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Notice and Disclaimer 
This document is provided by Fleis & VandenBrink Engineering, Inc. for informational purposes only.  No 
changes or revisions may be made to the information presented in the document without the express consent 
of Fleis & VandenBrink Engineering, Inc. The information contained in this document is as accurate and 
complete as reasonably possible.  Should you find any errors or inconsistencies, we would be grateful if you 
could bring them to our attention. 

The opinions, findings, and conclusions expressed herein are those of Fleis & VandenBrink Engineering, Inc. 
and do not necessarily reflect the official views or policy of MDOT, the Road Commissions for Oakland County 
(RCOC) or the City of Rochester Hills, which makes no warranty, either implied or expressed, for the information 
contained in this document; neither does it assume legal liability or responsibility for the accuracy, completeness 
or usefulness of this information.  Any products, manufacturers or trademarks referenced in this document are 
used solely for reference purposes. 
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1  INTRODUCTION 

The project site is located adjacent to the north side of South Boulevard, approximately ½ mile west of 
Dequindre Road in Rochester Hills, Michigan.  The project site location is shown on Figure 1.  The proposed 
project includes the development of a 60,000 SF medical office building that includes an ambulatory and surgery 
center. Access for the site is proposed via one driveway to South Boulevard.  South Boulevard is under the 
jurisdiction of the Road Commission for Oakland County (RCOC). F&V proposes to complete a Traffic Impact 
Study (TIS) consistent with accepted traffic engineering practice and pursuant to the requests of the City of 
Rochester Hills and the Road Commission for Oakland County (RCOC).  

The purpose of this study is to identify the traffic related impacts, if any, of the proposed development project 
on the adjacent road network.  The scope of the study was developed based on Fleis & VandenBrink’s (F&V) 
knowledge of the study area, understanding of the development program, accepted traffic engineering practice 
and methodologies published by the Institute of Transportation Engineers (ITE).  Specific tasks undertaken for 
this study include the following: 

1. Study Area 
a. Provide a description of the study area including: surrounding land uses, intersection and roadway 

geometries, speed limits, functional classifications and traffic volume data (where available).  In 
addition, a study area site map showing the site location and the study intersections will also be 
provided. 

2. Proposed Land Use 
a. Obtain and review the proposed site plan which includes the proposed land uses, densities, and desired 

site access locations. A description of the current and proposed land uses will be accompanied with a 
complete project site plan (with buildings identified as to proposed use). A schedule for construction of 
the development and proposed development stages (if any) will also be provided. 

3. Existing Conditions  
a. Provide an analysis of the traffic-related impacts of the proposed development at the following study 

intersections: 
• South Boulevard & M-59 Off Ramp 
• South Boulevard & Dequindre Road 
• South Boulevard & John R Road 
• South Boulevard & Proposed Site Driveway 

b. Obtain existing SCATS count data at the study intersections for use in this study.  Existing traffic count 
data used in the study will be obtained for a typical weekday with fair weather conditions when school 
is in session. 

c. Identify the Existing AM and PM peak hour traffic volumes at the study intersections based on turning 
movement count data.  

d. Calculate the Existing vehicle delays, LOS, and vehicle queues at the study intersections during the 
AM and PM. The analysis will be performed at each of the study intersections. Intersection analysis 
shall include LOS determination for all approaches and movements. The LOS will be based on the 
procedures outlined in the HCM 6th Edition, the latest edition of Transportation Research Board’s 
Highway Capacity Manual. 

e. Identify improvements (if any) for the study road network that would be required to accommodate the 
existing traffic volumes.   

4. Future Background Growth 
a. If the planned completion date for the project or the last phase of the project is beyond one year of the 

study, an estimate of background traffic growth for the adjacent street network will be made and 
included in the analysis. 

b. Calculate the future background traffic volumes based on an appropriate traffic growth determined from 
local or statewide data to the project build-out year and/or any applicable background developments in 
the vicinity of this project as identified by the City of Rochester Hills Traffic Engineer. 
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5. Background Conditions (No Build) 
a. Calculate the Background (without the proposed development) vehicle delays, LOS, and vehicle 

queues at the study intersections during the AM and PM peak periods. Intersection analysis shall 
include LOS determination for all approaches and movements. The LOS will be based on the 
procedures outlined in the HCM 6th Edition, the latest edition of Transportation Research Board’s 
Highway Capacity Manual. 

b. Any state, local, or private transportation improvement projects in the project study area that will be 
underway in the build-out year and traffic that is generated by other proposed developments in the 
study area will be included as background conditions. 

c. Identify improvements (if any) for the study road network that would be required to accommodate the 
background traffic volumes.   

6. Trip Generation 
a. Forecast the number of AM and PM peak hour trips that would be generated by the proposed 

development based on data published by the Institute of Transportation Engineers (ITE) in Trip 
Generation, 10th Edition and/or local development data as approved for use in the study by the City of 
Rochester Hills Traffic Engineer. 

b. A table will be provided in the report outlining the categories and quantities of land uses, with the 
corresponding trip generation rates or equations, and the resulting number of trips.  

7. Trip Distribution and Traffic Assignment 
a. Assign the trips that would be generated by the proposed development to the adjacent road network 

based on existing traffic patterns. The distribution of the estimated trip generation to the adjacent street 
network and nearby intersections shall be included in the report and the basis will be explained. The 
distribution percentages with the corresponding volumes will be provided in a graphical format. 

b. Combine the site-generated traffic assignments with the background traffic forecasts to establish the 
Future AM and PM peak hour traffic volumes.   

8. Future Conditions 
a. Calculate the Future (with the proposed development) vehicle delays, LOS, and vehicle queues at 

the study intersections. Intersection analysis shall include LOS determination for all approaches and 
movements. The LOS will be based on the procedures outlined in the HCM 6th Edition, the latest edition 
of Transportation Research Board’s Highway Capacity Manual. 

b. Identify improvements (if any) for the study road network that would be required to accommodate the 
site-generated traffic volumes.   

9. Auxiliary Lanes  
a. Evaluate the RCOC auxiliary lane warranting criteria to determine the need for left and right-turn 

treatments at the proposed site driveway.  

Sources of data for this study include traffic counts conducted by F&V subconsultant Traffic Data Collection, 
Inc. (TDC), information provided by RCOC, City of Rochester Hills, MDOT and ITE.  All background information 
is provided in Appendix A.   
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2 BACKGROUND DATA 

2.1 EXISTING ROAD NETWORK 
Access for the proposed development is provided via access on South Boulevard. The lane use and traffic 
control at the study intersections are shown on Figure 2 and the additional study roadways are further described 
below.  For the purposes of this study, all minor streets and driveways are assumed to have an operating speed 
of 25 miles per hour (mph). 

South Boulevard runs in the east and west directions with a posted speed limit of 45 mph. South Boulevard is 
under the jurisdiction of the Road Commission for Oakland County (RCOC) and is classified a Minor Arterial. 
South Boulevard adjacent to the project site has an AADT of 8,500 vehicles per day (SEMCOG 2016).   

The study segment of South Boulevard has a typical 5-lane cross section with a center left-turn lane for 
approximately 1,400 ft west of Dequindre Road. The remainder of the study section has a typical 3-lane cross 
section with a center left-turn lane, except the section adjacent to the site that has a two-lane section.  As part 
of the site driveway permitting, RCOC has required a center left-turn lane be constructed adjacent to the site.  
Therefore, this center left-turn lane was assumed as a baseline condition in the future analysis.  

2.2 EXISTING TRAFFIC VOLUMES 
RCOC provided SCATS counts that were collected on Thursday, March 5, 2020 at the study intersections.   
Intersection turning movement counts were provided for a period of 24-hours during the weekday.  F&V also 
collected an inventory of existing lane use and traffic controls at the study intersections and obtained existing 
traffic signal timing information from RCOC.  The existing AM and PM peak hour traffic volumes were identified 
based on the data provided.  

This data was used as a baseline to establish the current peak hour traffic volumes for the analysis of existing 
traffic conditions.  During collection of the turning movement counts, pedestrian data and commercial truck 
percentages were recorded and used in the traffic analysis.  Peak Hour Factors (PHFs) were also calculated 
for each study intersection approach.  

The peak hour volumes for each intersection were utilized for this study and the volumes were balanced upward 
through the study network, and through volumes were carried along the main study roadways. At locations 
where access is provided between study intersections, “dummy” intersections were used to account for sink 
and source volumes, and through volumes were carried along the main study roadways.  The peak hours of 
existing network traffic varied at each intersection and were identified to occur between 7:30 AM to 9:00 AM 
and 4:30 PM to 6:00 PM.    

The traffic volume data are included in Appendix A and the existing peak hour traffic volumes are summarized 
in Figure 3.  

3 ANALYSIS 

3.1 EXISTING CONDITIONS 
The existing AM and PM peak hour vehicle delays and Levels of Service (LOS) were calculated at the study 
intersections using Synchro (Version 10) traffic analysis software.  The results of the existing conditions analysis 
were based on the existing lane use and traffic control shown on Figure 2, the existing traffic volumes provided 
in Figure 3, and the methodologies presented in the HCM (6th Edition).  In addition, the signals included in the 
analysis operate on the RCOC SCATS system which continually optimizes the cycle length and splits based on 
traffic volume demand.  Therefore, the signal timings were optimized for this analysis to replicate the operations 
of this intersection in the field. 

Descriptions of LOS “A” through “F” as defined in the HCM are provided in Appendix B for signalized and 
unsignalized intersections.  Typically, LOS D is considered acceptable, with LOS A representing minimal delay, 
and LOS F indicating failing conditions.  The results of the analysis of existing conditions are presented in 
Appendix B and are summarized in Table 1.  Microsimulation was also conducted at the study intersections 
using SimTraffic to further evaluate the network performance.   
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Table 1: Existing Intersection Operations 

Intersection Control Approach 

Existing Conditions (2020) 

AM Peak PM Peak 
Delay 
(s/veh) LOS Delay 

(s/veh) LOS 

1 Dequindre Road & 
South Boulevard Signalized 

EBL 53.3 D 48.0 D 
EBT 44.2 D 33.5 C 
EBR 53.1 D 83.6 F 
WBL 49.5 D 46.2 D 
WBT 33.9 C 37.3 D 
WBR 29.3 C 50.8 D 
NBL 31.4 C 18.4 B 
NBT 48.5 D 48.7 D 
NBR 38.3 D 35.4 D 
SBL 40.8 D 32.4 C 
SBT 39.8 D 23.2 C 
SBR 22.1 C 9.8 A 

Overall 41.8 D 44.5 D 

2 M-59 Exit Ramp & 
South Boulevard Signalized 

EB 34.1 C 40.8 D 
WB 34.3 C 33.8 C 
SBL 15.4 B 19.4 B 
SBR 16.5 B 19.4 B 

Overall 25.1 C 27.3 C 

3 John R Road & 
South Boulevard Signalized 

EBL 33.0 C 41.1 D 
EBT 38.8 D 37.8 D 
EBR 29.6 C 11.4 B 
WBL 31.6 C 36.2 D 
WBT 45.5 D 32.9 C 
WBR 31.1 C 11.0 B 
NBL 33.8 C 15.9 B 

NBTR 19.4 B 47.1 D 
SBL 15.0 B 19.6 B 

SBTR 50.7 D 28.8 C 
Overall 39.1 D 33.4 C 

The results of the existing conditions analysis indicate that all approaches and movements at the study 
intersections currently operate at LOS D or better during both peak hours, with the following exception: 

Dequindre Road & South Boulevard: 

• The eastbound right-turn movement currently operates at LOS F during the PM peak hour.  A review 
of SimTraffic network simulations indicates peak vehicle queue lengths of approximately 200 ft which 
exceeds the right-turn lane storage lane during the peak operations. 

3.2 BACKGROUND CONDITIONS  
In order to determine the applicable traffic growth rate for the existing traffic volumes to the project buildout year 
of 2021, The traffic volume projections on the adjacent roadway network were obtained from the Southeast 
Michigan Council of Governments (SEMCOG) from 2020 to 2025 and show a weighted annual growth of 1.44% 
annually.  Therefore, a conservative background growth rate of 1.5% per year was assumed for this study in 
the analysis of background conditions without the proposed development.  
  



Traffic Impact Study Medical Office Building Development│ March 19, 2020 
Rochester Hills, Michigan 

 

8 
843670 Alan Group Rochester Hills TIS FINAL Report 3-19-20.docx 

Table 2: Background Growth Rate Calculations 
SEMCOG Regional Growth  Year 2020 Year 2025 Annual Growth Rate 

South Blvd. (John R to Dequindre) 7,046 9,910 7.06% 
Dequindre Road (North) 35,170 39,530 2.36% 
Dequindre Road (South) 28,080 29,530 1.01% 
John R Road (North) 21,310 20,420 -0.85% 
John R Road (South) 12,580 12,540 -0.06% 
Weighted Average Annual Growth Rate 104,186 111,930 1.44% 

In addition to background growth, it is important to account for traffic that will be generated by approved 
developments within the vicinity of the study area that have yet to be constructed or are currently under 
construction.  No background developments were identified near the study area that are expected to be 
completed prior to the site buildout of the proposed development.  Background peak hour traffic volumes are 
shown in Figure 4. 

3.3 BACKGROUND OPERATIONS 
Background peak hour vehicle delays and LOS were calculated based on the existing lane use and traffic 
control shown on Figure 2, the background traffic volumes shown on Figure 4, and the methodologies 
presented in the HCM (6th Edition).  The results of the analysis of background conditions and vehicle queues 
are presented in Appendix C and are summarized in Table 3, respectively.   

Table 3: Background Intersection Operations  

Delay 
(s/veh) LOS Delay 

(s/veh) LOS Delay 
(s/veh) LOS Delay 

(s/veh) LOS Delay 
(s/veh) LOS Delay 

(s/veh) LOS

EBL 53.3 D 48.0 D 53.6 D 41.8 D 0.3 - -6.2 -
EBT 44.2 D 33.5 C 44.4 D 44.7 D 0.2 - 11.2 C→D
EBR 53.1 D 83.6 F 54.0 D 118.4 F 0.9 - 34.8 -
WBL 49.5 D 46.2 D 50.0 D 50.5 D 0.5 - 4.3 -
WBT 33.9 C 37.3 D 34.0 C 51.7 D 0.1 - 14.4 -
WBR 29.3 C 50.8 D 29.3 C 70.8 E 0.0 - 20.0 D→E
NBL 31.4 C 18.4 B 31.9 C 23.3 C 0.5 - 4.9 B→C
NBT 48.5 D 48.7 D 50.6 D 52.2 D 2.1 - 3.5 -
NBR 38.3 D 35.4 D 40.4 D 31.7 C 2.1 - -3.7 D→C
SBL 40.8 D 32.4 C 43.5 D 42.4 D 2.7 - 10.0 C→D
SBT 39.8 D 23.2 C 40.6 D 28.2 C 0.8 - 5.0 -
SBR 22.1 C 9.8 A 22.4 C 8.3 A 0.3 - -1.5 -

Overall 41.8 D 44.5 D 43.0 D 51.8 D 1.2 - 7.3 -
EB 34.1 C 35.7 D 34.3 C 37.1 D 0.2 - 1.4 -
WB 34.3 C 29.7 C 34.8 C 16.1 B 0.5 - -13.6 C→B
SBL 15.4 B 20.4 C 15.7 B 20.1 C 0.3 - -0.3 -
SBR 16.5 B 20.4 C 16.9 B 20.1 C 0.4 - -0.3 -

Overall 25.1 C 26.0 C 25.4 C 24.8 C 0.3 - -1.2 -
EBL 33.0 C 41.1 D 36.0 D 42.7 D 3.0 C→D 1.6 -
EBT 38.8 D 37.8 D 43.0 D 38.5 D 4.2 - 0.7 -
EBR 29.6 C 11.4 B 30.5 C 12.1 B 0.9 - 0.7 -
WBL 31.6 C 36.2 D 34.0 C 36.8 D 2.4 - 0.6 -
WBT 45.5 D 32.9 C 53.7 D 33.2 C 8.2 - 0.3 -
WBR 31.1 C 11.0 B 31.8 C 11.6 B 0.7 - 0.6 -
NBL 33.8 C 15.9 B 30.8 C 16.1 B -3.0 - 0.2 -

NBTR 19.4 B 47.1 D 19.0 B 46.4 D -0.4 - -0.7 -
SBL 15.0 B 19.6 B 13.5 B 20.2 C -1.5 - 0.6 B→C

SBTR 50.7 D 28.8 C 53.0 D 27.8 C 2.3 - -1.0 -
Overall 39.1 D 33.4 C 41.2 D 33.4 C 2.1 - 0.0 -

Difference

AM Peak PM Peak

3 John R Road & 
South Boulevard Signalized

Background Conditions (2021)

AM Peak PM Peak

1 Dequindre Road & 
South Boulevard Signalized

2 M-59 Exit Ramp & 
South Boulevard Signalized

Intersection Control Approach

Existing Conditions (2020)

AM Peak PM Peak
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The results of the background conditions analysis indicate that all study intersection approaches and 
movements will continue to operate in a manner similar to existing conditions, at LOS D or better during both 
peak hours, with exception of the following: 

Dequindre Road & South Boulevard: 

• The eastbound right-turn movement is expected to continue operating at LOS F during the PM peak 
hour.  A review of SimTraffic network simulations indicates peak vehicle queue lengths of approximately 
200 ft which exceeds the right-turn lane storage lane during the peak operations. 

• The westbound right-turn movement is expected to operate at LOS E during the PM peak hour with the 
addition of background traffic.  A review of SimTraffic network simulations indicates peak vehicle queue 
lengths of approximately 130 ft which will not exceed the available right-turn lane storage lane during 
the peak operations. 

3.4 SITE TRIP GENERATION 
The number of AM and PM peak hour vehicle trips that would be generated by the proposed development was 
forecast based on data published by ITE in the Trip Generation Manual, 10th Edition.  The proposed 
development includes a 60,000 GSF (48,000 gross floor area) medical office building that will be used as an 
ambulatory surgery center, cardiology office with cath labs, and various other doctor’s offices with endoscopy 
suite and procedure rooms for ENT.  The parking data for this site was reviewed with the various applicable 
medical ITE Land Uses and it was determined the Medical/Dental Office Building (ITE LUC 720) best fit land 
use code for use in this study.  The site trip generation forecast used in this analysis is summarized in Table 4. 

Table 4: Site Trip Generation Summary 

Land Use 
ITE 

Code Amount Units 
Average Daily 
Traffic (vpd) 

AM Peak Hour (vph) PM Peak Hour (vph) 
In Out Total In Out Total 

Medical-Dental Office Building 720 48,000 GFA 1,757 90 26 116 46 119 165 

3.5 SITE TRIP DISTRIBUTION  
The vehicular trips that would be generated by the proposed development were assigned to the study roads 
based on existing peak hour traffic patterns in the adjacent roadway network and the methodologies published 
by ITE.  To determine trips distribution for office developments using the adjacent street traffic it is assumed 
that the trips in the AM are home-to-work based trips, and in the PM are work-to-home based trips.  Therefore, 
the global trip generation is based on trips in the AM entering the study network and traveling to the development 
and exiting the study network in the PM.  The ITE trip distribution methodology assumes that new trips will 
return to their direction of origin. The site trip distributions used in the analysis are summarized in Table 5.  

Table 5: Site Trip Distribution Summary 
To/From via AM PM 

North Dequindre Road 21% 33% 
John R 14% 14% 

South Dequindre Road 22% 17% 
John R 7% 9% 

East South Blvd 14% 21% 

West South Blvd 5% 5% 
M-59 WB Off Ramp 17% 0.4% 
Total 100% 100% 

The site-generated traffic volumes in Table 5 were distributed to the adjacent roadway network based on the 
distribution shown in Table 6.  The site generated traffic volumes, as shown on Figure 5, were added to the 
background traffic volumes to calculate the future traffic volumes with the proposed development. Future traffic 
volumes are provided in Figure 6. 
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3.6 FUTURE CONDITIONS  
Future peak hour vehicle delays and LOS with the proposed development were calculated based on the 
existing lane use and traffic control shown on Figure 2, the proposed site access plan, the future traffic volumes 
shown on Figure 6, and the methodologies presented in the HCM 6th.  The results of the future conditions 
analysis and vehicle queues are presented in Appendix D and are summarized in Table 6. 

Table 6: Future Intersection Operations 

 

  

Delay 
(s/veh) LOS Delay 

(s/veh) LOS Delay 
(s/veh) LOS Delay 

(s/veh) LOS Delay 
(s/veh) LOS Delay 

(s/veh) LOS

EBL 53.6 D 41.8 D 53.7 D 41.4 D 0.1 - -0.4 -
EBT 44.4 D 44.7 D 44.6 D 45.0 D 0.2 - 0.3 -
EBR 54.0 D 118.4 F 52.8 D 125.2 F -1.2 - 6.8 -
WBL 50.0 D 50.5 D 50.1 D 50.8 D 0.1 - 0.3 -
WBT 34.0 C 51.7 D 34.6 C 53.8 D 0.6 - 2.1 -
WBR 29.3 C 70.8 E 29.8 C 79.4 E 0.5 - 8.6 -
NBL 31.9 C 23.3 C 33.6 C 23.3 C 1.7 - 0.0 -
NBT 50.6 D 52.2 D 49.4 D 52.2 D -1.2 - 0.0 -
NBR 40.4 D 31.7 C 39.9 D 32.1 C -0.5 - 0.4 -
SBL 43.5 D 42.4 D 42.6 D 42.4 D -0.9 - 0.0 -
SBT 40.6 D 28.2 C 41.8 D 28.5 C 1.2 - 0.3 -
SBR 22.4 C 8.3 A 23.1 C 8.1 A 0.7 - -0.2 -

Overall 43.0 D 51.8 D 42.8 D 53.0 D -0.2 - 1.2 -
EB 34.3 C 37.1 D 32.9 C 36.0 D -1.4 - -1.1 -
WB 34.8 C 16.1 B 22.1 C 13.5 B -12.7 - -2.6 -
SBL 15.7 B 20.1 C 17.1 B 22.7 C 1.4 - 2.6 -
SBR 16.9 B 20.1 C 18.5 B 22.7 C 1.6 - 2.6 -

Overall 25.4 C 24.8 C 21.9 C 25.9 C -3.5 - 1.1 -
EBL 36.0 D 42.7 D 37.2 D 43.9 D 1.2 - 1.2 -
EBT 43.0 D 38.5 D 44.1 D 38.7 D 1.1 - 0.2 -
EBR 30.5 C 12.1 B 32.3 C 12.3 B 1.8 - 0.2 -
WBL 34.0 C 36.8 D 36.2 D 37.7 D 2.2 C→D 0.9 -
WBT 53.7 D 33.2 C 54.6 D 33.5 C 0.9 - 0.3 -
WBR 31.8 C 11.6 B 34.4 C 12.1 B 2.6 - 0.5 -
NBL 30.8 C 16.1 B 33.1 C 16.1 B 2.3 - 0.0 -

NBTR 19.0 B 46.4 D 20.3 C 47.4 D 1.3 B→C 1.0 -
SBL 13.5 B 20.2 C 14.6 B 20.5 C 1.1 - 0.3 -

SBTR 53.0 D 27.8 C 51.0 D 27.5 C -2.0 - -0.3 -
Overall 40.7 D 33.4 C 41.1 D 33.7 C 0.4 - 0.3 -

EBL 8.4 A 8.2 A 8.4 →A 8.2 →A
EB
WB
SBL 13.6 B 15.8 C 13.6 →B 15.8 →C
SBR 10.9 B 10.9 B 10.9 →B 10.9 →B

FREE FREE
FREE FREE

2 M-59 Exit Ramp & 
South Boulevard Signalized

FREE
FREE

FREE
FREE

3 John R Road & 
South Boulevard Signalized

4
Proposed Site 
Drive & South 

Boulevard
Signalized

Intersection Control AM Peak PM Peak

1 Dequindre Road & 
South Boulevard Signalized

Approach

Background Conditions 
(2021)

Future Conditions 
(2021) Difference

AM Peak PM Peak AM Peak PM Peak
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The results of the future conditions analysis indicate that all study intersection approaches and movements are 
expected to operate acceptably, at a LOS D or better, with exception of the following: 

Dequindre Road & South Boulevard: 

• The eastbound right-turn movement is expected to continue operating at LOS F during the PM peak 
hour.  A review of SimTraffic network simulations indicate peak vehicle queue lengths of approximately 
200 ft which exceeds the right-turn lane storage lane during the peak operations. 

• The westbound right-turn movement is expected to operate at LOS E during the PM peak hour with the 
addition of background traffic.  A review of SimTraffic network simulations indicate peak vehicle queue 
lengths of approximately 120 ft which will not exceed the available right-turn lane storage lane during 
the peak operations. 

3.7 AUXILIARY LANE ANALYSIS 
The RCOC “Permit Rules, Specifications and Guidelines” includes criteria for determining the need for left- and 
right-turn lanes at the proposed site driveway.  The results of the analysis are provided in Appendix E and 
indicate the following: 

1. A left-turn treatment (passing lane or center turn lane) is recommended on South Boulevard at the 
proposed Site Drive intersection. 

2. A right-turn taper is recommended at the Site Drive.  

4 CONCLUSIONS 

The conclusions of this TIS are as follows: 

1. The results of the existing conditions analysis indicate that all approaches and movements at the 
study intersections currently operate at LOS D or better during both peak hours, with the following 
exception: 

• Dequindre Road & South Boulevard:  The eastbound right-turn movement currently operates 
at LOS F during the PM peak hour.  A review of SimTraffic network simulations indicate peak 
vehicle queue lengths of approximately 200 ft which exceeds the right-turn lane storage lane 
during the peak operations. 

2. The results of the background conditions (No Build 2021) analysis indicate that all approaches and 
movements at the study intersections will continue to operate at LOS D or better during both peak 
hours. In addition to the delays experienced during existing conditions, the follow impact to operations 
are expected. 

• Dequindre Road & South Boulevard:  The westbound right-turn movement is expected to 
operate at LOS E during the PM peak hour with the addition of background traffic.  A review of 
SimTraffic network simulations indicates peak vehicle queue lengths of approximately 130 ft 
which will not exceed the available right-turn lane storage lane during the peak operations. 

3. The results of the future conditions (with development 2021) analysis indicate that all approaches 
and movements at the study intersections will continue to operate at LOS D or better during both peak 
hours. No additional decreases to LOS or significant impact to operations is expected with the addition 
of the site generated traffic. 

4. The proposed site driveway is expected to operate well during both the AM and PM peak hours. 

5. The RCOC criteria for left and right-turn lanes was evaluated and the results of the analysis indicate a 
left-turn treatment (passing lane or center turn lane) is recommended on South Boulevard at the 
proposed Site Drive intersection and a right-turn taper is recommended at the Site Drive. RCOC has 
indicated that a left-turn treatment would be required as part of the proposed development plan and 
was assumed in the future conditions analysis included herein. 
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5 RECOMMENDATIONS 

The recommendations of this TIS are as follows: 

1. A left-turn treatment (passing lane or center turn lane) is recommended on South Boulevard at the 
proposed Site Drive intersection.   

2. A right-turn taper is recommended at the Site Drive.  The driveway design standards should be in 
accordance with RCOC requirements. 
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SITE/BUILDING DATA

PARCEL SIZE 3.344 ACRES
EXISTING ZONING O-1 OFFICE BUSINESS
PROPOSED ZONING O-1 OFFICE BUSINESS
PROPOSED USE MEDICAL OFFICE
REQUIRED FRONT SETBACK 35'
PROPOSED FRONT SETBACK 35'-0"
REQUIRED SIDE SETBACK 0' EA. SIDE | 50' TOTAL
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PROPOSED BUILDING AREA 60,000 GROSS SF

PARKING DATA

PARKING REQUIRED 1 SPACE PER 350 NET SF
60,000 SF * .8 = 48,000 SF
138 SPACES REQUIRED

PARKING PROVIDED 144 SPACES PROVIDED

9' WIDE SPACE PROVIDED 40 SPACES
10' WIDE SPACES PROVIDED 97 SPACES
11' WIDE ACC. SPACES PROVIDED7 SPACES

GENERAL NOTES

1. ALL OUTDOOR LIGHTS SHALL BE SHIELDED TO
REDUCE GLARE AND SHALL BE ARRANGED TO NOT
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2. ALL SIGNS SHALL MEET LOCAL MUNICIPALITY
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TREES 19 TREES REQUIRED

19 TREES PROVIDED

TREE PRESERVATION 40% OF EXISTING TREES > 6" Ø TO REMAIN
EXCLUDING THOSE WITHIN BUILDING
FOOTPRINT

REQUIRED TO REMAIN 52 TOTAL TREES = 21 TREES

PROPOSED TO REMAIN 25 TREES
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South Blvd & John R March 5, 2020

Start Time Left Thru Right Left Thru Right Left Thru Right Left Thru Right Total
7:00 AM 6 31 27 7 23 5 19 20 6 33 111 26 314
7:15 AM 10 26 31 3 27 5 23 16 8 30 94 23 296
7:30 AM 9 30 17 11 37 9 22 22 16 30 130 45 378
7:45 AM 8 30 24 16 52 19 43 42 14 22 129 64 463
8:00 AM 20 44 18 15 64 18 30 31 23 31 127 68 489
8:15 AM 19 30 18 10 54 11 34 35 12 18 117 47 405
8:30 AM 15 36 21 7 58 14 37 51 15 31 113 50 448
8:45 AM 25 42 14 16 51 11 42 51 15 17 120 73 477

Peak hour
Total 79 152 71 48 227 54 143 168 65 97 477 238 1819
PHF

4:00 PM 37 47 35 14 38 21 24 95 18 15 62 19 425
4:15 PM 37 42 26 19 26 29 25 115 20 23 86 15 463
4:30 PM 47 44 34 17 38 23 19 135 23 21 83 26 510
4:45 PM 43 47 32 16 40 27 27 112 18 24 84 9 479
5:00 PM 48 53 29 16 39 30 22 139 14 18 92 19 519
5:15 PM 46 56 36 17 46 35 26 137 25 26 96 17 563
5:30 PM 47 68 45 13 29 23 21 138 29 24 75 14 526
5:45 PM 52 70 36 12 34 22 25 117 19 15 67 22 491

Peak hour
Total 193 247 146 58 148 110 94 531 87 83 330 72 2099
PHF

1451
1626

1735
1805

South Blvd
Eastbound

South Blvd
Westbound

John R
Northbound

John R
Southbound

1877
1971

2071
2087

2099

1819

0.92 0.85 0.87 0.90

0.92 0.81 0.95 0.87



South Blvd & M-59 Ramp March 5, 2020

Start Time Left Thru Left Thru Thru Left Right Total
7:00 AM 40 64 119 18 241
7:15 AM 54 87 105 47 293
7:30 AM 71 119 124 131 445
7:45 AM 90 173 136 128 527
8:00 AM 63 120 105 98 386
8:15 AM 72 129 123 117 441
8:30 AM 79 138 107 95 419
8:45 AM 69 130 135 97 431

Peak hour
Total 0 0 296 0 0 541 0 0 0 488 474 0 1799
PHF

4:00 PM 151 56 240 4 451
4:15 PM 130 87 229 5 451
4:30 PM 176 58 298 10 542
4:45 PM 115 63 290 6 474
5:00 PM 157 69 291 6 523
5:15 PM 115 61 347 3 526
5:30 PM 120 56 281 3 460
5:45 PM 114 43 226 6 389

Peak hour
Total 0 0 563 0 0 251 0 0 0 1226 25 0 2065
PHF

1506
1651

1799
1773

South Blvd
Eastbound

South Blvd
Westbound

M-59
Southbound

1918
1990

1677

0.82 0.78 #DIV/0! 0.91

1898

2065
1983

0.80 0.91 #DIV/0! 0.89



South Blvd & Dequindre March 5, 2020

Start Time Left Thru Right Left Thru Right Left Thru Right Left Thru Right Total
7:00 AM 36 46 97 25 19 46 11 161 79 44 233 47 844
7:15 AM 30 46 83 17 23 44 6 152 83 37 223 41 785
7:30 AM 29 51 78 20 29 46 12 183 93 33 232 43 849
7:45 AM 32 58 88 22 52 50 20 155 118 42 202 55 894
8:00 AM 41 54 91 25 61 36 31 228 124 38 218 67 1014
8:15 AM 27 63 77 19 45 41 20 141 64 47 206 60 810
8:30 AM 48 61 106 13 50 48 24 222 121 35 184 57 969
8:45 AM 38 52 79 14 43 49 27 133 69 31 202 65 802

Peak hour
Total 148 236 362 79 208 175 95 746 427 162 810 239 3687
PHF

4:00 PM 137 113 114 12 14 37 22 242 130 29 113 27 990
4:15 PM 145 120 107 9 17 30 16 270 122 39 105 18 998
4:30 PM 149 126 87 7 17 33 18 249 131 26 106 21 970
4:45 PM 152 168 112 10 13 37 19 216 138 28 130 16 1039
5:00 PM 128 123 111 9 17 40 25 292 104 23 107 17 996
5:15 PM 160 147 123 14 22 44 22 290 122 25 95 22 1086
5:30 PM 126 146 115 16 16 49 16 286 108 34 95 25 1032
5:45 PM 169 134 123 15 20 33 16 240 111 32 119 17 1029

Peak hour 629 649 512 Balanced
Total 566 584 461 49 68 170 82 1084 472 110 427 80 4153
PHF

3372
3542

3567
3687

South Blvd
Eastbound

South Blvd
Westbound

Dequindre
Northbound

Dequindre
Southbound

3997
4003

4091
4153

4143

3595

0.87 0.93 0.83 0.94

0.93 0.89 0.94 0.89



South Blvd E, (PR Number 616405)

From: John R Rd 7.020 BMP

To: E M 59/Dequindre Ramp 7.925
EMP

FALINK ID: 281

Community: City of Rochester Hills , City of
Troy

County: Oakland

Functional Class: 4 - Minor Arterial

Direction: 1 Way

Length: 0.905 miles

Number of Lanes: 2

Posted Speed: 45 (source: TCO)

Route Classification: Not a route

Annual Crash Average 2014-
2018:

8

Traffic Volume (2016)*: 8,500 (Observed AADT)

Pavement Type (2017): Asphalt

Pavement Rating (2017): Good

Short Range (TIP) Projects: No TIP projects for this
segment.

Long Range (RTP) Projects: No long-range projects for this
segment.

* AADT values are derived from Traffic Counts

Street View

Road Segment Report

Crash and Road Data

Map data ©2020500 m 

SEMCOG | Southeast Michigan
Council of Governments

https://semcog.org/crash-and-road-data/falink_id/281/view/roadsegmentcrashdetail
http://semcog-all.ms2soft.com/tcds/tsearch.asp?loc=semcog-all&mod=tcds
https://maps.google.com/maps?ll=42.623951,-83.102046&z=14&t=m&hl=en-US&gl=US&mapclient=apiv3
https://semcog.org/


Dequindre Rd, (PR Number 799402)

From: South Blvd E 12.235 BMP

To: E M 59 12.313 EMP

FALINK ID: 3633

Community: City of Rochester Hills , Shelby
Township

County: Oakland, Macomb

Functional Class: 3 - Other Principal Arterial

Direction: 1 Way

Length: 0.078 miles

Number of Lanes: 4

Posted Speed: 45 (source: TCO)

Route Classification: Not a route

Annual Crash Average 2014-
2018:

9

Traffic Volume (2016)*: 24,300 (Observed AADT)

Pavement Type (2017): Asphalt

Pavement Rating (2017): Good

Short Range (TIP) Projects: No TIP projects for this
segment.

Long Range (RTP) Projects: No long-range projects for this
segment.

* AADT values are derived from Traffic Counts

Street View

Road Segment Report

Crash and Road Data

Map data ©2020500 m 

SEMCOG | Southeast Michigan
Council of Governments

https://semcog.org/crash-and-road-data/falink_id/3633/view/roadsegmentcrashdetail
http://semcog-all.ms2soft.com/tcds/tsearch.asp?loc=semcog-all&mod=tcds
https://maps.google.com/maps?ll=42.624783,-83.091469&z=14&t=m&hl=en-US&gl=US&mapclient=apiv3
https://semcog.org/


Dequindre Rd, (PR Number 799402)

From: Square Lake Rd E 11.079 BMP

To: South Blvd E 12.235 EMP

FALINK ID: 3632

Community: City of Troy , City of Sterling
Heights

County: Oakland, Macomb

Functional Class: 3 - Other Principal Arterial

Direction: 1 Way

Length: 1.156 miles

Number of Lanes: 5

Posted Speed: 45 (source: TCO)

Route Classification: Not a route

Annual Crash Average 2014-
2018:

48

Traffic Volume (2016)*: 24,800 (Observed AADT)

Pavement Type (2017): Asphalt

Pavement Rating (2017): Good

Short Range (TIP) Projects: No TIP projects for this
segment.

Long Range (RTP) Projects: No long-range projects for this
segment.

* AADT values are derived from Traffic Counts

Street View

Road Segment Report

Crash and Road Data

Map data ©2020500 m 

SEMCOG | Southeast Michigan
Council of Governments

https://semcog.org/crash-and-road-data/falink_id/3632/view/roadsegmentcrashdetail
http://semcog-all.ms2soft.com/tcds/tsearch.asp?loc=semcog-all&mod=tcds
https://maps.google.com/maps?ll=42.615845,-83.091086&z=14&t=m&hl=en-US&gl=US&mapclient=apiv3
https://semcog.org/


John R Rd, (PR Number 646806)

From: South Blvd E 12.203 BMP

To: E M 59 12.282 EMP

FALINK ID: 1571

Community: City of Rochester Hills

County: Oakland

Functional Class: 4 - Minor Arterial

Direction: 1 Way

Length: 0.079 miles

Number of Lanes: 3

Posted Speed: 45 (source: TCO)

Route Classification: Not a route

Annual Crash Average 2014-
2018:

3

Traffic Volume (2016)*: 14,800 (Observed AADT)

Pavement Type (2017): Asphalt

Pavement Rating (2017): Poor

Short Range (TIP) Projects: (1341) Capacity Improvement

Long Range (RTP) Projects: No long-range projects for this
segment.

* AADT values are derived from Traffic Counts

Street View

Road Segment Report

Crash and Road Data

Map data ©2020500 m 

SEMCOG | Southeast Michigan
Council of Governments

https://semcog.org/crash-and-road-data/falink_id/1571/view/roadsegmentcrashdetail
http://semcog-all.ms2soft.com/tcds/tsearch.asp?loc=semcog-all&mod=tcds
https://maps.google.com/maps?ll=42.624269,-83.111075&z=14&t=m&hl=en-US&gl=US&mapclient=apiv3
https://semcog.org/


John R Rd, (PR Number 646806)

From: Square Lake Rd E 11.077 BMP

To: South Blvd E 12.203 EMP

FALINK ID: 1570

Community: City of Troy

County: Oakland

Functional Class: 4 - Minor Arterial

Direction: 1 Way

Length: 1.126 miles

Number of Lanes: 2

Posted Speed: 45 (source: TCO)

Route Classification: Not a route

Annual Crash Average 2014-
2018:

17

Traffic Volume (2016)*: 14,400 (Observed AADT)

Pavement Type (2017): Asphalt

Pavement Rating (2017): Poor

Short Range (TIP) Projects: (1341) Capacity Improvement

Long Range (RTP) Projects: No long-range projects for this
segment.

* AADT values are derived from Traffic Counts

Street View

Road Segment Report

Crash and Road Data

Map data ©2020500 m 

SEMCOG | Southeast Michigan
Council of Governments

https://semcog.org/crash-and-road-data/falink_id/1570/view/roadsegmentcrashdetail
http://semcog-all.ms2soft.com/tcds/tsearch.asp?loc=semcog-all&mod=tcds
https://maps.google.com/maps?ll=42.615569,-83.110472&z=14&t=m&hl=en-US&gl=US&mapclient=apiv3
https://semcog.org/
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EXISTING TRAFFIC CONDITIONS  



HCM 6th Signalized Intersection Summary Existing Conditions
1: Dequindre Road & South Blvd. (Push Button) AM Peak Hour

Rochester Hills MOB Synchro 10 Report
Fleis & VandenBrink Engineering, Inc. 03/11/2020

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 148 274 362 79 208 175 95 746 427 162 810 239
Future Volume (veh/h) 148 274 362 79 208 175 95 746 427 162 810 239
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1870 1870 1870 1870 1870 1870 1870 1870 1870 1870 1870 1870
Adj Flow Rate, veh/h 170 315 416 85 224 188 114 899 514 172 862 254
Peak Hour Factor 0.87 0.87 0.87 0.93 0.93 0.93 0.83 0.83 0.83 0.94 0.94 0.94
Percent Heavy Veh, % 2 2 2 2 2 2 2 2 2 2 2 2
Cap, veh/h 444 1007 546 220 989 573 217 1054 666 230 1133 709
Arrive On Green 0.04 0.09 0.09 0.12 0.28 0.28 0.06 0.30 0.30 0.08 0.32 0.32
Sat Flow, veh/h 3456 3554 1585 1781 3554 1585 1781 3554 1585 1781 3554 1585
Grp Volume(v), veh/h 170 315 416 85 224 188 114 899 514 172 862 254
Grp Sat Flow(s),veh/h/ln 1728 1777 1585 1781 1777 1585 1781 1777 1585 1781 1777 1585
Q Serve(g_s), s 5.7 9.9 28.6 5.3 5.8 10.3 5.3 28.6 33.4 8.0 26.2 12.7
Cycle Q Clear(g_c), s 5.7 9.9 28.6 5.3 5.8 10.3 5.3 28.6 33.4 8.0 26.2 12.7
Prop In Lane 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Lane Grp Cap(c), veh/h 444 1007 546 220 989 573 217 1054 666 230 1133 709
V/C Ratio(X) 0.38 0.31 0.76 0.39 0.23 0.33 0.53 0.85 0.77 0.75 0.76 0.36
Avail Cap(c_a), veh/h 444 1007 546 246 989 573 258 1054 666 256 1133 709
HCM Platoon Ratio 0.33 0.33 0.33 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 0.88 0.88 0.88 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Uniform Delay (d), s/veh 52.8 43.5 44.5 48.4 33.4 27.7 29.5 39.7 29.9 30.4 36.7 21.8
Incr Delay (d2), s/veh 0.5 0.7 8.6 1.1 0.5 1.5 2.0 8.7 8.5 10.4 3.1 0.3
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln 2.5 4.7 13.4 2.4 2.5 4.0 2.3 13.2 13.6 3.9 11.4 4.6
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 53.3 44.2 53.1 49.5 33.9 29.3 31.4 48.5 38.3 40.8 39.8 22.1
LnGrp LOS D D D D C C C D D D D C
Approach Vol, veh/h 901 497 1527 1288
Approach Delay, s/veh 50.0 34.8 43.8 36.5
Approach LOS D C D D

Timer - Assigned Phs 1 2 3 4 5 6 7 8
Phs Duration (G+Y+Rc), s 21.2 40.4 13.7 44.7 21.8 39.8 16.4 42.0
Change Period (Y+Rc), s 6.4 6.4 6.4 6.4 6.4 6.4 6.4 6.4
Max Green Setting (Gmax), s 16.6 30.4 10.1 37.3 13.6 33.4 11.8 35.6
Max Q Clear Time (g_c+I1), s 7.3 30.6 7.3 28.2 7.7 12.3 10.0 35.4
Green Ext Time (p_c), s 0.1 0.0 0.1 4.2 0.2 1.8 0.1 0.1

Intersection Summary
HCM 6th Ctrl Delay 41.8
HCM 6th LOS D



HCM 6th Signalized Intersection Summary Existing Conditions
2: South Blvd. (Push Button) & M-59 SB Exit Ramp AM Peak Hour

Rochester Hills MOB Synchro 10 Report
Fleis & VandenBrink Engineering, Inc. 03/11/2020

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Traffic Volume (veh/h) 0 296 542 0 488 474
Future Volume (veh/h) 0 296 542 0 488 474
Initial Q (Qb), veh 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No
Adj Sat Flow, veh/h/ln 0 1969 1969 0 1969 2000
Adj Flow Rate, veh/h 0 361 695 0 528 529
Peak Hour Factor 0.82 0.82 0.78 0.78 0.91 0.91
Percent Heavy Veh, % 0 2 2 0 2 0
Cap, veh/h 0 1091 1091 0 1109 1003
Arrive On Green 0.00 0.29 0.39 0.00 0.59 0.59
Sat Flow, veh/h 0 3938 3938 0 1875 1695
Grp Volume(v), veh/h 0 361 695 0 528 529
Grp Sat Flow(s),veh/h/ln 0 1870 1870 0 1875 1695
Q Serve(g_s), s 0.0 9.1 18.1 0.0 19.2 22.2
Cycle Q Clear(g_c), s 0.0 9.1 18.1 0.0 19.2 22.2
Prop In Lane 0.00 0.00 1.00 1.00
Lane Grp Cap(c), veh/h 0 1091 1091 0 1109 1003
V/C Ratio(X) 0.00 0.33 0.64 0.00 0.48 0.53
Avail Cap(c_a), veh/h 0 1091 1091 0 1109 1003
HCM Platoon Ratio 1.00 1.00 1.33 1.00 1.00 1.00
Upstream Filter(I) 0.00 1.00 0.96 0.00 1.00 1.00
Uniform Delay (d), s/veh 0.0 33.3 31.6 0.0 13.9 14.5
Incr Delay (d2), s/veh 0.0 0.8 2.7 0.0 1.5 2.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln0.0 4.1 7.6 0.0 7.8 8.3
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 0.0 34.1 34.3 0.0 15.4 16.5
LnGrp LOS A C C A B B
Approach Vol, veh/h 361 695 1057
Approach Delay, s/veh 34.1 34.3 16.0
Approach LOS C C B

Timer - Assigned Phs 2 4 6
Phs Duration (G+Y+Rc), s 42.0 78.0 42.0
Change Period (Y+Rc), s * 7 * 7 * 7
Max Green Setting (Gmax), s * 35 * 71 * 35
Max Q Clear Time (g_c+I1), s 20.1 24.2 11.1
Green Ext Time (p_c), s 3.8 3.9 2.1

Intersection Summary
HCM 6th Ctrl Delay 25.1
HCM 6th LOS C

Notes
User approved volume balancing among the lanes for turning movement.
* HCM 6th computational engine requires equal clearance times for the phases crossing the barrier.



HCM 6th Signalized Intersection Summary Existing Conditions
3: John R Road & South Blvd. (Push Button) AM Peak Hour

Rochester Hills MOB Synchro 10 Report
Fleis & VandenBrink Engineering, Inc. 03/11/2020

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 79 152 71 48 227 54 143 168 65 97 477 238
Future Volume (veh/h) 79 152 71 48 227 54 143 168 65 97 477 238
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1969 1969 1969 1969 1969 1969 1969 1969 1969 1969 1969 1969
Adj Flow Rate, veh/h 86 165 77 56 267 64 164 193 75 108 530 264
Peak Hour Factor 0.92 0.92 0.92 0.85 0.85 0.85 0.87 0.87 0.87 0.90 0.90 0.90
Percent Heavy Veh, % 2 2 2 2 2 2 2 2 2 2 2 2
Cap, veh/h 251 438 487 315 430 452 221 626 243 580 557 277
Arrive On Green 0.05 0.22 0.22 0.04 0.22 0.22 0.07 0.46 0.46 0.05 0.45 0.45
Sat Flow, veh/h 1875 1969 1668 1875 1969 1668 1875 1350 525 1875 1240 618
Grp Volume(v), veh/h 86 165 77 56 267 64 164 0 268 108 0 794
Grp Sat Flow(s),veh/h/ln1875 1969 1668 1875 1969 1668 1875 0 1874 1875 0 1858
Q Serve(g_s), s 3.9 7.8 3.8 2.5 13.5 3.2 5.1 0.0 9.8 3.4 0.0 45.3
Cycle Q Clear(g_c), s 3.9 7.8 3.8 2.5 13.5 3.2 5.1 0.0 9.8 3.4 0.0 45.3
Prop In Lane 1.00 1.00 1.00 1.00 1.00 0.28 1.00 0.33
Lane Grp Cap(c), veh/h 251 438 487 315 430 452 221 0 869 580 0 834
V/C Ratio(X) 0.34 0.38 0.16 0.18 0.62 0.14 0.74 0.00 0.31 0.19 0.00 0.95
Avail Cap(c_a), veh/h 251 438 487 391 430 452 261 0 869 580 0 834
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00 1.00 1.00 0.00 1.00
Uniform Delay (d), s/veh 32.2 36.3 28.9 31.4 38.9 30.4 24.8 0.0 18.5 14.8 0.0 29.2
Incr Delay (d2), s/veh 0.8 2.5 0.7 0.3 6.6 0.7 9.0 0.0 0.9 0.2 0.0 21.5
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln1.8 3.9 1.6 1.1 7.1 1.3 2.6 0.0 4.2 1.4 0.0 23.4
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 33.0 38.8 29.6 31.6 45.5 31.1 33.8 0.0 19.4 15.0 0.0 50.7
LnGrp LOS C D C C D C C A B B A D
Approach Vol, veh/h 328 387 432 902
Approach Delay, s/veh 35.1 41.1 24.8 46.4
Approach LOS D D C D

Timer - Assigned Phs 1 2 3 4 5 6 7 8
Phs Duration (G+Y+Rc), s12.0 57.0 10.5 30.5 13.6 55.4 11.0 30.0
Change Period (Y+Rc), s* 6.2 * 6 * 6 * 6 * 6 * 6 * 6 * 6
Max Green Setting (Gmax), s* 5.8 * 51 * 9 * 20 * 10 * 47 * 5 * 24
Max Q Clear Time (g_c+I1), s5.4 11.8 4.5 9.8 7.1 47.3 5.9 15.5
Green Ext Time (p_c), s 0.0 1.5 0.0 0.7 0.1 0.0 0.0 1.0

Intersection Summary
HCM 6th Ctrl Delay 39.1
HCM 6th LOS D

Notes
* HCM 6th computational engine requires equal clearance times for the phases crossing the barrier.



HCM 6th Signalized Intersection Summary Existing Conditions
1: Dequindre Road & South Blvd.(Push Button) PM Peak Hour

Rochester Hills MOB Synchro 10 Report
Fleis & VandenBrink Engineering, Inc. 03/18/2020

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 629 649 511 49 68 170 82 1084 472 110 427 80
Future Volume (veh/h) 629 649 511 49 68 170 82 1084 472 110 427 80
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1870 1870 1870 1870 1870 1870 1870 1870 1870 1870 1870 1870
Adj Flow Rate, veh/h 676 698 549 55 76 191 87 1153 502 124 480 90
Peak Hour Factor 0.93 0.93 0.93 0.89 0.89 0.89 0.94 0.94 0.94 0.89 0.89 0.89
Percent Heavy Veh, % 2 2 2 2 2 2 2 2 2 2 2 2
Cap, veh/h 733 956 514 99 399 266 364 1192 620 184 1192 868
Arrive On Green 0.21 0.27 0.27 0.06 0.11 0.11 0.06 0.34 0.34 0.06 0.34 0.34
Sat Flow, veh/h 3456 3554 1585 1781 3554 1585 1781 3554 1585 1781 3554 1585
Grp Volume(v), veh/h 676 698 549 55 76 191 87 1153 502 124 480 90
Grp Sat Flow(s),veh/h/ln 1728 1777 1585 1781 1777 1585 1781 1777 1585 1781 1777 1585
Q Serve(g_s), s 17.2 16.1 24.2 2.7 1.7 10.1 2.8 28.7 25.4 4.1 9.3 2.5
Cycle Q Clear(g_c), s 17.2 16.1 24.2 2.7 1.7 10.1 2.8 28.7 25.4 4.1 9.3 2.5
Prop In Lane 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Lane Grp Cap(c), veh/h 733 956 514 99 399 266 364 1192 620 184 1192 868
V/C Ratio(X) 0.92 0.73 1.07 0.56 0.19 0.72 0.24 0.97 0.81 0.68 0.40 0.10
Avail Cap(c_a), veh/h 733 956 514 158 399 266 529 1192 620 184 1192 868
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 0.70 0.70 0.70 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Uniform Delay (d), s/veh 34.7 29.9 30.4 41.4 36.2 35.4 18.1 29.4 24.4 23.0 23.0 9.8
Incr Delay (d2), s/veh 13.0 3.5 52.7 4.8 1.1 15.4 0.3 19.2 11.0 9.4 0.2 0.1
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln 8.1 6.8 17.7 1.3 0.8 4.9 1.1 14.3 10.4 2.0 3.7 0.8
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 47.7 33.4 83.1 46.2 37.3 50.8 18.4 48.7 35.4 32.4 23.2 9.8
LnGrp LOS D C F D D D B D D C C A
Approach Vol, veh/h 1923 322 1742 694
Approach Delay, s/veh 52.6 46.8 43.3 23.1
Approach LOS D D D C

Timer - Assigned Phs 1 2 3 4 5 6 7 8
Phs Duration (G+Y+Rc), s 11.4 30.6 11.4 36.6 25.5 16.5 11.4 36.6
Change Period (Y+Rc), s 6.4 6.4 6.4 6.4 6.4 6.4 6.4 6.4
Max Green Setting (Gmax), s 8.0 21.2 13.3 21.9 19.1 10.1 5.0 30.2
Max Q Clear Time (g_c+I1), s 4.7 26.2 4.8 11.3 19.2 12.1 6.1 30.7
Green Ext Time (p_c), s 0.0 0.0 0.1 2.3 0.0 0.0 0.0 0.0

Intersection Summary
HCM 6th Ctrl Delay 44.4
HCM 6th LOS D

Notes
User approved pedestrian interval to be less than phase max green.



HCM 6th Signalized Intersection Summary Existing Conditions
2: South Blvd.(Push Button) & M-59 SB Exit Ramp PM Peak Hour

Rochester Hills MOB Synchro 10 Report
Fleis & VandenBrink Engineering, Inc. 03/18/2020

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Traffic Volume (veh/h) 0 563 230 0 1226 25
Future Volume (veh/h) 0 563 230 0 1226 25
Initial Q (Qb), veh 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No
Adj Sat Flow, veh/h/ln 0 1969 1969 0 1969 2000
Adj Flow Rate, veh/h 0 704 253 0 1404 0
Peak Hour Factor 0.80 0.80 0.91 0.91 0.89 0.89
Percent Heavy Veh, % 0 2 2 0 2 0
Cap, veh/h 0 1216 1216 0 2094 946
Arrive On Green 0.00 0.32 0.32 0.00 0.56 0.00
Sat Flow, veh/h 0 3938 3938 0 3750 1695
Grp Volume(v), veh/h 0 704 253 0 1404 0
Grp Sat Flow(s),veh/h/ln 0 1870 1870 0 1875 1695
Q Serve(g_s), s 0.0 18.8 5.9 0.0 31.7 0.0
Cycle Q Clear(g_c), s 0.0 18.8 5.9 0.0 31.7 0.0
Prop In Lane 0.00 0.00 1.00 1.00
Lane Grp Cap(c), veh/h 0 1216 1216 0 2094 946
V/C Ratio(X) 0.00 0.58 0.21 0.00 0.67 0.00
Avail Cap(c_a), veh/h 0 1216 1216 0 2094 946
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 0.00 1.00 0.99 0.00 1.00 0.00
Uniform Delay (d), s/veh 0.0 33.7 29.3 0.0 18.7 0.0
Incr Delay (d2), s/veh 0.0 2.0 0.4 0.0 1.7 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln0.0 8.6 2.6 0.0 13.0 0.0
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 0.0 35.7 29.7 0.0 20.4 0.0
LnGrp LOS A D C A C A
Approach Vol, veh/h 704 253 1404
Approach Delay, s/veh 35.7 29.7 20.4
Approach LOS D C C

Timer - Assigned Phs 2 4 6
Phs Duration (G+Y+Rc), s 46.0 74.0 46.0
Change Period (Y+Rc), s * 7 * 7 * 7
Max Green Setting (Gmax), s * 39 * 67 * 39
Max Q Clear Time (g_c+I1), s 7.9 33.7 20.8
Green Ext Time (p_c), s 1.5 6.7 4.2

Intersection Summary
HCM 6th Ctrl Delay 26.0
HCM 6th LOS C

Notes
User approved volume balancing among the lanes for turning movement.
* HCM 6th computational engine requires equal clearance times for the phases crossing the barrier.



HCM 6th Signalized Intersection Summary Existing Conditions
3: John R Road & South Blvd.(Push Button) PM Peak Hour

Rochester Hills MOB Synchro 10 Report
Fleis & VandenBrink Engineering, Inc. 03/18/2020

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 193 247 146 58 148 110 94 531 87 83 330 72
Future Volume (veh/h) 193 247 146 58 148 110 94 531 87 83 330 72
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1969 1969 1969 1969 1969 1969 1969 1969 1969 1969 1969 1969
Adj Flow Rate, veh/h 210 268 159 72 183 136 99 559 92 95 379 83
Peak Hour Factor 0.92 0.92 0.92 0.81 0.81 0.81 0.95 0.95 0.95 0.87 0.87 0.87
Percent Heavy Veh, % 2 2 2 2 2 2 2 2 2 2 2 2
Cap, veh/h 314 438 536 259 438 534 420 605 100 296 575 126
Arrive On Green 0.04 0.22 0.22 0.04 0.22 0.22 0.10 0.37 0.37 0.10 0.37 0.37
Sat Flow, veh/h 1875 1969 1668 1875 1969 1668 1875 1649 271 1875 1565 343
Grp Volume(v), veh/h 210 268 159 72 183 136 99 0 651 95 0 462
Grp Sat Flow(s),veh/h/ln1875 1969 1668 1875 1969 1668 1875 0 1920 1875 0 1907
Q Serve(g_s), s 0.0 11.0 4.1 0.0 7.2 3.5 2.7 0.0 29.2 2.6 0.0 18.2
Cycle Q Clear(g_c), s 0.0 11.0 4.1 0.0 7.2 3.5 2.7 0.0 29.2 2.6 0.0 18.2
Prop In Lane 1.00 1.00 1.00 1.00 1.00 0.14 1.00 0.18
Lane Grp Cap(c), veh/h 314 438 536 259 438 534 420 0 704 296 0 701
V/C Ratio(X) 0.67 0.61 0.30 0.28 0.42 0.25 0.24 0.00 0.92 0.32 0.00 0.66
Avail Cap(c_a), veh/h 335 438 536 280 438 534 420 0 704 296 0 701
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00 1.00 1.00 0.00 1.00
Uniform Delay (d), s/veh 36.5 31.5 10.0 35.6 30.0 9.8 15.6 0.0 27.3 19.0 0.0 23.7
Incr Delay (d2), s/veh 4.6 6.3 1.4 0.6 2.9 1.1 0.3 0.0 19.8 0.6 0.0 4.8
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln4.7 5.7 2.0 1.4 3.6 1.7 1.1 0.0 15.9 1.0 0.0 8.4
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 41.1 37.8 11.4 36.2 32.9 11.0 15.9 0.0 47.1 19.6 0.0 28.5
LnGrp LOS D D B D C B B A D B A C
Approach Vol, veh/h 637 391 750 557
Approach Delay, s/veh 32.3 25.9 43.0 27.0
Approach LOS C C D C

Timer - Assigned Phs 1 2 3 4 5 6 7 8
Phs Duration (G+Y+Rc), s15.0 39.0 10.0 26.0 14.9 39.1 10.0 26.0
Change Period (Y+Rc), s* 6.2 * 6 * 6 * 6 * 6 * 6 * 6 * 6
Max Green Setting (Gmax), s* 7.8 * 33 * 5 * 20 * 7.9 * 33 * 5 * 20
Max Q Clear Time (g_c+I1), s4.6 31.2 2.0 13.0 4.7 20.2 2.0 9.2
Green Ext Time (p_c), s 0.1 0.7 0.0 1.1 0.1 2.1 0.2 1.0

Intersection Summary
HCM 6th Ctrl Delay 33.4
HCM 6th LOS C

Notes
* HCM 6th computational engine requires equal clearance times for the phases crossing the barrier.



Queuing and Blocking Report Existing Conditions
AM Peak Hour

Rochester Hills MOB SimTraffic Report
Fleis & VandenBrink Engineering, Inc. 03/11/2020

Intersection: 1: Dequindre Road & South Blvd. (Push Button)

Movement EB EB EB EB EB WB WB WB WB NB NB NB
Directions Served L L T T R L T T R L T T
Maximum Queue (ft) 114 109 154 182 173 148 180 129 103 264 409 370
Average Queue (ft) 63 57 81 82 95 66 93 27 41 76 232 199
95th Queue (ft) 102 103 132 142 163 120 156 89 80 189 352 328
Link Distance (ft) 406 406 406 406 509 509 659 659
Upstream Blk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft) 150 160 100 240
Storage Blk Time (%) 0 1 0 0 0 0 8 12
Queuing Penalty (veh) 0 2 0 0 0 0 8 55

Intersection: 1: Dequindre Road & South Blvd. (Push Button)

Movement NB SB SB SB SB
Directions Served R L T T R
Maximum Queue (ft) 165 260 431 438 125
Average Queue (ft) 114 134 262 239 88
95th Queue (ft) 202 267 383 372 165
Link Distance (ft) 537 537
Upstream Blk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft) 140 235 100
Storage Blk Time (%) 1 0 12 27 0
Queuing Penalty (veh) 3 0 19 65 0

Intersection: 2: South Blvd. (Push Button) & M-59 SB Exit Ramp

Movement EB EB WB WB SB SB
Directions Served T T T T L LR
Maximum Queue (ft) 76 269 270 243 298 725
Average Queue (ft) 29 139 163 144 45 375
95th Queue (ft) 66 231 237 214 206 670
Link Distance (ft) 1262 1262 406 406 1713 1713
Upstream Blk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)



Queuing and Blocking Report Existing Conditions
AM Peak Hour

Rochester Hills MOB SimTraffic Report
Fleis & VandenBrink Engineering, Inc. 03/11/2020

Intersection: 3: John R Road & South Blvd. (Push Button)

Movement EB EB EB WB WB WB NB NB SB SB
Directions Served L T R L T R L TR L TR
Maximum Queue (ft) 146 191 81 124 259 45 124 246 124 457
Average Queue (ft) 52 92 26 46 141 18 82 102 68 419
95th Queue (ft) 107 159 59 110 237 39 137 215 149 484
Link Distance (ft) 678 1222 297 413
Upstream Blk Time (%) 0 52
Queuing Penalty (veh) 0 0
Storage Bay Dist (ft) 150 460 100 300 100 100
Storage Blk Time (%) 2 0 21 10 6 1 54
Queuing Penalty (veh) 2 1 22 24 9 6 52

Zone Summary
Zone wide Queuing Penalty: 271



Queuing and Blocking Report Existing Conditions
PM Peak Hour

Rochester Hills MOB SimTraffic Report
Fleis & VandenBrink Engineering, Inc. 03/17/2020

Intersection: 1: Dequindre Road & South Blvd.(Push Button)

Movement EB EB EB EB EB WB WB WB WB NB NB NB
Directions Served L L T T R L T T R L T T
Maximum Queue (ft) 375 365 296 355 175 106 80 70 112 265 606 617
Average Queue (ft) 211 211 170 188 139 36 28 11 54 88 342 325
95th Queue (ft) 344 332 259 316 216 79 62 62 105 246 556 562
Link Distance (ft) 406 406 406 406 509 509 659 659
Upstream Blk Time (%) 1 0 1 2
Queuing Penalty (veh) 4 1 0 0
Storage Bay Dist (ft) 150 160 100 240
Storage Blk Time (%) 10 2 0 2 0 24 26
Queuing Penalty (veh) 52 8 0 1 0 19 121

Intersection: 1: Dequindre Road & South Blvd.(Push Button)

Movement NB SB SB SB SB
Directions Served R L T T R
Maximum Queue (ft) 165 154 222 189 108
Average Queue (ft) 151 59 124 65 16
95th Queue (ft) 205 118 196 147 49
Link Distance (ft) 537 537
Upstream Blk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft) 140 235 100
Storage Blk Time (%) 4 0 2 0
Queuing Penalty (veh) 22 0 1 0

Intersection: 2: South Blvd.(Push Button) & M-59 SB Exit Ramp

Movement EB EB WB WB SB SB
Directions Served T T T T L LR
Maximum Queue (ft) 267 394 136 155 443 648
Average Queue (ft) 105 232 61 72 167 373
95th Queue (ft) 206 349 108 127 329 588
Link Distance (ft) 1257 1257 406 406 1427 1427
Upstream Blk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)



Queuing and Blocking Report Existing Conditions
PM Peak Hour

Rochester Hills MOB SimTraffic Report
Fleis & VandenBrink Engineering, Inc. 03/17/2020

Intersection: 3: John R Road & South Blvd.(Push Button)

Movement EB EB EB WB WB WB NB NB SB SB
Directions Served L T R L T R L TR L TR
Maximum Queue (ft) 174 286 86 123 203 118 124 348 124 349
Average Queue (ft) 106 144 34 48 81 41 72 300 56 164
95th Queue (ft) 180 251 66 105 160 90 144 367 120 294
Link Distance (ft) 678 1222 297 413
Upstream Blk Time (%) 37 0
Queuing Penalty (veh) 0 0
Storage Bay Dist (ft) 150 460 100 300 100 100
Storage Blk Time (%) 3 8 1 5 0 52 1 19
Queuing Penalty (veh) 12 27 3 9 3 49 4 16

Zone Summary
Zone wide Queuing Penalty: 352
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HCM 6th Signalized Intersection Summary Background Conditions (No Build 2021)
1: Dequindre Road & South Blvd. (Push Button) AM Peak Hour

Rochester Hills MOB Synchro 10 Report
Fleis & VandenBrink Engineering, Inc. 03/17/2020

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 153 283 373 82 215 181 98 769 440 167 835 247
Future Volume (veh/h) 153 283 373 82 215 181 98 769 440 167 835 247
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1870 1870 1870 1870 1870 1870 1870 1870 1870 1870 1870 1870
Adj Flow Rate, veh/h 176 325 429 88 231 195 118 927 530 178 888 263
Peak Hour Factor 0.87 0.87 0.87 0.93 0.93 0.93 0.83 0.83 0.83 0.94 0.94 0.94
Percent Heavy Veh, % 2 2 2 2 2 2 2 2 2 2 2 2
Cap, veh/h 436 1007 548 216 989 577 215 1054 662 229 1136 706
Arrive On Green 0.04 0.09 0.09 0.12 0.28 0.28 0.06 0.30 0.30 0.09 0.32 0.32
Sat Flow, veh/h 3456 3554 1585 1781 3554 1585 1781 3554 1585 1781 3554 1585
Grp Volume(v), veh/h 176 325 429 88 231 195 118 927 530 178 888 263
Grp Sat Flow(s),veh/h/ln 1728 1777 1585 1781 1777 1585 1781 1777 1585 1781 1777 1585
Q Serve(g_s), s 6.0 10.3 29.5 5.5 6.0 10.7 5.5 29.8 35.1 8.2 27.2 13.2
Cycle Q Clear(g_c), s 6.0 10.3 29.5 5.5 6.0 10.7 5.5 29.8 35.1 8.2 27.2 13.2
Prop In Lane 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Lane Grp Cap(c), veh/h 436 1007 548 216 989 577 215 1054 662 229 1136 706
V/C Ratio(X) 0.40 0.32 0.78 0.41 0.23 0.34 0.55 0.88 0.80 0.78 0.78 0.37
Avail Cap(c_a), veh/h 436 1007 548 246 989 577 253 1054 662 252 1136 706
HCM Platoon Ratio 0.33 0.33 0.33 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 0.87 0.87 0.87 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Uniform Delay (d), s/veh 53.1 43.6 44.7 48.8 33.4 27.7 29.7 40.2 30.6 30.4 37.0 22.1
Incr Delay (d2), s/veh 0.5 0.7 9.4 1.2 0.6 1.6 2.2 10.4 9.8 13.0 3.6 0.3
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln 2.6 4.8 13.9 2.5 2.6 4.2 2.4 14.0 14.4 4.2 11.9 4.8
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 53.6 44.4 54.0 50.0 34.0 29.3 31.9 50.6 40.4 43.5 40.6 22.4
LnGrp LOS D D D D C C C D D D D C
Approach Vol, veh/h 930 514 1575 1329
Approach Delay, s/veh 50.6 34.9 45.8 37.4
Approach LOS D C D D

Timer - Assigned Phs 1 2 3 4 5 6 7 8
Phs Duration (G+Y+Rc), s 20.9 40.4 13.9 44.8 21.5 39.8 16.7 42.0
Change Period (Y+Rc), s 6.4 6.4 6.4 6.4 6.4 6.4 6.4 6.4
Max Green Setting (Gmax), s 16.6 30.4 10.1 37.3 13.6 33.4 11.8 35.6
Max Q Clear Time (g_c+I1), s 7.5 31.5 7.5 29.2 8.0 12.7 10.2 37.1
Green Ext Time (p_c), s 0.1 0.0 0.1 4.0 0.2 1.9 0.1 0.0

Intersection Summary
HCM 6th Ctrl Delay 43.0
HCM 6th LOS D



HCM 6th Signalized Intersection Summary Background Conditions (No Build 2021)
2: South Blvd. (Push Button) & M-59 SB Exit Ramp AM Peak Hour

Rochester Hills MOB Synchro 10 Report
Fleis & VandenBrink Engineering, Inc. 03/17/2020

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Traffic Volume (veh/h) 0 306 560 0 503 489
Future Volume (veh/h) 0 306 560 0 503 489
Initial Q (Qb), veh 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No
Adj Sat Flow, veh/h/ln 0 1969 1969 0 1969 2000
Adj Flow Rate, veh/h 0 373 718 0 545 546
Peak Hour Factor 0.82 0.82 0.78 0.78 0.91 0.91
Percent Heavy Veh, % 0 2 2 0 2 0
Cap, veh/h 0 1091 1091 0 1109 1003
Arrive On Green 0.00 0.29 0.39 0.00 0.59 0.59
Sat Flow, veh/h 0 3938 3938 0 1875 1695
Grp Volume(v), veh/h 0 373 718 0 545 546
Grp Sat Flow(s),veh/h/ln 0 1870 1870 0 1875 1695
Q Serve(g_s), s 0.0 9.4 18.9 0.0 20.1 23.3
Cycle Q Clear(g_c), s 0.0 9.4 18.9 0.0 20.1 23.3
Prop In Lane 0.00 0.00 1.00 1.00
Lane Grp Cap(c), veh/h 0 1091 1091 0 1109 1003
V/C Ratio(X) 0.00 0.34 0.66 0.00 0.49 0.54
Avail Cap(c_a), veh/h 0 1091 1091 0 1109 1003
HCM Platoon Ratio 1.00 1.00 1.33 1.00 1.00 1.00
Upstream Filter(I) 0.00 1.00 0.95 0.00 1.00 1.00
Uniform Delay (d), s/veh 0.0 33.4 31.8 0.0 14.1 14.8
Incr Delay (d2), s/veh 0.0 0.9 3.0 0.0 1.6 2.1
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln0.0 4.3 8.0 0.0 8.2 8.7
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 0.0 34.3 34.8 0.0 15.7 16.9
LnGrp LOS A C C A B B
Approach Vol, veh/h 373 718 1091
Approach Delay, s/veh 34.3 34.8 16.3
Approach LOS C C B

Timer - Assigned Phs 2 4 6
Phs Duration (G+Y+Rc), s 42.0 78.0 42.0
Change Period (Y+Rc), s * 7 * 7 * 7
Max Green Setting (Gmax), s * 35 * 71 * 35
Max Q Clear Time (g_c+I1), s 20.9 25.3 11.4
Green Ext Time (p_c), s 3.8 4.1 2.2

Intersection Summary
HCM 6th Ctrl Delay 25.4
HCM 6th LOS C

Notes
User approved volume balancing among the lanes for turning movement.
* HCM 6th computational engine requires equal clearance times for the phases crossing the barrier.



HCM 6th Signalized Intersection Summary Background Conditions (No Build 2021)
3: John R Road & South Blvd. (Push Button) AM Peak Hour

Rochester Hills MOB Synchro 10 Report
Fleis & VandenBrink Engineering, Inc. 03/17/2020

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 82 157 74 50 234 56 148 174 67 100 492 246
Future Volume (veh/h) 82 157 74 50 234 56 148 174 67 100 492 246
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1969 1969 1969 1969 1969 1969 1969 1969 1969 1969 1969 1969
Adj Flow Rate, veh/h 89 171 80 59 275 66 170 200 77 111 547 273
Peak Hour Factor 0.92 0.92 0.92 0.85 0.85 0.85 0.87 0.87 0.87 0.90 0.90 0.90
Percent Heavy Veh, % 2 2 2 2 2 2 2 2 2 2 2 2
Cap, veh/h 213 380 471 278 376 440 250 638 245 620 566 282
Arrive On Green 0.05 0.19 0.19 0.04 0.19 0.19 0.09 0.47 0.47 0.07 0.46 0.46
Sat Flow, veh/h 1875 1969 1668 1875 1969 1668 1875 1354 521 1875 1239 618
Grp Volume(v), veh/h 89 171 80 59 275 66 170 0 277 111 0 820
Grp Sat Flow(s),veh/h/ln1875 1969 1668 1875 1969 1668 1875 0 1875 1875 0 1857
Q Serve(g_s), s 4.2 8.4 4.0 2.7 14.4 3.3 5.0 0.0 10.1 3.3 0.0 47.3
Cycle Q Clear(g_c), s 4.2 8.4 4.0 2.7 14.4 3.3 5.0 0.0 10.1 3.3 0.0 47.3
Prop In Lane 1.00 1.00 1.00 1.00 1.00 0.28 1.00 0.33
Lane Grp Cap(c), veh/h 213 380 471 278 376 440 250 0 883 620 0 848
V/C Ratio(X) 0.42 0.45 0.17 0.21 0.73 0.15 0.68 0.00 0.31 0.18 0.00 0.97
Avail Cap(c_a), veh/h 213 380 471 299 376 440 254 0 883 620 0 848
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00 1.00 1.00 0.00 1.00
Uniform Delay (d), s/veh 34.7 39.2 29.8 33.6 41.9 31.1 23.8 0.0 18.1 13.3 0.0 29.1
Incr Delay (d2), s/veh 1.3 3.8 0.8 0.4 11.9 0.7 7.0 0.0 0.9 0.1 0.0 23.9
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln1.9 4.3 1.6 1.2 8.0 1.4 2.4 0.0 4.3 1.3 0.0 24.8
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 36.0 43.0 30.5 34.0 53.7 31.8 30.8 0.0 19.0 13.5 0.0 53.0
LnGrp LOS D D C C D C C A B B A D
Approach Vol, veh/h 340 400 447 931
Approach Delay, s/veh 38.2 47.2 23.5 48.3
Approach LOS D D C D

Timer - Assigned Phs 1 2 3 4 5 6 7 8
Phs Duration (G+Y+Rc), s14.2 57.8 10.7 27.3 15.8 56.2 11.0 27.0
Change Period (Y+Rc), s* 6.2 * 6 * 6 * 6 * 6 * 6 * 6 * 6
Max Green Setting (Gmax), s* 8 * 52 * 6 * 20 * 10 * 50 * 5 * 21
Max Q Clear Time (g_c+I1), s5.3 12.1 4.7 10.4 7.0 49.3 6.2 16.4
Green Ext Time (p_c), s 0.1 1.6 0.0 0.7 0.1 0.4 0.0 0.7

Intersection Summary
HCM 6th Ctrl Delay 41.2
HCM 6th LOS D

Notes
* HCM 6th computational engine requires equal clearance times for the phases crossing the barrier.



HCM 6th Signalized Intersection Summary Background Conditions (No Build 2021)
1: Dequindre Road & South Blvd.(Push Button) PM Peak Hour

Rochester Hills MOB Synchro 10 Report
Fleis & VandenBrink Engineering, Inc. 03/18/2020

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 649 669 527 51 71 176 85 1117 487 114 440 83
Future Volume (veh/h) 649 669 527 51 71 176 85 1117 487 114 440 83
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1870 1870 1870 1870 1870 1870 1870 1870 1870 1870 1870 1870
Adj Flow Rate, veh/h 698 719 567 57 80 198 90 1188 518 128 494 93
Peak Hour Factor 0.93 0.93 0.93 0.89 0.89 0.89 0.94 0.94 0.94 0.89 0.89 0.89
Percent Heavy Veh, % 2 2 2 2 2 2 2 2 2 2 2 2
Cap, veh/h 947 943 499 188 344 250 356 1262 730 177 1302 1015
Arrive On Green 0.27 0.27 0.27 0.11 0.10 0.10 0.05 0.35 0.35 0.06 0.37 0.37
Sat Flow, veh/h 3456 3554 1585 1781 3554 1585 1781 3554 1585 1781 3554 1585
Grp Volume(v), veh/h 698 719 567 57 80 198 90 1188 518 128 494 93
Grp Sat Flow(s),veh/h/ln 1728 1777 1585 1781 1777 1585 1781 1777 1585 1781 1777 1585
Q Serve(g_s), s 22.1 22.4 31.8 3.5 2.5 11.6 3.8 38.9 31.4 5.4 12.3 2.7
Cycle Q Clear(g_c), s 22.1 22.4 31.8 3.5 2.5 11.6 3.8 38.9 31.4 5.4 12.3 2.7
Prop In Lane 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Lane Grp Cap(c), veh/h 947 943 499 188 344 250 356 1262 730 177 1302 1015
V/C Ratio(X) 0.74 0.76 1.14 0.30 0.23 0.79 0.25 0.94 0.71 0.72 0.38 0.09
Avail Cap(c_a), veh/h 947 943 499 232 344 250 627 1262 730 181 1302 1015
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 0.68 0.68 0.68 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Uniform Delay (d), s/veh 39.6 40.6 41.1 49.6 50.1 48.6 23.0 37.5 26.0 29.5 28.0 8.2
Incr Delay (d2), s/veh 2.1 4.0 77.1 0.9 1.6 22.2 0.4 14.8 5.8 12.9 0.2 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln 9.3 10.0 24.7 1.6 1.2 7.1 1.6 18.6 12.3 2.8 5.1 0.8
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 41.7 44.6 118.2 50.5 51.7 70.8 23.3 52.2 31.7 42.4 28.2 8.3
LnGrp LOS D D F D D E C D C D C A
Approach Vol, veh/h 1984 335 1796 715
Approach Delay, s/veh 64.6 62.8 44.9 28.1
Approach LOS E E D C

Timer - Assigned Phs 1 2 3 4 5 6 7 8
Phs Duration (G+Y+Rc), s 19.0 38.2 12.4 50.4 39.3 18.0 13.7 49.0
Change Period (Y+Rc), s 6.4 6.4 6.4 6.4 6.4 6.4 6.4 6.4
Max Green Setting (Gmax), s 15.6 28.6 24.2 26.0 32.6 11.6 7.6 42.6
Max Q Clear Time (g_c+I1), s 5.5 33.8 5.8 14.3 24.1 13.6 7.4 40.9
Green Ext Time (p_c), s 0.1 0.0 0.2 2.5 1.8 0.0 0.0 1.4

Intersection Summary
HCM 6th Ctrl Delay 51.8
HCM 6th LOS D

Notes
User approved pedestrian interval to be less than phase max green.



HCM 6th Signalized Intersection Summary Background Conditions (No Build 2021)
2: South Blvd.(Push Button) & M-59 SB Exit Ramp PM Peak Hour

Rochester Hills MOB Synchro 10 Report
Fleis & VandenBrink Engineering, Inc. 03/18/2020

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Traffic Volume (veh/h) 0 581 239 0 1264 26
Future Volume (veh/h) 0 581 239 0 1264 26
Initial Q (Qb), veh 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No
Adj Sat Flow, veh/h/ln 0 1969 1969 0 1969 2000
Adj Flow Rate, veh/h 0 726 263 0 1447 0
Peak Hour Factor 0.80 0.80 0.91 0.91 0.89 0.89
Percent Heavy Veh, % 0 2 2 0 2 0
Cap, veh/h 0 1185 1185 0 2125 960
Arrive On Green 0.00 0.32 0.63 0.00 0.57 0.00
Sat Flow, veh/h 0 3938 3938 0 3750 1695
Grp Volume(v), veh/h 0 726 263 0 1447 0
Grp Sat Flow(s),veh/h/ln 0 1870 1870 0 1875 1695
Q Serve(g_s), s 0.0 19.7 3.6 0.0 32.7 0.0
Cycle Q Clear(g_c), s 0.0 19.7 3.6 0.0 32.7 0.0
Prop In Lane 0.00 0.00 1.00 1.00
Lane Grp Cap(c), veh/h 0 1185 1185 0 2125 960
V/C Ratio(X) 0.00 0.61 0.22 0.00 0.68 0.00
Avail Cap(c_a), veh/h 0 1185 1185 0 2125 960
HCM Platoon Ratio 1.00 1.00 2.00 1.00 1.00 1.00
Upstream Filter(I) 0.00 1.00 0.99 0.00 1.00 0.00
Uniform Delay (d), s/veh 0.0 34.8 15.7 0.0 18.3 0.0
Incr Delay (d2), s/veh 0.0 2.4 0.4 0.0 1.8 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln0.0 9.0 1.5 0.0 13.3 0.0
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 0.0 37.1 16.1 0.0 20.1 0.0
LnGrp LOS A D B A C A
Approach Vol, veh/h 726 263 1447
Approach Delay, s/veh 37.1 16.1 20.1
Approach LOS D B C

Timer - Assigned Phs 2 4 6
Phs Duration (G+Y+Rc), s 45.0 75.0 45.0
Change Period (Y+Rc), s * 7 * 7 * 7
Max Green Setting (Gmax), s * 38 * 68 * 38
Max Q Clear Time (g_c+I1), s 5.6 34.7 21.7
Green Ext Time (p_c), s 1.6 7.0 4.1

Intersection Summary
HCM 6th Ctrl Delay 24.8
HCM 6th LOS C

Notes
User approved volume balancing among the lanes for turning movement.
* HCM 6th computational engine requires equal clearance times for the phases crossing the barrier.



HCM 6th Signalized Intersection Summary Background Conditions (No Build 2021)
3: John R Road & South Blvd.(Push Button) PM Peak Hour

Rochester Hills MOB Synchro 10 Report
Fleis & VandenBrink Engineering, Inc. 03/18/2020

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 199 255 151 60 153 114 97 548 90 86 340 75
Future Volume (veh/h) 199 255 151 60 153 114 97 548 90 86 340 75
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1969 1969 1969 1969 1969 1969 1969 1969 1969 1969 1969 1969
Adj Flow Rate, veh/h 216 277 164 74 189 141 102 577 95 99 391 86
Peak Hour Factor 0.92 0.92 0.92 0.81 0.81 0.81 0.95 0.95 0.95 0.87 0.87 0.87
Percent Heavy Veh, % 2 2 2 2 2 2 2 2 2 2 2 2
Cap, veh/h 310 438 517 253 438 515 402 623 103 275 592 130
Arrive On Green 0.04 0.22 0.22 0.04 0.22 0.22 0.09 0.38 0.38 0.09 0.38 0.38
Sat Flow, veh/h 1875 1969 1668 1875 1969 1668 1875 1649 271 1875 1563 344
Grp Volume(v), veh/h 216 277 164 74 189 141 102 0 672 99 0 477
Grp Sat Flow(s),veh/h/ln1875 1969 1668 1875 1969 1668 1875 0 1920 1875 0 1907
Q Serve(g_s), s 0.0 11.5 4.4 0.0 7.4 3.7 2.8 0.0 30.2 2.7 0.0 18.6
Cycle Q Clear(g_c), s 0.0 11.5 4.4 0.0 7.4 3.7 2.8 0.0 30.2 2.7 0.0 18.6
Prop In Lane 1.00 1.00 1.00 1.00 1.00 0.14 1.00 0.18
Lane Grp Cap(c), veh/h 310 438 517 253 438 515 402 0 725 275 0 723
V/C Ratio(X) 0.70 0.63 0.32 0.29 0.43 0.27 0.25 0.00 0.93 0.36 0.00 0.66
Avail Cap(c_a), veh/h 331 438 517 274 438 515 404 0 725 275 0 723
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00 1.00 1.00 0.00 1.00
Uniform Delay (d), s/veh 36.8 31.7 10.5 36.2 30.1 10.3 15.7 0.0 26.8 19.4 0.0 23.2
Incr Delay (d2), s/veh 5.8 6.8 1.6 0.6 3.1 1.3 0.3 0.0 19.6 0.8 0.0 4.7
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln4.9 5.9 2.1 1.5 3.7 1.8 1.1 0.0 16.3 1.1 0.0 8.6
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 42.7 38.5 12.1 36.8 33.2 11.6 16.1 0.0 46.4 20.2 0.0 27.8
LnGrp LOS D D B D C B B A D C A C
Approach Vol, veh/h 657 404 774 576
Approach Delay, s/veh 33.3 26.3 42.4 26.5
Approach LOS C C D C

Timer - Assigned Phs 1 2 3 4 5 6 7 8
Phs Duration (G+Y+Rc), s14.0 40.0 10.0 26.0 13.9 40.1 10.0 26.0
Change Period (Y+Rc), s* 6.2 * 6 * 6 * 6 * 6 * 6 * 6 * 6
Max Green Setting (Gmax), s* 6.8 * 34 * 5 * 20 * 8 * 33 * 5 * 20
Max Q Clear Time (g_c+I1), s4.7 32.2 2.0 13.5 4.8 20.6 2.0 9.4
Green Ext Time (p_c), s 0.0 0.8 0.0 1.1 0.1 2.2 0.2 1.0

Intersection Summary
HCM 6th Ctrl Delay 33.4
HCM 6th LOS C

Notes
* HCM 6th computational engine requires equal clearance times for the phases crossing the barrier.



Queuing and Blocking Report Background Conditions (No Build 2021)
AM Peak Hour

Rochester Hills MOB SimTraffic Report
Fleis & VandenBrink Engineering, Inc. 03/11/2020

Intersection: 1: Dequindre Road & South Blvd. (Push Button)

Movement EB EB EB EB EB WB WB WB WB NB NB NB
Directions Served L L T T R L T T R L T T
Maximum Queue (ft) 133 119 166 230 175 139 172 145 114 265 564 587
Average Queue (ft) 65 58 83 85 102 65 98 31 46 100 281 257
95th Queue (ft) 105 104 144 171 171 117 159 99 91 243 470 482
Link Distance (ft) 406 406 406 406 509 509 659 659
Upstream Blk Time (%) 1 1
Queuing Penalty (veh) 0 0
Storage Bay Dist (ft) 150 160 100 240
Storage Blk Time (%) 1 2 0 1 0 1 0 16 19
Queuing Penalty (veh) 4 3 0 1 0 1 0 17 85

Intersection: 1: Dequindre Road & South Blvd. (Push Button)

Movement NB SB SB SB SB
Directions Served R L T T R
Maximum Queue (ft) 165 260 468 460 125
Average Queue (ft) 129 145 285 250 89
95th Queue (ft) 211 288 425 390 165
Link Distance (ft) 537 537
Upstream Blk Time (%) 0 0
Queuing Penalty (veh) 0 0
Storage Bay Dist (ft) 140 235 100
Storage Blk Time (%) 2 0 15 27 0
Queuing Penalty (veh) 9 1 25 68 0

Intersection: 2: South Blvd. (Push Button) & M-59 SB Exit Ramp

Movement EB EB WB WB SB SB
Directions Served T T T T L LR
Maximum Queue (ft) 116 285 282 273 375 892
Average Queue (ft) 36 151 174 155 42 429
95th Queue (ft) 85 254 253 239 185 819
Link Distance (ft) 1262 1262 406 406 1713 1713
Upstream Blk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)



Queuing and Blocking Report Background Conditions (No Build 2021)
AM Peak Hour

Rochester Hills MOB SimTraffic Report
Fleis & VandenBrink Engineering, Inc. 03/11/2020

Intersection: 3: John R Road & South Blvd. (Push Button)

Movement EB EB EB WB WB WB NB NB SB SB
Directions Served L T R L T R L TR L TR
Maximum Queue (ft) 154 197 70 124 279 54 124 292 124 459
Average Queue (ft) 59 93 23 50 152 20 93 116 61 404
95th Queue (ft) 114 168 53 122 256 43 142 259 140 512
Link Distance (ft) 678 1222 297 413
Upstream Blk Time (%) 5 38
Queuing Penalty (veh) 0 0
Storage Bay Dist (ft) 150 460 100 300 100 100
Storage Blk Time (%) 0 2 0 23 23 5 0 49
Queuing Penalty (veh) 0 3 0 25 56 7 1 49

Zone Summary
Zone wide Queuing Penalty: 356



Queuing and Blocking Report Background Conditions (No Build 2021)
PM Peak Hour

Rochester Hills MOB SimTraffic Report
Fleis & VandenBrink Engineering, Inc. 03/11/2020

Intersection: 1: Dequindre Road & South Blvd.(Push Button)

Movement EB EB EB EB EB WB WB WB WB NB NB NB
Directions Served L L T T R L T T R L T T
Maximum Queue (ft) 344 334 417 424 175 106 112 182 124 265 667 683
Average Queue (ft) 211 201 260 301 165 44 39 14 66 103 489 477
95th Queue (ft) 304 294 391 449 209 93 86 77 120 264 721 736
Link Distance (ft) 406 406 406 406 509 509 659 659
Upstream Blk Time (%) 0 0 0 1 6 8
Queuing Penalty (veh) 1 0 1 6 0 0
Storage Bay Dist (ft) 150 160 100 240
Storage Blk Time (%) 27 6 6 0 38 36
Queuing Penalty (veh) 144 20 2 0 32 174

Intersection: 1: Dequindre Road & South Blvd.(Push Button)

Movement NB SB SB SB SB
Directions Served R L T T R
Maximum Queue (ft) 165 179 262 204 108
Average Queue (ft) 153 70 154 105 19
95th Queue (ft) 208 140 233 189 66
Link Distance (ft) 537 537
Upstream Blk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft) 140 235 100
Storage Blk Time (%) 4 0 1 5 0
Queuing Penalty (veh) 22 0 1 5 0

Intersection: 2: South Blvd.(Push Button) & M-59 SB Exit Ramp

Movement EB EB WB WB SB SB
Directions Served T T T T L LR
Maximum Queue (ft) 334 458 162 165 394 527
Average Queue (ft) 133 266 81 94 164 354
95th Queue (ft) 268 400 136 151 298 496
Link Distance (ft) 1257 1257 406 406 1427 1427
Upstream Blk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)



Queuing and Blocking Report Background Conditions (No Build 2021)
PM Peak Hour

Rochester Hills MOB SimTraffic Report
Fleis & VandenBrink Engineering, Inc. 03/11/2020

Intersection: 3: John R Road & South Blvd.(Push Button)

Movement EB EB EB WB WB WB NB NB SB SB
Directions Served L T R L T R L TR L TR
Maximum Queue (ft) 174 280 84 124 204 108 124 343 124 345
Average Queue (ft) 120 144 34 46 86 40 73 305 65 169
95th Queue (ft) 194 249 65 108 174 85 148 359 129 285
Link Distance (ft) 678 1222 297 413
Upstream Blk Time (%) 48 0
Queuing Penalty (veh) 0 0
Storage Bay Dist (ft) 150 460 100 300 100 100
Storage Blk Time (%) 4 8 1 8 1 56 1 18
Queuing Penalty (veh) 17 28 3 14 4 54 5 16

Zone Summary
Zone wide Queuing Penalty: 549



Traffic Impact Study Medical Office Building Development│ March 19, 2020 
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HCM 6th Signalized Intersection Summary Future Conditions
1: Dequindre Road & South Blvd. (Push Button) AM Peak Hour

Rochester Hills MOB Synchro 10 Report
Fleis & VandenBrink Engineering, Inc. 03/17/2020

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 162 287 379 82 227 181 118 769 440 167 835 266
Future Volume (veh/h) 162 287 379 82 227 181 118 769 440 167 835 266
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1870 1870 1870 1870 1870 1870 1870 1870 1870 1870 1870 1870
Adj Flow Rate, veh/h 186 330 436 88 244 195 142 927 530 178 888 283
Peak Hour Factor 0.87 0.87 0.87 0.93 0.93 0.93 0.83 0.83 0.83 0.94 0.94 0.94
Percent Heavy Veh, % 2 2 2 2 2 2 2 2 2 2 2 2
Cap, veh/h 442 1000 559 214 971 569 226 1066 666 230 1115 700
Arrive On Green 0.04 0.09 0.09 0.12 0.27 0.27 0.07 0.30 0.30 0.09 0.31 0.31
Sat Flow, veh/h 3456 3554 1585 1781 3554 1585 1781 3554 1585 1781 3554 1585
Grp Volume(v), veh/h 186 330 436 88 244 195 142 927 530 178 888 283
Grp Sat Flow(s),veh/h/ln 1728 1777 1585 1781 1777 1585 1781 1777 1585 1781 1777 1585
Q Serve(g_s), s 6.3 10.4 29.6 5.5 6.4 10.8 6.5 29.6 35.0 8.2 27.4 14.6
Cycle Q Clear(g_c), s 6.3 10.4 29.6 5.5 6.4 10.8 6.5 29.6 35.0 8.2 27.4 14.6
Prop In Lane 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Lane Grp Cap(c), veh/h 442 1000 559 214 971 569 226 1066 666 230 1115 700
V/C Ratio(X) 0.42 0.33 0.78 0.41 0.25 0.34 0.63 0.87 0.80 0.77 0.80 0.40
Avail Cap(c_a), veh/h 442 1000 559 238 971 569 259 1066 666 256 1115 700
HCM Platoon Ratio 0.33 0.33 0.33 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 0.86 0.86 0.86 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Uniform Delay (d), s/veh 53.1 43.8 43.8 48.9 34.0 28.1 29.7 39.8 30.3 30.3 37.7 22.8
Incr Delay (d2), s/veh 0.5 0.8 9.0 1.3 0.6 1.6 3.8 9.7 9.6 12.3 4.1 0.4
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln 2.8 4.9 13.9 2.5 2.8 4.2 2.9 13.8 14.3 4.1 12.1 5.3
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 53.7 44.6 52.8 50.1 34.6 29.8 33.6 49.4 39.9 42.6 41.8 23.1
LnGrp LOS D D D D C C C D D D D C
Approach Vol, veh/h 952 527 1599 1349
Approach Delay, s/veh 50.1 35.4 44.9 38.0
Approach LOS D D D D

Timer - Assigned Phs 1 2 3 4 5 6 7 8
Phs Duration (G+Y+Rc), s 20.8 40.2 15.0 44.0 21.8 39.2 16.6 42.4
Change Period (Y+Rc), s 6.4 6.4 6.4 6.4 6.4 6.4 6.4 6.4
Max Green Setting (Gmax), s 16.0 30.4 10.8 37.2 13.6 32.8 12.0 36.0
Max Q Clear Time (g_c+I1), s 7.5 31.6 8.5 29.4 8.3 12.8 10.2 37.0
Green Ext Time (p_c), s 0.1 0.0 0.1 3.9 0.2 1.9 0.1 0.0

Intersection Summary
HCM 6th Ctrl Delay 42.8
HCM 6th LOS D



HCM 6th Signalized Intersection Summary Future Conditions
2: South Blvd. (Push Button) & M-59 SB Exit Ramp AM Peak Hour

Rochester Hills MOB Synchro 10 Report
Fleis & VandenBrink Engineering, Inc. 03/17/2020

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Traffic Volume (veh/h) 0 325 611 0 503 504
Future Volume (veh/h) 0 325 611 0 503 504
Initial Q (Qb), veh 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No
Adj Sat Flow, veh/h/ln 0 1969 1969 0 1969 2000
Adj Flow Rate, veh/h 0 396 783 0 553 554
Peak Hour Factor 0.82 0.82 0.78 0.78 0.91 0.91
Percent Heavy Veh, % 0 2 2 0 2 0
Cap, veh/h 0 1153 1153 0 1078 975
Arrive On Green 0.00 0.31 0.62 0.00 0.57 0.57
Sat Flow, veh/h 0 3938 3938 0 1875 1695
Grp Volume(v), veh/h 0 396 783 0 553 554
Grp Sat Flow(s),veh/h/ln 0 1870 1870 0 1875 1695
Q Serve(g_s), s 0.0 9.8 16.6 0.0 21.3 24.8
Cycle Q Clear(g_c), s 0.0 9.8 16.6 0.0 21.3 24.8
Prop In Lane 0.00 0.00 1.00 1.00
Lane Grp Cap(c), veh/h 0 1153 1153 0 1078 975
V/C Ratio(X) 0.00 0.34 0.68 0.00 0.51 0.57
Avail Cap(c_a), veh/h 0 1153 1153 0 1078 975
HCM Platoon Ratio 1.00 1.00 2.00 1.00 1.00 1.00
Upstream Filter(I) 0.00 1.00 0.94 0.00 1.00 1.00
Uniform Delay (d), s/veh 0.0 32.1 19.1 0.0 15.4 16.1
Incr Delay (d2), s/veh 0.0 0.8 3.0 0.0 1.7 2.4
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln0.0 4.4 5.3 0.0 8.8 9.4
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 0.0 32.9 22.1 0.0 17.1 18.5
LnGrp LOS A C C A B B
Approach Vol, veh/h 396 783 1107
Approach Delay, s/veh 32.9 22.1 17.8
Approach LOS C C B

Timer - Assigned Phs 2 4 6
Phs Duration (G+Y+Rc), s 44.0 76.0 44.0
Change Period (Y+Rc), s * 7 * 7 * 7
Max Green Setting (Gmax), s * 37 * 69 * 37
Max Q Clear Time (g_c+I1), s 18.6 26.8 11.8
Green Ext Time (p_c), s 4.7 4.2 2.4

Intersection Summary
HCM 6th Ctrl Delay 21.9
HCM 6th LOS C

Notes
User approved volume balancing among the lanes for turning movement.
* HCM 6th computational engine requires equal clearance times for the phases crossing the barrier.



HCM 6th Signalized Intersection Summary Future Conditions
3: John R Road & South Blvd. (Push Button) AM Peak Hour

Rochester Hills MOB Synchro 10 Report
Fleis & VandenBrink Engineering, Inc. 03/17/2020

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 82 162 74 52 235 60 148 174 73 113 492 246
Future Volume (veh/h) 82 162 74 52 235 60 148 174 73 113 492 246
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1969 1969 1969 1969 1969 1969 1969 1969 1969 1969 1969 1969
Adj Flow Rate, veh/h 89 176 80 61 276 71 170 200 84 126 547 273
Peak Hour Factor 0.92 0.92 0.92 0.85 0.85 0.85 0.87 0.87 0.87 0.90 0.90 0.90
Percent Heavy Veh, % 2 2 2 2 2 2 2 2 2 2 2 2
Cap, veh/h 233 416 487 290 394 447 240 627 264 606 577 288
Arrive On Green 0.05 0.21 0.21 0.04 0.20 0.20 0.08 0.48 0.48 0.07 0.47 0.47
Sat Flow, veh/h 1875 1969 1668 1875 1969 1668 1875 1316 553 1875 1239 618
Grp Volume(v), veh/h 89 176 80 61 276 71 170 0 284 126 0 820
Grp Sat Flow(s),veh/h/ln1875 1969 1668 1875 1969 1668 1875 0 1869 1875 0 1857
Q Serve(g_s), s 4.5 9.3 4.3 3.1 15.7 3.9 5.4 0.0 11.3 4.0 0.0 50.7
Cycle Q Clear(g_c), s 4.5 9.3 4.3 3.1 15.7 3.9 5.4 0.0 11.3 4.0 0.0 50.7
Prop In Lane 1.00 1.00 1.00 1.00 1.00 0.30 1.00 0.33
Lane Grp Cap(c), veh/h 233 416 487 290 394 447 240 0 891 606 0 865
V/C Ratio(X) 0.38 0.42 0.16 0.21 0.70 0.16 0.71 0.00 0.32 0.21 0.00 0.95
Avail Cap(c_a), veh/h 241 416 487 367 394 447 276 0 891 606 0 865
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00 1.00 1.00 0.00 1.00
Uniform Delay (d), s/veh 36.2 41.0 31.6 35.9 44.7 33.6 26.2 0.0 19.4 14.5 0.0 30.7
Incr Delay (d2), s/veh 1.0 3.1 0.7 0.4 10.0 0.8 6.9 0.0 0.9 0.2 0.0 20.3
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln2.1 4.8 1.8 1.4 8.5 1.6 2.6 0.0 4.9 1.6 0.0 25.8
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 37.2 44.1 32.3 36.2 54.6 34.4 33.1 0.0 20.3 14.6 0.0 51.0
LnGrp LOS D D C D D C C A C B A D
Approach Vol, veh/h 345 408 454 946
Approach Delay, s/veh 39.6 48.4 25.1 46.1
Approach LOS D D C D

Timer - Assigned Phs 1 2 3 4 5 6 7 8
Phs Duration (G+Y+Rc), s14.3 63.2 11.1 31.4 15.7 61.9 12.5 30.0
Change Period (Y+Rc), s* 6.2 * 6 * 6 * 6 * 6 * 6 * 6 * 6
Max Green Setting (Gmax), s* 7.6 * 57 * 10 * 21 * 12 * 53 * 7 * 24
Max Q Clear Time (g_c+I1), s6.0 13.3 5.1 11.3 7.4 52.7 6.5 17.7
Green Ext Time (p_c), s 0.0 1.7 0.0 0.7 0.2 0.2 0.0 0.9

Intersection Summary
HCM 6th Ctrl Delay 41.1
HCM 6th LOS D

Notes
* HCM 6th computational engine requires equal clearance times for the phases crossing the barrier.



HCM 6th TWSC Future Conditions
4: South Blvd. & Proposed Site Drive AM Peak Hour

Rochester Hills MOB Synchro 10 Report
Fleis & VandenBrink Engineering, Inc. 03/17/2020

Intersection
Int Delay, s/veh 0.7

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Traffic Vol, veh/h 24 324 340 66 19 7
Future Vol, veh/h 24 324 340 66 19 7
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length 100 - - - 0 0
Veh in Median Storage, # - 0 0 - 0 -
Grade, % - 0 0 - 0 -
Peak Hour Factor 92 92 85 85 92 92
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 26 352 400 78 21 8
 

Major/Minor Major1 Major2 Minor2
Conflicting Flow All 478 0 - 0 843 439
          Stage 1 - - - - 439 -
          Stage 2 - - - - 404 -
Critical Hdwy 4.12 - - - 6.42 6.22
Critical Hdwy Stg 1 - - - - 5.42 -
Critical Hdwy Stg 2 - - - - 5.42 -
Follow-up Hdwy 2.218 - - - 3.518 3.318
Pot Cap-1 Maneuver 1084 - - - 334 618
          Stage 1 - - - - 650 -
          Stage 2 - - - - 674 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 1084 - - - 326 618
Mov Cap-2 Maneuver - - - - 441 -
          Stage 1 - - - - 634 -
          Stage 2 - - - - 674 -
 

Approach EB WB SB
HCM Control Delay, s 0.6 0 12.9
HCM LOS B
 

Minor Lane/Major Mvmt EBL EBT WBT WBR SBLn1 SBLn2
Capacity (veh/h) 1084 - - - 441 618
HCM Lane V/C Ratio 0.024 - - - 0.047 0.012
HCM Control Delay (s) 8.4 - - - 13.6 10.9
HCM Lane LOS A - - - B B
HCM 95th %tile Q(veh) 0.1 - - - 0.1 0



HCM 6th Signalized Intersection Summary Future Conditions
1: Dequindre Road & South Blvd.(Push Button) PM Peak Hour

Rochester Hills MOB Synchro 10 Report
Fleis & VandenBrink Engineering, Inc. 03/18/2020

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 689 694 547 51 81 176 93 1117 487 114 440 98
Future Volume (veh/h) 689 694 547 51 81 176 93 1117 487 114 440 98
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1870 1870 1870 1870 1870 1870 1870 1870 1870 1870 1870 1870
Adj Flow Rate, veh/h 741 746 588 57 91 198 99 1188 518 128 494 110
Peak Hour Factor 0.93 0.93 0.93 0.89 0.89 0.89 0.94 0.94 0.94 0.89 0.89 0.89
Percent Heavy Veh, % 2 2 2 2 2 2 2 2 2 2 2 2
Cap, veh/h 981 952 509 183 308 234 356 1262 726 177 1290 1025
Arrive On Green 0.28 0.27 0.27 0.10 0.09 0.09 0.05 0.35 0.35 0.06 0.36 0.36
Sat Flow, veh/h 3456 3554 1585 1781 3554 1585 1781 3554 1585 1781 3554 1585
Grp Volume(v), veh/h 741 746 588 57 91 198 99 1188 518 128 494 110
Grp Sat Flow(s),veh/h/ln 1728 1777 1585 1781 1777 1585 1781 1777 1585 1781 1777 1585
Q Serve(g_s), s 23.5 23.3 32.1 3.6 2.9 10.4 4.2 38.9 31.6 5.4 12.3 3.2
Cycle Q Clear(g_c), s 23.5 23.3 32.1 3.6 2.9 10.4 4.2 38.9 31.6 5.4 12.3 3.2
Prop In Lane 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Lane Grp Cap(c), veh/h 981 952 509 183 308 234 356 1262 726 177 1290 1025
V/C Ratio(X) 0.76 0.78 1.16 0.31 0.30 0.85 0.28 0.94 0.71 0.72 0.38 0.11
Avail Cap(c_a), veh/h 981 952 509 246 308 234 619 1262 726 181 1290 1025
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 0.64 0.64 0.64 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Uniform Delay (d), s/veh 39.2 40.7 40.7 49.9 51.4 49.8 22.9 37.5 26.2 29.5 28.3 8.0
Incr Delay (d2), s/veh 2.2 4.2 84.2 1.0 2.4 29.6 0.4 14.8 5.9 12.9 0.2 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln 9.9 10.4 26.2 1.6 1.4 7.5 1.7 18.6 12.4 2.8 5.1 1.0
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 41.3 44.9 125.0 50.8 53.8 79.4 23.3 52.2 32.1 42.4 28.5 8.1
LnGrp LOS D D F D D E C D C D C A
Approach Vol, veh/h 2075 346 1805 732
Approach Delay, s/veh 66.3 67.9 44.9 27.8
Approach LOS E E D C

Timer - Assigned Phs 1 2 3 4 5 6 7 8
Phs Duration (G+Y+Rc), s 18.7 38.5 12.8 50.0 40.5 16.8 13.7 49.0
Change Period (Y+Rc), s 6.4 6.4 6.4 6.4 6.4 6.4 6.4 6.4
Max Green Setting (Gmax), s 16.6 27.6 24.1 26.1 33.8 10.4 7.6 42.6
Max Q Clear Time (g_c+I1), s 5.6 34.1 6.2 14.3 25.5 12.4 7.4 40.9
Green Ext Time (p_c), s 0.1 0.0 0.2 2.6 1.9 0.0 0.0 1.4

Intersection Summary
HCM 6th Ctrl Delay 53.0
HCM 6th LOS D

Notes
User approved pedestrian interval to be less than phase max green.



HCM 6th Signalized Intersection Summary Future Conditions
2: South Blvd.(Push Button) & M-59 SB Exit Ramp PM Peak Hour

Rochester Hills MOB Synchro 10 Report
Fleis & VandenBrink Engineering, Inc. 03/18/2020

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Traffic Volume (veh/h) 0 666 272 0 1264 26
Future Volume (veh/h) 0 666 272 0 1264 26
Initial Q (Qb), veh 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No
Adj Sat Flow, veh/h/ln 0 1969 1969 0 1969 2000
Adj Flow Rate, veh/h 0 832 299 0 1447 0
Peak Hour Factor 0.80 0.80 0.91 0.91 0.89 0.89
Percent Heavy Veh, % 0 2 2 0 2 0
Cap, veh/h 0 1278 1278 0 2031 918
Arrive On Green 0.00 0.34 0.68 0.00 0.54 0.00
Sat Flow, veh/h 0 3938 3938 0 3750 1695
Grp Volume(v), veh/h 0 832 299 0 1447 0
Grp Sat Flow(s),veh/h/ln 0 1870 1870 0 1875 1695
Q Serve(g_s), s 0.0 22.6 3.6 0.0 34.6 0.0
Cycle Q Clear(g_c), s 0.0 22.6 3.6 0.0 34.6 0.0
Prop In Lane 0.00 0.00 1.00 1.00
Lane Grp Cap(c), veh/h 0 1278 1278 0 2031 918
V/C Ratio(X) 0.00 0.65 0.23 0.00 0.71 0.00
Avail Cap(c_a), veh/h 0 1278 1278 0 2031 918
HCM Platoon Ratio 1.00 1.00 2.00 1.00 1.00 1.00
Upstream Filter(I) 0.00 1.00 0.99 0.00 1.00 0.00
Uniform Delay (d), s/veh 0.0 33.4 13.1 0.0 20.5 0.0
Incr Delay (d2), s/veh 0.0 2.6 0.4 0.0 2.2 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln0.0 10.3 1.4 0.0 14.4 0.0
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 0.0 36.0 13.5 0.0 22.7 0.0
LnGrp LOS A D B A C A
Approach Vol, veh/h 832 299 1447
Approach Delay, s/veh 36.0 13.5 22.7
Approach LOS D B C

Timer - Assigned Phs 2 4 6
Phs Duration (G+Y+Rc), s 48.0 72.0 48.0
Change Period (Y+Rc), s * 7 * 7 * 7
Max Green Setting (Gmax), s * 41 * 65 * 41
Max Q Clear Time (g_c+I1), s 5.6 36.6 24.6
Green Ext Time (p_c), s 1.8 6.8 4.8

Intersection Summary
HCM 6th Ctrl Delay 25.9
HCM 6th LOS C

Notes
User approved volume balancing among the lanes for turning movement.
* HCM 6th computational engine requires equal clearance times for the phases crossing the barrier.



HCM 6th Signalized Intersection Summary Future Conditions
3: John R Road & South Blvd.(Push Button) PM Peak Hour

Rochester Hills MOB Synchro 10 Report
Fleis & VandenBrink Engineering, Inc. 03/18/2020

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 199 257 151 71 159 131 97 548 94 93 340 75
Future Volume (veh/h) 199 257 151 71 159 131 97 548 94 93 340 75
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1969 1969 1969 1969 1969 1969 1969 1969 1969 1969 1969 1969
Adj Flow Rate, veh/h 216 279 164 88 196 162 102 577 99 107 391 86
Peak Hour Factor 0.92 0.92 0.92 0.81 0.81 0.81 0.95 0.95 0.95 0.87 0.87 0.87
Percent Heavy Veh, % 2 2 2 2 2 2 2 2 2 2 2 2
Cap, veh/h 303 438 513 252 438 515 400 619 106 272 596 131
Arrive On Green 0.04 0.22 0.22 0.04 0.22 0.22 0.09 0.38 0.38 0.09 0.38 0.38
Sat Flow, veh/h 1875 1969 1668 1875 1969 1668 1875 1637 281 1875 1563 344
Grp Volume(v), veh/h 216 279 164 88 196 162 102 0 676 107 0 477
Grp Sat Flow(s),veh/h/ln1875 1969 1668 1875 1969 1668 1875 0 1918 1875 0 1907
Q Serve(g_s), s 0.0 11.6 4.4 0.0 7.7 4.3 2.8 0.0 30.5 2.9 0.0 18.6
Cycle Q Clear(g_c), s 0.0 11.6 4.4 0.0 7.7 4.3 2.8 0.0 30.5 2.9 0.0 18.6
Prop In Lane 1.00 1.00 1.00 1.00 1.00 0.15 1.00 0.18
Lane Grp Cap(c), veh/h 303 438 513 252 438 515 400 0 725 272 0 727
V/C Ratio(X) 0.71 0.64 0.32 0.35 0.45 0.31 0.25 0.00 0.93 0.39 0.00 0.66
Avail Cap(c_a), veh/h 324 438 513 273 438 515 400 0 725 272 0 727
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00 1.00 1.00 0.00 1.00
Uniform Delay (d), s/veh 37.1 31.7 10.6 36.8 30.2 10.5 15.8 0.0 26.9 19.6 0.0 23.0
Incr Delay (d2), s/veh 6.7 6.9 1.6 0.8 3.3 1.6 0.3 0.0 20.5 0.9 0.0 4.6
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln5.0 6.0 2.2 1.8 3.9 2.1 1.1 0.0 16.7 1.2 0.0 8.5
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 43.9 38.7 12.3 37.7 33.5 12.1 16.1 0.0 47.4 20.5 0.0 27.5
LnGrp LOS D D B D C B B A D C A C
Approach Vol, veh/h 659 446 778 584
Approach Delay, s/veh 33.8 26.5 43.3 26.3
Approach LOS C C D C

Timer - Assigned Phs 1 2 3 4 5 6 7 8
Phs Duration (G+Y+Rc), s14.0 40.0 10.0 26.0 13.7 40.3 10.0 26.0
Change Period (Y+Rc), s* 6.2 * 6 * 6 * 6 * 6 * 6 * 6 * 6
Max Green Setting (Gmax), s* 6.8 * 34 * 5 * 20 * 7.4 * 34 * 5 * 20
Max Q Clear Time (g_c+I1), s4.9 32.5 2.0 13.6 4.8 20.6 2.0 9.7
Green Ext Time (p_c), s 0.0 0.7 0.0 1.1 0.0 2.2 0.2 1.1

Intersection Summary
HCM 6th Ctrl Delay 33.7
HCM 6th LOS C

Notes
* HCM 6th computational engine requires equal clearance times for the phases crossing the barrier.



HCM 6th TWSC Future Conditions
4: South Blvd. & Proposed Site Drive PM Peak Hour

Rochester Hills MOB Synchro 10 Report
Fleis & VandenBrink Engineering, Inc. 03/18/2020

Intersection
Int Delay, s/veh 1.9

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Traffic Vol, veh/h 13 431 327 33 85 34
Future Vol, veh/h 13 431 327 33 85 34
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - - - 0 0
Veh in Median Storage, # - 0 0 - 0 -
Grade, % - 0 0 - 0 -
Peak Hour Factor 92 92 85 85 92 92
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 14 468 385 39 92 37
 

Major/Minor Major1 Major2 Minor2
Conflicting Flow All 424 0 - 0 901 405
          Stage 1 - - - - 405 -
          Stage 2 - - - - 496 -
Critical Hdwy 4.12 - - - 6.42 6.22
Critical Hdwy Stg 1 - - - - 5.42 -
Critical Hdwy Stg 2 - - - - 5.42 -
Follow-up Hdwy 2.218 - - - 3.518 3.318
Pot Cap-1 Maneuver 1135 - - - 309 646
          Stage 1 - - - - 673 -
          Stage 2 - - - - 612 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 1135 - - - 304 646
Mov Cap-2 Maneuver - - - - 425 -
          Stage 1 - - - - 662 -
          Stage 2 - - - - 612 -
 

Approach EB WB SB
HCM Control Delay, s 0.2 0 14.4
HCM LOS B
 

Minor Lane/Major Mvmt EBL EBT WBT WBR SBLn1 SBLn2
Capacity (veh/h) 1135 - - - 425 646
HCM Lane V/C Ratio 0.012 - - - 0.217 0.057
HCM Control Delay (s) 8.2 0 - - 15.8 10.9
HCM Lane LOS A A - - C B
HCM 95th %tile Q(veh) 0 - - - 0.8 0.2



Queuing and Blocking Report Future Conditions
AM Peak Hour

Rochester Hills MOB SimTraffic Report
Fleis & VandenBrink Engineering, Inc. 03/11/2020

Intersection: 1: Dequindre Road & South Blvd. (Push Button)

Movement EB EB EB EB EB WB WB WB WB NB NB NB
Directions Served L L T T R L T T R L T T
Maximum Queue (ft) 131 125 153 244 174 139 196 155 116 265 544 585
Average Queue (ft) 69 64 82 84 108 67 107 38 48 108 275 247
95th Queue (ft) 114 112 132 167 175 120 171 115 98 245 455 466
Link Distance (ft) 406 406 406 406 509 509 659 659
Upstream Blk Time (%) 0 0 1
Queuing Penalty (veh) 0 0 0
Storage Bay Dist (ft) 150 160 100 240
Storage Blk Time (%) 0 3 0 1 0 2 0 13 17
Queuing Penalty (veh) 2 5 0 1 0 2 0 17 78

Intersection: 1: Dequindre Road & South Blvd. (Push Button)

Movement NB SB SB SB SB
Directions Served R L T T R
Maximum Queue (ft) 165 260 484 480 125
Average Queue (ft) 124 141 292 264 87
95th Queue (ft) 214 283 430 410 166
Link Distance (ft) 537 537
Upstream Blk Time (%) 0 0
Queuing Penalty (veh) 0 0
Storage Bay Dist (ft) 140 235 100
Storage Blk Time (%) 2 0 17 31 0
Queuing Penalty (veh) 10 1 28 81 0

Intersection: 2: South Blvd. (Push Button) & M-59 SB Exit Ramp

Movement EB EB WB WB SB SB
Directions Served T T T T L LR
Maximum Queue (ft) 104 313 292 282 721 1004
Average Queue (ft) 40 171 177 156 103 569
95th Queue (ft) 85 265 248 229 424 1017
Link Distance (ft) 1262 1262 406 406 1713 1713
Upstream Blk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)



Queuing and Blocking Report Future Conditions
AM Peak Hour

Rochester Hills MOB SimTraffic Report
Fleis & VandenBrink Engineering, Inc. 03/11/2020

Intersection: 3: John R Road & South Blvd. (Push Button)

Movement EB EB EB WB WB WB NB NB SB SB
Directions Served L T R L T R L TR L TR
Maximum Queue (ft) 146 252 86 124 318 104 124 252 124 458
Average Queue (ft) 58 102 23 43 144 24 84 99 60 407
95th Queue (ft) 121 191 57 109 285 99 132 203 133 506
Link Distance (ft) 678 1222 297 413
Upstream Blk Time (%) 0 35
Queuing Penalty (veh) 0 0
Storage Bay Dist (ft) 150 460 100 300 100 100
Storage Blk Time (%) 0 4 1 23 0 10 4 1 46
Queuing Penalty (veh) 0 5 2 26 0 25 7 5 52

Intersection: 4: South Blvd. & Proposed Site Drive

Movement EB WB SB SB
Directions Served L TR L R
Maximum Queue (ft) 39 8 40 35
Average Queue (ft) 8 0 12 8
95th Queue (ft) 30 4 37 29
Link Distance (ft) 1157 340 340
Upstream Blk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft) 100
Storage Blk Time (%)
Queuing Penalty (veh)

Zone Summary
Zone wide Queuing Penalty: 348



Queuing and Blocking Report Future Conditions
PM Peak Hour

Rochester Hills MOB SimTraffic Report
Fleis & VandenBrink Engineering, Inc. 03/11/2020

Intersection: 1: Dequindre Road & South Blvd.(Push Button)

Movement EB EB EB EB EB WB WB WB WB NB NB NB
Directions Served L L T T R L T T R L T T
Maximum Queue (ft) 364 338 399 424 175 111 119 155 123 265 674 662
Average Queue (ft) 227 218 266 310 164 42 49 20 68 124 490 476
95th Queue (ft) 332 318 398 457 214 91 98 95 127 306 731 730
Link Distance (ft) 406 406 406 406 509 509 659 659
Upstream Blk Time (%) 0 0 2 4 7
Queuing Penalty (veh) 0 2 8 0 0
Storage Bay Dist (ft) 150 160 100 240
Storage Blk Time (%) 28 5 0 0 6 0 35 34
Queuing Penalty (veh) 152 18 0 0 2 0 33 168

Intersection: 1: Dequindre Road & South Blvd.(Push Button)

Movement NB SB SB SB SB
Directions Served R L T T R
Maximum Queue (ft) 165 171 248 217 125
Average Queue (ft) 150 69 156 112 31
95th Queue (ft) 212 130 227 203 95
Link Distance (ft) 537 537
Upstream Blk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft) 140 235 100
Storage Blk Time (%) 4 0 6 0
Queuing Penalty (veh) 22 0 5 0

Intersection: 2: South Blvd.(Push Button) & M-59 SB Exit Ramp

Movement EB EB WB WB SB SB
Directions Served T T T T L LR
Maximum Queue (ft) 551 678 176 184 432 583
Average Queue (ft) 221 371 94 108 158 367
95th Queue (ft) 486 611 152 166 317 548
Link Distance (ft) 1257 1257 406 406 1427 1427
Upstream Blk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)



Queuing and Blocking Report Future Conditions
PM Peak Hour

Rochester Hills MOB SimTraffic Report
Fleis & VandenBrink Engineering, Inc. 03/11/2020

Intersection: 3: John R Road & South Blvd.(Push Button)

Movement EB EB EB WB WB WB NB NB SB SB
Directions Served L T R L T R L TR L TR
Maximum Queue (ft) 175 366 87 124 206 120 125 341 124 315
Average Queue (ft) 118 164 33 47 86 50 75 303 66 160
95th Queue (ft) 198 312 67 103 169 97 147 364 131 280
Link Distance (ft) 678 1222 297 413
Upstream Blk Time (%) 45
Queuing Penalty (veh) 0
Storage Bay Dist (ft) 150 460 100 300 100 100
Storage Blk Time (%) 6 9 1 7 1 54 2 19
Queuing Penalty (veh) 26 33 1 15 6 52 8 18

Intersection: 4: South Blvd. & Proposed Site Drive

Movement EB SB SB
Directions Served LT L R
Maximum Queue (ft) 103 103 59
Average Queue (ft) 8 41 23
95th Queue (ft) 48 74 52
Link Distance (ft) 863 346 346
Upstream Blk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)

Zone Summary
Zone wide Queuing Penalty: 571
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