s 90.0 Reference Phase 2
Offset, s 0 Reference Point End
Uncoordinated Yes Simult. Gap E/W On
Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 8 2 6
Case Number 9.0 6.0 7.0
Phase Duration, s 38.0 52.0 52.0
Change Period, ( Y+R c ), s 6.0 6.0 6.0
Max Allow Headway ( MAH ), s 3.3 3.1 3.1
Queue Clearance Time ( g s ), s 12.4 23.1 19.2
Green Extension Time ( g e ), s 1.3 0.0 2.6
Phase Call Probability 1.00 1.00 1.00
Max Out Probability 0.00 1.00 0.00

Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 3 18 5 2 6 16
Adjusted Flow Rate ( v ), veh/h 87 422 54 458 521 164
Adjusted Saturation Flow Rate ( s ), veh/h/ln 1626 1392 895 1870 1856 1598
Queue Service Time ( g s ), s 3.3 10.4 4.0 14.3 17.2 5.0
Cycle Queue Clearance Time ( g c ), s 3.3 10.4 21.1 14.3 17.2 5.0
Green Ratio ( g/C ) 0.36 0.36 0.51 0.51 0.51 0.51
Capacity ( c ), veh/h 578 990 367 956 948 817
Volume-to-Capacity Ratio ( X ) 0.150 0.426 0.148 0.479 0.549 0.201
Back of Queue ( Q ), ft/ln ( 95 th percentile) 59.6 149.4 36.5 239.7 279.7 75.9
Back of Queue ( Q ), veh/ln ( 95 th percentile) 2.2 5.8 1.5 9.4 10.9 3.0
Queue Storage Ratio ( RQ ) ( 95 th percentile) 0.43 0.00 0.21 0.00 0.00 0.63
Uniform Delay ( d 1 ), s/veh 19.7 22.0 22.1 14.2 15.0 12.0
Incremental Delay ( d 2 ), s/veh 0.0 0.1 0.1 0.1 0.4 0.0
Initial Queue Delay ( d 3 ), s/veh 0.0 0.0 0.0 0.0 0.0 0.0
Control Delay ( d ), s/veh 19.8 22.1 22.2 14.4 15.3 12.0
Level of Service (LOS) B C C B B B
Approach Delay, s/veh / LOS 0.0 21.7 C 15.2 B 14.5 B
Intersection Delay, s/veh / LOS 16.9 B

Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS
Bicycle LOS Score / LOS
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HCS7 Signalized Intersection Results Summary

General Information Intersection Information
Agency TMS Engineers, Inc. Duration, h 0.250
Analyst ABC Analysis Date Jun 2, 2020 Area Type Other
Jurisdiction Amherst, OH Time Period AM Peak PHF 0.92
Urban Street North Lake Street Analysis Year 2042 Analysis Period 1> 7:00
Intersection @ SR 2 EB Ramps File Name AM 42 Eastbound2 TL.xus
Project Description Existing Conditions

Demand Information EB WB NB SB
Approach Movement L T R L T R L T R L T R
Demand ( v ), veh/h 192 40 279 330 364 195

Signal Information

Green
Yellow
Red

7.0 37.3 27.7 0.0 0.0 0.0
4.0 4.0 4.0 0.0 0.0 0.0
2.0 2.0 2.0 0.0 0.0 0.0

1 2 3 4

5 6 7 8

Cycle, s 90.0 Reference Phase 2
Offset, s 0 Reference Point End
Uncoordinated Yes Simult. Gap E/W On
Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 4 2 1 6
Case Number 9.0 7.3 1.0 4.0
Phase Duration, s 33.7 43.3 13.0 56.3
Change Period, ( Y+R c ), s 6.0 6.0 6.0 6.0
Max Allow Headway ( MAH ), s 3.2 3.2 3.1 3.2
Queue Clearance Time ( g s ), s 10.3 17.1 9.0 7.3
Green Extension Time ( g e ), s 0.4 0.0 0.0 1.8
Phase Call Probability 1.00 1.00 1.00 1.00
Max Out Probability 0.00 1.00 1.00 0.00

Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 7 14 2 12 1 6
Adjusted Flow Rate ( v ), veh/h 209 43 303 359 396 212
Adjusted Saturation Flow Rate ( s ), veh/h/ln 1767 1560 1885 1610 1753 1811
Queue Service Time ( g s ), s 8.3 1.8 10.1 15.1 7.0 5.3
Cycle Queue Clearance Time ( g c ), s 8.3 1.8 10.1 15.1 7.0 5.3
Green Ratio ( g/C ) 0.31 0.31 0.41 0.41 0.51 0.56
Capacity ( c ), veh/h 544 480 781 667 536 1012
Volume-to-Capacity Ratio ( X ) 0.384 0.091 0.388 0.538 0.738 0.209
Back of Queue ( Q ), ft/ln ( 95 th percentile) 156.1 29.7 190.3 230.9 199.6 89.9
Back of Queue ( Q ), veh/ln ( 95 th percentile) 6.1 1.2 7.6 9.2 7.7 3.4
Queue Storage Ratio ( RQ ) ( 95 th percentile) 0.82 0.00 0.00 0.00 1.17 0.00
Uniform Delay ( d 1 ), s/veh 24.5 22.2 18.4 19.9 19.9 9.9
Incremental Delay ( d 2 ), s/veh 0.2 0.0 0.1 0.5 4.7 0.0
Initial Queue Delay ( d 3 ), s/veh 0.0 0.0 0.0 0.0 0.0 0.0
Control Delay ( d ), s/veh 24.6 22.2 18.5 20.3 24.6 10.0
Level of Service (LOS) C C B C C A
Approach Delay, s/veh / LOS 24.2 C 0.0 19.5 B 19.5 B
Intersection Delay, s/veh / LOS 20.3 C

Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS
Bicycle LOS Score / LOS
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HCS7 Signalized Intersection Results Summary

General Information Intersection Information
Agency TMS Engineers, Inc. Duration, h 0.250
Analyst ABC Analysis Date Jun 2, 2020 Area Type Other
Jurisdiction Amherst, OH Time Period PM Peak PHF 0.92
Urban Street Oak Point Road Analysis Year 2042 Analysis Period 1> 7:00
Intersection @ Cooper Foster Park … File Name PM 42 CooperFoster TL.xus
Project Description IMP - Turn Lanes & Phasing

Demand Information EB WB NB SB
Approach Movement L T R L T R L T R L T R
Demand ( v ), veh/h 78 121 479 242 128 84 454 550 180 84 494 65

Signal Information

Green
Yellow
Red

7.0 10.9 34.0 24.1 0.0 0.0
4.0 4.0 4.0 4.0 0.0 0.0
2.0 2.0 2.0 2.0 0.0 0.0

1 2 3 4

5 6 7 8

Cycle, s 100.0 Reference Phase 2
Offset, s 0 Reference Point End
Uncoordinated Yes Simult. Gap E/W On
Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 4 8 5 2 1 6
Case Number 5.0 5.0 1.1 3.0 1.1 4.0
Phase Duration, s 30.1 30.1 29.9 56.9 13.0 40.0
Change Period, ( Y+R c ), s 6.0 6.0 6.0 6.0 6.0 6.0
Max Allow Headway ( MAH ), s 3.3 3.3 3.1 3.1 3.1 3.1
Queue Clearance Time ( g s ), s 26.1 26.1 24.8 25.1 5.2 34.4
Green Extension Time ( g e ), s 0.0 0.0 0.0 3.1 0.0 0.0
Phase Call Probability 1.00 1.00 1.00 1.00 1.00 1.00
Max Out Probability 1.00 1.00 1.00 0.01 1.00 1.00

Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 7 4 14 3 8 18 5 2 12 1 6 16
Adjusted Flow Rate ( v ), veh/h 85 132 521 263 139 91 493 598 196 91 608
Adjusted Saturation Flow Rate ( s ), veh/h/ln 1270 1885 1585 1278 1841 1610 1767 1870 1560 1767 1847
Queue Service Time ( g s ), s 5.9 5.7 24.1 18.4 6.2 4.1 22.8 23.1 7.0 3.2 32.4
Cycle Queue Clearance Time ( g c ), s 12.1 5.7 24.1 24.1 6.2 4.1 22.8 23.1 7.0 3.2 32.4
Green Ratio ( g/C ) 0.24 0.24 0.48 0.24 0.24 0.31 0.60 0.51 0.51 0.41 0.34
Capacity ( c ), veh/h 299 454 761 307 444 501 507 952 794 406 628
Volume-to-Capacity Ratio ( X ) 0.283 0.289 0.684 0.856 0.314 0.182 0.973 0.628 0.246 0.225 0.968
Back of Queue ( Q ), ft/ln ( 95 th percentile) 81.3 115.9 360.9 321.1 126.5 70.1 579.3 370.7 110.1 59.2 648.6
Back of Queue ( Q ), veh/ln ( 95 th percentile) 3.3 4.6 14.2 12.8 4.9 2.8 22.6 14.6 4.3 2.3 25.7
Queue Storage Ratio ( RQ ) ( 95 th percentile) 0.00 0.00 4.81 0.00 0.00 0.00 4.83 0.00 0.92 0.17 0.00
Uniform Delay ( d 1 ), s/veh 36.1 31.0 20.1 41.8 31.2 25.2 28.7 17.7 13.8 18.7 32.5
Incremental Delay ( d 2 ), s/veh 0.2 0.1 2.1 19.7 0.1 0.1 32.7 1.0 0.1 0.1 27.8
Initial Queue Delay ( d 3 ), s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Control Delay ( d ), s/veh 36.3 31.1 22.3 61.5 31.3 25.2 61.4 18.7 13.8 18.8 60.3
Level of Service (LOS) D C C E C C E B B B E
Approach Delay, s/veh / LOS 25.4 C 46.3 D 34.4 C 54.8 D
Intersection Delay, s/veh / LOS 38.6 D

Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS
Bicycle LOS Score / LOS

Copyright © 2020 University of Florida, All Rights Reserved. HCS™ Streets Version 7.8.5 Generated: 6/28/2020 1:37:53 PM



HCS7 Signalized Intersection Results Summary

General Information Intersection Information
Agency TMS Engineers, Inc. Duration, h 0.250
Analyst ABC Analysis Date Jun 2, 2020 Area Type Other
Jurisdiction Amherst, OH Time Period PM Peak PHF 0.92
Urban Street North Lake Street Analysis Year 2042 Analysis Period 1> 7:00
Intersection @ SR 2 WB Ramps File Name PM 42 Westbound2 TL.xus
Project Description IMP - Turn Lanes & Signal Phasing

Demand Information EB WB NB SB
Approach Movement L T R L T R L T R L T R
Demand ( v ), veh/h 380 582 80 602 941 274

Signal Information

Green
Yellow
Red

61.0 27.0 0.0 0.0 0.0 0.0
4.0 4.0 0.0 0.0 0.0 0.0
2.0 2.0 0.0 0.0 0.0 0.0

1 2 3 4

5 6 7 8

Cycle, s 100.0 Reference Phase 2
Offset, s 0 Reference Point End
Uncoordinated Yes Simult. Gap E/W On
Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 8 2 6
Case Number 9.0 6.0 7.0
Phase Duration, s 33.0 67.0 67.0
Change Period, ( Y+R c ), s 6.0 6.0 6.0
Max Allow Headway ( MAH ), s 3.3 3.2 3.2
Queue Clearance Time ( g s ), s 23.8 63.0 49.1
Green Extension Time ( g e ), s 1.1 0.0 4.9
Phase Call Probability 1.00 1.00 1.00
Max Out Probability 1.00 1.00 0.40

Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 3 18 5 2 6 16
Adjusted Flow Rate ( v ), veh/h 413 633 87 654 1023 298
Adjusted Saturation Flow Rate ( s ), veh/h/ln 1795 1414 560 1870 1870 1585
Queue Service Time ( g s ), s 21.8 21.0 13.9 21.0 47.1 9.0
Cycle Queue Clearance Time ( g c ), s 21.8 21.0 61.0 21.0 47.1 9.0
Green Ratio ( g/C ) 0.27 0.27 0.61 0.61 0.61 0.61
Capacity ( c ), veh/h 485 763 150 1141 1141 967
Volume-to-Capacity Ratio ( X ) 0.852 0.829 0.580 0.574 0.896 0.308
Back of Queue ( Q ), ft/ln ( 95 th percentile) 412.8 310.4 103.2 319.1 704.6 130.2
Back of Queue ( Q ), veh/ln ( 95 th percentile) 16.4 12.3 4.1 12.6 27.7 5.1
Queue Storage Ratio ( RQ ) ( 95 th percentile) 2.95 0.00 0.61 0.00 0.00 1.08
Uniform Delay ( d 1 ), s/veh 34.6 34.3 43.8 11.7 16.8 9.4
Incremental Delay ( d 2 ), s/veh 13.0 7.1 3.7 0.5 9.2 0.1
Initial Queue Delay ( d 3 ), s/veh 0.0 0.0 0.0 0.0 0.0 0.0
Control Delay ( d ), s/veh 47.6 41.5 47.5 12.2 26.0 9.4
Level of Service (LOS) D D D B C A
Approach Delay, s/veh / LOS 0.0 43.9 D 16.3 B 22.3 C
Intersection Delay, s/veh / LOS 28.1 C

Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS
Bicycle LOS Score / LOS
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HCS7 Signalized Intersection Results Summary

General Information Intersection Information
Agency TMS Engineers, Inc. Duration, h 0.250
Analyst ABC Analysis Date Jun 2, 2020 Area Type Other
Jurisdiction Amherst, OH Time Period PM Peak PHF 0.92
Urban Street North Lake Street Analysis Year 2042 Analysis Period 1> 7:00
Intersection @ SR 2 EB Ramps File Name PM 42 Eastbound2 TL.xus
Project Description IMP - Turn Lanes & Signal Phasing

Demand Information EB WB NB SB
Approach Movement L T R L T R L T R L T R
Demand ( v ), veh/h 197 90 485 190 541 780

Signal Information

Green
Yellow
Red

28.0 33.8 20.2 0.0 0.0 0.0
4.0 4.0 4.0 0.0 0.0 0.0
2.0 2.0 2.0 0.0 0.0 0.0

1 2 3 4

5 6 7 8

Cycle, s 100.0 Reference Phase 2
Offset, s 0 Reference Point End
Uncoordinated Yes Simult. Gap E/W On
Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 4 2 1 6
Case Number 9.0 7.3 1.0 4.0
Phase Duration, s 26.2 39.8 34.0 73.8
Change Period, ( Y+R c ), s 6.0 6.0 6.0 6.0
Max Allow Headway ( MAH ), s 3.2 3.1 3.1 3.1
Queue Clearance Time ( g s ), s 12.9 27.4 25.0 28.3
Green Extension Time ( g e ), s 0.4 0.0 0.5 3.7
Phase Call Probability 1.00 1.00 1.00 1.00
Max Out Probability 0.04 1.00 1.00 0.00

Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 7 14 2 12 1 6
Adjusted Flow Rate ( v ), veh/h 214 98 527 207 588 848
Adjusted Saturation Flow Rate ( s ), veh/h/ln 1781 1610 1900 1610 1795 1885
Queue Service Time ( g s ), s 10.9 5.2 25.4 9.7 23.0 26.3
Cycle Queue Clearance Time ( g c ), s 10.9 5.2 25.4 9.7 23.0 26.3
Green Ratio ( g/C ) 0.20 0.20 0.34 0.34 0.64 0.68
Capacity ( c ), veh/h 360 325 642 544 649 1278
Volume-to-Capacity Ratio ( X ) 0.595 0.301 0.821 0.379 0.907 0.663
Back of Queue ( Q ), ft/ln ( 95 th percentile) 213.9 90 459.3 164.3 588.5 361.8
Back of Queue ( Q ), veh/ln ( 95 th percentile) 8.4 3.6 18.4 6.6 23.4 14.4
Queue Storage Ratio ( RQ ) ( 95 th percentile) 1.13 0.00 0.00 0.00 3.46 0.00
Uniform Delay ( d 1 ), s/veh 36.2 33.9 30.3 25.1 21.8 9.4
Incremental Delay ( d 2 ), s/veh 1.9 0.2 7.9 0.2 16.1 1.0
Initial Queue Delay ( d 3 ), s/veh 0.0 0.0 0.0 0.0 0.0 0.0
Control Delay ( d ), s/veh 38.0 34.1 38.2 25.3 38.0 10.5
Level of Service (LOS) D C D C D B
Approach Delay, s/veh / LOS 36.8 D 0.0 34.6 C 21.7 C
Intersection Delay, s/veh / LOS 27.4 C

Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS
Bicycle LOS Score / LOS
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Area-Wide Planning Study  City of Amherst, Ohio

Appendix N
Alternative #2 - 2042 Capacity Analysis Worksheets 

TMS Engineers, Inc.



HCS7 Roundabouts Report
General Information Site Information

Analyst ABC Intersection Oak Point & Cooper Foster

Agency or Co. TMS Engineers, Inc. E/W Street Name Cooper Foster Park Road

Date Performed 6/2/2020 N/S Street Name Oak Point Road

Analysis Year 2042 Analysis Time Period (hrs) 0.25

Time Analyzed AM Peak Peak Hour Factor 0.92

Project Description Roundabout Control Jurisdiction Amherst, OH

Volume Adjustments and Site Characteristics
Approach EB WB NB SB

Movement U L T R U L T R U L T R U L T R

Number of Lanes (N) 0 0 1 0 0 1 1 0 0 1 1 0 0 1 1 0

Lane Assignment LT L TR L TR L T

Volume (V), veh/h 0 12 36 163 0 129 55 46 0 165 240 404 0 68 338 46

Percent Heavy Vehicles, % 0 13 13 2 0 2 5 0 0 3 2 2 0 0 2 0

Flow Rate (vPCE), pc/h 0 15 44 181 0 143 63 50 0 185 266 448 0 74 375 50

Right-Turn Bypass Yielding None None Yielding

Conflicting Lanes 2 2 2 2

Pedestrians Crossing, p/h 0 0 0 0

Critical and Follow-Up Headway Adjustment
Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Critical Headway (s) 4.3276 4.9763 4.6453 4.3276 4.6453 4.3276 4.6453 4.3276 4.9763

Follow-Up Headway (s) 2.5352 2.6087 2.6667 2.5352 2.6667 2.5352 2.6667 2.5352 2.6087

Flow Computations, Capacity and v/c Ratios
Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Entry Flow (ve), pc/h 59 181 143 113 185 714 74 375 50

Entry Volume, veh/h 52 177 140 110 181 699 73 369 50

Circulating Flow (vc), pc/h 592 466 133 391

Exiting Flow (vex), pc/h 566 248 331 518

Capacity (cpce), pc/h 859 814 879 956 1195 1268 942 1018 1072

Capacity (c), veh/h 760 798 859 934 1169 1241 927 1002 1072

v/c Ratio (x) 0.07 0.22 0.16 0.12 0.15 0.56 0.08 0.37 0.05

Delay and Level of Service
Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Lane Control Delay (d), s/veh 5.4 6.9 5.8 5.0 4.4 9.4 4.6 7.5 3.8

Lane LOS A A A A A A A A A

95% Queue, veh 0.2 0.8 0.6 0.4 0.5 3.7 0.3 1.7 0.1

Approach Delay, s/veh 6.6 5.4 8.4 6.7

Approach LOS A A A A

Intersection Delay, s/veh | LOS 7.3 A
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HCS7 Roundabouts Report
General Information Site Information

Analyst ABC Intersection North Lake & SR 2 WB

Agency or Co. TMS Engineers, Inc. E/W Street Name SR 2 WB Ramps

Date Performed 6/2/2020 N/S Street Name North Lake Street

Analysis Year 2042 Analysis Time Period (hrs) 0.25

Time Analyzed AM Peak Peak Hour Factor 0.92

Project Description Roundabout Control Jurisdiction Amherst, OH

Volume Adjustments and Site Characteristics
Approach EB WB NB SB

Movement U L T R U L T R U L T R U L T R

Number of Lanes (N) 0 0 0 0 0 1 0 1 0 1 1 0 0 0 2 0

Lane Assignment L R L T T T

Volume (V), veh/h 0 80 388 0 50 421 0 479 151

Percent Heavy Vehicles, % 0 13 3 0 0 2 0 3 1

Flow Rate (vPCE), pc/h 0 98 434 0 54 467 0 536 166

Right-Turn Bypass None None None Non-Yielding

Conflicting Lanes 2 2 2

Pedestrians Crossing, p/h 0 0 0

Critical and Follow-Up Headway Adjustment
Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Critical Headway (s) 4.6453 4.3276 4.6453 4.3276 4.6453 4.3276

Follow-Up Headway (s) 2.6667 2.5352 2.6667 2.5352 2.6667 2.5352

Flow Computations, Capacity and v/c Ratios
Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Entry Flow (ve), pc/h 98 434 54 467 252 284 166

Entry Volume, veh/h 94 414 53 459 245 276 164

Circulating Flow (vc), pc/h 634 521 0 152

Exiting Flow (vex), pc/h 0 54 901 634

Capacity (cpce), pc/h 836 912 1350 1420 1174 1248

Capacity (c), veh/h 798 871 1326 1395 1140 1212

v/c Ratio (x) 0.12 0.48 0.04 0.33 0.21 0.23

Delay and Level of Service
Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Lane Control Delay (d), s/veh 5.7 10.2 3.0 5.5 5.1 5.0

Lane LOS A B A A A A A

95% Queue, veh 0.4 2.6 0.1 1.5 0.8 0.9

Approach Delay, s/veh 9.4 5.2 3.8

Approach LOS A A A

Intersection Delay, s/veh | LOS 5.9 A
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HCS7 Roundabouts Report
General Information Site Information

Analyst ABC Intersection North Lake & SR 2 EB Ramp

Agency or Co. TMS Engineers, Inc. E/W Street Name SR 2 EB Ramps

Date Performed 6/2/2020 N/S Street Name North Lake Street

Analysis Year 2042 Analysis Time Period (hrs) 0.25

Time Analyzed AM Peak Peak Hour Factor 0.92

Project Description Roundabout Control Jurisdiction Amherst, OH

Volume Adjustments and Site Characteristics
Approach EB WB NB SB

Movement U L T R U L T R U L T R U L T R

Number of Lanes (N) 0 1 0 1 0 0 0 0 0 0 1 1 0 1 1 0

Lane Assignment L R T R L T

Volume (V), veh/h 0 192 40 0 279 330 0 364 195

Percent Heavy Vehicles, % 0 3 4 0 0 1 0 4 6

Flow Rate (vPCE), pc/h 0 215 45 0 303 362 0 411 225

Right-Turn Bypass None None None None

Conflicting Lanes 2 2 2

Pedestrians Crossing, p/h 0 0 0

Critical and Follow-Up Headway Adjustment
Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Critical Headway (s) 4.6453 4.3276 4.6453 4.3276 4.6453 4.3276

Follow-Up Headway (s) 2.6667 2.5352 2.6667 2.5352 2.6667 2.5352

Flow Computations, Capacity and v/c Ratios
Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Entry Flow (ve), pc/h 215 45 303 362 411 225

Entry Volume, veh/h 208 44 301 360 393 215

Circulating Flow (vc), pc/h 636 518 626 0

Exiting Flow (vex), pc/h 773 0 518 270

Capacity (cpce), pc/h 752 827 759 834 1350 1420

Capacity (c), veh/h 729 802 755 830 1289 1356

v/c Ratio (x) 0.29 0.05 0.40 0.43 0.30 0.16

Delay and Level of Service
Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Lane Control Delay (d), s/veh 8.3 5.0 9.9 9.8 5.5 3.9

Lane LOS A A A A A A

95% Queue, veh 1.2 0.2 1.9 2.2 1.3 0.6

Approach Delay, s/veh 7.8 9.8 5.0

Approach LOS A A A

Intersection Delay, s/veh | LOS 7.6 A
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HCS7 Roundabouts Report
General Information Site Information

Analyst ABC Intersection Oak Point & Cooper Foster

Agency or Co. TMS Engineers, Inc. E/W Street Name Cooper Foster Park Road

Date Performed 6/2/2020 N/S Street Name Oak Point Road

Analysis Year 2042 Analysis Time Period (hrs) 0.25

Time Analyzed PM Peak Peak Hour Factor 0.92

Project Description Roundabout Control Jurisdiction Amherst, OH

Volume Adjustments and Site Characteristics
Approach EB WB NB SB

Movement U L T R U L T R U L T R U L T R

Number of Lanes (N) 0 0 1 0 0 1 1 0 0 1 1 0 0 1 1 0

Lane Assignment LT L TR L TR L T

Volume (V), veh/h 0 78 121 479 0 242 128 84 0 454 550 180 0 84 494 65

Percent Heavy Vehicles, % 0 3 0 2 0 3 2 0 0 3 2 4 0 3 1 0

Flow Rate (vPCE), pc/h 0 87 132 531 0 271 142 91 0 508 610 203 0 94 542 71

Right-Turn Bypass Yielding None None Yielding

Conflicting Lanes 2 2 2 2

Pedestrians Crossing, p/h 0 0 0 0

Critical and Follow-Up Headway Adjustment
Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Critical Headway (s) 4.3276 4.9763 4.6453 4.3276 4.6453 4.3276 4.6453 4.3276 4.9763

Follow-Up Headway (s) 2.5352 2.6087 2.6667 2.5352 2.6667 2.5352 2.6667 2.5352 2.6087

Flow Computations, Capacity and v/c Ratios
Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Entry Flow (ve), pc/h 219 531 271 233 508 813 94 542 71

Entry Volume, veh/h 216 521 265 228 495 792 93 535 71

Circulating Flow (vc), pc/h 907 1205 313 921

Exiting Flow (vex), pc/h 429 650 788 813

Capacity (cpce), pc/h 657 602 446 510 1012 1088 579 649 711

Capacity (c), veh/h 649 590 436 499 986 1060 571 641 711

v/c Ratio (x) 0.33 0.88 0.61 0.46 0.50 0.75 0.16 0.84 0.10

Delay and Level of Service
Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Lane Control Delay (d), s/veh 10.0 39.8 23.3 15.4 9.8 16.4 8.3 31.7 6.1

Lane LOS A E C C A C A D A

95% Queue, veh 1.5 10.3 3.9 2.4 2.9 7.3 0.6 9.0 0.3

Approach Delay, s/veh 31.1 19.7 13.9 26.0

Approach LOS D C B D

Intersection Delay, s/veh | LOS 21.3 C
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HCS7 Roundabouts Report
General Information Site Information

Analyst ABC Intersection North Lake & SR 2 WB

Agency or Co. TMS Engineers, Inc. E/W Street Name SR 2 WB Ramps

Date Performed 6/2/2020 N/S Street Name North Lake Street

Analysis Year 2042 Analysis Time Period (hrs) 0.25

Time Analyzed PM Peak Peak Hour Factor 0.92

Project Description Roundabout Control Jurisdiction Amherst, OH

Volume Adjustments and Site Characteristics
Approach EB WB NB SB

Movement U L T R U L T R U L T R U L T R

Number of Lanes (N) 0 0 0 0 0 1 0 1 0 1 1 0 0 0 2 0

Lane Assignment L R L T T T

Volume (V), veh/h 0 380 582 0 80 602 0 941 274

Percent Heavy Vehicles, % 0 13 3 0 0 2 0 3 1

Flow Rate (vPCE), pc/h 0 467 652 0 87 667 0 1054 301

Right-Turn Bypass None None None Non-Yielding

Conflicting Lanes 2 2 2

Pedestrians Crossing, p/h 0 0 0

Critical and Follow-Up Headway Adjustment
Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Critical Headway (s) 4.6453 4.3276 4.6453 4.3276 4.6453 4.3276

Follow-Up Headway (s) 2.6667 2.5352 2.6667 2.5352 2.6667 2.5352

Flow Computations, Capacity and v/c Ratios
Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Entry Flow (ve), pc/h 467 652 87 667 495 559 301

Entry Volume, veh/h 437 610 85 655 481 542 298

Circulating Flow (vc), pc/h 1521 754 0 554

Exiting Flow (vex), pc/h 0 87 1319 1521

Capacity (cpce), pc/h 675 748 1350 1420 811 887

Capacity (c), veh/h 631 699 1327 1395 787 861

v/c Ratio (x) 0.69 0.87 0.06 0.47 0.61 0.63

Delay and Level of Service
Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Lane Control Delay (d), s/veh 21.0 34.0 3.2 7.2 14.5 14.2

Lane LOS C D A A B B A

95% Queue, veh 5.5 10.5 0.2 2.6 4.2 4.6

Approach Delay, s/veh 28.6 6.7 11.1

Approach LOS D A B

Intersection Delay, s/veh | LOS 15.9 C
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HCS7 Roundabouts Report
General Information Site Information

Analyst ABC Intersection North Lake & SR 2 EB Ramp

Agency or Co. TMS Engineers, Inc. E/W Street Name SR 2 EB Ramps

Date Performed 6/2/2020 N/S Street Name North Lake Street

Analysis Year 2042 Analysis Time Period (hrs) 0.25

Time Analyzed PM Peak Peak Hour Factor 0.92

Project Description Roundabout Control Jurisdiction Amherst, OH

Volume Adjustments and Site Characteristics
Approach EB WB NB SB

Movement U L T R U L T R U L T R U L T R

Number of Lanes (N) 0 1 0 1 0 0 0 0 0 0 1 1 0 1 1 0

Lane Assignment L R T R L T

Volume (V), veh/h 0 197 90 0 485 190 0 541 780

Percent Heavy Vehicles, % 0 2 0 0 0 0 0 1 1

Flow Rate (vPCE), pc/h 0 218 98 0 527 207 0 594 856

Right-Turn Bypass None None None None

Conflicting Lanes 2 2 2

Pedestrians Crossing, p/h 0 0 0

Critical and Follow-Up Headway Adjustment
Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Critical Headway (s) 4.6453 4.3276 4.6453 4.3276 4.6453 4.3276

Follow-Up Headway (s) 2.6667 2.5352 2.6667 2.5352 2.6667 2.5352

Flow Computations, Capacity and v/c Ratios
Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Entry Flow (ve), pc/h 218 98 527 207 594 856

Entry Volume, veh/h 215 97 527 207 588 848

Circulating Flow (vc), pc/h 1450 745 812 0

Exiting Flow (vex), pc/h 801 0 745 954

Capacity (cpce), pc/h 356 414 640 712 1350 1420

Capacity (c), veh/h 351 408 640 712 1337 1406

v/c Ratio (x) 0.61 0.24 0.82 0.29 0.44 0.60

Delay and Level of Service
Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Lane Control Delay (d), s/veh 28.3 12.7 30.6 8.6 7.0 9.4

Lane LOS D B D A A A

95% Queue, veh 3.9 0.9 8.7 1.2 2.3 4.3

Approach Delay, s/veh 23.5 24.4 8.4

Approach LOS C C A

Intersection Delay, s/veh | LOS 15.0 C
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HCS7 Signalized Intersection Results Summary

General Information Intersection Information
Agency TMS Engineers, Inc. Duration, h 0.250
Analyst ABC Analysis Date Jun 2, 2020 Area Type Other
Jurisdiction Lorain, OH Time Period AM Peak PHF 0.92
Urban Street Oak Point Road Analysis Year 2042 Analysis Period 1> 7:00
Intersection @ Buck Horn/Park Square File Name AM 42 BuckHorn QuadNE.xus
Project Description NE Quadrant Roadway

Demand Information EB WB NB SB
Approach Movement L T R L T R L T R L T R
Demand ( v ), veh/h 30 10 50 139 0 22 30 226 195 68 324 30

Signal Information

Green
Yellow
Red

7.0 35.1 7.0 26.9 0.0 0.0
4.0 4.0 4.0 4.0 0.0 0.0
2.0 2.0 2.0 2.0 0.0 0.0

1 2 3 4

5 6 7 8

Cycle, s 100.0 Reference Phase 2
Offset, s 0 Reference Point End
Uncoordinated Yes Simult. Gap E/W On
Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 4 3 8 5 2 1 6
Case Number 7.3 1.0 4.0 1.1 3.0 1.1 4.0
Phase Duration, s 32.9 13.0 45.9 13.0 41.1 13.0 41.1
Change Period, ( Y+R c ), s 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Max Allow Headway ( MAH ), s 3.3 3.1 3.3 3.1 3.1 3.1 3.1
Queue Clearance Time ( g s ), s 4.5 7.8 2.9 3.1 11.7 4.5 19.0
Green Extension Time ( g e ), s 0.2 0.0 0.1 0.0 0.0 0.0 1.6
Phase Call Probability 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Max Out Probability 0.00 1.00 0.37 0.22 1.00 1.00 0.01

Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 7 4 14 3 8 18 5 2 12 1 6 16
Adjusted Flow Rate ( v ), veh/h 43 54 151 24 33 246 212 74 385
Adjusted Saturation Flow Rate ( s ), veh/h/ln 1516 1510 1810 1610 1810 1885 1610 1810 1857
Queue Service Time ( g s ), s 1.3 2.5 5.8 0.9 1.1 9.7 8.8 2.5 17.0
Cycle Queue Clearance Time ( g c ), s 2.0 2.5 5.8 0.9 1.1 9.7 8.8 2.5 17.0
Green Ratio ( g/C ) 0.27 0.34 0.36 0.40 0.42 0.35 0.42 0.42 0.35
Capacity ( c ), veh/h 471 512 553 642 362 662 678 468 652
Volume-to-Capacity Ratio ( X ) 0.092 0.106 0.273 0.037 0.090 0.371 0.313 0.158 0.590
Back of Queue ( Q ), ft/ln ( 95 th percentile) 34.7 41.4 109.5 14.9 19.5 192 143.1 45.1 299.3
Back of Queue ( Q ), veh/ln ( 95 th percentile) 1.4 1.6 4.4 0.6 0.8 7.6 5.7 1.8 11.9
Queue Storage Ratio ( RQ ) ( 95 th percentile) 0.00 0.28 0.00 0.00 0.06 0.00 0.00 0.17 0.00
Uniform Delay ( d 1 ), s/veh 27.4 22.7 22.5 18.3 18.9 24.2 19.3 18.2 26.6
Incremental Delay ( d 2 ), s/veh 0.0 0.0 0.1 0.0 0.0 0.1 0.1 0.1 1.0
Initial Queue Delay ( d 3 ), s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Control Delay ( d ), s/veh 27.4 22.7 22.6 18.3 19.0 24.3 19.4 18.3 27.5
Level of Service (LOS) C C C B B C B B C
Approach Delay, s/veh / LOS 24.8 C 22.0 C 21.9 C 26.0 C
Intersection Delay, s/veh / LOS 23.7 C

Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS
Bicycle LOS Score / LOS
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HCS7 Signalized Intersection Results Summary

General Information Intersection Information
Agency TMS Engineers, Inc. Duration, h 0.250
Analyst ABC Analysis Date Jun 2, 2020 Area Type Other
Jurisdiction Amherst, OH Time Period AM Peak PHF 0.92
Urban Street Oak Point Road Analysis Year 2042 Analysis Period 1> 7:00
Intersection @ Cooper Foster Park … File Name AM 42 CooperFoster QuadNE.xus
Project Description NE Quadrant Roadway

Demand Information EB WB NB SB
Approach Movement L T R L T R L T R L T R
Demand ( v ), veh/h 48 163 220 46 405 404 437 129

Signal Information

Green
Yellow
Red

42.0 36.0 0.0 0.0 0.0 0.0
4.0 4.0 0.0 0.0 0.0 0.0
2.0 2.0 0.0 0.0 0.0 0.0

1 2 3 4

5 6 7 8

Cycle, s 90.0 Reference Phase 2
Offset, s 0 Reference Point End
Uncoordinated Yes Simult. Gap E/W On
Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 4 8 2 6
Case Number 7.0 7.0 7.0 7.0
Phase Duration, s 42.0 42.0 48.0 48.0
Change Period, ( Y+R c ), s 6.0 6.0 6.0 6.0
Max Allow Headway ( MAH ), s 3.2 3.2 3.2 3.2
Queue Clearance Time ( g s ), s 9.1 10.0 20.4 18.3
Green Extension Time ( g e ), s 1.0 0.0 0.0 3.5
Phase Call Probability 1.00 1.00 1.00 1.00
Max Out Probability 0.00 1.00 1.00 0.01

Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 4 14 8 18 2 12 6 16
Adjusted Flow Rate ( v ), veh/h 52 177 239 50 440 439 475 140
Adjusted Saturation Flow Rate ( s ), veh/h/ln 1767 1522 1856 1610 1781 1585 1870 1610
Queue Service Time ( g s ), s 1.6 7.1 8.0 1.7 6.8 18.4 16.3 4.6
Cycle Queue Clearance Time ( g c ), s 1.6 7.1 8.0 1.7 6.8 18.4 16.3 4.6
Green Ratio ( g/C ) 0.40 0.40 0.40 0.40 0.47 0.47 0.47 0.47
Capacity ( c ), veh/h 707 609 742 644 1662 740 873 751
Volume-to-Capacity Ratio ( X ) 0.074 0.291 0.322 0.078 0.265 0.594 0.544 0.187
Back of Queue ( Q ), ft/ln ( 95 th percentile) 31 114 151.5 27.8 118 268.1 274.7 71
Back of Queue ( Q ), veh/ln ( 95 th percentile) 1.2 4.3 5.9 1.1 4.6 10.6 10.8 2.8
Queue Storage Ratio ( RQ ) ( 95 th percentile) 0.00 1.52 0.00 0.00 0.00 2.23 0.00 0.00
Uniform Delay ( d 1 ), s/veh 16.7 18.3 18.6 16.7 14.6 17.7 17.2 14.0
Incremental Delay ( d 2 ), s/veh 0.0 0.1 0.1 0.0 0.0 0.9 0.4 0.0
Initial Queue Delay ( d 3 ), s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Control Delay ( d ), s/veh 16.7 18.4 18.7 16.7 14.6 18.6 17.6 14.1
Level of Service (LOS) B B B B B B B B
Approach Delay, s/veh / LOS 18.0 B 18.4 B 16.6 B 16.8 B
Intersection Delay, s/veh / LOS 17.1 B

Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS
Bicycle LOS Score / LOS
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HCS7 Signalized Intersection Results Summary

General Information Intersection Information
Agency TMS Engineers, Inc. Duration, h 0.250
Analyst ABC Analysis Date Jun 2, 2020 Area Type Other
Jurisdiction Amherst, OH Time Period AM Peak PHF 0.92
Urban Street Cooper Foster Park Road Analysis Year 2042 Analysis Period 1> 7:00
Intersection @ Quadrant Roadway File Name AM 43 Quadrant.xus
Project Description NE Quadrant Roadway

Demand Information EB WB NB SB
Approach Movement L T R L T R L T R L T R
Demand ( v ), veh/h 76 134 125 65 34 199

Signal Information

Green
Yellow
Red

7.0 34.0 31.0 0.0 0.0 0.0
4.0 4.0 4.0 0.0 0.0 0.0
2.0 2.0 2.0 0.0 0.0 0.0

1 2 3 4

5 6 7 8

Cycle, s 90.0 Reference Phase 2
Offset, s 0 Reference Point End
Uncoordinated Yes Simult. Gap E/W On
Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 5 2 6 4
Case Number 1.0 4.0 8.3 9.0
Phase Duration, s 13.0 53.0 40.0 37.0
Change Period, ( Y+R c ), s 6.0 6.0 6.0 6.0
Max Allow Headway ( MAH ), s 3.3 3.2 3.2 3.5
Queue Clearance Time ( g s ), s 4.3 5.7 9.5 10.3
Green Extension Time ( g e ), s 0.0 0.7 0.0 0.6
Phase Call Probability 1.00 1.00 1.00 1.00
Max Out Probability 1.00 0.00 1.00 0.00

Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 5 2 6 16 7 14
Adjusted Flow Rate ( v ), veh/h 83 146 207 37 216
Adjusted Saturation Flow Rate ( s ), veh/h/ln 1767 1856 1748 1767 1572
Queue Service Time ( g s ), s 2.3 3.7 7.5 1.3 8.3
Cycle Queue Clearance Time ( g c ), s 2.3 3.7 7.5 1.3 8.3
Green Ratio ( g/C ) 0.48 0.52 0.38 0.34 0.42
Capacity ( c ), veh/h 561 969 660 609 664
Volume-to-Capacity Ratio ( X ) 0.147 0.150 0.313 0.061 0.326
Back of Queue ( Q ), ft/ln ( 95 th percentile) 41.6 67.8 140.2 24 136.8
Back of Queue ( Q ), veh/ln ( 95 th percentile) 1.6 2.6 5.5 0.9 5.3
Queue Storage Ratio ( RQ ) ( 95 th percentile) 0.00 0.00 0.00 0.00 0.00
Uniform Delay ( d 1 ), s/veh 13.4 11.1 19.8 19.8 17.4
Incremental Delay ( d 2 ), s/veh 0.0 0.0 0.1 0.0 0.1
Initial Queue Delay ( d 3 ), s/veh 0.0 0.0 0.0 0.0 0.0
Control Delay ( d ), s/veh 13.5 11.2 19.9 19.8 17.5
Level of Service (LOS) B B B B B
Approach Delay, s/veh / LOS 12.0 B 19.9 B 0.0 17.9 B
Intersection Delay, s/veh / LOS 16.5 B

Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS
Bicycle LOS Score / LOS
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HCS7 Signalized Intersection Results Summary

General Information Intersection Information
Agency TMS Engineers, Inc. Duration, h 0.250
Analyst ABC Analysis Date Jun 2, 2020 Area Type Other
Jurisdiction Lorain, OH Time Period PM Peak PHF 0.92
Urban Street Oak Point Road Analysis Year 2042 Analysis Period 1> 7:00
Intersection @ Buck Horn/Park Square File Name PM 42 BuckHornQuadNE.xus
Project Description NE Quadrant Roadway

Demand Information EB WB NB SB
Approach Movement L T R L T R L T R L T R
Demand ( v ), veh/h 130 10 60 322 10 108 140 484 464 94 419 120

Signal Information

Green
Yellow
Red

7.0 37.2 15.2 16.6 0.0 0.0
4.0 4.0 4.0 4.0 0.0 0.0
2.0 2.0 2.0 2.0 0.0 0.0

1 2 3 4

5 6 7 8

Cycle, s 100.0 Reference Phase 2
Offset, s 0 Reference Point End
Uncoordinated Yes Simult. Gap E/W On
Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 4 3 8 5 2 1 6
Case Number 7.3 1.0 4.0 1.1 3.0 1.1 4.0
Phase Duration, s 22.6 21.2 43.8 13.0 43.2 13.0 43.2
Change Period, ( Y+R c ), s 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Max Allow Headway ( MAH ), s 3.3 3.1 3.3 3.1 3.2 3.1 3.2
Queue Clearance Time ( g s ), s 13.0 17.2 7.4 7.3 26.3 5.3 32.0
Green Extension Time ( g e ), s 0.3 0.0 0.0 0.0 0.0 0.0 2.1
Phase Call Probability 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Max Out Probability 0.86 1.00 1.00 1.00 1.00 1.00 0.69

Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 7 4 14 3 8 18 5 2 12 1 6 16
Adjusted Flow Rate ( v ), veh/h 152 65 350 128 152 526 504 102 586
Adjusted Saturation Flow Rate ( s ), veh/h/ln 1301 1610 1810 1606 1767 1885 1610 1810 1813
Queue Service Time ( g s ), s 11.0 3.2 15.2 5.4 5.3 24.3 21.7 3.3 30.0
Cycle Queue Clearance Time ( g c ), s 11.0 3.2 15.2 5.4 5.3 24.3 21.7 3.3 30.0
Green Ratio ( g/C ) 0.17 0.24 0.34 0.38 0.44 0.37 0.52 0.44 0.37
Capacity ( c ), veh/h 285 380 425 607 239 701 844 295 674
Volume-to-Capacity Ratio ( X ) 0.533 0.172 0.823 0.211 0.638 0.750 0.598 0.346 0.869
Back of Queue ( Q ), ft/ln ( 95 th percentile) 160.3 55.7 315.4 90.9 107.9 422.5 303.6 61 523.6
Back of Queue ( Q ), veh/ln ( 95 th percentile) 6.4 2.2 12.6 3.6 4.2 16.8 12.1 2.4 20.8
Queue Storage Ratio ( RQ ) ( 95 th percentile) 0.00 0.37 0.00 0.00 0.33 0.00 0.00 0.23 0.00
Uniform Delay ( d 1 ), s/veh 39.4 30.4 28.8 21.0 23.2 27.4 16.5 20.4 29.1
Incremental Delay ( d 2 ), s/veh 1.0 0.1 11.6 0.1 4.3 4.0 0.8 0.3 11.3
Initial Queue Delay ( d 3 ), s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Control Delay ( d ), s/veh 40.4 30.5 40.4 21.1 27.5 31.4 17.3 20.7 40.4
Level of Service (LOS) D C D C C C B C D
Approach Delay, s/veh / LOS 37.4 D 35.2 D 24.9 C 37.5 D
Intersection Delay, s/veh / LOS 31.3 C

Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS
Bicycle LOS Score / LOS
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HCS7 Signalized Intersection Results Summary

General Information Intersection Information
Agency TMS Engineers, Inc. Duration, h 0.250
Analyst ABC Analysis Date Jun 2, 2020 Area Type Other
Jurisdiction Amherst, OH Time Period PM Peak PHF 0.92
Urban Street Oak Point Road Analysis Year 2042 Analysis Period 1> 7:00
Intersection @ Cooper Foster Park … File Name PM 42 CooperFoster QuadNE.xus
Project Description NE Quadrant Roadway

Demand Information EB WB NB SB
Approach Movement L T R L T R L T R L T R
Demand ( v ), veh/h 199 479 582 84 1004 180 736 292

Signal Information

Green
Yellow
Red

47.4 40.6 0.0 0.0 0.0 0.0
4.0 4.0 0.0 0.0 0.0 0.0
2.0 2.0 0.0 0.0 0.0 0.0

1 2 3 4

5 6 7 8

Cycle, s 100.0 Reference Phase 2
Offset, s 0 Reference Point End
Uncoordinated Yes Simult. Gap E/W On
Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 4 8 2 6
Case Number 7.0 7.0 7.0 7.0
Phase Duration, s 46.6 46.6 53.4 53.4
Change Period, ( Y+R c ), s 6.0 6.0 6.0 6.0
Max Allow Headway ( MAH ), s 3.2 3.2 3.1 3.1
Queue Clearance Time ( g s ), s 31.1 33.1 25.2 40.8
Green Extension Time ( g e ), s 0.0 2.4 0.0 3.8
Phase Call Probability 1.00 1.00 1.00 1.00
Max Out Probability 1.00 0.41 1.00 0.70

Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 4 14 8 18 2 12 6 16
Adjusted Flow Rate ( v ), veh/h 216 521 633 91 1091 196 800 317
Adjusted Saturation Flow Rate ( s ), veh/h/ln 1885 1585 1841 1610 1781 1560 1885 1610
Queue Service Time ( g s ), s 7.7 29.1 31.1 3.6 23.2 7.5 38.8 12.9
Cycle Queue Clearance Time ( g c ), s 7.7 29.1 31.1 3.6 23.2 7.5 38.8 12.9
Green Ratio ( g/C ) 0.41 0.41 0.41 0.41 0.47 0.47 0.47 0.47
Capacity ( c ), veh/h 765 643 747 654 1688 739 894 763
Volume-to-Capacity Ratio ( X ) 0.283 0.809 0.846 0.140 0.647 0.265 0.895 0.416
Back of Queue ( Q ), ft/ln ( 95 th percentile) 149.3 438.7 540.2 58.5 360.8 120.3 652.6 202.2
Back of Queue ( Q ), veh/ln ( 95 th percentile) 5.9 17.3 20.9 2.3 14.2 4.7 25.9 8.1
Queue Storage Ratio ( RQ ) ( 95 th percentile) 0.00 5.85 0.00 0.00 0.00 1.00 0.00 0.00
Uniform Delay ( d 1 ), s/veh 19.9 26.3 26.9 18.7 19.9 15.8 24.0 17.2
Incremental Delay ( d 2 ), s/veh 0.1 7.1 8.5 0.0 0.7 0.1 11.2 0.1
Initial Queue Delay ( d 3 ), s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Control Delay ( d ), s/veh 20.0 33.4 35.4 18.7 20.6 15.9 35.3 17.4
Level of Service (LOS) C C D B C B D B
Approach Delay, s/veh / LOS 29.5 C 33.3 C 19.9 B 30.2 C
Intersection Delay, s/veh / LOS 27.2 C

Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS
Bicycle LOS Score / LOS
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HCS7 Signalized Intersection Results Summary

General Information Intersection Information
Agency TMS Engineers, Inc. Duration, h 0.250
Analyst ABC Analysis Date Jun 2, 2020 Area Type Other
Jurisdiction Amherst, OH Time Period PM Peak PHF 0.92
Urban Street Cooper Foster Park Road Analysis Year 2042 Analysis Period 1> 7:00
Intersection @ Quadrant Roadway File Name PM 43 Quadrant.xus
Project Description NE Quadrant Roadway

Demand Information EB WB NB SB
Approach Movement L T R L T R L T R L T R
Demand ( v ), veh/h 199 303 53 121 42 496

Signal Information

Green
Yellow
Red

7.0 34.7 40.3 0.0 0.0 0.0
4.0 4.0 4.0 0.0 0.0 0.0
2.0 2.0 2.0 0.0 0.0 0.0

1 2 3 4

5 6 7 8

Cycle, s 100.0 Reference Phase 2
Offset, s 0 Reference Point End
Uncoordinated Yes Simult. Gap E/W On
Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 5 2 6 4
Case Number 1.0 4.0 8.3 9.0
Phase Duration, s 13.0 53.7 40.7 46.3
Change Period, ( Y+R c ), s 6.0 6.0 6.0 6.0
Max Allow Headway ( MAH ), s 3.3 3.2 3.2 3.5
Queue Clearance Time ( g s ), s 9.0 13.3 10.5 29.5
Green Extension Time ( g e ), s 0.0 1.1 0.0 1.3
Phase Call Probability 1.00 1.00 1.00 1.00
Max Out Probability 1.00 0.00 1.00 0.04

Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 5 2 6 16 7 14
Adjusted Flow Rate ( v ), veh/h 216 329 189 46 539
Adjusted Saturation Flow Rate ( s ), veh/h/ln 1767 1856 1649 1767 1572
Queue Service Time ( g s ), s 7.0 11.3 8.5 1.6 27.5
Cycle Queue Clearance Time ( g c ), s 7.0 11.3 8.5 1.6 27.5
Green Ratio ( g/C ) 0.44 0.48 0.35 0.40 0.47
Capacity ( c ), veh/h 507 885 572 712 744
Volume-to-Capacity Ratio ( X ) 0.427 0.372 0.331 0.064 0.725
Back of Queue ( Q ), ft/ln ( 95 th percentile) 147.8 214.2 153.4 30.2 403
Back of Queue ( Q ), veh/ln ( 95 th percentile) 5.8 8.4 6.0 1.2 15.7
Queue Storage Ratio ( RQ ) ( 95 th percentile) 0.00 0.00 0.00 0.00 0.00
Uniform Delay ( d 1 ), s/veh 19.5 16.6 24.1 18.3 21.1
Incremental Delay ( d 2 ), s/veh 0.2 0.1 0.1 0.0 3.1
Initial Queue Delay ( d 3 ), s/veh 0.0 0.0 0.0 0.0 0.0
Control Delay ( d ), s/veh 19.7 16.7 24.2 18.3 24.2
Level of Service (LOS) B B C B C
Approach Delay, s/veh / LOS 17.9 B 24.2 C 0.0 23.7 C
Intersection Delay, s/veh / LOS 21.4 C

Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS
Bicycle LOS Score / LOS
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HCS7 Signalized Intersection Results Summary

General Information Intersection Information
Agency TMS Engineers, Inc. Duration, h 0.250
Analyst ABC Analysis Date Jun 2, 2020 Area Type Other
Jurisdiction Lorain, OH Time Period AM Peak PHF 0.92
Urban Street Oak Point Road Analysis Year 2042 Analysis Period 1> 7:00
Intersection @ Buck Horn/Park Square File Name AM 42 BuckHorn BP.xus
Project Description By-Pass Roadway

Demand Information EB WB NB SB
Approach Movement L T R L T R L T R L T R
Demand ( v ), veh/h 42 46 50 139 55 10 30 226 30 108 324 30

Signal Information

Green
Yellow
Red

7.0 34.6 7.0 27.4 0.0 0.0
4.0 4.0 4.0 4.0 0.0 0.0
2.0 2.0 2.0 2.0 0.0 0.0

1 2 3 4

5 6 7 8

Cycle, s 100.0 Reference Phase 2
Offset, s 0 Reference Point End
Uncoordinated Yes Simult. Gap E/W On
Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 7 4 3 8 5 2 1 6
Case Number 1.1 4.0 1.1 4.0 1.1 3.0 1.1 4.0
Phase Duration, s 13.0 33.4 13.0 33.4 13.0 40.6 13.0 40.6
Change Period, ( Y+R c ), s 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Max Allow Headway ( MAH ), s 3.1 3.2 3.1 3.2 3.1 3.1 3.1 3.1
Queue Clearance Time ( g s ), s 3.7 6.6 8.0 4.9 3.1 11.8 6.1 19.1
Green Extension Time ( g e ), s 0.0 0.3 0.0 0.1 0.0 0.0 0.0 1.2
Phase Call Probability 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Max Out Probability 0.73 0.00 1.00 1.00 0.22 1.00 1.00 0.00

Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 7 4 14 3 8 18 5 2 12 1 6 16
Adjusted Flow Rate ( v ), veh/h 46 104 151 71 33 246 33 117 385
Adjusted Saturation Flow Rate ( s ), veh/h/ln 1810 1737 1810 1849 1810 1885 1610 1810 1857
Queue Service Time ( g s ), s 1.7 4.6 6.0 2.9 1.1 9.8 1.2 4.1 17.1
Cycle Queue Clearance Time ( g c ), s 1.7 4.6 6.0 2.9 1.1 9.8 1.2 4.1 17.1
Green Ratio ( g/C ) 0.34 0.27 0.34 0.27 0.42 0.35 0.42 0.42 0.35
Capacity ( c ), veh/h 503 476 471 507 356 652 670 461 642
Volume-to-Capacity Ratio ( X ) 0.091 0.219 0.321 0.139 0.092 0.377 0.049 0.255 0.599
Back of Queue ( Q ), ft/ln ( 95 th percentile) 32 85.8 112.7 56.7 19.7 193.4 19.7 74.4 302
Back of Queue ( Q ), veh/ln ( 95 th percentile) 1.3 3.4 4.5 2.3 0.8 7.7 0.8 3.0 12.0
Queue Storage Ratio ( RQ ) ( 95 th percentile) 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.29 0.00
Uniform Delay ( d 1 ), s/veh 22.2 28.0 23.7 27.4 19.3 24.6 17.4 19.0 27.0
Incremental Delay ( d 2 ), s/veh 0.0 0.1 0.1 0.0 0.0 0.1 0.0 0.1 1.1
Initial Queue Delay ( d 3 ), s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Control Delay ( d ), s/veh 22.2 28.1 23.9 27.4 19.3 24.7 17.4 19.1 28.1
Level of Service (LOS) C C C C B C B B C
Approach Delay, s/veh / LOS 26.3 C 25.0 C 23.4 C 26.0 C
Intersection Delay, s/veh / LOS 25.2 C

Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS
Bicycle LOS Score / LOS
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HCS7 Signalized Intersection Results Summary

General Information Intersection Information
Agency TMS Engineers, Inc. Duration, h 0.250
Analyst ABC Analysis Date Jun 2, 2020 Area Type Other
Jurisdiction Amherst, OH Time Period AM Peak PHF 0.92
Urban Street Oak Point Road Analysis Year 2042 Analysis Period 1> 7:00
Intersection @ Cooper Foster Park … File Name AM 42 CooperFoster BP.xus
Project Description By-Pass Roadway

Demand Information EB WB NB SB
Approach Movement L T R L T R L T R L T R
Demand ( v ), veh/h 0 163 0 46 165 240 404 467 46

Signal Information

Green
Yellow
Red

7.0 37.5 27.5 0.0 0.0 0.0
4.0 4.0 4.0 0.0 0.0 0.0
2.0 2.0 2.0 0.0 0.0 0.0

1 2 3 4

5 6 7 8

Cycle, s 90.0 Reference Phase 2
Offset, s 0 Reference Point End
Uncoordinated Yes Simult. Gap E/W On
Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 4 8 5 2 6
Case Number 7.0 8.0 1.0 3.0 7.3
Phase Duration, s 33.5 33.5 13.0 56.5 43.5
Change Period, ( Y+R c ), s 6.0 6.0 6.0 6.0 6.0
Max Allow Headway ( MAH ), s 3.4 3.4 3.1 3.2 3.2
Queue Clearance Time ( g s ), s 9.3 4.1 7.0 17.1 21.6
Green Extension Time ( g e ), s 0.4 0.1 0.0 0.0 2.6
Phase Call Probability 1.00 1.00 1.00 1.00 1.00
Max Out Probability 0.00 1.00 1.00 1.00 0.04

Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 4 14 8 18 5 2 12 6 16
Adjusted Flow Rate ( v ), veh/h 0 177 50 179 261 439 508 50
Adjusted Saturation Flow Rate ( s ), veh/h/ln 1767 1522 1572 1753 1870 1585 1870 1610
Queue Service Time ( g s ), s 0.0 7.3 2.1 5.0 6.4 15.1 19.6 1.7
Cycle Queue Clearance Time ( g c ), s 0.0 7.3 2.1 5.0 6.4 15.1 19.6 1.7
Green Ratio ( g/C ) 0.31 0.38 0.31 0.52 0.56 0.56 0.42 0.42
Capacity ( c ), veh/h 540 584 480 391 1049 889 779 671
Volume-to-Capacity Ratio ( X ) 0.000 0.304 0.104 0.459 0.249 0.494 0.651 0.075
Back of Queue ( Q ), ft/ln ( 95 th percentile) 0 118 34.1 84.4 109.9 213.9 331.2 26.8
Back of Queue ( Q ), veh/ln ( 95 th percentile) 0.0 4.5 1.3 3.3 4.3 8.4 13.0 1.1
Queue Storage Ratio ( RQ ) ( 95 th percentile) 0.00 0.00 0.00 0.70 0.00 1.78 0.00 0.00
Uniform Delay ( d 1 ), s/veh 0.0 19.4 22.4 15.0 10.1 12.0 21.0 15.8
Incremental Delay ( d 2 ), s/veh 0.0 0.1 0.0 0.3 0.0 0.2 1.5 0.0
Initial Queue Delay ( d 3 ), s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Control Delay ( d ), s/veh 0.0 19.5 22.5 15.3 10.1 12.1 22.5 15.8
Level of Service (LOS) B C B B B C B
Approach Delay, s/veh / LOS 19.5 B 22.5 C 12.2 B 21.9 C
Intersection Delay, s/veh / LOS 16.5 B

Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS
Bicycle LOS Score / LOS
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HCS7 Two-Way Stop-Control Report
General Information Site Information

Analyst ABC Intersection Cooper Foster & West

Agency/Co. TMS Engineers, Inc. Jurisdiction Amherst, OH

Date Performed 6/2/2020 East/West Street Cooper Foster Park Road

Analysis Year 2042 North/South Street By-Pass Roadway West

Time Analyzed AM Peak Peak Hour Factor 0.92

Intersection Orientation East-West Analysis Time Period (hrs) 0.25

Project Description By-Pass Roadway

Lanes

Major Street: East-West

Vehicle Volumes and Adjustments
Approach Eastbound Westbound Northbound Southbound

Movement U L T R U L T R U L T R U L T R

Priority 1U 1 2 3 4U 4 5 6 7 8 9 10 11 12

Number of Lanes 0 1 1 0 0 0 1 0 0 0 0 1 0 1

Configuration L T TR L R

Volume (veh/h) 48 163 165 10 28 27

Percent Heavy Vehicles (%) 2 2 2

Proportion Time Blocked

Percent Grade (%) 0

Right Turn Channelized No

Median Type | Storage Undivided

Critical and Follow-up Headways
Base Critical Headway (sec) 4.1 7.1 6.2

Critical Headway (sec) 4.12 6.42 6.22

Base Follow-Up Headway (sec) 2.2 3.5 3.3

Follow-Up Headway (sec) 2.22 3.52 3.32

Delay, Queue Length, and Level of Service
Flow Rate, v (veh/h) 52 30 29

Capacity, c (veh/h) 1384 534 857

v/c Ratio 0.04 0.06 0.03

95% Queue Length, Q₉₅ (veh) 0.1 0.2 0.1

Control Delay (s/veh) 7.7 12.2 9.3

Level of Service (LOS) A B A

Approach Delay (s/veh) 1.8 10.8

Approach LOS B
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HCS7 Two-Way Stop-Control Report
General Information Site Information

Analyst ABC Intersection Buck Horn & By-Pass

Agency/Co. TMS Engineers, Inc. Jurisdiction Amherst, OH

Date Performed 6/2/2020 East/West Street Buck Horn Boulevard

Analysis Year 2042 North/South Street By-Pass Roadway West

Time Analyzed AM Peak Peak Hour Factor 0.92

Intersection Orientation East-West Analysis Time Period (hrs) 0.25

Project Description By-Pass Roadway

Lanes

Major Street: East-West

Vehicle Volumes and Adjustments
Approach Eastbound Westbound Northbound Southbound

Movement U L T R U L T R U L T R U L T R

Priority 1U 1 2 3 4U 4 5 6 7 8 9 10 11 12

Number of Lanes 0 0 1 0 0 0 1 0 0 1 0 0 0 0

Configuration TR LT LR

Volume (veh/h) 90 10 55 60 10 48

Percent Heavy Vehicles (%) 2 2 2

Proportion Time Blocked

Percent Grade (%) 0

Right Turn Channelized

Median Type | Storage Undivided

Critical and Follow-up Headways
Base Critical Headway (sec) 4.1 7.1 6.2

Critical Headway (sec) 4.12 6.42 6.22

Base Follow-Up Headway (sec) 2.2 3.5 3.3

Follow-Up Headway (sec) 2.22 3.52 3.32

Delay, Queue Length, and Level of Service
Flow Rate, v (veh/h) 60 63

Capacity, c (veh/h) 1482 888

v/c Ratio 0.04 0.07

95% Queue Length, Q₉₅ (veh) 0.1 0.2

Control Delay (s/veh) 7.5 9.4

Level of Service (LOS) A A

Approach Delay (s/veh) 3.8 9.4

Approach LOS A
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HCS7 Two-Way Stop-Control Report
General Information Site Information

Analyst ABC Intersection Cooper Foster & East

Agency/Co. TMS Engineers, Inc. Jurisdiction Amherst, OH

Date Performed 6/2/2020 East/West Street Cooper Foster Park Road

Analysis Year 2042 North/South Street By-Pass Roadway East

Time Analyzed AM Peak Peak Hour Factor 0.92

Intersection Orientation East-West Analysis Time Period (hrs) 0.25

Project Description By-Pass Roadway

Lanes

Major Street: East-West

Vehicle Volumes and Adjustments
Approach Eastbound Westbound Northbound Southbound

Movement U L T R U L T R U L T R U L T R

Priority 1U 1 2 3 4U 4 5 6 7 8 9 10 11 12

Number of Lanes 0 0 1 0 0 0 1 0 0 0 0 0 1 0

Configuration LT TR LR

Volume (veh/h) 92 150 98 92 52 52

Percent Heavy Vehicles (%) 2 2 2

Proportion Time Blocked

Percent Grade (%) 0

Right Turn Channelized

Median Type | Storage Undivided

Critical and Follow-up Headways
Base Critical Headway (sec) 4.1 7.1 6.2

Critical Headway (sec) 4.12 6.42 6.22

Base Follow-Up Headway (sec) 2.2 3.5 3.3

Follow-Up Headway (sec) 2.22 3.52 3.32

Delay, Queue Length, and Level of Service
Flow Rate, v (veh/h) 100 113

Capacity, c (veh/h) 1365 619

v/c Ratio 0.07 0.18

95% Queue Length, Q₉₅ (veh) 0.2 0.7

Control Delay (s/veh) 7.8 12.1

Level of Service (LOS) A B

Approach Delay (s/veh) 3.4 12.1

Approach LOS B
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HCS7 Signalized Intersection Results Summary

General Information Intersection Information
Agency TMS Engineers, Inc. Duration, h 0.250
Analyst ABC Analysis Date Jun 2, 2020 Area Type Other
Jurisdiction Lorain, OH Time Period PM Peak PHF 0.92
Urban Street Oak Point Road Analysis Year 2042 Analysis Period 1> 7:00
Intersection @ Buck Horn/Park Square File Name PM 42 BuckHorn BP.xus
Project Description By-Pass Roadway

Demand Information EB WB NB SB
Approach Movement L T R L T R L T R L T R
Demand ( v ), veh/h 208 131 60 322 138 30 140 484 10 94 419 120

Signal Information

Green
Yellow
Red

7.0 36.7 7.0 1.6 17.7 0.0
4.0 4.0 4.0 4.0 4.0 0.0
2.0 2.0 2.0 2.0 2.0 0.0

1 2 3 4

5 6 7 8

Cycle, s 100.0 Reference Phase 2
Offset, s 0 Reference Point End
Uncoordinated Yes Simult. Gap E/W On
Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 7 4 3 8 5 2 1 6
Case Number 1.1 4.0 1.1 4.0 1.1 3.0 1.1 4.0
Phase Duration, s 13.0 23.7 20.6 31.3 13.0 42.7 13.0 42.7
Change Period, ( Y+R c ), s 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Max Allow Headway ( MAH ), s 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1
Queue Clearance Time ( g s ), s 9.0 12.8 16.6 10.4 7.3 26.5 5.4 32.2
Green Extension Time ( g e ), s 0.0 0.4 0.0 0.0 0.0 0.0 0.0 1.3
Phase Call Probability 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Max Out Probability 1.00 0.29 1.00 1.00 1.00 1.00 1.00 0.66

Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 7 4 14 3 8 18 5 2 12 1 6 16
Adjusted Flow Rate ( v ), veh/h 226 208 350 183 152 526 11 102 586
Adjusted Saturation Flow Rate ( s ), veh/h/ln 1810 1784 1810 1812 1767 1885 1610 1810 1813
Queue Service Time ( g s ), s 7.0 10.8 14.6 8.4 5.3 24.5 0.3 3.4 30.2
Cycle Queue Clearance Time ( g c ), s 7.0 10.8 14.6 8.4 5.3 24.5 0.3 3.4 30.2
Green Ratio ( g/C ) 0.25 0.18 0.34 0.25 0.44 0.37 0.51 0.44 0.37
Capacity ( c ), veh/h 381 316 418 458 232 692 826 289 665
Volume-to-Capacity Ratio ( X ) 0.594 0.657 0.837 0.398 0.655 0.760 0.013 0.353 0.881
Back of Queue ( Q ), ft/ln ( 95 th percentile) 70.1 217.8 318.2 165.2 111.2 427.8 5.1 61.7 534.4
Back of Queue ( Q ), veh/ln ( 95 th percentile) 2.8 8.6 12.7 6.5 4.3 17.0 0.2 2.5 21.2
Queue Storage Ratio ( RQ ) ( 95 th percentile) 0.00 0.00 0.00 0.00 0.34 0.00 0.00 0.24 0.00
Uniform Delay ( d 1 ), s/veh 33.6 38.3 28.8 31.0 23.5 27.8 11.9 20.8 29.6
Incremental Delay ( d 2 ), s/veh 1.7 3.9 13.2 0.2 5.2 4.4 0.0 0.3 12.6
Initial Queue Delay ( d 3 ), s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Control Delay ( d ), s/veh 35.4 42.3 42.0 31.2 28.7 32.2 11.9 21.0 42.2
Level of Service (LOS) D D D C C C B C D
Approach Delay, s/veh / LOS 38.7 D 38.3 D 31.1 C 39.1 D
Intersection Delay, s/veh / LOS 36.5 D

Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS
Bicycle LOS Score / LOS
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HCS7 Signalized Intersection Results Summary

General Information Intersection Information
Agency TMS Engineers, Inc. Duration, h 0.250
Analyst ABC Analysis Date Jun 2, 2020 Area Type Other
Jurisdiction Amherst, OH Time Period PM Peak PHF 0.92
Urban Street Oak Point Road Analysis Year 2042 Analysis Period 1> 7:00
Intersection @ Cooper Foster Park … File Name PM 42 CooperFoster BP.xus
Project Description By-Pass Roadway

Demand Information EB WB NB SB
Approach Movement L T R L T R L T R L T R
Demand ( v ), veh/h 0 479 0 84 454 550 180 736 65

Signal Information

Green
Yellow
Red

25.5 45.0 11.5 0.0 0.0 0.0
4.0 4.0 4.0 0.0 0.0 0.0
2.0 2.0 2.0 0.0 0.0 0.0

1 2 3 4

5 6 7 8

Cycle, s 100.0 Reference Phase 2
Offset, s 0 Reference Point End
Uncoordinated Yes Simult. Gap E/W On
Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 4 8 5 2 6
Case Number 7.0 8.0 1.0 3.0 7.3
Phase Duration, s 17.5 17.5 31.5 82.5 51.0
Change Period, ( Y+R c ), s 6.0 6.0 6.0 6.0 6.0
Max Allow Headway ( MAH ), s 3.4 3.4 3.1 3.1 3.1
Queue Clearance Time ( g s ), s 13.5 7.5 22.9 13.0 42.5
Green Extension Time ( g e ), s 0.0 0.0 0.3 0.0 1.2
Phase Call Probability 1.00 1.00 1.00 1.00 1.00
Max Out Probability 1.00 1.00 1.00 1.00 1.00

Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 4 14 8 18 5 2 12 6 16
Adjusted Flow Rate ( v ), veh/h 0 521 91 493 598 196 800 71
Adjusted Saturation Flow Rate ( s ), veh/h/ln 1885 1585 1560 1767 1870 1560 1885 1610
Queue Service Time ( g s ), s 0.0 11.5 5.5 20.9 11.0 3.4 40.5 2.5
Cycle Queue Clearance Time ( g c ), s 0.0 11.5 5.5 20.9 11.0 3.4 40.5 2.5
Green Ratio ( g/C ) 0.12 0.37 0.11 0.72 0.76 0.76 0.45 0.45
Capacity ( c ), veh/h 217 586 179 552 1431 1193 848 725
Volume-to-Capacity Ratio ( X ) 0.000 0.888 0.509 0.893 0.418 0.164 0.943 0.098
Back of Queue ( Q ), ft/ln ( 95 th percentile) 0 498.3 99.1 498.2 139.5 36 724.8 40.6
Back of Queue ( Q ), veh/ln ( 95 th percentile) 0.0 19.6 3.8 19.5 5.5 1.4 28.8 1.6
Queue Storage Ratio ( RQ ) ( 95 th percentile) 0.00 0.00 0.00 4.15 0.00 0.30 0.00 0.00
Uniform Delay ( d 1 ), s/veh 0.0 29.6 41.6 27.6 4.1 3.2 26.3 15.8
Incremental Delay ( d 2 ), s/veh 0.0 14.9 1.0 16.3 0.1 0.0 18.3 0.0
Initial Queue Delay ( d 3 ), s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Control Delay ( d ), s/veh 0.0 44.4 42.6 43.9 4.1 3.2 44.6 15.8
Level of Service (LOS) D D D A A D B
Approach Delay, s/veh / LOS 44.4 D 42.6 D 19.2 B 42.3 D
Intersection Delay, s/veh / LOS 32.0 C

Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS
Bicycle LOS Score / LOS
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HCS7 Two-Way Stop-Control Report
General Information Site Information

Analyst ABC Intersection Cooper Foster & West

Agency/Co. TMS Engineers, Inc. Jurisdiction Amherst, OH

Date Performed 6/2/2020 East/West Street Cooper Foster Park Road

Analysis Year 2042 North/South Street By-Pass Roadway West

Time Analyzed PM Peak Peak Hour Factor 0.92

Intersection Orientation East-West Analysis Time Period (hrs) 0.25

Project Description By-Pass Roadway

Lanes

Major Street: East-West

Vehicle Volumes and Adjustments
Approach Eastbound Westbound Northbound Southbound

Movement U L T R U L T R U L T R U L T R

Priority 1U 1 2 3 4U 4 5 6 7 8 9 10 11 12

Number of Lanes 0 1 1 0 0 0 1 0 0 0 0 1 0 1

Configuration L T TR L R

Volume (veh/h) 199 479 454 10 64 64

Percent Heavy Vehicles (%) 2 2 2

Proportion Time Blocked

Percent Grade (%) 0

Right Turn Channelized No

Median Type | Storage Undivided

Critical and Follow-up Headways
Base Critical Headway (sec) 4.1 7.1 6.2

Critical Headway (sec) 4.12 6.42 6.22

Base Follow-Up Headway (sec) 2.2 3.5 3.3

Follow-Up Headway (sec) 2.22 3.52 3.32

Delay, Queue Length, and Level of Service
Flow Rate, v (veh/h) 216 70 70

Capacity, c (veh/h) 1060 114 572

v/c Ratio 0.20 0.61 0.12

95% Queue Length, Q₉₅ (veh) 0.8 3.0 0.4

Control Delay (s/veh) 9.3 76.3 12.2

Level of Service (LOS) A F B

Approach Delay (s/veh) 2.7 44.2

Approach LOS E
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HCS7 Two-Way Stop-Control Report
General Information Site Information

Analyst ABC Intersection Buck Horn & By-Pass

Agency/Co. TMS Engineers, Inc. Jurisdiction Amherst, OH

Date Performed 6/2/2020 East/West Street Buck Horn Boulevard

Analysis Year 2042 North/South Street By-Pass Roadway West

Time Analyzed PM Peak Peak Hour Factor 0.92

Intersection Orientation East-West Analysis Time Period (hrs) 0.25

Project Description By-Pass Roadway

Lanes

Major Street: East-West

Vehicle Volumes and Adjustments
Approach Eastbound Westbound Northbound Southbound

Movement U L T R U L T R U L T R U L T R

Priority 1U 1 2 3 4U 4 5 6 7 8 9 10 11 12

Number of Lanes 0 0 1 0 0 0 1 0 0 1 0 0 0 0

Configuration TR LT LR

Volume (veh/h) 200 10 128 270 10 199

Percent Heavy Vehicles (%) 2 2 2

Proportion Time Blocked

Percent Grade (%) 0

Right Turn Channelized

Median Type | Storage Undivided

Critical and Follow-up Headways
Base Critical Headway (sec) 4.1 7.1 6.2

Critical Headway (sec) 4.12 6.42 6.22

Base Follow-Up Headway (sec) 2.2 3.5 3.3

Follow-Up Headway (sec) 2.22 3.52 3.32

Delay, Queue Length, and Level of Service
Flow Rate, v (veh/h) 139 227

Capacity, c (veh/h) 1340 758

v/c Ratio 0.10 0.30

95% Queue Length, Q₉₅ (veh) 0.3 1.3

Control Delay (s/veh) 8.0 11.8

Level of Service (LOS) A B

Approach Delay (s/veh) 3.2 11.8

Approach LOS B
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HCS7 Two-Way Stop-Control Report
General Information Site Information

Analyst ABC Intersection Cooper Foster & East

Agency/Co. TMS Engineers, Inc. Jurisdiction Amherst, OH

Date Performed 6/2/2020 East/West Street Cooper Foster Park Road

Analysis Year 2042 North/South Street By-Pass Roadway East

Time Analyzed PM Peak Peak Hour Factor 0.92

Intersection Orientation East-West Analysis Time Period (hrs) 0.25

Project Description By-Pass Roadway

Lanes

Major Street: East-West

Vehicle Volumes and Adjustments
Approach Eastbound Westbound Northbound Southbound

Movement U L T R U L T R U L T R U L T R

Priority 1U 1 2 3 4U 4 5 6 7 8 9 10 11 12

Number of Lanes 0 0 1 0 0 0 1 0 0 0 0 0 1 0

Configuration LT TR LR

Volume (veh/h) 185 100 79 185 101 102

Percent Heavy Vehicles (%) 2 2 2

Proportion Time Blocked

Percent Grade (%) 0

Right Turn Channelized

Median Type | Storage Undivided

Critical and Follow-up Headways
Base Critical Headway (sec) 4.1 7.1 6.2

Critical Headway (sec) 4.12 6.42 6.22

Base Follow-Up Headway (sec) 2.2 3.5 3.3

Follow-Up Headway (sec) 2.22 3.52 3.32

Delay, Queue Length, and Level of Service
Flow Rate, v (veh/h) 201 221

Capacity, c (veh/h) 1275 486

v/c Ratio 0.16 0.45

95% Queue Length, Q₉₅ (veh) 0.6 2.3

Control Delay (s/veh) 8.4 18.4

Level of Service (LOS) A C

Approach Delay (s/veh) 5.9 18.4

Approach LOS C
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Area-Wide Planning Study  City of Amherst, Ohio

Appendix Q
Alternative #5 - 2042 Capacity Analysis Worksheets 

TMS Engineers, Inc.



HCS7 Signalized Intersection Results Summary

General Information Intersection Information
Agency TMS Engineers, Inc. Duration, h 0.250
Analyst ABC Analysis Date Jun 2, 2020 Area Type Other
Jurisdiction Amherst, OH Time Period AM Peak PHF 0.92
Urban Street Oak Point Road Analysis Year 2042 Analysis Period 1> 7:00
Intersection @ Cooper Foster Park … File Name AM 42 CooperFoster BowTie.xus
Project Description Bow Tie

Demand Information EB WB NB SB
Approach Movement L T R L T R L T R L T R
Demand ( v ), veh/h 116 292 349 58 240 569 338 114

Signal Information

Green
Yellow
Red

39.2 38.8 0.0 0.0 0.0 0.0
4.0 4.0 0.0 0.0 0.0 0.0
2.0 2.0 0.0 0.0 0.0 0.0

1 2 3 4

5 6 7 8

Cycle, s 90.0 Reference Phase 2
Offset, s 0 Reference Point End
Uncoordinated Yes Simult. Gap E/W On
Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 4 8 2 6
Case Number 7.0 7.0 7.0 7.0
Phase Duration, s 44.8 44.8 45.2 45.2
Change Period, ( Y+R c ), s 6.0 6.0 6.0 6.0
Max Allow Headway ( MAH ), s 3.2 3.2 3.2 3.2
Queue Clearance Time ( g s ), s 8.8 15.2 16.4 14.4
Green Extension Time ( g e ), s 0.0 1.9 3.4 0.0
Phase Call Probability 1.00 1.00 1.00 1.00
Max Out Probability 1.00 0.00 0.01 1.00

Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 4 14 8 18 2 12 6 16
Adjusted Flow Rate ( v ), veh/h 126 317 379 63 261 618 367 124
Adjusted Saturation Flow Rate ( s ), veh/h/ln 1767 1347 1856 1610 1870 1403 1870 1610
Queue Service Time ( g s ), s 3.9 6.8 13.2 2.1 8.2 14.4 12.4 4.2
Cycle Queue Clearance Time ( g c ), s 3.9 6.8 13.2 2.1 8.2 14.4 12.4 4.2
Green Ratio ( g/C ) 0.43 0.43 0.43 0.43 0.44 0.44 0.44 0.44
Capacity ( c ), veh/h 762 1162 800 694 815 1222 815 701
Volume-to-Capacity Ratio ( X ) 0.166 0.273 0.474 0.091 0.320 0.506 0.451 0.177
Back of Queue ( Q ), ft/ln ( 95 th percentile) 73.2 95.5 233.2 33 153.6 199 222.7 67
Back of Queue ( Q ), veh/ln ( 95 th percentile) 2.7 3.6 9.1 1.3 6.0 7.8 8.8 2.7
Queue Storage Ratio ( RQ ) ( 95 th percentile) 0.00 1.27 0.00 0.00 0.00 1.66 0.00 0.00
Uniform Delay ( d 1 ), s/veh 15.7 16.5 18.3 15.2 16.7 18.4 17.8 15.5
Incremental Delay ( d 2 ), s/veh 0.0 0.0 0.2 0.0 0.1 0.1 0.1 0.0
Initial Queue Delay ( d 3 ), s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Control Delay ( d ), s/veh 15.7 16.6 18.5 15.2 16.7 18.5 18.0 15.6
Level of Service (LOS) B B B B B B B B
Approach Delay, s/veh / LOS 16.3 B 18.0 B 18.0 B 17.4 B
Intersection Delay, s/veh / LOS 17.5 B

Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS
Bicycle LOS Score / LOS
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HCS7 Roundabouts Report
General Information Site Information

Analyst ABC Intersection Cooper Foster & West BT

Agency or Co. TMS Engineers, Inc. E/W Street Name Cooper Foster Park Road

Date Performed 6/2/2020 N/S Street Name West Bow Tie

Analysis Year 2042 Analysis Time Period (hrs) 0.25

Time Analyzed AM Peak Peak Hour Factor 0.92

Project Description Bow Tie Jurisdiction Amherst, OH

Volume Adjustments and Site Characteristics
Approach EB WB NB SB

Movement U L T R U L T R U L T R U L T R

Number of Lanes (N) 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0

Lane Assignment T T

Volume (V), veh/h 0 211 197 266

Percent Heavy Vehicles, % 0 2 2 2

Flow Rate (vPCE), pc/h 0 234 218 295

Right-Turn Bypass None None None None

Conflicting Lanes 1 1

Pedestrians Crossing, p/h 0 0

Critical and Follow-Up Headway Adjustment
Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Critical Headway (s) 4.9763 4.9763

Follow-Up Headway (s) 2.6087 2.6087

Flow Computations, Capacity and v/c Ratios
Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Entry Flow (ve), pc/h 234 513

Entry Volume, veh/h 229 503

Circulating Flow (vc), pc/h 218 0 452 513

Exiting Flow (vex), pc/h 452 295 0 0

Capacity (cpce), pc/h 1105 1380

Capacity (c), veh/h 1083 1353

v/c Ratio (x) 0.21 0.37

Delay and Level of Service
Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Lane Control Delay (d), s/veh 5.3 6.1

Lane LOS A A

95% Queue, veh 0.8 1.7

Approach Delay, s/veh 5.3 6.1

Approach LOS A A

Intersection Delay, s/veh | LOS 5.8 A
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HCS7 Roundabouts Report
General Information Site Information

Analyst ABC Intersection Cooper Foster & East BT

Agency or Co. TMS Engineers, Inc. E/W Street Name Cooper Foster Park Road

Date Performed 6/2/2020 N/S Street Name East Bow Tie

Analysis Year 2042 Analysis Time Period (hrs) 0.25

Time Analyzed AM Peak Peak Hour Factor 0.92

Project Description Bow Tie Jurisdiction Amherst, OH

Volume Adjustments and Site Characteristics
Approach EB WB NB SB

Movement U L T R U L T R U L T R U L T R

Number of Lanes (N) 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0

Lane Assignment T T

Volume (V), veh/h 177 168 0 190

Percent Heavy Vehicles, % 2 2 2 2

Flow Rate (vPCE), pc/h 196 186 0 211

Right-Turn Bypass None None None None

Conflicting Lanes 1 1

Pedestrians Crossing, p/h 0 0

Critical and Follow-Up Headway Adjustment
Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Critical Headway (s) 4.9763 4.9763

Follow-Up Headway (s) 2.6087 2.6087

Flow Computations, Capacity and v/c Ratios
Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Entry Flow (ve), pc/h 382 211

Entry Volume, veh/h 375 207

Circulating Flow (vc), pc/h 0 196 382 407

Exiting Flow (vex), pc/h 186 407 0 0

Capacity (cpce), pc/h 1380 1130

Capacity (c), veh/h 1353 1108

v/c Ratio (x) 0.28 0.19

Delay and Level of Service
Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Lane Control Delay (d), s/veh 5.1 4.9

Lane LOS A A

95% Queue, veh 1.1 0.7

Approach Delay, s/veh 5.1 4.9

Approach LOS A A

Intersection Delay, s/veh | LOS 5.0 A
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HCS7 Signalized Intersection Results Summary

General Information Intersection Information
Agency TMS Engineers, Inc. Duration, h 0.250
Analyst ABC Analysis Date Jun 2, 2020 Area Type Other
Jurisdiction Amherst, OH Time Period PM Peak PHF 0.92
Urban Street Oak Point Road Analysis Year 2042 Analysis Period 1> 7:00
Intersection @ Cooper Foster Park … File Name PM 42 CooperFoster BowTie.xus
Project Description Bow Tie

Demand Information EB WB NB SB
Approach Movement L T R L T R L T R L T R
Demand ( v ), veh/h 283 721 824 162 550 634 494 149

Signal Information

Green
Yellow
Red

36.7 51.3 0.0 0.0 0.0 0.0
4.0 4.0 0.0 0.0 0.0 0.0
2.0 2.0 0.0 0.0 0.0 0.0

1 2 3 4

5 6 7 8

Cycle, s 100.0 Reference Phase 2
Offset, s 0 Reference Point End
Uncoordinated Yes Simult. Gap E/W On
Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 4 8 2 6
Case Number 7.0 7.0 7.0 7.0
Phase Duration, s 57.3 57.3 42.7 42.7
Change Period, ( Y+R c ), s 6.0 6.0 6.0 6.0
Max Allow Headway ( MAH ), s 3.2 3.2 3.2 3.2
Queue Clearance Time ( g s ), s 20.9 48.2 31.7 27.2
Green Extension Time ( g e ), s 0.0 2.0 2.6 0.0
Phase Call Probability 1.00 1.00 1.00 1.00
Max Out Probability 1.00 1.00 0.78 1.00

Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 4 14 8 18 2 12 6 16
Adjusted Flow Rate ( v ), veh/h 308 784 896 176 598 689 537 162
Adjusted Saturation Flow Rate ( s ), veh/h/ln 1885 1403 1841 1610 1870 1381 1885 1610
Queue Service Time ( g s ), s 9.5 18.9 46.2 6.0 29.7 21.1 25.2 7.1
Cycle Queue Clearance Time ( g c ), s 9.5 18.9 46.2 6.0 29.7 21.1 25.2 7.1
Green Ratio ( g/C ) 0.51 0.51 0.51 0.51 0.37 0.37 0.37 0.37
Capacity ( c ), veh/h 967 1439 944 826 686 1013 692 591
Volume-to-Capacity Ratio ( X ) 0.318 0.545 0.948 0.213 0.871 0.680 0.776 0.274
Back of Queue ( Q ), ft/ln ( 95 th percentile) 174.9 244.9 792.2 93.2 539 288.1 440.7 118.1
Back of Queue ( Q ), veh/ln ( 95 th percentile) 6.9 9.6 30.7 3.7 21.2 11.2 17.5 4.7
Queue Storage Ratio ( RQ ) ( 95 th percentile) 0.00 3.27 0.00 0.00 0.00 2.40 0.00 0.00
Uniform Delay ( d 1 ), s/veh 14.2 16.5 23.1 13.3 29.4 26.7 28.0 22.3
Incremental Delay ( d 2 ), s/veh 0.1 0.2 17.9 0.0 11.3 1.5 5.1 0.1
Initial Queue Delay ( d 3 ), s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Control Delay ( d ), s/veh 14.2 16.7 41.0 13.4 40.7 28.2 33.1 22.4
Level of Service (LOS) B B D B D C C C
Approach Delay, s/veh / LOS 16.0 B 36.5 D 34.0 C 30.6 C
Intersection Delay, s/veh / LOS 29.3 C

Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS
Bicycle LOS Score / LOS
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HCS7 Roundabouts Report
General Information Site Information

Analyst ABC Intersection Cooper Foster & West BT

Agency or Co. TMS Engineers, Inc. E/W Street Name Cooper Foster Park Road

Date Performed 6/2/2020 N/S Street Name West Bow Tie

Analysis Year 2042 Analysis Time Period (hrs) 0.25

Time Analyzed PM Peak Peak Hour Factor 0.92

Project Description Bow Tie Jurisdiction Amherst, OH

Volume Adjustments and Site Characteristics
Approach EB WB NB SB

Movement U L T R U L T R U L T R U L T R

Number of Lanes (N) 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0

Lane Assignment T T

Volume (V), veh/h 0 678 326 647

Percent Heavy Vehicles, % 0 2 2 2

Flow Rate (vPCE), pc/h 0 752 361 717

Right-Turn Bypass None None None None

Conflicting Lanes 1 1

Pedestrians Crossing, p/h 0 0

Critical and Follow-Up Headway Adjustment
Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Critical Headway (s) 4.9763 4.9763

Follow-Up Headway (s) 2.6087 2.6087

Flow Computations, Capacity and v/c Ratios
Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Entry Flow (ve), pc/h 752 1078

Entry Volume, veh/h 737 1057

Circulating Flow (vc), pc/h 361 0 1113 1078

Exiting Flow (vex), pc/h 1113 717 0 0

Capacity (cpce), pc/h 955 1380

Capacity (c), veh/h 936 1353

v/c Ratio (x) 0.79 0.78

Delay and Level of Service
Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Lane Control Delay (d), s/veh 20.4 15.3

Lane LOS C C

95% Queue, veh 8.3 8.7

Approach Delay, s/veh 20.4 15.3

Approach LOS C C

Intersection Delay, s/veh | LOS 17.4 C
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HCS7 Roundabouts Report
General Information Site Information

Analyst ABC Intersection Cooper Foster & East BT

Agency or Co. TMS Engineers, Inc. E/W Street Name Cooper Foster Park Road

Date Performed 6/2/2020 N/S Street Name East Bow Tie

Analysis Year 2042 Analysis Time Period (hrs) 0.25

Time Analyzed PM Peak Peak Hour Factor 0.92

Project Description Bow Tie Jurisdiction Amherst, OH

Volume Adjustments and Site Characteristics
Approach EB WB NB SB

Movement U L T R U L T R U L T R U L T R

Number of Lanes (N) 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0

Lane Assignment T T

Volume (V), veh/h 532 345 0 264

Percent Heavy Vehicles, % 2 2 2 2

Flow Rate (vPCE), pc/h 590 382 0 293

Right-Turn Bypass None None None None

Conflicting Lanes 1 1

Pedestrians Crossing, p/h 0 0

Critical and Follow-Up Headway Adjustment
Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Critical Headway (s) 4.9763 4.9763

Follow-Up Headway (s) 2.6087 2.6087

Flow Computations, Capacity and v/c Ratios
Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Entry Flow (ve), pc/h 972 293

Entry Volume, veh/h 953 287

Circulating Flow (vc), pc/h 0 590 972 883

Exiting Flow (vex), pc/h 382 883 0 0

Capacity (cpce), pc/h 1380 756

Capacity (c), veh/h 1353 741

v/c Ratio (x) 0.70 0.39

Delay and Level of Service
Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Lane Control Delay (d), s/veh 12.2 9.8

Lane LOS B A

95% Queue, veh 6.3 1.8

Approach Delay, s/veh 12.2 9.8

Approach LOS B A

Intersection Delay, s/veh | LOS 11.7 B

Copyright © 2020 University of Florida. All Rights Reserved. HCS™ Roundabouts Version 7.8.5 Generated: 6/29/2020 10:09:20 AM
PM 42 EastBT.xro



Area-Wide Planning Study  City of Amherst, Ohio

Appendix R
Alternative #6 - 2042 Capacity Analysis Worksheets 

TMS Engineers, Inc.



HCS7 Roundabouts Report
General Information Site Information

Analyst ABC Intersection Oak Point & North Bow Tie

Agency or Co. TMS Engineers, Inc. E/W Street Name North Bow Tie

Date Performed 6/2/22020 N/S Street Name Oak Point Road

Analysis Year 2042 Analysis Time Period (hrs) 0.25

Time Analyzed AM Peak Peak Hour Factor 0.92

Project Description Major Bow Tie Jurisdiction Amherst, OH

Volume Adjustments and Site Characteristics
Approach EB WB NB SB

Movement U L T R U L T R U L T R U L T R

Number of Lanes (N) 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0

Lane Assignment T T

Volume (V), veh/h 184 278 0 462

Percent Heavy Vehicles, % 2 2 0 2

Flow Rate (vPCE), pc/h 204 308 0 512

Right-Turn Bypass None None None None

Conflicting Lanes 1 1

Pedestrians Crossing, p/h 0 0

Critical and Follow-Up Headway Adjustment
Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Critical Headway (s) 4.9763 4.9763

Follow-Up Headway (s) 2.6087 2.6087

Flow Computations, Capacity and v/c Ratios
Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Entry Flow (ve), pc/h 512 512

Entry Volume, veh/h 502 502

Circulating Flow (vc), pc/h 716 512 0 204

Exiting Flow (vex), pc/h 0 0 308 716

Capacity (cpce), pc/h 1380 1121

Capacity (c), veh/h 1353 1099

v/c Ratio (x) 0.37 0.46

Delay and Level of Service
Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Lane Control Delay (d), s/veh 6.1 8.3

Lane LOS A A

95% Queue, veh 1.7 2.4

Approach Delay, s/veh 6.1 8.3

Approach LOS A A

Intersection Delay, s/veh | LOS 7.2 A

Copyright © 2020 University of Florida. All Rights Reserved. HCS™ Roundabouts Version 7.8.5 Generated: 6/29/2020 12:57:18 PM
PM 42 OakMajorBT.xro



HCS7 Signalized Intersection Results Summary

General Information Intersection Information
Agency TMS Engineers, Inc. Duration, h 0.250
Analyst ABC Analysis Date Jun 2, 2020 Area Type Other
Jurisdiction Lorain, OH Time Period AM Peak PHF 0.92
Urban Street Oak Point Road Analysis Year 2042 Analysis Period 1> 7:00
Intersection @ Buck Horn/Park Square File Name AM 42 BuckHorn MajorBT.xus
Project Description Major Bow Tie

Demand Information EB WB NB SB
Approach Movement L T R L T R L T R L T R
Demand ( v ), veh/h 30 10 50 10 0 10 30 422 30 40 576 30

Signal Information

Green
Yellow
Red

7.0 41.0 24.0 0.0 0.0 0.0
4.0 4.0 4.0 0.0 0.0 0.0
2.0 2.0 2.0 0.0 0.0 0.0

1 2 3 4

5 6 7 8

Cycle, s 90.0 Reference Phase 2
Offset, s 0 Reference Point End
Uncoordinated Yes Simult. Gap E/W On
Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 4 8 5 2 1 6
Case Number 7.0 8.0 1.1 4.0 1.1 4.0
Phase Duration, s 30.0 30.0 13.0 47.0 13.0 47.0
Change Period, ( Y+R c ), s 6.0 6.0 6.0 6.0 6.0 6.0
Max Allow Headway ( MAH ), s 3.2 3.2 3.1 3.0 3.1 3.0
Queue Clearance Time ( g s ), s 4.2 2.8 2.8 19.6 3.0 28.7
Green Extension Time ( g e ), s 0.2 0.1 0.0 0.0 0.0 2.1
Phase Call Probability 1.00 1.00 1.00 1.00 1.00 1.00
Max Out Probability 0.00 0.32 0.13 1.00 0.23 0.07

Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 7 4 14 3 8 18 5 2 12 1 6 16
Adjusted Flow Rate ( v ), veh/h 43 54 22 33 491 43 659
Adjusted Saturation Flow Rate ( s ), veh/h/ln 1531 1510 1532 1810 1863 1810 1869
Queue Service Time ( g s ), s 0.9 2.2 0.0 0.8 17.6 1.0 26.7
Cycle Queue Clearance Time ( g c ), s 1.8 2.2 0.8 0.8 17.6 1.0 26.7
Green Ratio ( g/C ) 0.27 0.34 0.27 0.53 0.46 0.53 0.46
Capacity ( c ), veh/h 478 520 468 329 849 440 851
Volume-to-Capacity Ratio ( X ) 0.091 0.105 0.046 0.099 0.579 0.099 0.774
Back of Queue ( Q ), ft/ln ( 95 th percentile) 30.7 36 15.2 12.9 291.3 17.2 433.9
Back of Queue ( Q ), veh/ln ( 95 th percentile) 1.2 1.4 0.6 0.5 11.6 0.7 17.2
Queue Storage Ratio ( RQ ) ( 95 th percentile) 0.00 0.24 0.00 0.04 0.00 0.07 0.00
Uniform Delay ( d 1 ), s/veh 24.8 20.1 24.5 14.7 18.1 12.3 20.6
Incremental Delay ( d 2 ), s/veh 0.0 0.0 0.0 0.0 0.7 0.0 4.1
Initial Queue Delay ( d 3 ), s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Control Delay ( d ), s/veh 24.8 20.1 24.5 14.8 18.8 12.3 24.7
Level of Service (LOS) C C C B B B C
Approach Delay, s/veh / LOS 22.2 C 24.5 C 18.5 B 23.9 C
Intersection Delay, s/veh / LOS 21.7 C

Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS
Bicycle LOS Score / LOS
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HCS7 Signalized Intersection Results Summary

General Information Intersection Information
Agency TMS Engineers, Inc. Duration, h 0.250
Analyst ABC Analysis Date Jun 2, 2020 Area Type Other
Jurisdiction Amherst, OH Time Period AM Peak PHF 0.92
Urban Street Oak Point Road Analysis Year 2042 Analysis Period 1> 7:00
Intersection @ Cooper Foster Park … File Name AM 42 CooperFoster MajorBT.xus
Project Description Major Bow Tie

Demand Information EB WB NB SB
Approach Movement L T R L T R L T R L T R
Demand ( v ), veh/h 0 211 0 230 165 252 440 467 101

Signal Information

Green
Yellow
Red

7.0 36.8 28.2 0.0 0.0 0.0
4.0 4.0 4.0 0.0 0.0 0.0
2.0 2.0 2.0 0.0 0.0 0.0

1 2 3 4

5 6 7 8

Cycle, s 90.0 Reference Phase 2
Offset, s 0 Reference Point End
Uncoordinated Yes Simult. Gap E/W On
Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 4 8 5 2 6
Case Number 7.0 7.0 1.0 3.0 7.3
Phase Duration, s 34.2 34.2 13.0 55.8 42.8
Change Period, ( Y+R c ), s 6.0 6.0 6.0 6.0 6.0
Max Allow Headway ( MAH ), s 3.4 3.4 3.1 3.2 3.2
Queue Clearance Time ( g s ), s 7.1 7.9 7.0 19.4 21.8
Green Extension Time ( g e ), s 1.3 0.0 0.0 0.0 2.8
Phase Call Probability 1.00 1.00 1.00 1.00 1.00
Max Out Probability 0.00 1.00 1.00 1.00 0.07

Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 4 14 8 18 5 2 12 6 16
Adjusted Flow Rate ( v ), veh/h 0 229 0 250 179 274 478 508 110
Adjusted Saturation Flow Rate ( s ), veh/h/ln 1767 1347 1856 1425 1753 1870 1585 1870 1610
Queue Service Time ( g s ), s 0.0 5.1 0.0 5.9 5.0 6.9 17.4 19.8 3.9
Cycle Queue Clearance Time ( g c ), s 0.0 5.1 0.0 5.9 5.0 6.9 17.4 19.8 3.9
Green Ratio ( g/C ) 0.31 0.39 0.31 0.31 0.51 0.55 0.55 0.41 0.41
Capacity ( c ), veh/h 554 1054 581 893 382 1035 877 765 658
Volume-to-Capacity Ratio ( X ) 0.000 0.218 0.000 0.280 0.470 0.265 0.545 0.664 0.167
Back of Queue ( Q ), ft/ln ( 95 th percentile) 0 72.3 0 87.1 86.3 118.9 241.7 337.1 62.1
Back of Queue ( Q ), veh/ln ( 95 th percentile) 0.0 2.7 0.0 3.5 3.3 4.7 9.5 13.3 2.5
Queue Storage Ratio ( RQ ) ( 95 th percentile) 0.00 0.96 0.00 0.00 0.72 0.00 2.01 0.00 0.00
Uniform Delay ( d 1 ), s/veh 0.0 18.2 0.0 23.3 15.4 10.5 12.9 21.6 16.9
Incremental Delay ( d 2 ), s/veh 0.0 0.0 0.0 0.1 0.3 0.1 0.4 1.8 0.0
Initial Queue Delay ( d 3 ), s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Control Delay ( d ), s/veh 0.0 18.3 0.0 23.3 15.8 10.6 13.3 23.3 16.9
Level of Service (LOS) B C B B B C B
Approach Delay, s/veh / LOS 18.3 B 23.3 C 12.9 B 22.2 C
Intersection Delay, s/veh / LOS 17.6 B

Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS
Bicycle LOS Score / LOS
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HCS7 Signalized Intersection Results Summary

General Information Intersection Information
Agency TMS Engineers, Inc. Duration, h 0.250
Analyst ABC Analysis Date Jun 2, 2020 Area Type Other
Jurisdiction Amherst, OH Time Period AM Peak PHF 0.92
Urban Street North Lake Street Analysis Year 2042 Analysis Period 1> 7:00
Intersection @ SR 2 WB Ramps File Name AM 42 Westbound2 MajorBT.xus
Project Description Major Bow Tie

Demand Information EB WB NB SB
Approach Movement L T R L T R L T R L T R
Demand ( v ), veh/h 80 388 50 469 526 151

Signal Information

Green
Yellow
Red

47.0 31.0 0.0 0.0 0.0 0.0
4.0 4.0 0.0 0.0 0.0 0.0
2.0 2.0 0.0 0.0 0.0 0.0

1 2 3 4

5 6 7 8

Cycle, s 90.0 Reference Phase 2
Offset, s 0 Reference Point End
Uncoordinated Yes Simult. Gap E/W On
Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 8 2 6
Case Number 9.0 6.0 7.0
Phase Duration, s 37.0 53.0 53.0
Change Period, ( Y+R c ), s 6.0 6.0 6.0
Max Allow Headway ( MAH ), s 3.3 3.1 3.1
Queue Clearance Time ( g s ), s 12.5 25.4 21.1
Green Extension Time ( g e ), s 1.3 0.0 2.8
Phase Call Probability 1.00 1.00 1.00
Max Out Probability 0.00 1.00 0.00

Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 3 18 5 2 6 16
Adjusted Flow Rate ( v ), veh/h 87 422 54 510 572 164
Adjusted Saturation Flow Rate ( s ), veh/h/ln 1626 1392 854 1870 1856 1598
Queue Service Time ( g s ), s 3.3 10.5 4.2 16.1 19.1 4.9
Cycle Queue Clearance Time ( g c ), s 3.3 10.5 23.4 16.1 19.1 4.9
Green Ratio ( g/C ) 0.34 0.34 0.52 0.52 0.52 0.52
Capacity ( c ), veh/h 560 959 344 977 969 834
Volume-to-Capacity Ratio ( X ) 0.155 0.440 0.158 0.522 0.590 0.197
Back of Queue ( Q ), ft/ln ( 95 th percentile) 61 152.7 37.3 263.5 305.8 73.7
Back of Queue ( Q ), veh/ln ( 95 th percentile) 2.2 6.0 1.5 10.4 11.9 2.9
Queue Storage Ratio ( RQ ) ( 95 th percentile) 0.44 0.00 0.22 0.00 0.00 0.61
Uniform Delay ( d 1 ), s/veh 20.4 22.8 22.9 14.1 14.8 11.4
Incremental Delay ( d 2 ), s/veh 0.0 0.1 0.1 0.2 0.7 0.0
Initial Queue Delay ( d 3 ), s/veh 0.0 0.0 0.0 0.0 0.0 0.0
Control Delay ( d ), s/veh 20.5 22.9 23.0 14.4 15.5 11.5
Level of Service (LOS) C C C B B B
Approach Delay, s/veh / LOS 0.0 22.5 C 15.2 B 14.6 B
Intersection Delay, s/veh / LOS 17.0 B

Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS
Bicycle LOS Score / LOS
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HCS7 Signalized Intersection Results Summary

General Information Intersection Information
Agency TMS Engineers, Inc. Duration, h 0.250
Analyst ABC Analysis Date Jun 2, 2020 Area Type Other
Jurisdiction Amherst, OH Time Period AM Peak PHF 0.92
Urban Street North Lake Street Analysis Year 2042 Analysis Period 1> 7:00
Intersection @ SR 2 EB Ramps File Name AM 42 Eastbound2 MajorBT.xus
Project Description Major Bow Tie

Demand Information EB WB NB SB
Approach Movement L T R L T R L T R L T R
Demand ( v ), veh/h 192 40 327 330 364 243

Signal Information

Green
Yellow
Red

7.0 38.8 26.2 0.0 0.0 0.0
4.0 4.0 4.0 0.0 0.0 0.0
2.0 2.0 2.0 0.0 0.0 0.0

1 2 3 4

5 6 7 8

Cycle, s 90.0 Reference Phase 2
Offset, s 0 Reference Point End
Uncoordinated Yes Simult. Gap E/W On
Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 4 2 1 6
Case Number 9.0 7.3 1.0 4.0
Phase Duration, s 32.2 44.8 13.0 57.8
Change Period, ( Y+R c ), s 6.0 6.0 6.0 6.0
Max Allow Headway ( MAH ), s 3.2 3.2 3.1 3.2
Queue Clearance Time ( g s ), s 10.5 16.7 9.0 8.5
Green Extension Time ( g e ), s 0.4 0.0 0.0 2.0
Phase Call Probability 1.00 1.00 1.00 1.00
Max Out Probability 0.00 1.00 1.00 0.00

Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 7 14 2 12 1 6
Adjusted Flow Rate ( v ), veh/h 209 43 355 359 396 264
Adjusted Saturation Flow Rate ( s ), veh/h/ln 1767 1560 1885 1610 1753 1811
Queue Service Time ( g s ), s 8.5 1.8 11.9 14.7 7.0 6.5
Cycle Queue Clearance Time ( g c ), s 8.5 1.8 11.9 14.7 7.0 6.5
Green Ratio ( g/C ) 0.29 0.29 0.43 0.43 0.53 0.58
Capacity ( c ), veh/h 514 454 813 694 518 1042
Volume-to-Capacity Ratio ( X ) 0.406 0.096 0.437 0.517 0.764 0.253
Back of Queue ( Q ), ft/ln ( 95 th percentile) 160.7 30.6 215.3 223.2 211.4 110
Back of Queue ( Q ), veh/ln ( 95 th percentile) 6.3 1.2 8.5 8.9 8.2 4.2
Queue Storage Ratio ( RQ ) ( 95 th percentile) 0.85 0.00 0.00 0.00 1.24 0.00
Uniform Delay ( d 1 ), s/veh 25.6 23.3 17.9 18.7 19.8 9.5
Incremental Delay ( d 2 ), s/veh 0.2 0.0 0.1 0.3 6.0 0.0
Initial Queue Delay ( d 3 ), s/veh 0.0 0.0 0.0 0.0 0.0 0.0
Control Delay ( d ), s/veh 25.8 23.3 18.1 19.0 25.8 9.5
Level of Service (LOS) C C B B C A
Approach Delay, s/veh / LOS 25.4 C 0.0 18.6 B 19.3 B
Intersection Delay, s/veh / LOS 19.9 B

Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS
Bicycle LOS Score / LOS
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HCS7 Roundabouts Report
General Information Site Information

Analyst ABC Intersection North Lake & South BT

Agency or Co. TMS Engineers, Inc. E/W Street Name South Bow Tie

Date Performed 6/2/2020 N/S Street Name North Lake Street

Analysis Year 2042 Analysis Time Period (hrs) 0.25

Time Analyzed AM Peak Peak Hour Factor 0.92

Project Description Major Bow Tie Jurisdiction Amherst, OH

Volume Adjustments and Site Characteristics
Approach EB WB NB SB

Movement U L T R U L T R U L T R U L T R

Number of Lanes (N) 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0

Lane Assignment T T

Volume (V), veh/h 0 609 48 235

Percent Heavy Vehicles, % 0 2 2 2

Flow Rate (vPCE), pc/h 0 675 53 261

Right-Turn Bypass None None None None

Conflicting Lanes 1 1

Pedestrians Crossing, p/h 0 0

Critical and Follow-Up Headway Adjustment
Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Critical Headway (s) 4.9763 4.9763

Follow-Up Headway (s) 2.6087 2.6087

Flow Computations, Capacity and v/c Ratios
Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Entry Flow (ve), pc/h 675 314

Entry Volume, veh/h 662 308

Circulating Flow (vc), pc/h 314 728 53 0

Exiting Flow (vex), pc/h 0 0 728 261

Capacity (cpce), pc/h 1307 1380

Capacity (c), veh/h 1282 1353

v/c Ratio (x) 0.52 0.23

Delay and Level of Service
Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Lane Control Delay (d), s/veh 8.3 4.6

Lane LOS A A

95% Queue, veh 3.1 0.9

Approach Delay, s/veh 8.3 4.6

Approach LOS A A

Intersection Delay, s/veh | LOS 7.2 A
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HCS7 Roundabouts Report
General Information Site Information

Analyst ABC Intersection Oak Point & North Bow Tie

Agency or Co. TMS Engineers, Inc. E/W Street Name North Bow Tie

Date Performed 6/2/22020 N/S Street Name Oak Point Road

Analysis Year 2042 Analysis Time Period (hrs) 0.25

Time Analyzed PM Peak Peak Hour Factor 0.92

Project Description Major Bow Tie Jurisdiction Amherst, OH

Volume Adjustments and Site Characteristics
Approach EB WB NB SB

Movement U L T R U L T R U L T R U L T R

Number of Lanes (N) 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0

Lane Assignment T T

Volume (V), veh/h 370 722 0 633

Percent Heavy Vehicles, % 2 2 0 2

Flow Rate (vPCE), pc/h 410 800 0 702

Right-Turn Bypass None None None None

Conflicting Lanes 1 1

Pedestrians Crossing, p/h 0 0

Critical and Follow-Up Headway Adjustment
Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Critical Headway (s) 4.9763 4.9763

Follow-Up Headway (s) 2.6087 2.6087

Flow Computations, Capacity and v/c Ratios
Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Entry Flow (ve), pc/h 1210 702

Entry Volume, veh/h 1186 688

Circulating Flow (vc), pc/h 1112 1210 0 410

Exiting Flow (vex), pc/h 0 0 800 1112

Capacity (cpce), pc/h 1380 908

Capacity (c), veh/h 1353 891

v/c Ratio (x) 0.88 0.77

Delay and Level of Service
Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Lane Control Delay (d), s/veh 22.0 20.2

Lane LOS C C

95% Queue, veh 13.1 7.8

Approach Delay, s/veh 22.0 20.2

Approach LOS C C

Intersection Delay, s/veh | LOS 21.3 C
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HCS7 Signalized Intersection Results Summary

General Information Intersection Information
Agency TMS Engineers, Inc. Duration, h 0.250
Analyst ABC Analysis Date Jun 2, 2020 Area Type Other
Jurisdiction Lorain, OH Time Period AM Peak PHF 0.92
Urban Street Oak Point Road Analysis Year 2042 Analysis Period 1> 7:00
Intersection @ Buck Horn/Park Square File Name PM 42 BuckHorn MajorBT.xus
Project Description Major Bow Tie

Demand Information EB WB NB SB
Approach Movement L T R L T R L T R L T R
Demand ( v ), veh/h 130 10 60 80 10 30 140 932 10 10 873 120

Signal Information

Green
Yellow
Red

7.0 59.8 15.2 0.0 0.0 0.0
4.0 4.0 4.0 0.0 0.0 0.0
2.0 2.0 2.0 0.0 0.0 0.0

1 2 3 4

5 6 7 8

Cycle, s 100.0 Reference Phase 2
Offset, s 0 Reference Point End
Uncoordinated Yes Simult. Gap E/W On
Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 4 8 5 2 1 6
Case Number 7.0 8.0 1.1 4.0 1.1 4.0
Phase Duration, s 21.2 21.2 13.0 65.8 13.0 65.8
Change Period, ( Y+R c ), s 6.0 6.0 6.0 6.0 6.0 6.0
Max Allow Headway ( MAH ), s 3.2 3.2 3.1 3.1 3.1 3.1
Queue Clearance Time ( g s ), s 12.2 9.6 5.8 50.0 2.2 58.7
Green Extension Time ( g e ), s 0.2 0.0 0.0 0.0 0.0 0.8
Phase Call Probability 1.00 1.00 1.00 1.00 1.00 1.00
Max Out Probability 1.00 1.00 1.00 1.00 0.02 1.00

Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 7 4 14 3 8 18 5 2 12 1 6 16
Adjusted Flow Rate ( v ), veh/h 152 65 130 152 1024 11 1079
Adjusted Saturation Flow Rate ( s ), veh/h/ln 1412 1510 1555 1810 1882 1810 1845
Queue Service Time ( g s ), s 2.7 3.5 0.0 3.8 48.0 0.2 56.7
Cycle Queue Clearance Time ( g c ), s 10.2 3.5 7.6 3.8 48.0 0.2 56.7
Green Ratio ( g/C ) 0.15 0.22 0.15 0.67 0.60 0.67 0.60
Capacity ( c ), veh/h 284 335 296 205 1125 253 1103
Volume-to-Capacity Ratio ( X ) 0.536 0.195 0.440 0.743 0.910 0.043 0.978
Back of Queue ( Q ), ft/ln ( 95 th percentile) 160.5 60.8 132.2 123.6 733 5.5 913
Back of Queue ( Q ), veh/ln ( 95 th percentile) 6.4 2.3 5.3 4.9 29.1 0.2 36.2
Queue Storage Ratio ( RQ ) ( 95 th percentile) 0.00 0.41 0.00 0.37 0.00 0.02 0.00
Uniform Delay ( d 1 ), s/veh 40.3 31.6 39.1 27.0 17.7 18.3 19.5
Incremental Delay ( d 2 ), s/veh 1.1 0.1 0.4 12.2 10.7 0.0 21.8
Initial Queue Delay ( d 3 ), s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Control Delay ( d ), s/veh 41.4 31.7 39.5 39.2 28.4 18.3 41.3
Level of Service (LOS) D C D D C B D
Approach Delay, s/veh / LOS 38.5 D 39.5 D 29.8 C 41.1 D
Intersection Delay, s/veh / LOS 35.7 D

Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS
Bicycle LOS Score / LOS
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HCS7 Signalized Intersection Results Summary

General Information Intersection Information
Agency TMS Engineers, Inc. Duration, h 0.250
Analyst ABC Analysis Date Jun 2, 2020 Area Type Other
Jurisdiction Amherst, OH Time Period PM Peak PHF 0.92
Urban Street Oak Point Road Analysis Year 2042 Analysis Period 1> 7:00
Intersection @ Cooper Foster Park … File Name PM 42 CooperFoster MajorBT.xus
Project Description Major Bow Tie

Demand Information EB WB NB SB
Approach Movement L T R L T R L T R L T R
Demand ( v ), veh/h 0 678 0 454 140 932 10 10 873 120

Signal Information

Green
Yellow
Red

7.0 55.4 19.6 0.0 0.0 0.0
4.0 4.0 4.0 0.0 0.0 0.0
2.0 2.0 2.0 0.0 0.0 0.0

1 2 3 4

5 6 7 8

Cycle, s 100.0 Reference Phase 2
Offset, s 0 Reference Point End
Uncoordinated Yes Simult. Gap E/W On
Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 4 8 5 2 6
Case Number 7.0 7.0 1.0 3.0 6.3
Phase Duration, s 25.6 25.6 13.0 74.4 61.4
Change Period, ( Y+R c ), s 6.0 6.0 6.0 6.0 6.0
Max Allow Headway ( MAH ), s 3.4 3.4 3.1 3.1 3.1
Queue Clearance Time ( g s ), s 21.6 18.8 6.3 39.3 57.4
Green Extension Time ( g e ), s 0.0 0.4 0.0 0.0 0.0
Phase Call Probability 1.00 1.00 1.00 1.00 1.00
Max Out Probability 1.00 1.00 1.00 1.00 1.00

Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 4 14 8 18 5 2 12 1 6 16
Adjusted Flow Rate ( v ), veh/h 0 737 0 493 152 1013 11 11 1079
Adjusted Saturation Flow Rate ( s ), veh/h/ln 1885 1403 1841 1425 1767 1870 1560 552 1845
Queue Service Time ( g s ), s 0.0 19.6 0.0 16.8 4.3 37.3 0.2 1.4 55.4
Cycle Queue Clearance Time ( g c ), s 0.0 19.6 0.0 16.8 4.3 37.3 0.2 25.8 55.4
Green Ratio ( g/C ) 0.20 0.27 0.20 0.20 0.64 0.68 0.68 0.55 0.55
Capacity ( c ), veh/h 369 746 361 559 196 1279 1067 243 1022
Volume-to-Capacity Ratio ( X ) 0.000 0.988 0.000 0.883 0.778 0.792 0.010 0.045 1.056
Back of Queue ( Q ), ft/ln ( 95 th percentile) 0 439.8 0 279.8 130.9 502.6 2.9 8.3 1143.8
Back of Queue ( Q ), veh/ln ( 95 th percentile) 0.0 17.3 0.0 11.2 5.1 19.8 0.1 0.3 45.4
Queue Storage Ratio ( RQ ) ( 95 th percentile) 0.00 5.86 0.00 0.00 1.09 0.00 0.02 0.02 0.00
Uniform Delay ( d 1 ), s/veh 0.0 36.5 0.0 39.1 27.4 10.9 5.0 24.3 22.3
Incremental Delay ( d 2 ), s/veh 0.0 29.7 0.0 14.9 16.3 3.2 0.0 0.0 44.1
Initial Queue Delay ( d 3 ), s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Control Delay ( d ), s/veh 0.0 66.2 0.0 54.0 43.7 14.1 5.0 24.3 66.4
Level of Service (LOS) E D D B A C F
Approach Delay, s/veh / LOS 66.2 E 54.0 D 17.8 B 66.0 E
Intersection Delay, s/veh / LOS 48.2 D

Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS
Bicycle LOS Score / LOS
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HCS7 Signalized Intersection Results Summary

General Information Intersection Information
Agency TMS Engineers, Inc. Duration, h 0.250
Analyst ABC Analysis Date Jun 2, 2020 Area Type Other
Jurisdiction Amherst, OH Time Period PM Peak PHF 0.92
Urban Street North Lake Street Analysis Year 2042 Analysis Period 1> 7:00
Intersection @ SR 2 WB Ramps File Name PM 42 Westbound2 MajorBT.xus
Project Description Major Bow Tie

Demand Information EB WB NB SB
Approach Movement L T R L T R L T R L T R
Demand ( v ), veh/h 380 582 80 801 1140 274

Signal Information

Green
Yellow
Red

67.7 20.3 0.0 0.0 0.0 0.0
4.0 4.0 0.0 0.0 0.0 0.0
2.0 2.0 0.0 0.0 0.0 0.0

1 2 3 4

5 6 7 8

Cycle, s 100.0 Reference Phase 2
Offset, s 0 Reference Point End
Uncoordinated Yes Simult. Gap E/W On
Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 8 2 6
Case Number 9.0 6.0 7.0
Phase Duration, s 26.3 73.7 73.7
Change Period, ( Y+R c ), s 6.0 6.0 6.0
Max Allow Headway ( MAH ), s 3.3 3.2 3.2
Queue Clearance Time ( g s ), s 22.3 69.7 65.4
Green Extension Time ( g e ), s 0.0 0.0 1.8
Phase Call Probability 1.00 1.00 1.00
Max Out Probability 1.00 1.00 1.00

Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 3 18 5 2 6 16
Adjusted Flow Rate ( v ), veh/h 413 633 87 871 1239 298
Adjusted Saturation Flow Rate ( s ), veh/h/ln 1795 1414 456 1870 1870 1585
Queue Service Time ( g s ), s 20.3 20.3 4.3 28.1 63.4 7.5
Cycle Queue Clearance Time ( g c ), s 20.3 20.3 67.7 28.1 63.4 7.5
Green Ratio ( g/C ) 0.20 0.20 0.68 0.68 0.68 0.68
Capacity ( c ), veh/h 364 574 91 1266 1266 1073
Volume-to-Capacity Ratio ( X ) 1.133 1.102 0.950 0.688 0.979 0.278
Back of Queue ( Q ), ft/ln ( 95 th percentile) 660.3 478.6 184.5 387 952.5 99.4
Back of Queue ( Q ), veh/ln ( 95 th percentile) 26.2 19.0 7.4 15.2 37.5 3.9
Queue Storage Ratio ( RQ ) ( 95 th percentile) 4.72 0.00 1.09 0.00 0.00 0.83
Uniform Delay ( d 1 ), s/veh 39.9 39.9 49.5 9.8 15.5 6.4
Incremental Delay ( d 2 ), s/veh 88.4 68.6 77.0 1.3 20.2 0.1
Initial Queue Delay ( d 3 ), s/veh 0.0 0.0 0.0 0.0 0.0 0.0
Control Delay ( d ), s/veh 128.3 108.4 126.5 11.1 35.6 6.5
Level of Service (LOS) F F F B D A
Approach Delay, s/veh / LOS 0.0 116.3 F 21.6 C 30.0 C
Intersection Delay, s/veh / LOS 53.2 D

Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS
Bicycle LOS Score / LOS
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HCS7 Signalized Intersection Results Summary

General Information Intersection Information
Agency TMS Engineers, Inc. Duration, h 0.250
Analyst ABC Analysis Date Jun 2, 2020 Area Type Other
Jurisdiction Amherst, OH Time Period PM Peak PHF 0.92
Urban Street North Lake Street Analysis Year 2042 Analysis Period 1> 7:00
Intersection @ SR 2 EB Ramps File Name PM 42 Eastbound2 MajorBT.xus
Project Description Major Bow Tie

Demand Information EB WB NB SB
Approach Movement L T R L T R L T R L T R
Demand ( v ), veh/h 197 90 684 190 541 979

Signal Information

Green
Yellow
Red

29.0 38.9 14.1 0.0 0.0 0.0
4.0 4.0 4.0 0.0 0.0 0.0
2.0 2.0 2.0 0.0 0.0 0.0

1 2 3 4

5 6 7 8

Cycle, s 100.0 Reference Phase 2
Offset, s 0 Reference Point End
Uncoordinated Yes Simult. Gap E/W On
Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 4 2 1 6
Case Number 9.0 7.3 1.0 4.0
Phase Duration, s 20.1 44.9 35.0 79.9
Change Period, ( Y+R c ), s 6.0 6.0 6.0 6.0
Max Allow Headway ( MAH ), s 3.2 3.1 3.1 3.1
Queue Clearance Time ( g s ), s 13.7 40.9 30.6 35.8
Green Extension Time ( g e ), s 0.0 0.0 0.0 5.7
Phase Call Probability 1.00 1.00 1.00 1.00
Max Out Probability 1.00 1.00 1.00 0.01

Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 7 14 2 12 1 6
Adjusted Flow Rate ( v ), veh/h 214 98 743 207 588 1064
Adjusted Saturation Flow Rate ( s ), veh/h/ln 1781 1610 1900 1610 1795 1885
Queue Service Time ( g s ), s 11.7 5.6 38.9 9.0 28.6 33.8
Cycle Queue Clearance Time ( g c ), s 11.7 5.6 38.9 9.0 28.6 33.8
Green Ratio ( g/C ) 0.14 0.14 0.39 0.39 0.70 0.74
Capacity ( c ), veh/h 251 227 739 626 593 1393
Volume-to-Capacity Ratio ( X ) 0.853 0.431 1.006 0.330 0.992 0.764
Back of Queue ( Q ), ft/ln ( 95 th percentile) 275.4 98.6 801.2 148.8 637.5 414.4
Back of Queue ( Q ), veh/ln ( 95 th percentile) 10.8 3.9 32.0 6.0 25.3 16.4
Queue Storage Ratio ( RQ ) ( 95 th percentile) 1.45 0.00 0.00 0.00 3.75 0.00
Uniform Delay ( d 1 ), s/veh 41.9 39.3 30.6 21.4 29.9 7.8
Incremental Delay ( d 2 ), s/veh 22.5 0.5 34.6 0.1 34.8 2.3
Initial Queue Delay ( d 3 ), s/veh 0.0 0.0 0.0 0.0 0.0 0.0
Control Delay ( d ), s/veh 64.5 39.8 65.1 21.5 64.7 10.1
Level of Service (LOS) E D F C E B
Approach Delay, s/veh / LOS 56.7 E 0.0 55.6 E 29.5 C
Intersection Delay, s/veh / LOS 41.0 D

Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS
Bicycle LOS Score / LOS
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HCS7 Roundabouts Report
General Information Site Information

Analyst ABC Intersection North Lake & South BT

Agency or Co. TMS Engineers, Inc. E/W Street Name South Bow Tie

Date Performed 6/2/2020 N/S Street Name North Lake Street

Analysis Year 2042 Analysis Time Period (hrs) 0.25

Time Analyzed PM Peak Peak Hour Factor 0.92

Project Description Major Bow Tie Jurisdiction Amherst, OH

Volume Adjustments and Site Characteristics
Approach EB WB NB SB

Movement U L T R U L T R U L T R U L T R

Number of Lanes (N) 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0

Lane Assignment T T

Volume (V), veh/h 0 675 199 870

Percent Heavy Vehicles, % 0 2 2 2

Flow Rate (vPCE), pc/h 0 748 221 965

Right-Turn Bypass None None None None

Conflicting Lanes 1 1

Pedestrians Crossing, p/h 0 0

Critical and Follow-Up Headway Adjustment
Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Critical Headway (s) 4.9763 4.9763

Follow-Up Headway (s) 2.6087 2.6087

Flow Computations, Capacity and v/c Ratios
Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Entry Flow (ve), pc/h 748 1186

Entry Volume, veh/h 733 1163

Circulating Flow (vc), pc/h 1186 969 221 0

Exiting Flow (vex), pc/h 0 0 969 965

Capacity (cpce), pc/h 1101 1380

Capacity (c), veh/h 1080 1353

v/c Ratio (x) 0.68 0.86

Delay and Level of Service
Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Lane Control Delay (d), s/veh 13.5 20.4

Lane LOS B C

95% Queue, veh 5.6 12.1

Approach Delay, s/veh 13.5 20.4

Approach LOS B C

Intersection Delay, s/veh | LOS 17.7 C
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Area-Wide Planning Study  City of Amherst, Ohio
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Alternative #7 - 2042 Capacity Analysis Worksheets 

TMS Engineers, Inc.



HCS7 Signalized Intersection Results Summary

General Information Intersection Information
Agency TMS Engineers, Inc. Duration, h 0.250
Analyst ABC Analysis Date Jun 2, 2020 Area Type Other
Jurisdiction Amherst, OH Time Period AM Peak PHF 0.92
Urban Street Oak Point Road Analysis Year 2042 Analysis Period 1> 7:00
Intersection @ North U-Turn File Name AM 42 North RCUT.xus
Project Description RCUT 

Demand Information EB WB NB SB
Approach Movement L T R L T R L T R L T R
Demand ( v ), veh/h 184 278 462

Signal Information

Green
Yellow
Red

7.0 26.0 0.0 0.0 0.0 0.0
4.0 4.0 0.0 0.0 0.0 0.0
2.0 2.0 0.0 0.0 0.0 0.0

1 2 3 4

5 6 7 8

Cycle, s 45.0 Reference Phase 2
Offset, s 0 Reference Point End
Uncoordinated Yes Simult. Gap E/W On
Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 1 6 2
Case Number 1.0 4.0 8.3
Phase Duration, s 13.0 45.0 32.0
Change Period, ( Y+R c ), s 6.0 6.0 6.0
Max Allow Headway ( MAH ), s 3.1 3.0 3.0
Queue Clearance Time ( g s ), s 3.3 3.2 9.1
Green Extension Time ( g e ), s 0.1 0.8 1.5
Phase Call Probability 1.00 1.00 1.00
Max Out Probability 0.55 0.71 0.00

Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 1 6 2
Adjusted Flow Rate ( v ), veh/h 200 302 502
Adjusted Saturation Flow Rate ( s ), veh/h/ln 1767 1856 1856
Queue Service Time ( g s ), s 1.3 1.2 7.1
Cycle Queue Clearance Time ( g c ), s 1.3 1.2 7.1
Green Ratio ( g/C ) 0.78 0.87 0.58
Capacity ( c ), veh/h 809 1608 1072
Volume-to-Capacity Ratio ( X ) 0.247 0.188 0.468
Back of Queue ( Q ), ft/ln ( 95 th percentile) 0.6 0.4 69.8
Back of Queue ( Q ), veh/ln ( 95 th percentile) 0.0 0.0 2.7
Queue Storage Ratio ( RQ ) ( 95 th percentile) 0.00 0.00 0.00
Uniform Delay ( d 1 ), s/veh 2.4 0.5 5.5
Incremental Delay ( d 2 ), s/veh 0.1 0.0 0.1
Initial Queue Delay ( d 3 ), s/veh 0.0 0.0 0.0
Control Delay ( d ), s/veh 2.5 0.5 5.6
Level of Service (LOS) A A A
Approach Delay, s/veh / LOS 0.0 0.0 1.3 A 5.6 A
Intersection Delay, s/veh / LOS 3.5 A

Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS
Bicycle LOS Score / LOS
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HCS7 Signalized Intersection Results Summary

General Information Intersection Information
Agency TMS Engineers, Inc. Duration, h 0.250
Analyst ABC Analysis Date Jun 2, 2020 Area Type Other
Jurisdiction Lorain, OH Time Period AM Peak PHF 0.92
Urban Street Oak Point Road Analysis Year 2042 Analysis Period 1> 7:00
Intersection @ Buck Horn/Park Square File Name AM 42 BuckHorn MajorBT.xus
Project Description RCUT

Demand Information EB WB NB SB
Approach Movement L T R L T R L T R L T R
Demand ( v ), veh/h 30 10 50 10 0 10 30 422 30 40 576 30

Signal Information

Green
Yellow
Red

7.0 41.0 24.0 0.0 0.0 0.0
4.0 4.0 4.0 0.0 0.0 0.0
2.0 2.0 2.0 0.0 0.0 0.0

1 2 3 4

5 6 7 8

Cycle, s 90.0 Reference Phase 2
Offset, s 0 Reference Point End
Uncoordinated Yes Simult. Gap E/W On
Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 4 8 5 2 1 6
Case Number 7.0 8.0 1.1 4.0 1.1 4.0
Phase Duration, s 30.0 30.0 13.0 47.0 13.0 47.0
Change Period, ( Y+R c ), s 6.0 6.0 6.0 6.0 6.0 6.0
Max Allow Headway ( MAH ), s 3.2 3.2 3.1 3.0 3.1 3.0
Queue Clearance Time ( g s ), s 4.2 2.8 2.8 19.6 3.0 28.7
Green Extension Time ( g e ), s 0.2 0.1 0.0 0.0 0.0 2.1
Phase Call Probability 1.00 1.00 1.00 1.00 1.00 1.00
Max Out Probability 0.00 0.32 0.13 1.00 0.23 0.07

Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 7 4 14 3 8 18 5 2 12 1 6 16
Adjusted Flow Rate ( v ), veh/h 43 54 22 33 491 43 659
Adjusted Saturation Flow Rate ( s ), veh/h/ln 1531 1510 1532 1810 1863 1810 1869
Queue Service Time ( g s ), s 0.9 2.2 0.0 0.8 17.6 1.0 26.7
Cycle Queue Clearance Time ( g c ), s 1.8 2.2 0.8 0.8 17.6 1.0 26.7
Green Ratio ( g/C ) 0.27 0.34 0.27 0.53 0.46 0.53 0.46
Capacity ( c ), veh/h 478 520 468 329 849 440 851
Volume-to-Capacity Ratio ( X ) 0.091 0.105 0.046 0.099 0.579 0.099 0.774
Back of Queue ( Q ), ft/ln ( 95 th percentile) 30.7 36 15.2 12.9 291.3 17.2 433.9
Back of Queue ( Q ), veh/ln ( 95 th percentile) 1.2 1.4 0.6 0.5 11.6 0.7 17.2
Queue Storage Ratio ( RQ ) ( 95 th percentile) 0.00 0.24 0.00 0.04 0.00 0.07 0.00
Uniform Delay ( d 1 ), s/veh 24.8 20.1 24.5 14.7 18.1 12.3 20.6
Incremental Delay ( d 2 ), s/veh 0.0 0.0 0.0 0.0 0.7 0.0 4.1
Initial Queue Delay ( d 3 ), s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Control Delay ( d ), s/veh 24.8 20.1 24.5 14.8 18.8 12.3 24.7
Level of Service (LOS) C C C B B B C
Approach Delay, s/veh / LOS 22.2 C 24.5 C 18.5 B 23.9 C
Intersection Delay, s/veh / LOS 21.7 C

Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS
Bicycle LOS Score / LOS
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HCS7 Signalized Intersection Results Summary

General Information Intersection Information
Agency TMS Engineers, Inc. Duration, h 0.250
Analyst ABC Analysis Date Jun 2, 2020 Area Type Other
Jurisdiction Amherst, OH Time Period AM Peak PHF 0.92
Urban Street Oak Point Road Analysis Year 2042 Analysis Period 1> 7:00
Intersection @ Cooper Foster Park … File Name AM 42 CooperFoster MajorBT.xus
Project Description RCUT

Demand Information EB WB NB SB
Approach Movement L T R L T R L T R L T R
Demand ( v ), veh/h 0 211 0 230 165 252 440 467 101

Signal Information

Green
Yellow
Red

7.0 36.8 28.2 0.0 0.0 0.0
4.0 4.0 4.0 0.0 0.0 0.0
2.0 2.0 2.0 0.0 0.0 0.0

1 2 3 4

5 6 7 8

Cycle, s 90.0 Reference Phase 2
Offset, s 0 Reference Point End
Uncoordinated Yes Simult. Gap E/W On
Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 4 8 5 2 6
Case Number 7.0 7.0 1.0 3.0 7.3
Phase Duration, s 34.2 34.2 13.0 55.8 42.8
Change Period, ( Y+R c ), s 6.0 6.0 6.0 6.0 6.0
Max Allow Headway ( MAH ), s 3.4 3.4 3.1 3.2 3.2
Queue Clearance Time ( g s ), s 7.1 7.9 7.0 19.4 21.8
Green Extension Time ( g e ), s 1.3 0.0 0.0 0.0 2.8
Phase Call Probability 1.00 1.00 1.00 1.00 1.00
Max Out Probability 0.00 1.00 1.00 1.00 0.07

Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 4 14 8 18 5 2 12 6 16
Adjusted Flow Rate ( v ), veh/h 0 229 0 250 179 274 478 508 110
Adjusted Saturation Flow Rate ( s ), veh/h/ln 1767 1347 1856 1425 1753 1870 1585 1870 1610
Queue Service Time ( g s ), s 0.0 5.1 0.0 5.9 5.0 6.9 17.4 19.8 3.9
Cycle Queue Clearance Time ( g c ), s 0.0 5.1 0.0 5.9 5.0 6.9 17.4 19.8 3.9
Green Ratio ( g/C ) 0.31 0.39 0.31 0.31 0.51 0.55 0.55 0.41 0.41
Capacity ( c ), veh/h 554 1054 581 893 382 1035 877 765 658
Volume-to-Capacity Ratio ( X ) 0.000 0.218 0.000 0.280 0.470 0.265 0.545 0.664 0.167
Back of Queue ( Q ), ft/ln ( 95 th percentile) 0 72.3 0 87.1 86.3 118.9 241.7 337.1 62.1
Back of Queue ( Q ), veh/ln ( 95 th percentile) 0.0 2.7 0.0 3.5 3.3 4.7 9.5 13.3 2.5
Queue Storage Ratio ( RQ ) ( 95 th percentile) 0.00 0.96 0.00 0.00 0.72 0.00 2.01 0.00 0.00
Uniform Delay ( d 1 ), s/veh 0.0 18.2 0.0 23.3 15.4 10.5 12.9 21.6 16.9
Incremental Delay ( d 2 ), s/veh 0.0 0.0 0.0 0.1 0.3 0.1 0.4 1.8 0.0
Initial Queue Delay ( d 3 ), s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Control Delay ( d ), s/veh 0.0 18.3 0.0 23.3 15.8 10.6 13.3 23.3 16.9
Level of Service (LOS) B C B B B C B
Approach Delay, s/veh / LOS 18.3 B 23.3 C 12.9 B 22.2 C
Intersection Delay, s/veh / LOS 17.6 B

Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS
Bicycle LOS Score / LOS

Copyright © 2020 University of Florida, All Rights Reserved. HCS™ Streets Version 7.8.5 Generated: 7/5/2020 1:55:39 PM



HCS7 Signalized Intersection Results Summary

General Information Intersection Information
Agency TMS Engineers, Inc. Duration, h 0.250
Analyst ABC Analysis Date Jun 2, 2020 Area Type Other
Jurisdiction Amherst, OH Time Period AM Peak PHF 0.92
Urban Street North Lake Street Analysis Year 2042 Analysis Period 1> 7:00
Intersection @ SR 2 WB Ramps File Name AM 42 Westbound2 MajorBT.xus
Project Description RCUT

Demand Information EB WB NB SB
Approach Movement L T R L T R L T R L T R
Demand ( v ), veh/h 80 388 50 469 526 151

Signal Information

Green
Yellow
Red

47.0 31.0 0.0 0.0 0.0 0.0
4.0 4.0 0.0 0.0 0.0 0.0
2.0 2.0 0.0 0.0 0.0 0.0

1 2 3 4

5 6 7 8

Cycle, s 90.0 Reference Phase 2
Offset, s 0 Reference Point End
Uncoordinated Yes Simult. Gap E/W On
Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 8 2 6
Case Number 9.0 6.0 7.0
Phase Duration, s 37.0 53.0 53.0
Change Period, ( Y+R c ), s 6.0 6.0 6.0
Max Allow Headway ( MAH ), s 3.3 3.1 3.1
Queue Clearance Time ( g s ), s 12.5 25.4 21.1
Green Extension Time ( g e ), s 1.3 0.0 2.8
Phase Call Probability 1.00 1.00 1.00
Max Out Probability 0.00 1.00 0.00

Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 3 18 5 2 6 16
Adjusted Flow Rate ( v ), veh/h 87 422 54 510 572 164
Adjusted Saturation Flow Rate ( s ), veh/h/ln 1626 1392 854 1870 1856 1598
Queue Service Time ( g s ), s 3.3 10.5 4.2 16.1 19.1 4.9
Cycle Queue Clearance Time ( g c ), s 3.3 10.5 23.4 16.1 19.1 4.9
Green Ratio ( g/C ) 0.34 0.34 0.52 0.52 0.52 0.52
Capacity ( c ), veh/h 560 959 344 977 969 834
Volume-to-Capacity Ratio ( X ) 0.155 0.440 0.158 0.522 0.590 0.197
Back of Queue ( Q ), ft/ln ( 95 th percentile) 61 152.7 37.3 263.5 305.8 73.7
Back of Queue ( Q ), veh/ln ( 95 th percentile) 2.2 6.0 1.5 10.4 11.9 2.9
Queue Storage Ratio ( RQ ) ( 95 th percentile) 0.44 0.00 0.22 0.00 0.00 0.61
Uniform Delay ( d 1 ), s/veh 20.4 22.8 22.9 14.1 14.8 11.4
Incremental Delay ( d 2 ), s/veh 0.0 0.1 0.1 0.2 0.7 0.0
Initial Queue Delay ( d 3 ), s/veh 0.0 0.0 0.0 0.0 0.0 0.0
Control Delay ( d ), s/veh 20.5 22.9 23.0 14.4 15.5 11.5
Level of Service (LOS) C C C B B B
Approach Delay, s/veh / LOS 0.0 22.5 C 15.2 B 14.6 B
Intersection Delay, s/veh / LOS 17.0 B

Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS
Bicycle LOS Score / LOS
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HCS7 Signalized Intersection Results Summary

General Information Intersection Information
Agency TMS Engineers, Inc. Duration, h 0.250
Analyst ABC Analysis Date Jun 2, 2020 Area Type Other
Jurisdiction Amherst, OH Time Period AM Peak PHF 0.92
Urban Street North Lake Street Analysis Year 2042 Analysis Period 1> 7:00
Intersection @ SR 2 EB Ramps File Name AM 42 Eastbound2 MajorBT.xus
Project Description RCUT

Demand Information EB WB NB SB
Approach Movement L T R L T R L T R L T R
Demand ( v ), veh/h 192 40 327 330 364 243

Signal Information

Green
Yellow
Red

7.0 38.8 26.2 0.0 0.0 0.0
4.0 4.0 4.0 0.0 0.0 0.0
2.0 2.0 2.0 0.0 0.0 0.0

1 2 3 4

5 6 7 8

Cycle, s 90.0 Reference Phase 2
Offset, s 0 Reference Point End
Uncoordinated Yes Simult. Gap E/W On
Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 4 2 1 6
Case Number 9.0 7.3 1.0 4.0
Phase Duration, s 32.2 44.8 13.0 57.8
Change Period, ( Y+R c ), s 6.0 6.0 6.0 6.0
Max Allow Headway ( MAH ), s 3.2 3.2 3.1 3.2
Queue Clearance Time ( g s ), s 10.5 16.7 9.0 8.5
Green Extension Time ( g e ), s 0.4 0.0 0.0 2.0
Phase Call Probability 1.00 1.00 1.00 1.00
Max Out Probability 0.00 1.00 1.00 0.00

Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 7 14 2 12 1 6
Adjusted Flow Rate ( v ), veh/h 209 43 355 359 396 264
Adjusted Saturation Flow Rate ( s ), veh/h/ln 1767 1560 1885 1610 1753 1811
Queue Service Time ( g s ), s 8.5 1.8 11.9 14.7 7.0 6.5
Cycle Queue Clearance Time ( g c ), s 8.5 1.8 11.9 14.7 7.0 6.5
Green Ratio ( g/C ) 0.29 0.29 0.43 0.43 0.53 0.58
Capacity ( c ), veh/h 514 454 813 694 518 1042
Volume-to-Capacity Ratio ( X ) 0.406 0.096 0.437 0.517 0.764 0.253
Back of Queue ( Q ), ft/ln ( 95 th percentile) 160.7 30.6 215.3 223.2 211.4 110
Back of Queue ( Q ), veh/ln ( 95 th percentile) 6.3 1.2 8.5 8.9 8.2 4.2
Queue Storage Ratio ( RQ ) ( 95 th percentile) 0.85 0.00 0.00 0.00 1.24 0.00
Uniform Delay ( d 1 ), s/veh 25.6 23.3 17.9 18.7 19.8 9.5
Incremental Delay ( d 2 ), s/veh 0.2 0.0 0.1 0.3 6.0 0.0
Initial Queue Delay ( d 3 ), s/veh 0.0 0.0 0.0 0.0 0.0 0.0
Control Delay ( d ), s/veh 25.8 23.3 18.1 19.0 25.8 9.5
Level of Service (LOS) C C B B C A
Approach Delay, s/veh / LOS 25.4 C 0.0 18.6 B 19.3 B
Intersection Delay, s/veh / LOS 19.9 B

Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS
Bicycle LOS Score / LOS
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HCS7 Signalized Intersection Results Summary

General Information Intersection Information
Agency TMS Engineers, Inc. Duration, h 0.250
Analyst ABC Analysis Date Jun 2, 2020 Area Type Other
Jurisdiction Amherst, OH Time Period AM Peak PHF 0.92
Urban Street Oak Point Road Analysis Year 2042 Analysis Period 1> 7:00
Intersection @ South U-Turn File Name AM 42 South RCUT.xus
Project Description RCUT 

Demand Information EB WB NB SB
Approach Movement L T R L T R L T R L T R
Demand ( v ), veh/h 235 48 609

Signal Information

Green
Yellow
Red

7.0 26.0 0.0 0.0 0.0 0.0
4.0 4.0 0.0 0.0 0.0 0.0
2.0 2.0 0.0 0.0 0.0 0.0

1 2 3 4

5 6 7 8

Cycle, s 45.0 Reference Phase 2
Offset, s 0 Reference Point End
Uncoordinated Yes Simult. Gap E/W On
Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 6 5 2
Case Number 8.3 1.0 4.0
Phase Duration, s 32.0 13.0 45.0
Change Period, ( Y+R c ), s 6.0 6.0 6.0
Max Allow Headway ( MAH ), s 3.0 3.1 3.0
Queue Clearance Time ( g s ), s 5.0 2.3 5.3
Green Extension Time ( g e ), s 0.6 0.0 1.8
Phase Call Probability 1.00 1.00 1.00
Max Out Probability 1.00 0.07 0.00

Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 6 5 2
Adjusted Flow Rate ( v ), veh/h 255 52 662
Adjusted Saturation Flow Rate ( s ), veh/h/ln 1856 1767 1856
Queue Service Time ( g s ), s 3.0 0.3 3.3
Cycle Queue Clearance Time ( g c ), s 3.0 0.3 3.3
Green Ratio ( g/C ) 0.58 0.78 0.87
Capacity ( c ), veh/h 1072 1004 1608
Volume-to-Capacity Ratio ( X ) 0.238 0.052 0.412
Back of Queue ( Q ), ft/ln ( 95 th percentile) 30.3 0.1 1.3
Back of Queue ( Q ), veh/ln ( 95 th percentile) 1.2 0.0 0.1
Queue Storage Ratio ( RQ ) ( 95 th percentile) 0.00 0.00 0.00
Uniform Delay ( d 1 ), s/veh 4.7 1.4 0.6
Incremental Delay ( d 2 ), s/veh 0.0 0.0 0.1
Initial Queue Delay ( d 3 ), s/veh 0.0 0.0 0.0
Control Delay ( d ), s/veh 4.7 1.4 0.7
Level of Service (LOS) A A A
Approach Delay, s/veh / LOS 0.0 0.0 4.7 A 0.7 A
Intersection Delay, s/veh / LOS 1.8 A

Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS
Bicycle LOS Score / LOS
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HCS7 Signalized Intersection Results Summary

General Information Intersection Information
Agency TMS Engineers, Inc. Duration, h 0.250
Analyst ABC Analysis Date Jun 2, 2020 Area Type Other
Jurisdiction Amherst, OH Time Period PM Peak PHF 0.92
Urban Street Oak Point Road Analysis Year 2042 Analysis Period 1> 7:00
Intersection @ North U-Turn File Name PM 42 North RCUT.xus
Project Description RCUT 

Demand Information EB WB NB SB
Approach Movement L T R L T R L T R L T R
Demand ( v ), veh/h 370 722 633

Signal Information

Green
Yellow
Red

7.0 31.0 0.0 0.0 0.0 0.0
4.0 4.0 0.0 0.0 0.0 0.0
2.0 2.0 0.0 0.0 0.0 0.0

1 2 3 4

5 6 7 8

Cycle, s 50.0 Reference Phase 2
Offset, s 0 Reference Point End
Uncoordinated Yes Simult. Gap E/W On
Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 1 6 2
Case Number 1.0 4.0 8.3
Phase Duration, s 13.0 50.0 37.0
Change Period, ( Y+R c ), s 6.0 6.0 6.0
Max Allow Headway ( MAH ), s 3.1 3.0 3.0
Queue Clearance Time ( g s ), s 4.9 6.4 13.2
Green Extension Time ( g e ), s 0.2 0.3 3.2
Phase Call Probability 1.00 1.00 1.00
Max Out Probability 1.00 1.00 0.04

Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 1 6 2
Adjusted Flow Rate ( v ), veh/h 402 785 688
Adjusted Saturation Flow Rate ( s ), veh/h/ln 1767 1856 1856
Queue Service Time ( g s ), s 2.9 4.4 11.2
Cycle Queue Clearance Time ( g c ), s 2.9 4.4 11.2
Green Ratio ( g/C ) 0.80 0.88 0.62
Capacity ( c ), veh/h 688 1633 1150
Volume-to-Capacity Ratio ( X ) 0.585 0.481 0.598
Back of Queue ( Q ), ft/ln ( 95 th percentile) 30.8 1.7 117.2
Back of Queue ( Q ), veh/ln ( 95 th percentile) 1.2 0.1 4.6
Queue Storage Ratio ( RQ ) ( 95 th percentile) 0.00 0.00 0.00
Uniform Delay ( d 1 ), s/veh 5.1 0.6 5.7
Incremental Delay ( d 2 ), s/veh 0.9 0.1 0.6
Initial Queue Delay ( d 3 ), s/veh 0.0 0.0 0.0
Control Delay ( d ), s/veh 5.9 0.7 6.3
Level of Service (LOS) A A A
Approach Delay, s/veh / LOS 0.0 0.0 2.5 A 6.3 A
Intersection Delay, s/veh / LOS 3.9 A

Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS
Bicycle LOS Score / LOS
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HCS7 Signalized Intersection Results Summary

General Information Intersection Information
Agency TMS Engineers, Inc. Duration, h 0.250
Analyst ABC Analysis Date Jun 2, 2020 Area Type Other
Jurisdiction Amherst, OH Time Period PM Peak PHF 0.92
Urban Street Oak Point Road Analysis Year 2042 Analysis Period 1> 7:00
Intersection @ Cooper Foster Park … File Name PM 42 CooperFoster MajorBT.xus
Project Description RCUT

Demand Information EB WB NB SB
Approach Movement L T R L T R L T R L T R
Demand ( v ), veh/h 0 678 0 454 140 932 10 10 873 120

Signal Information

Green
Yellow
Red

7.0 55.4 19.6 0.0 0.0 0.0
4.0 4.0 4.0 0.0 0.0 0.0
2.0 2.0 2.0 0.0 0.0 0.0

1 2 3 4

5 6 7 8

Cycle, s 100.0 Reference Phase 2
Offset, s 0 Reference Point End
Uncoordinated Yes Simult. Gap E/W On
Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 4 8 5 2 6
Case Number 7.0 7.0 1.0 3.0 6.3
Phase Duration, s 25.6 25.6 13.0 74.4 61.4
Change Period, ( Y+R c ), s 6.0 6.0 6.0 6.0 6.0
Max Allow Headway ( MAH ), s 3.4 3.4 3.1 3.1 3.1
Queue Clearance Time ( g s ), s 21.6 18.8 6.3 39.3 57.4
Green Extension Time ( g e ), s 0.0 0.4 0.0 0.0 0.0
Phase Call Probability 1.00 1.00 1.00 1.00 1.00
Max Out Probability 1.00 1.00 1.00 1.00 1.00

Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 4 14 8 18 5 2 12 1 6 16
Adjusted Flow Rate ( v ), veh/h 0 737 0 493 152 1013 11 11 1079
Adjusted Saturation Flow Rate ( s ), veh/h/ln 1885 1403 1841 1425 1767 1870 1560 552 1845
Queue Service Time ( g s ), s 0.0 19.6 0.0 16.8 4.3 37.3 0.2 1.4 55.4
Cycle Queue Clearance Time ( g c ), s 0.0 19.6 0.0 16.8 4.3 37.3 0.2 25.8 55.4
Green Ratio ( g/C ) 0.20 0.27 0.20 0.20 0.64 0.68 0.68 0.55 0.55
Capacity ( c ), veh/h 369 746 361 559 196 1279 1067 243 1022
Volume-to-Capacity Ratio ( X ) 0.000 0.988 0.000 0.883 0.778 0.792 0.010 0.045 1.056
Back of Queue ( Q ), ft/ln ( 95 th percentile) 0 439.8 0 279.8 130.9 502.6 2.9 8.3 1143.8
Back of Queue ( Q ), veh/ln ( 95 th percentile) 0.0 17.3 0.0 11.2 5.1 19.8 0.1 0.3 45.4
Queue Storage Ratio ( RQ ) ( 95 th percentile) 0.00 5.86 0.00 0.00 1.09 0.00 0.02 0.02 0.00
Uniform Delay ( d 1 ), s/veh 0.0 36.5 0.0 39.1 27.4 10.9 5.0 24.3 22.3
Incremental Delay ( d 2 ), s/veh 0.0 29.7 0.0 14.9 16.3 3.2 0.0 0.0 44.1
Initial Queue Delay ( d 3 ), s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Control Delay ( d ), s/veh 0.0 66.2 0.0 54.0 43.7 14.1 5.0 24.3 66.4
Level of Service (LOS) E D D B A C F
Approach Delay, s/veh / LOS 66.2 E 54.0 D 17.8 B 66.0 E
Intersection Delay, s/veh / LOS 48.2 D

Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS
Bicycle LOS Score / LOS

Copyright © 2020 University of Florida, All Rights Reserved. HCS™ Streets Version 7.8.5 Generated: 7/5/2020 2:02:04 PM



HCS7 Signalized Intersection Results Summary

General Information Intersection Information
Agency TMS Engineers, Inc. Duration, h 0.250
Analyst ABC Analysis Date Jun 2, 2020 Area Type Other
Jurisdiction Lorain, OH Time Period AM Peak PHF 0.92
Urban Street Oak Point Road Analysis Year 2042 Analysis Period 1> 7:00
Intersection @ Buck Horn/Park Square File Name PM 42 BuckHorn MajorBT.xus
Project Description RCUT

Demand Information EB WB NB SB
Approach Movement L T R L T R L T R L T R
Demand ( v ), veh/h 130 10 60 80 10 30 140 932 10 10 873 120

Signal Information

Green
Yellow
Red

7.0 59.8 15.2 0.0 0.0 0.0
4.0 4.0 4.0 0.0 0.0 0.0
2.0 2.0 2.0 0.0 0.0 0.0

1 2 3 4

5 6 7 8

Cycle, s 100.0 Reference Phase 2
Offset, s 0 Reference Point End
Uncoordinated Yes Simult. Gap E/W On
Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 4 8 5 2 1 6
Case Number 7.0 8.0 1.1 4.0 1.1 4.0
Phase Duration, s 21.2 21.2 13.0 65.8 13.0 65.8
Change Period, ( Y+R c ), s 6.0 6.0 6.0 6.0 6.0 6.0
Max Allow Headway ( MAH ), s 3.2 3.2 3.1 3.1 3.1 3.1
Queue Clearance Time ( g s ), s 12.2 9.6 5.8 50.0 2.2 58.7
Green Extension Time ( g e ), s 0.2 0.0 0.0 0.0 0.0 0.8
Phase Call Probability 1.00 1.00 1.00 1.00 1.00 1.00
Max Out Probability 1.00 1.00 1.00 1.00 0.02 1.00

Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 7 4 14 3 8 18 5 2 12 1 6 16
Adjusted Flow Rate ( v ), veh/h 152 65 130 152 1024 11 1079
Adjusted Saturation Flow Rate ( s ), veh/h/ln 1412 1510 1555 1810 1882 1810 1845
Queue Service Time ( g s ), s 2.7 3.5 0.0 3.8 48.0 0.2 56.7
Cycle Queue Clearance Time ( g c ), s 10.2 3.5 7.6 3.8 48.0 0.2 56.7
Green Ratio ( g/C ) 0.15 0.22 0.15 0.67 0.60 0.67 0.60
Capacity ( c ), veh/h 284 335 296 205 1125 253 1103
Volume-to-Capacity Ratio ( X ) 0.536 0.195 0.440 0.743 0.910 0.043 0.978
Back of Queue ( Q ), ft/ln ( 95 th percentile) 160.5 60.8 132.2 123.6 733 5.5 913
Back of Queue ( Q ), veh/ln ( 95 th percentile) 6.4 2.3 5.3 4.9 29.1 0.2 36.2
Queue Storage Ratio ( RQ ) ( 95 th percentile) 0.00 0.41 0.00 0.37 0.00 0.02 0.00
Uniform Delay ( d 1 ), s/veh 40.3 31.6 39.1 27.0 17.7 18.3 19.5
Incremental Delay ( d 2 ), s/veh 1.1 0.1 0.4 12.2 10.7 0.0 21.8
Initial Queue Delay ( d 3 ), s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Control Delay ( d ), s/veh 41.4 31.7 39.5 39.2 28.4 18.3 41.3
Level of Service (LOS) D C D D C B D
Approach Delay, s/veh / LOS 38.5 D 39.5 D 29.8 C 41.1 D
Intersection Delay, s/veh / LOS 35.7 D

Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS
Bicycle LOS Score / LOS
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HCS7 Signalized Intersection Results Summary

General Information Intersection Information
Agency TMS Engineers, Inc. Duration, h 0.250
Analyst ABC Analysis Date Jun 2, 2020 Area Type Other
Jurisdiction Amherst, OH Time Period PM Peak PHF 0.92
Urban Street North Lake Street Analysis Year 2042 Analysis Period 1> 7:00
Intersection @ SR 2 WB Ramps File Name PM 42 Westbound2 MajorBT.xus
Project Description RCUT

Demand Information EB WB NB SB
Approach Movement L T R L T R L T R L T R
Demand ( v ), veh/h 380 582 80 801 1140 274

Signal Information

Green
Yellow
Red

67.7 20.3 0.0 0.0 0.0 0.0
4.0 4.0 0.0 0.0 0.0 0.0
2.0 2.0 0.0 0.0 0.0 0.0

1 2 3 4

5 6 7 8

Cycle, s 100.0 Reference Phase 2
Offset, s 0 Reference Point End
Uncoordinated Yes Simult. Gap E/W On
Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 8 2 6
Case Number 9.0 6.0 7.0
Phase Duration, s 26.3 73.7 73.7
Change Period, ( Y+R c ), s 6.0 6.0 6.0
Max Allow Headway ( MAH ), s 3.3 3.2 3.2
Queue Clearance Time ( g s ), s 22.3 69.7 65.4
Green Extension Time ( g e ), s 0.0 0.0 1.8
Phase Call Probability 1.00 1.00 1.00
Max Out Probability 1.00 1.00 1.00

Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 3 18 5 2 6 16
Adjusted Flow Rate ( v ), veh/h 413 633 87 871 1239 298
Adjusted Saturation Flow Rate ( s ), veh/h/ln 1795 1414 456 1870 1870 1585
Queue Service Time ( g s ), s 20.3 20.3 4.3 28.1 63.4 7.5
Cycle Queue Clearance Time ( g c ), s 20.3 20.3 67.7 28.1 63.4 7.5
Green Ratio ( g/C ) 0.20 0.20 0.68 0.68 0.68 0.68
Capacity ( c ), veh/h 364 574 91 1266 1266 1073
Volume-to-Capacity Ratio ( X ) 1.133 1.102 0.950 0.688 0.979 0.278
Back of Queue ( Q ), ft/ln ( 95 th percentile) 660.3 478.6 184.5 387 952.5 99.4
Back of Queue ( Q ), veh/ln ( 95 th percentile) 26.2 19.0 7.4 15.2 37.5 3.9
Queue Storage Ratio ( RQ ) ( 95 th percentile) 4.72 0.00 1.09 0.00 0.00 0.83
Uniform Delay ( d 1 ), s/veh 39.9 39.9 49.5 9.8 15.5 6.4
Incremental Delay ( d 2 ), s/veh 88.4 68.6 77.0 1.3 20.2 0.1
Initial Queue Delay ( d 3 ), s/veh 0.0 0.0 0.0 0.0 0.0 0.0
Control Delay ( d ), s/veh 128.3 108.4 126.5 11.1 35.6 6.5
Level of Service (LOS) F F F B D A
Approach Delay, s/veh / LOS 0.0 116.3 F 21.6 C 30.0 C
Intersection Delay, s/veh / LOS 53.2 D

Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS
Bicycle LOS Score / LOS
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HCS7 Signalized Intersection Results Summary

General Information Intersection Information
Agency TMS Engineers, Inc. Duration, h 0.250
Analyst ABC Analysis Date Jun 2, 2020 Area Type Other
Jurisdiction Amherst, OH Time Period PM Peak PHF 0.92
Urban Street North Lake Street Analysis Year 2042 Analysis Period 1> 7:00
Intersection @ SR 2 EB Ramps File Name PM 42 Eastbound2 MajorBT.xus
Project Description RCUT

Demand Information EB WB NB SB
Approach Movement L T R L T R L T R L T R
Demand ( v ), veh/h 197 90 684 190 541 979

Signal Information

Green
Yellow
Red

29.0 38.9 14.1 0.0 0.0 0.0
4.0 4.0 4.0 0.0 0.0 0.0
2.0 2.0 2.0 0.0 0.0 0.0

1 2 3 4

5 6 7 8

Cycle, s 100.0 Reference Phase 2
Offset, s 0 Reference Point End
Uncoordinated Yes Simult. Gap E/W On
Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 4 2 1 6
Case Number 9.0 7.3 1.0 4.0
Phase Duration, s 20.1 44.9 35.0 79.9
Change Period, ( Y+R c ), s 6.0 6.0 6.0 6.0
Max Allow Headway ( MAH ), s 3.2 3.1 3.1 3.1
Queue Clearance Time ( g s ), s 13.7 40.9 30.6 35.8
Green Extension Time ( g e ), s 0.0 0.0 0.0 5.7
Phase Call Probability 1.00 1.00 1.00 1.00
Max Out Probability 1.00 1.00 1.00 0.01

Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 7 14 2 12 1 6
Adjusted Flow Rate ( v ), veh/h 214 98 743 207 588 1064
Adjusted Saturation Flow Rate ( s ), veh/h/ln 1781 1610 1900 1610 1795 1885
Queue Service Time ( g s ), s 11.7 5.6 38.9 9.0 28.6 33.8
Cycle Queue Clearance Time ( g c ), s 11.7 5.6 38.9 9.0 28.6 33.8
Green Ratio ( g/C ) 0.14 0.14 0.39 0.39 0.70 0.74
Capacity ( c ), veh/h 251 227 739 626 593 1393
Volume-to-Capacity Ratio ( X ) 0.853 0.431 1.006 0.330 0.992 0.764
Back of Queue ( Q ), ft/ln ( 95 th percentile) 275.4 98.6 801.2 148.8 637.5 414.4
Back of Queue ( Q ), veh/ln ( 95 th percentile) 10.8 3.9 32.0 6.0 25.3 16.4
Queue Storage Ratio ( RQ ) ( 95 th percentile) 1.45 0.00 0.00 0.00 3.75 0.00
Uniform Delay ( d 1 ), s/veh 41.9 39.3 30.6 21.4 29.9 7.8
Incremental Delay ( d 2 ), s/veh 22.5 0.5 34.6 0.1 34.8 2.3
Initial Queue Delay ( d 3 ), s/veh 0.0 0.0 0.0 0.0 0.0 0.0
Control Delay ( d ), s/veh 64.5 39.8 65.1 21.5 64.7 10.1
Level of Service (LOS) E D F C E B
Approach Delay, s/veh / LOS 56.7 E 0.0 55.6 E 29.5 C
Intersection Delay, s/veh / LOS 41.0 D

Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS
Bicycle LOS Score / LOS
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HCS7 Signalized Intersection Results Summary

General Information Intersection Information
Agency TMS Engineers, Inc. Duration, h 0.250
Analyst ABC Analysis Date Jun 2, 2020 Area Type Other
Jurisdiction Amherst, OH Time Period PM Peak PHF 0.92
Urban Street Oak Point Road Analysis Year 2042 Analysis Period 1> 7:00
Intersection @ South U-Turn File Name PM 42 South RCUT.xus
Project Description RCUT 

Demand Information EB WB NB SB
Approach Movement L T R L T R L T R L T R
Demand ( v ), veh/h 675 199 870

Signal Information

Green
Yellow
Red

7.0 26.0 0.0 0.0 0.0 0.0
4.0 4.0 0.0 0.0 0.0 0.0
2.0 2.0 0.0 0.0 0.0 0.0

1 2 3 4

5 6 7 8

Cycle, s 45.0 Reference Phase 2
Offset, s 0 Reference Point End
Uncoordinated Yes Simult. Gap E/W On
Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 6 5 2
Case Number 8.3 1.0 4.0
Phase Duration, s 32.0 13.0 45.0
Change Period, ( Y+R c ), s 6.0 6.0 6.0
Max Allow Headway ( MAH ), s 3.0 3.1 3.0
Queue Clearance Time ( g s ), s 14.4 3.4 8.2
Green Extension Time ( g e ), s 0.0 0.1 4.2
Phase Call Probability 1.00 1.00 1.00
Max Out Probability 1.00 0.63 0.01

Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 6 5 2
Adjusted Flow Rate ( v ), veh/h 734 216 946
Adjusted Saturation Flow Rate ( s ), veh/h/ln 1856 1767 1856
Queue Service Time ( g s ), s 12.4 1.4 6.2
Cycle Queue Clearance Time ( g c ), s 12.4 1.4 6.2
Green Ratio ( g/C ) 0.58 0.78 0.87
Capacity ( c ), veh/h 1072 651 1608
Volume-to-Capacity Ratio ( X ) 0.684 0.332 0.588
Back of Queue ( Q ), ft/ln ( 95 th percentile) 142.8 13.9 7.9
Back of Queue ( Q ), veh/ln ( 95 th percentile) 5.6 0.5 0.3
Queue Storage Ratio ( RQ ) ( 95 th percentile) 0.00 0.00 0.00
Uniform Delay ( d 1 ), s/veh 6.6 4.6 0.8
Incremental Delay ( d 2 ), s/veh 1.5 0.1 0.4
Initial Queue Delay ( d 3 ), s/veh 0.0 0.0 0.0
Control Delay ( d ), s/veh 8.1 4.7 1.2
Level of Service (LOS) A A A
Approach Delay, s/veh / LOS 0.0 0.0 8.1 A 1.9 A
Intersection Delay, s/veh / LOS 4.3 A

Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS
Bicycle LOS Score / LOS
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HCS7 Signalized Intersection Results Summary

General Information Intersection Information
Agency TMS Engineers, Inc. Duration, h 0.250
Analyst ABC Analysis Date Jun 2, 2020 Area Type Other
Jurisdiction Lorain, OH Time Period AM Peak PHF 0.92
Urban Street Oak Point Road Analysis Year 2042 Analysis Period 1> 7:00
Intersection @ Buck Horn/Park Square File Name AM 42 BuckHorn.xus
Project Description 4-Lane Corridor

Demand Information EB WB NB SB
Approach Movement L T R L T R L T R L T R
Demand ( v ), veh/h 30 10 50 10 0 10 30 238 30 40 392 30

Signal Information

Green
Yellow
Red

7.0 34.1 30.9 0.0 0.0 0.0
4.0 4.0 4.0 0.0 0.0 0.0
2.0 2.0 2.0 0.0 0.0 0.0

1 2 3 4

5 6 7 8

Cycle, s 90.0 Reference Phase 2
Offset, s 0 Reference Point End
Uncoordinated Yes Simult. Gap E/W On
Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 4 8 5 2 1 6
Case Number 7.0 8.0 1.1 4.0 1.1 4.0
Phase Duration, s 36.9 36.9 13.0 40.1 13.0 40.1
Change Period, ( Y+R c ), s 6.0 6.0 6.0 6.0 6.0 6.0
Max Allow Headway ( MAH ), s 3.2 3.2 3.1 3.1 3.1 3.1
Queue Clearance Time ( g s ), s 3.9 2.7 2.9 6.8 3.2 9.9
Green Extension Time ( g e ), s 0.2 0.1 0.0 0.0 0.0 1.3
Phase Call Probability 1.00 1.00 1.00 1.00 1.00 1.00
Max Out Probability 0.00 0.29 0.16 1.00 0.31 0.00

Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 7 4 14 3 8 18 5 2 12 1 6 16
Adjusted Flow Rate ( v ), veh/h 43 54 22 33 147 144 43 231 227
Adjusted Saturation Flow Rate ( s ), veh/h/ln 1529 1510 1527 1810 1885 1811 1810 1885 1838
Queue Service Time ( g s ), s 0.8 1.9 0.0 0.9 4.7 4.8 1.2 7.8 7.9
Cycle Queue Clearance Time ( g c ), s 1.6 1.9 0.7 0.9 4.7 4.8 1.2 7.8 7.9
Green Ratio ( g/C ) 0.34 0.42 0.34 0.46 0.38 0.38 0.46 0.38 0.38
Capacity ( c ), veh/h 595 636 584 476 714 686 555 714 696
Volume-to-Capacity Ratio ( X ) 0.073 0.085 0.037 0.069 0.206 0.210 0.078 0.324 0.326
Back of Queue ( Q ), ft/ln ( 95 th percentile) 26.9 30.8 13.3 15.7 90.4 88.1 21.1 149.3 145.7
Back of Queue ( Q ), veh/ln ( 95 th percentile) 1.1 1.2 0.5 0.6 3.6 3.5 0.8 5.9 5.8
Queue Storage Ratio ( RQ ) ( 95 th percentile) 0.00 0.21 0.00 0.05 0.00 0.00 0.08 0.00 0.00
Uniform Delay ( d 1 ), s/veh 19.9 15.6 19.7 14.1 18.8 18.9 13.9 19.8 19.8
Incremental Delay ( d 2 ), s/veh 0.0 0.0 0.0 0.0 0.1 0.1 0.0 0.1 0.1
Initial Queue Delay ( d 3 ), s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Control Delay ( d ), s/veh 19.9 15.7 19.7 14.1 18.9 18.9 13.9 19.9 19.9
Level of Service (LOS) B B B B B B B B B
Approach Delay, s/veh / LOS 17.6 B 19.7 B 18.4 B 19.4 B
Intersection Delay, s/veh / LOS 18.9 B

Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS
Bicycle LOS Score / LOS
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HCS7 Signalized Intersection Results Summary

General Information Intersection Information
Agency TMS Engineers, Inc. Duration, h 0.250
Analyst ABC Analysis Date Jun 2, 2020 Area Type Other
Jurisdiction Amherst, OH Time Period AM Peak PHF 0.92
Urban Street Oak Point Road Analysis Year 2042 Analysis Period 1> 7:00
Intersection @ Cooper Foster Park … File Name AM 42 CooperFoster.xus
Project Description 4-Lane Corridor

Demand Information EB WB NB SB
Approach Movement L T R L T R L T R L T R
Demand ( v ), veh/h 12 36 163 129 55 46 165 240 404 68 338 46

Signal Information

Green
Yellow
Red

7.0 36.2 28.8 0.0 0.0 0.0
4.0 4.0 4.0 0.0 0.0 0.0
2.0 2.0 2.0 0.0 0.0 0.0

1 2 3 4

5 6 7 8

Cycle, s 90.0 Reference Phase 2
Offset, s 0 Reference Point End
Uncoordinated Yes Simult. Gap E/W On
Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 4 8 5 2 1 6
Case Number 7.0 8.0 1.1 3.0 1.1 4.0
Phase Duration, s 34.8 34.8 13.0 42.2 13.0 42.2
Change Period, ( Y+R c ), s 6.0 6.0 6.0 6.0 6.0 6.0
Max Allow Headway ( MAH ), s 3.2 3.2 3.1 3.2 3.1 3.2
Queue Clearance Time ( g s ), s 9.1 13.9 7.3 22.6 4.0 9.0
Green Extension Time ( g e ), s 0.9 0.0 0.0 0.0 0.0 2.5
Phase Call Probability 1.00 1.00 1.00 1.00 1.00 1.00
Max Out Probability 0.00 1.00 1.00 1.00 1.00 0.00

Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 7 4 14 3 8 18 5 2 12 1 6 16
Adjusted Flow Rate ( v ), veh/h 52 177 250 179 261 439 74 212 206
Adjusted Saturation Flow Rate ( s ), veh/h/ln 1623 1522 1511 1753 1781 1585 1810 1870 1792
Queue Service Time ( g s ), s 0.0 7.1 10.0 5.3 4.3 20.6 2.0 6.9 7.0
Cycle Queue Clearance Time ( g c ), s 1.9 7.1 11.9 5.3 4.3 20.6 2.0 6.9 7.0
Green Ratio ( g/C ) 0.32 0.40 0.32 0.48 0.40 0.40 0.48 0.40 0.40
Capacity ( c ), veh/h 569 606 546 505 1432 638 599 752 721
Volume-to-Capacity Ratio ( X ) 0.092 0.293 0.458 0.355 0.182 0.689 0.123 0.281 0.285
Back of Queue ( Q ), ft/ln ( 95 th percentile) 36.2 0.8 192.3 92.4 76.4 309.9 34.3 130.1 124.6
Back of Queue ( Q ), veh/ln ( 95 th percentile) 1.4 0.0 7.5 3.6 3.0 12.2 1.4 5.1 5.0
Queue Storage Ratio ( RQ ) ( 95 th percentile) 0.00 0.01 0.00 0.77 0.00 2.58 0.10 0.00 0.00
Uniform Delay ( d 1 ), s/veh 21.4 18.5 24.7 14.1 17.4 22.2 12.9 18.1 18.2
Incremental Delay ( d 2 ), s/veh 0.0 0.1 0.2 0.2 0.0 2.6 0.0 0.1 0.1
Initial Queue Delay ( d 3 ), s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Control Delay ( d ), s/veh 21.5 18.6 25.0 14.3 17.4 24.9 13.0 18.2 18.2
Level of Service (LOS) C B C B B C B B B
Approach Delay, s/veh / LOS 19.2 B 25.0 C 20.5 C 17.4 B
Intersection Delay, s/veh / LOS 20.1 C

Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS
Bicycle LOS Score / LOS
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HCS7 Signalized Intersection Results Summary

General Information Intersection Information
Agency TMS Engineers, Inc. Duration, h 0.250
Analyst ABC Analysis Date Jun 2, 2020 Area Type Other
Jurisdiction Amherst, OH Time Period AM Peak PHF 0.92
Urban Street North Lake Street Analysis Year 2042 Analysis Period 1> 7:00
Intersection @ SR 2 WB Ramps File Name AM 42 Westbound2.xus
Project Description Existing Conditions

Demand Information EB WB NB SB
Approach Movement L T R L T R L T R L T R
Demand ( v ), veh/h 80 388 50 421 479 151

Signal Information

Green
Yellow
Red

39.1 38.9 0.0 0.0 0.0 0.0
4.0 4.0 0.0 0.0 0.0 0.0
2.0 2.0 0.0 0.0 0.0 0.0

1 2 3 4

5 6 7 8

Cycle, s 90.0 Reference Phase 2
Offset, s 0 Reference Point End
Uncoordinated Yes Simult. Gap E/W On
Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 8 2 6
Case Number 9.0 6.0 7.0
Phase Duration, s 44.9 45.1 45.1
Change Period, ( Y+R c ), s 6.0 6.0 6.0
Max Allow Headway ( MAH ), s 3.3 3.1 3.1
Queue Clearance Time ( g s ), s 20.7 14.7 10.8
Green Extension Time ( g e ), s 1.1 0.0 3.0
Phase Call Probability 1.00 1.00 1.00
Max Out Probability 0.00 1.00 0.00

Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 3 18 5 2 6 16
Adjusted Flow Rate ( v ), veh/h 87 422 54 458 521 164
Adjusted Saturation Flow Rate ( s ), veh/h/ln 1626 1572 895 1781 1766 1598
Queue Service Time ( g s ), s 2.9 18.7 3.9 7.5 8.8 5.8
Cycle Queue Clearance Time ( g c ), s 2.9 18.7 12.7 7.5 8.8 5.8
Green Ratio ( g/C ) 0.43 0.43 0.43 0.43 0.43 0.43
Capacity ( c ), veh/h 703 680 381 1547 1535 694
Volume-to-Capacity Ratio ( X ) 0.124 0.621 0.143 0.296 0.339 0.236
Back of Queue ( Q ), ft/ln ( 95 th percentile) 50.9 278.2 35.4 132.9 155.4 92
Back of Queue ( Q ), veh/ln ( 95 th percentile) 1.8 10.9 1.4 5.2 6.1 3.6
Queue Storage Ratio ( RQ ) ( 95 th percentile) 0.36 0.00 0.21 0.00 0.00 0.77
Uniform Delay ( d 1 ), s/veh 15.3 19.8 21.1 16.5 16.9 16.0
Incremental Delay ( d 2 ), s/veh 0.0 1.3 0.1 0.0 0.0 0.1
Initial Queue Delay ( d 3 ), s/veh 0.0 0.0 0.0 0.0 0.0 0.0
Control Delay ( d ), s/veh 15.4 21.1 21.2 16.6 16.9 16.1
Level of Service (LOS) B C C B B B
Approach Delay, s/veh / LOS 0.0 20.1 C 17.0 B 16.7 B
Intersection Delay, s/veh / LOS 17.8 B

Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS
Bicycle LOS Score / LOS
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HCS7 Signalized Intersection Results Summary

General Information Intersection Information
Agency TMS Engineers, Inc. Duration, h 0.250
Analyst ABC Analysis Date Jun 2, 2020 Area Type Other
Jurisdiction Amherst, OH Time Period AM Peak PHF 0.92
Urban Street North Lake Street Analysis Year 2042 Analysis Period 1> 7:00
Intersection @ SR 2 EB Ramps File Name AM 42 Eastbound2.xus
Project Description 4-Lane Corridor

Demand Information EB WB NB SB
Approach Movement L T R L T R L T R L T R
Demand ( v ), veh/h 192 40 279 330 364 195

Signal Information

Green
Yellow
Red

14.4 31.7 25.9 0.0 0.0 0.0
4.0 4.0 4.0 0.0 0.0 0.0
2.0 2.0 2.0 0.0 0.0 0.0

1 2 3 4

5 6 7 8

Cycle, s 90.0 Reference Phase 2
Offset, s 0 Reference Point End
Uncoordinated Yes Simult. Gap E/W On
Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 4 2 1 6
Case Number 9.0 8.3 1.0 4.0
Phase Duration, s 31.9 37.7 20.4 58.1
Change Period, ( Y+R c ), s 6.0 6.0 6.0 6.0
Max Allow Headway ( MAH ), s 3.2 3.2 3.1 3.2
Queue Clearance Time ( g s ), s 10.6 18.9 14.2 4.5
Green Extension Time ( g e ), s 0.4 0.0 0.0 1.9
Phase Call Probability 1.00 1.00 1.00 1.00
Max Out Probability 0.00 1.00 1.00 0.00

Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 7 14 2 12 1 6
Adjusted Flow Rate ( v ), veh/h 209 43 303 359 396 212
Adjusted Saturation Flow Rate ( s ), veh/h/ln 1767 1560 1885 1598 1753 1724
Queue Service Time ( g s ), s 8.6 1.8 15.9 16.9 12.2 2.5
Cycle Queue Clearance Time ( g c ), s 8.6 1.8 15.9 16.9 12.2 2.5
Green Ratio ( g/C ) 0.29 0.29 0.35 0.35 0.53 0.58
Capacity ( c ), veh/h 509 449 664 563 486 1996
Volume-to-Capacity Ratio ( X ) 0.410 0.097 0.457 0.637 0.815 0.106
Back of Queue ( Q ), ft/ln ( 95 th percentile) 161.6 30.8 210.4 262 246 39.5
Back of Queue ( Q ), veh/ln ( 95 th percentile) 6.3 1.2 8.3 10.5 9.5 1.5
Queue Storage Ratio ( RQ ) ( 95 th percentile) 0.85 0.00 0.00 0.00 1.45 0.00
Uniform Delay ( d 1 ), s/veh 25.9 23.5 22.5 24.4 16.6 8.5
Incremental Delay ( d 2 ), s/veh 0.2 0.0 0.2 1.9 9.6 0.0
Initial Queue Delay ( d 3 ), s/veh 0.0 0.0 0.0 0.0 0.0 0.0
Control Delay ( d ), s/veh 26.1 23.5 22.7 26.2 26.2 8.5
Level of Service (LOS) C C C C C A
Approach Delay, s/veh / LOS 25.6 C 0.0 24.6 C 20.0 C
Intersection Delay, s/veh / LOS 22.9 C

Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS
Bicycle LOS Score / LOS
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HCS7 Signalized Intersection Results Summary

General Information Intersection Information
Agency TMS Engineers, Inc. Duration, h 0.250
Analyst ABC Analysis Date Jun 2, 2020 Area Type Other
Jurisdiction Lorain, OH Time Period PM Peak PHF 0.92
Urban Street Oak Point Road Analysis Year 2042 Analysis Period 1> 7:00
Intersection @ Buck Horn/Park Square File Name PM 42 BuckHorn.xus
Project Description 4-Lane Corridor

Demand Information EB WB NB SB
Approach Movement L T R L T R L T R L T R
Demand ( v ), veh/h 130 10 60 80 10 30 140 562 10 10 503 120

Signal Information

Green
Yellow
Red

7.0 39.0 36.0 0.0 0.0 0.0
4.0 4.0 4.0 0.0 0.0 0.0
2.0 2.0 2.0 0.0 0.0 0.0

1 2 3 4

5 6 7 8

Cycle, s 100.0 Reference Phase 2
Offset, s 0 Reference Point End
Uncoordinated Yes Simult. Gap E/W On
Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 4 8 5 2 1 6
Case Number 7.0 8.0 1.1 4.0 1.1 4.0
Phase Duration, s 42.0 42.0 13.0 45.0 13.0 45.0
Change Period, ( Y+R c ), s 6.0 6.0 6.0 6.0 6.0 6.0
Max Allow Headway ( MAH ), s 3.2 3.2 3.1 3.1 3.1 3.1
Queue Clearance Time ( g s ), s 9.7 7.8 7.1 14.1 2.3 16.0
Green Extension Time ( g e ), s 0.6 0.0 0.0 0.0 0.0 2.5
Phase Call Probability 1.00 1.00 1.00 1.00 1.00 1.00
Max Out Probability 0.00 1.00 1.00 1.00 0.02 0.00

Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 7 4 14 3 8 18 5 2 12 1 6 16
Adjusted Flow Rate ( v ), veh/h 152 65 130 152 312 310 11 349 328
Adjusted Saturation Flow Rate ( s ), veh/h/ln 1403 1610 1496 1767 1885 1873 1810 1885 1759
Queue Service Time ( g s ), s 2.0 2.4 0.0 5.1 12.1 12.1 0.3 13.9 14.0
Cycle Queue Clearance Time ( g c ), s 7.7 2.4 5.8 5.1 12.1 12.1 0.3 13.9 14.0
Green Ratio ( g/C ) 0.36 0.43 0.36 0.46 0.39 0.39 0.46 0.39 0.39
Capacity ( c ), veh/h 574 692 598 370 735 731 402 735 686
Volume-to-Capacity Ratio ( X ) 0.265 0.094 0.218 0.412 0.424 0.424 0.027 0.475 0.478
Back of Queue ( Q ), ft/ln ( 95 th percentile) 114 39.1 95.9 92.3 225.2 222.5 5.9 251.2 237.4
Back of Queue ( Q ), veh/ln ( 95 th percentile) 4.5 1.6 3.8 3.6 8.9 8.9 0.2 10.0 9.5
Queue Storage Ratio ( RQ ) ( 95 th percentile) 0.00 0.26 0.00 0.28 0.00 0.00 0.02 0.00 0.00
Uniform Delay ( d 1 ), s/veh 22.9 16.9 22.3 17.6 22.3 22.3 15.7 22.8 22.9
Incremental Delay ( d 2 ), s/veh 0.1 0.0 0.1 0.3 0.1 0.1 0.0 0.2 0.2
Initial Queue Delay ( d 3 ), s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Control Delay ( d ), s/veh 23.0 17.0 22.3 17.8 22.4 22.4 15.7 23.0 23.1
Level of Service (LOS) C B C B C C B C C
Approach Delay, s/veh / LOS 21.2 C 22.3 C 21.5 C 22.9 C
Intersection Delay, s/veh / LOS 22.1 C

Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS
Bicycle LOS Score / LOS
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HCS7 Signalized Intersection Results Summary

General Information Intersection Information
Agency TMS Engineers, Inc. Duration, h 0.250
Analyst ABC Analysis Date Jun 2, 2020 Area Type Other
Jurisdiction Amherst, OH Time Period PM Peak PHF 0.92
Urban Street Oak Point Road Analysis Year 2042 Analysis Period 1> 7:00
Intersection @ Cooper Foster Park … File Name PM 42 CooperFoster.xus
Project Description 4-Lane Corridor

Demand Information EB WB NB SB
Approach Movement L T R L T R L T R L T R
Demand ( v ), veh/h 78 121 479 242 128 84 454 550 180 84 494 65

Signal Information

Green
Yellow
Red

7.0 10.3 21.5 37.2 0.0 0.0
4.0 4.0 4.0 4.0 0.0 0.0
2.0 2.0 2.0 2.0 0.0 0.0

1 2 3 4

5 6 7 8

Cycle, s 100.0 Reference Phase 2
Offset, s 0 Reference Point End
Uncoordinated Yes Simult. Gap E/W On
Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 4 8 5 2 1 6
Case Number 7.0 8.0 1.1 3.0 1.1 4.0
Phase Duration, s 43.2 43.2 29.3 43.8 13.0 27.5
Change Period, ( Y+R c ), s 6.0 6.0 6.0 6.0 6.0 6.0
Max Allow Headway ( MAH ), s 3.3 3.3 3.1 3.1 3.1 3.1
Queue Clearance Time ( g s ), s 21.3 37.4 22.6 14.5 5.9 17.5
Green Extension Time ( g e ), s 2.9 0.0 0.1 0.0 0.0 1.5
Phase Call Probability 1.00 1.00 1.00 1.00 1.00 1.00
Max Out Probability 0.05 1.00 1.00 1.00 1.00 0.80

Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 7 4 14 3 8 18 5 2 12 1 6 16
Adjusted Flow Rate ( v ), veh/h 216 521 493 493 598 196 91 309 298
Adjusted Saturation Flow Rate ( s ), veh/h/ln 1449 1585 1371 1767 1781 1560 1767 1885 1808
Queue Service Time ( g s ), s 0.0 19.3 25.2 20.6 12.5 8.9 3.9 15.4 15.5
Cycle Queue Clearance Time ( g c ), s 10.2 19.3 35.4 20.6 12.5 8.9 3.9 15.4 15.5
Green Ratio ( g/C ) 0.37 0.61 0.37 0.47 0.38 0.38 0.28 0.22 0.22
Capacity ( c ), veh/h 589 959 565 532 1346 590 371 405 389
Volume-to-Capacity Ratio ( X ) 0.367 0.543 0.873 0.928 0.444 0.332 0.246 0.763 0.767
Back of Queue ( Q ), ft/ln ( 95 th percentile) 164 260.6 493.5 429.5 224.1 148.3 74.7 310.8 301.3
Back of Queue ( Q ), veh/ln ( 95 th percentile) 6.5 10.3 19.1 16.8 8.8 5.7 2.9 12.3 12.1
Queue Storage Ratio ( RQ ) ( 95 th percentile) 0.00 3.48 0.00 3.58 0.00 1.24 0.22 0.00 0.00
Uniform Delay ( d 1 ), s/veh 22.7 11.6 31.3 22.1 23.2 22.1 27.0 36.9 36.9
Incremental Delay ( d 2 ), s/veh 0.1 0.4 13.6 22.3 0.1 0.1 0.1 7.5 8.1
Initial Queue Delay ( d 3 ), s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Control Delay ( d ), s/veh 22.8 12.0 44.9 44.4 23.3 22.2 27.1 44.4 45.0
Level of Service (LOS) C B D D C C C D D
Approach Delay, s/veh / LOS 15.2 B 44.9 D 31.2 C 42.4 D
Intersection Delay, s/veh / LOS 32.1 C

Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS
Bicycle LOS Score / LOS
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HCS7 Signalized Intersection Results Summary

General Information Intersection Information
Agency TMS Engineers, Inc. Duration, h 0.250
Analyst ABC Analysis Date Jun 2, 2020 Area Type Other
Jurisdiction Amherst, OH Time Period PM Peak PHF 0.92
Urban Street North Lake Street Analysis Year 2042 Analysis Period 1> 7:00
Intersection @ SR 2 WB Ramps File Name PM 42 Westbound2.xus
Project Description 4-Lane Corridor

Demand Information EB WB NB SB
Approach Movement L T R L T R L T R L T R
Demand ( v ), veh/h 380 582 80 602 941 274

Signal Information

Green
Yellow
Red

43.4 44.6 0.0 0.0 0.0 0.0
4.0 4.0 0.0 0.0 0.0 0.0
2.0 2.0 0.0 0.0 0.0 0.0

1 2 3 4

5 6 7 8

Cycle, s 100.0 Reference Phase 2
Offset, s 0 Reference Point End
Uncoordinated Yes Simult. Gap E/W On
Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 8 2 6
Case Number 9.0 6.0 7.0
Phase Duration, s 50.6 49.4 49.4
Change Period, ( Y+R c ), s 6.0 6.0 6.0
Max Allow Headway ( MAH ), s 3.3 3.2 3.2
Queue Clearance Time ( g s ), s 38.3 39.4 24.8
Green Extension Time ( g e ), s 1.7 0.0 6.1
Phase Call Probability 1.00 1.00 1.00
Max Out Probability 0.43 1.00 0.13

Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 3 18 5 2 6 16
Adjusted Flow Rate ( v ), veh/h 413 633 87 654 1023 298
Adjusted Saturation Flow Rate ( s ), veh/h/ln 1795 1598 560 1781 1781 1585
Queue Service Time ( g s ), s 16.6 36.3 14.6 12.7 22.8 13.1
Cycle Queue Clearance Time ( g c ), s 16.6 36.3 37.4 12.7 22.8 13.1
Green Ratio ( g/C ) 0.45 0.45 0.43 0.43 0.43 0.43
Capacity ( c ), veh/h 801 713 187 1545 1546 688
Volume-to-Capacity Ratio ( X ) 0.516 0.888 0.464 0.423 0.662 0.433
Back of Queue ( Q ), ft/ln ( 95 th percentile) 274 548.9 89.4 222.8 361.6 208.4
Back of Queue ( Q ), veh/ln ( 95 th percentile) 10.9 21.8 3.6 8.8 14.2 8.2
Queue Storage Ratio ( RQ ) ( 95 th percentile) 1.96 0.00 0.53 0.00 0.00 1.74
Uniform Delay ( d 1 ), s/veh 19.9 25.4 37.3 19.6 22.5 19.7
Incremental Delay ( d 2 ), s/veh 0.3 12.7 0.7 0.1 0.9 0.2
Initial Queue Delay ( d 3 ), s/veh 0.0 0.0 0.0 0.0 0.0 0.0
Control Delay ( d ), s/veh 20.2 38.1 38.0 19.7 23.3 19.9
Level of Service (LOS) C D D B C B
Approach Delay, s/veh / LOS 0.0 31.0 C 21.8 C 22.6 C
Intersection Delay, s/veh / LOS 25.2 C

Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS
Bicycle LOS Score / LOS
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HCS7 Signalized Intersection Results Summary

General Information Intersection Information
Agency TMS Engineers, Inc. Duration, h 0.250
Analyst ABC Analysis Date Jun 2, 2020 Area Type Other
Jurisdiction Amherst, OH Time Period PM Peak PHF 0.92
Urban Street North Lake Street Analysis Year 2042 Analysis Period 1> 7:00
Intersection @ SR 2 EB Ramps File Name PM 42 Eastbound2.xus
Project Description 4-Lane Corridor

Demand Information EB WB NB SB
Approach Movement L T R L T R L T R L T R
Demand ( v ), veh/h 197 90 485 190 541 780

Signal Information

Green
Yellow
Red

30.6 29.2 22.2 0.0 0.0 0.0
4.0 4.0 4.0 0.0 0.0 0.0
2.0 2.0 2.0 0.0 0.0 0.0

1 2 3 4

5 6 7 8

Cycle, s 100.0 Reference Phase 2
Offset, s 0 Reference Point End
Uncoordinated Yes Simult. Gap E/W On
Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 4 2 1 6
Case Number 9.0 8.3 1.0 4.0
Phase Duration, s 28.2 35.2 36.6 71.8
Change Period, ( Y+R c ), s 6.0 6.0 6.0 6.0
Max Allow Headway ( MAH ), s 3.2 3.1 3.1 3.1
Queue Clearance Time ( g s ), s 12.6 25.1 26.1 12.6
Green Extension Time ( g e ), s 0.4 0.0 0.7 3.9
Phase Call Probability 1.00 1.00 1.00 1.00
Max Out Probability 0.01 1.00 0.50 0.00

Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 7 14 2 12 1 6
Adjusted Flow Rate ( v ), veh/h 214 98 384 349 588 848
Adjusted Saturation Flow Rate ( s ), veh/h/ln 1781 1610 1900 1717 1795 1795
Queue Service Time ( g s ), s 10.6 5.0 23.1 18.1 24.1 10.6
Cycle Queue Clearance Time ( g c ), s 10.6 5.0 23.1 18.1 24.1 10.6
Green Ratio ( g/C ) 0.22 0.22 0.29 0.29 0.62 0.66
Capacity ( c ), veh/h 395 357 555 501 666 2362
Volume-to-Capacity Ratio ( X ) 0.541 0.274 0.693 0.697 0.883 0.359
Back of Queue ( Q ), ft/ln ( 95 th percentile) 206 87.4 330.9 308.4 346.7 161.3
Back of Queue ( Q ), veh/ln ( 95 th percentile) 8.1 3.5 13.2 12.3 13.8 6.4
Queue Storage Ratio ( RQ ) ( 95 th percentile) 1.08 0.00 0.00 0.00 2.04 0.00
Uniform Delay ( d 1 ), s/veh 34.4 32.2 31.4 31.5 22.2 7.7
Incremental Delay ( d 2 ), s/veh 0.8 0.2 3.1 3.6 12.8 0.0
Initial Queue Delay ( d 3 ), s/veh 0.0 0.0 0.0 0.0 0.0 0.0
Control Delay ( d ), s/veh 35.2 32.4 34.5 35.0 35.1 7.7
Level of Service (LOS) D C C D D A
Approach Delay, s/veh / LOS 34.3 C 0.0 34.8 C 18.9 B
Intersection Delay, s/veh / LOS 25.5 C

Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS
Bicycle LOS Score / LOS
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