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Traffic Count Locations



Traffic Count Locations

Bound Data Source Location ID Date AM PM Bound Data Source Location ID Date AM PM

TDMS 77-0141_NB 12/11/2019 2326 3280 TDMS 77-6637_NW 3/22/2022 2132 4691

Collected N/A 4/4/2022 - 2970 TDMS 77-6637_NW 6/4/2019 2394 4770

Collected N/A 4/5/2022 2273 3061 TDMS 77-6637_NW 6/28/2016 2113 4702

Collected N/A 4/6/2022 2153 - TDMS 77-6710_NW 10/27/2015 2085 4791

TDMS 77-0141_SB 12/11/2019 2458 3275 Collected N/A 4/4/2022 - 4045

Collected N/A 4/4/2022 - 3070 Collected N/A 4/5/2022 3152 -

Collected N/A 4/5/2022 2645 2881 TDMS 77-6637_SE 3/22/2022 3209 4169

Collected N/A 4/6/2022 2544 - TDMS 77-6637_SE 6/4/2019 3751 4535

TDMS 77-6637_SE 6/28/2016 3372 4522

TDMS 77-6710_SE 10/27/2015 3473 4373

Bound Data Source Location ID Date AM PM Collected N/A 4/4/2022 - 4475

TDMS 77-0132_NE 1/22/2019 325 684 Collected N/A 4/5/2022 2191 -

TDMS 77-0132_NE 10/10/2018 498 827

Collected N/A 4/4/2022 to 4/5/2022 385 673

TDMS 77-0132_SW 1/22/2019 2293 4162 Bound Data Source Location ID Date AM PM

TDMS 77-0132_SW 10/10/2018 3694 4739 TDMS 77-6722_NB 12/7/2021 447 1371

Collected N/A 4/4/2022 to 4/5/2022 3352 4251 TDMS 77-6722_NB 4/24/2018 546 1307

Collected N/A 4/4/2022 - 1449

Collected N/A 4/5/2022 531 1394

Bound Data Source Location ID Date AM PM Collected N/A 4/6/2022 568 -

TDMS 77-0026 1/22/2019 1757 3625 TDMS 77-6722_SB 12/7/2021 719 1036

TDMS 77-0026 10/10/2018 3037 4221 TDMS 77-6722_SB 4/24/2018 951 1062

TDMS 77-0026 6/5/2018 3020 4177 Collected N/A 4/4/2022 - 1188

TDMS 77-0026 8/1/2017 2610 3872 Collected N/A 4/5/2022 1007 1085

Count 77-0026 3/22/22 and 3/23/22 2678 3939 Collected N/A 4/6/2022 982 -

Bound Data Source Location ID Date AM PM Bound Data Source Location ID Date AM PM

TDMS 77-6109_EB 10/17/2019 598 1468 TDMS 77-0218 4/17/2018 144 454

Toll Facility N/A March 2019 377 1342 Collected N/A 3/23/2022 to 3/24/2022 54 179

Toll Facility N/A April 2019 403 1188

Toll Facility N/A March 2021 252 675

Toll Facility N/A April 2021 262 646 Bound Data Source Location ID Date AM PM

TDMS 77-6109_WB 10/17/2019 894 1325 TDMS 77-6734_NB 6/12/2018 250 259

Toll Facility N/A March 2019 622 1150 TDMS 77-6734_NB 10/27/2015 218 265

Toll Facility N/A April 2019 657 1188 Collected N/A 3/23/2022 to 3/24/2022 59 43

Toll Facility N/A March 2021 498 579 TDMS 77-6734_SB 6/12/2018 2905 3902

Toll Facility N/A April 2021 493 542 TDMS 77-6734_SB 10/27/2015 2450 3560

Collected N/A 3/23/2022 to 3/24/2022 2630 3504

NB

SB
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Note: Highlighted cells refer to data chosen for forecasted data
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*  Peak Period: 6:00 AM to 9:00 AM, 3:00 PM to 6:00 PM
** Peak Period: 6:30 AM to 9:30 AM, 3:00 PM to 6:00 PM

Note: Volumes shown are peak period volumes
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Passenger Vehicles (3 Lanes)

NEXUS Vehicles (1 Lane)

FAST Vehicles (1 Lane)

Heavy Vehicles (3 Lanes)

Heavy Vehicles (5 Lanes)

Existing & Future No-Build Westbound Blue Water Bridge Toll Plaza Lane Breakdown
Passenger Vehicles

• Passenger vehicle routing choice was developed using data collected by the US Customs and Border        
  Protection.
• Counts indicated that 15.49% of passenger vehicles used the NEXUS lane and the remaining 84.51% used
   the remaining 3 standard passenger vehicle lanes.
• For VISSIM routing 15.49% of passenger vehicles were routed to the NEXUS lane and the remaining
84.51% were routed to the remaining 3 standard passenger vehicle lanes.
• Routing is entered into VISSIM as shown below

Heavy Vehicles
• Passenger vehicle routing choice was developed using data collected by the US Customs and Border       
    Protection.
• Counts indicated that 25.71% of heavy vehicles used the FAST lane and the remaining 74.29% used the
remaining 8 standard passenger vehicle lanes. 
• For VISSIM routing 25.71% of heavy vehicles were routed to the FAST lane, and the remaining 74.29%
were split amongst the northern and southern heavy vehicle routes proportionate to the number of lanes in
each route.
• Routing is entered into VISSIM as shown below

BWB Plaza Bldg

N

C-1



 

N

Future Westbound Blue Water Bridge Toll Plaza Lane Breakdown

C-2

Notes

• As displayed above, the Preferred Build Alternative models only differed from the Existing and Future No-Build models in terms of lane geometry at the BWB Toll Plaza. 
• The same vehicle distributions from the Existing and Future No-Build Models as seen on B-1 were used for vehicle routings in the Preferred Build Alternative models. 
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Memo 
 

To: Travis Phillips, Region Signals Engineer, MDOT Bay Region

From: Adam McArthur, Senior Engineer, SNC Lavalin-Atkins 

CC: Nivas Dammalapati, Project Manager, SNC Lavalin- Atkins 

Date: August 21, 2018 

Subject: MDOT JN #201863 – M-25 Traffic Signal Optimization – Optimized Conditions Review 

 

1. Introduction 

The following memo is a summary of existing and optimized conditions analysis for 22 
signals along the M-25 corridor in Port Huron, Michigan. Measures of effectiveness (MOEs) 
are provided for each scenario examined along with supporting text. Figure 1 below shows 
the location of each signal along the study corridor. In addition to the 22 corridor signals, 
two adjacent corridor MDOT signals were included for better coordination: M-136 (Pine 
Grove Ave) at Krafft and the I-94 Off/On Ramps at Hancock.  

 
Figure 1- Project Signal Locations 
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1.1. Data Collection 
Synchro models were provided by MDOT for 17 of the 22 intersections studied, where they 
included traffic counts and existing signal timing for each peak period studied. These models 
were part of a previous optimization project where multiple cycle lengths were tested and 
considered. As such, the models with the lowest cycle length number were used as the 
existing condition for these 17 intersections as a basis of comparison, with the following five 
intersections added per MDOT’s request:  

 77032-01-012 – Quay Street 
 77032-01-013 – Grand River Avenue 
 77032-01-014 – McMorran Boulevard 
 77032-01-015 – Kearney Street/Pine Grove Park Drive 
 77032-01-017 – Glenwood Avenue 

For these five intersections, the Atkins team conducted field reviews and collected turning 
movement counts. In addition, condition diagrams were developed for each of the five 
intersections reviewed by the Atkins team and are included with the count information as an 
attachment to this report. 

 

2. Initial Cycle Length Selection 

For initial screening, clearance intervals were first updated for the five intersections collected 
by the Atkins team for the model. This included the 4 locations that comprise Zone B, along 
with intersection 4015 as shown in Figure 1. Next, the Synchro cycle length optimization 
tools were used to determine three feasible operations scenarios. This process included a 
manual review of the MOEs provided by Synchro to select three different cycle length 
combinations based on total delay, total stops, delay per vehicle, and dilemma vehicles. 
Once candidate cycle lengths were selected, the automatic optimization tools in Synchro 
were used to provide a proximate result of optimized conditions. From there, SimTraffic was 
used to simulate both existing and optimized scenarios, where three simulation runs were 
performed and averaged to obtain MOEs results. The results of this process are described 
below. 

2.1. AM Peak 
During the initial screening process and after a review of existing signal phasing, the corridor 
was divided into two zones for assessment: 

 Zone A – Pine Grove Park Dr & Kearney St to Kettlewell 
 Zone B – Quay St to Glenwood Avenue 

This was largely attributed to the split phase operation at the Kearney Street, Stone Street 
and 10th Avenue intersections at the southern end of Zone A. In addition, the Zone B signals 
are pretimed with no pushbuttons and exhibit considerable pedestrian activity, while Zone A 
includes pushbuttons and doesn’t appear to have as many pedestrians according to the 
models received from MDOT. Moreover, the intersections designated as Zone B are closely 
spaced and subject to similar surrounding land use near downtown Port Huron. SimTraffic 
MOE results are provided for AM Peak Hour for each scenario in Table 1 on the next page. 
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Table 1 – AM Peak SimTraffic MOE Results 

Zone MOE’s 
Optimized Cycle Length Existing 

70 80 90/80 80/100 

A 

Total Delay (hr) 91.8 93.5 101.3 96.2 

Total Stops 10,737 10,467 10,590 11,214 

Travel Time (hr) 253.8 254.8 259.9 257.5 

Avg. Speed (mph) 23 23 22 23 

Cycle Length 70 80 80 70 

B 

Total Delay (hr) 6.2 5.7 6.2 6.3 

Total Stops 1,002 909 1,031 1,029 

Travel Time (hr) 19.3 19.1 19.1 19.5 

Avg. Speed (mph) 17 18 17 17 

 

As shown, the 80-second cycle length exhibits fewer stops and lower total delay for Zone A 
when compared to the existing model. Similarly, 70-second cycle provides lower total delay 
when compared to the 80-second and existing models. However, there are more total stops 
here when compared to the 80-second model, which suggests progression bandwidth is 
limited. Moreover, the 80-second cycle length provides the best MOEs for all four measures 
considered in Zone B. That said, selecting the 80-second cycle length for both Zones A and 
B provides the best opportunity for progression along the corridor, while minimizing total 
delay and stops when compared with existing conditions. Supporting documentation is 
provided in the attachments. 

2.2. Off-Peak 
A similar assessment was conducted for the off peak model, where the two-zone analysis 
scheme was maintained. Table 2 shows the SimTraffic MOE results for the off peak time 
period. 

Table 2 - Off Peak SimTraffic MOE Results 

Zone MOE’s 
Optimized Cycle Length Existing 

70 80 90 80 

A 

Total Delay (hr) 147.9 152.2 150.1 142.2 

Total Stops 16,522 16,600 15,464 14,847 

Travel Time (hr) 352.9 357 349.3 346.5 

Avg. Speed (mph) 21 21 21 22 

Cycle Length 70 80 90 70 

B 

Total Delay (hr) 10.9 11.3 11.8 11.9 

Total Stops 1,862 1,671 1,674 1,943 

Travel Time (hr) 30.6 30.8 31.7 32.2 

Avg. Speed (mph) 16 16 16 16 

 

Results were less apparent here for Zone A when compared to existing conditions. For 
example, the 80-second cycle as optimized by the Synchro algorithm provides poor MOE 
performance, where the existing model exhibits the best performance among the scenarios 
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considered for the same 80-second cycle length. These results are attributed to the Synchro 
optimization algorithms, which tend to consider both directions at each intersection over 
prioritizing one direction for progression by default. This was confirmed during the manual 
optimization process, where the 80-second cycle length was found to offer the best 
performance compared to the 70-second cycle length. More information regarding that 
process is provided in Section 3. For Zone B, an 80-second cycle length appeared to provide 
the fewest number of stops which indicates the best opportunity for coordination.  

2.3. PM Peak 
The final condition considered was the PM Peak Hour. Again, a two-zone assessment was 
performed to determine the best combination of cycle lengths as necessary. SimTraffic MOE 
results for PM peak are provided for each scenario in Table 3 below. 

Table 3 - PM Peak SimTraffic MOE Results 

Zone MOE’s 
Optimized Cycle Length Existing 

90 90 100 90 

A 

Total Delay (hr) 258.2 193 194.6 200.0 

Total Stops 17,155 18,035 17,978 19,402 

Travel Time (hr) 492.6 426.8 422.1 448.9 

Avg. Speed (mph) 17 20 20 20 

Cycle Length 70 80 80 70 

B 

Total Delay (hr) 13.5 13.1 13.6 12.6 

Total Stops 2,003 1,807 1,888 2,043 

Travel Time (hr) 34.8 33.7 34.7 33.1 

Avg. Speed (mph) 15 15 15 15 

 

As shown, separate cycle lengths for each zone were found to provide the best overall 
conditions for each scenario. For Zone A, 90- and 100-second cycle lengths were the most 
competitive according to the Synchro tools. For Zone B, only 80- and 70- second cycle 
lengths were considered, since a 90-second cycle length for Zone B was tested and found 
to increase total delay and stops according to SimTraffic. As a result, the combination of 
100- and 80-seconds for Zone A and B respectively, provides the best compromise between 
total delay and stops for the corridor.   
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3. Final Cycle Length 
Selection/Optimization Results 

Once the initial cycle lengths were selected, a more in-depth assessment was conducted 
with engineering oversight at each intersection to achieve the most efficient operation. 
Priority was given to the major corridor operation, with additional emphasis of achieving LOS 
C or better for minor approaches.  

3.1. AM Peak 
Table 4 provides the final optimization results for the AM peak period.  

Table 4 - AM Peak SimTraffic Optimization Results 

Zone MOE’s 

Optimized Cycle 
Length 

Existing 

80 80/100 

A 

Total Delay (hr) 89.8 96.2 

Total Stops 10,149 11,214 

Travel Time (hr) 249 257.5 

Avg. Speed (mph) 23 23 

Cycle Length 80 70 

B 

Total Delay (hr) 5.1 6.3 

Total Stops 855 1,029 

Travel Time (hr) 18.1 19.5 

Avg. Speed (mph) 18 17 

 

Considerable improvements were realized across both zones with the 80 sec cycle length, 
for all four MOEs studied. Total delay improved by 6.7 percent to 89.8 hours and by 19.0 
percent to 5.1 hours for Zones A and B, respectively. Total Stops also improved greatly by 
an average of 10.1 percent across both zones.  

3.2. Off Peak 
Table 5 provides the final optimization results for the off peak period on the next page.  

  

D-5



 

 
JN201863_M-25_Optimized Conditions Analysis Memo-FINAL.docx 

Memo 
Table 5 - Off Peak SimTraffic Optimization Results 

Zone MOE’s 

Optimized Cycle 
Length 

Existing 

80 80 

A 

Total Delay (hr) 138.1 142.2 

Total Stops 14,464 14,847 

Travel Time (hr) 342.0 346.5 

Avg. Speed (mph) 22 22 

Cycle Length 80 70 

B 

Total Delay (hr) 10.6 11.9 

Total Stops 1,660 1,943 

Travel Time (hr) 30.1 32.2 

Avg. Speed (mph) 16 16 

 

During manual optimization, a 70-second cycle length for the entire corridor was found to 
not be feasible as it increased total stops and delay while reducing average speed when 
compared to the model received from MDOT. In addition, the 70-second cycle time was not 
feasible for maintaining progression and servicing pedestrians crossing M-25 from the minor 
approaches. As a result, an 80-second cycle length was used for both Zones A and B, where 
reductions of 2.9 and 10.9 percent in total delay were realized for each zone, respectively. 
More importantly, Zone B shows improved results to the existing condition after clearance 
interval updates. 

3.3. PM Peak 
Table 6 provides the final optimization results for the PM peak period.  

Table 6 - PM Peak SimTraffic Optimization Results 

Zone MOE’s 

Optimized Cycle 
Length 

Existing 

100 90 

A 

Total Delay (hr) 196.7 200.0 

Total Stops 18,102 19,402 

Travel Time (hr) 427.3 448.9 

Avg. Speed (mph) 20 20 

Cycle Length 80 70 

B 

Total Delay (hr) 11.2 12.6 

Total Stops 1,759 2,043 

Travel Time (hr) 31.9 33.1 

Avg. Speed (mph) 16 15 

 

Results were positive for both zones, where a total delay improvement of approximately 8 
percent was realized for the entire corridor. Zone B had the greatest overall improvement 
where total delay and stops exhibited 11.1 and 13.9 percent reductions, respectively. These 
results indicate the corridor is operating with better progression because of optimization. 
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4. Summary 

Atkins has completed review and optimization of 22 signals in Port Huron, MI. As a result, 
the AM, Off Peak and PM peak hours exhibit lower total delay with 11.3, 2.1 and 8.0 percent 
reductions, respectively. In addition, total stops would be decreased for all three peak hours, 
indicating better overall progression for the corridor. Table 7 below shows the end results of 
optimization.  

Table 7 - Final Optimization Results 

Zone MOE Optimized Existing %-Improvement 

AM Peak Period 

A 

Total Delay (hr) 89.8 96.2 6.7% 

Total Stops 10,149 11,214 9.5% 

Travel Time (hr) 249.0 257.5 3.3% 

Avg. Speed (mph) 23 23 - 

B 

Total Delay (hr) 5.1 6.3 19.0% 

Total Stops 855 1,029 16.9% 

Travel Time (hr) 18.1 19.5 7.2% 

Avg. Speed (mph) 18 17 5.6% 

Off Peak Period 

A 

Total Delay (hr) 138.1 142.2 2.9% 

Total Stops 14,464 14,847 2.6% 

Travel Time (hr) 342.0 346.5 1.3% 

Avg. Speed (mph) 22 22 ‐ 

B 

Total Delay (hr) 10.6 12.6 15.9% 

Total Stops 1,660 2,043 18.7% 

Travel Time (hr) 30.1 33.1 9.1% 

Avg. Speed (mph) 16 15 ‐ 

PM Peak Period 

A 

Total Delay (hr) 196.7 200.0 1.7% 

Total Stops 18,102 19,402 6.7% 

Travel Time (hr) 427.3 448.9 4.8% 

Avg. Speed (mph) 20 20 ‐ 

B 

Total Delay (hr) 11.2 12.6 11.1% 

Total Stops 1,759 2,043 13.9% 

Travel Time (hr) 31.9 33.1 3.6% 

Avg. Speed (mph) 16 15 6.3% 

 

Please contact Adam McArthur at (586) 489-2664 with any questions regarding this memo. 
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Location (Entry Link into VISSIM) AM Peak HV % PM Peak HV %

I-94/I-69 EB West of MI Welcome Center 16% 17%

WB On Ramp from MI Welcome Center 87% 70%

NB Lapeer Connector 5% 1%

NB Water Street 6% 0%

SB Water Street 1% 1%

NB 10th Ave 2% 0%

EB Hancock St 8% 0%

EB Garfield St 1% 0%

EB Sanborn St 0% 0%

SB I-94/I-69 BL/M-25 (Pine Grove) 3% 2%

WB Sanborn St 4% 1%

EB Church St (Duty Free Lot) 0% 0%

EB Elmwood (US Customs Lot) 0% 33%

WB Garfield St 3% 2%

WB Hancock St 2% 0%

WB Church St 0% 0%

WB Elmwood (US Customs Lot) 0% 0%

WB Harker 13% 0%

NB I-94/I-69 BL/M-25 (Pine Grove) 3% 1%

SB 10th Ave 2% 1%

I-94/I-69 WB (Blue Water Bridge) 55% 39%

EB Campau 19% 0%

Note: some sidestreets show elevated HV% due to low total volumes

Heavy Vehicle Percentages for BWB Plaza Study Area
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I-94 Mainline Volume - Calibration Data (AM)

Forecast ID Link Description Type Warmup Peak Cooldown Warmup Peak Cooldown Difference OK? GEH OK? Difference OK? GEH OK? Difference OK? GEH OK?

1002 1 I-94 EB west of MDOT Maintenance Facility Mainline 670 1030 876 659 1029 884 -10 OK 0.39 OK -1 OK 0.03 OK 9 OK 0.29 OK

1002 146 I-94 EB mainline west of MDOT Maintenance Facility Mainline 670 1030 876 658 1029 884 -11 OK 0.44 OK -1 OK 0.03 OK 9 OK 0.29 OK

1002 145 I-94 EB mainline Between MDOT Maintence Facility Ramps Mainline 670 1030 876 656 1028 885 -14 OK 0.54 OK -2 OK 0.06 OK 9 OK 0.30 OK

1002 2 I-94 EB mainline merge from MDOT maintenance facility Mainline 670 1030 876 653 1026 884 -17 OK 0.65 OK -4 OK 0.14 OK 8 OK 0.28 OK

1002 3 I-94 EB mainline west of Lapeer Connector Mainline 670 1030 876 653 1027 886 -16 OK 0.63 OK -3 OK 0.09 OK 10 OK 0.34 OK

1009 4 I-94 EB mainline east of Lapeer Connector exit Mainline 507 780 663 496 782 665 -11 OK 0.51 OK 2 OK 0.09 OK 2 OK 0.09 OK

1009 5 I-94 EB mainline east of Lapeer Connector Mainline 507 780 663 494 781 665 -13 OK 0.58 OK 1 OK 0.04 OK 2 OK 0.06 OK

1029 6 I-94 EB mainline east of exit to Service Drive Mainline 124 190 162 116 191 152 -8 OK 0.71 OK 1 OK 0.05 OK -9 OK 0.74 OK

1109 133 I-94 EB mainline merge from Pine Grove Ave & BWB Toll Plaza Mainline 137 210 179 127 211 170 -10 OK 0.83 OK 1 OK 0.09 OK -8 OK 0.64 OK

1109 158 I-94 EB mainline merge from Pine Grove Ave & BWB Toll Plaza Toll 137 210 179 126 211 170 -10 OK 0.91 OK 1 OK 0.09 OK -8 OK 0.62 OK

1109 8 I-94 EB mainline to BWB at border Mainline 137 210 179 125 210 172 -12 OK 1.05 OK 0 OK 0.02 OK -7 OK 0.52 OK

1110 9 I-94 WB mainline between Border Patrol and BWB Border Mainline 234 360 364 220 359 364 -14 OK 0.92 OK -1 OK 0.07 OK 0 OK 0.00 OK

1110 152 I-94 WB mainline at North Border Patrol checkpoint (Cars only) PIL 89 137 138 80 134 140 -9 OK 0.95 OK -3 OK 0.26 OK 1 OK 0.11 OK

1110 160 NEXUS Lane PIL 16 25 25 16 25 25 -1 OK 0.20 OK 0 OK 0.08 OK 0 OK 0.08 OK

1110 161 Fast Lane PIL 33 51 51 31 46 46 -2 OK 0.31 OK -5 OK 0.71 OK -5 OK 0.74 OK

1110 153 I-94 WB mainline at South Border Patrol checkpoint (Trucks only) PIL 60 92 93 52 87 92 -7 OK 0.98 OK -4 OK 0.47 OK -1 OK 0.08 OK

1110 154 I-94 WB mainline at North Border Patrol checkpoint (Trucks only) PIL 36 55 56 36 56 56 1 OK 0.09 OK 1 OK 0.09 OK 0 OK 0.01 OK

1110 10 I-94 WB West of Border Patrol diverge to M-25 Mainline 234 360 364 213 344 357 -21 OK 1.40 OK -16 OK 0.84 OK -6 OK 0.33 OK

1032 13 I-94 WB mainline West of Border Patrol between m-25 on/off ramps Mainline 182 280 283 165 269 277 -17 OK 1.28 OK -11 OK 0.68 OK -6 OK 0.37 OK

1028 15 I-94 WB merge with M-25 Mainline 907 1390 1216 910 1362 1205 3 OK 0.10 OK -28 OK 0.75 OK -11 OK 0.33 OK

1028 16 I-94 WB mainline offramp to Water St. Mainline 907 1390 1216 902 1357 1202 -5 OK 0.17 OK -33 OK 0.90 OK -14 OK 0.41 OK

1008 18 I-94 WB mainline west of exit to Water St Mainline 537 820 663 541 799 706 4 OK 0.16 OK -21 OK 0.73 OK 43 OK 1.65 OK

1008 19 I-94 WB mainline west of exit to Water St Mainline 537 820 663 541 799 707 4 OK 0.19 OK -21 OK 0.73 OK 44 OK 1.67 OK

1005 21 I-94 WB mainline exit to welcome center & merge from I-94 WB serve road Mainline 625 955 794 624 933 828 0 OK 0.01 OK -22 OK 0.71 OK 34 OK 1.18 OK

1111 23 I-94 WB mainline between welcome center ramps Mainline 605 925 765 605 898 803 0 OK 0.02 OK -27 OK 0.88 OK 38 OK 1.35 OK

1001 25 I-94 WB mainline merge from welcome center Mainline 625 955 794 626 924 831 1 OK 0.04 OK -31 OK 1.01 OK 37 OK 1.29 OK

1001 147 I-94 WB mainline to Lapeer Road overpass Mainline 625 955 794 624 925 831 -1 OK 0.04 OK -30 OK 0.97 OK 37 OK 1.29 OK

1018 111 I-94 EB service drive diverge from I-94 EB mainline Mainline 384 590 502 376 590 513 -8 OK 0.39 OK 0 OK 0.02 OK 12 OK 0.53 OK

1030 112 I-94 EB service drive merge from Water Street Mainline 754 1160 986 762 1152 1029 8 OK 0.29 OK -8 OK 0.25 OK 43 OK 1.35 OK

1030 135 I-94 EB Service Road to M-25 intersection Mainline 754 1160 986 755 1142 1029 1 OK 0.02 OK -18 OK 0.52 OK 43 OK 1.34 OK

1006 40 I-94 WB serivce drive merge to I-94 WB mainline Mainline 88 135 131 85 135 122 -3 OK 0.35 OK 0 OK 0.04 OK -9 OK 0.81 OK

1017 39 I-94 WB service drive between Lapeer Connector and Water St. Mainline 335 515 500 362 508 454 27 OK 1.44 OK -7 OK 0.31 OK -46 OK 2.10 OK

1010 105 I-94 EB off-ramp to Lapeer Connector Ramp 20 30 29 18 29 26 -1 OK 0.24 OK -1 OK 0.21 OK -3 OK 0.53 OK

1014 106 I-94 EB ramp from Lapeer Connector Ramp 128 255 247 125 254 264 -3 OK 0.25 OK -1 OK 0.05 OK 17 OK 1.04 OK

1013 104 I-94 EB off-ramp to Water St. Ramp 143 220 213 138 214 194 -5 OK 0.39 OK -6 OK 0.41 OK -19 OK 1.33 OK

1019 107 I-94 EB Water St. off ramp merge with Lapeer Connector Ramp Ramp 238 475 461 261 468 458 24 OK 1.49 OK -7 OK 0.34 OK -3 OK 0.13 OK

1019 108 I-94 EB Water St. off ramp merge with Lapeer Connector Ramp Offramp to Water St Ramp 309 475 461 259 464 456 -50 OK 2.97 OK -11 OK 0.50 OK -5 OK 0.24 OK

1027 109 Water Street on-ramp Ramp 371 570 553 392 555 514 21 OK 1.10 OK -15 OK 0.62 OK -39 OK 1.70 OK

1027 110 Water Street on-ramp to I-94 EB Service Road Ramp 371 570 553 393 558 515 22 OK 1.14 OK -12 OK 0.50 OK -38 OK 1.65 OK

1099 26 I-94 EB on-ramp from M-25 to BWB Toll Plaza Ramp 13 20 19 12 20 17 -1 OK 0.18 OK 0 OK 0.06 OK -2 OK 0.56 OK

1003 24 I-94 WB on-ramp from Welcome Center Ramp 20 30 29 24 29 24 4 OK 0.96 OK -1 OK 0.20 OK -5 OK 0.97 OK

1004 22 I-94 WB off-ramp to Welcome Center Ramp 20 30 29 20 30 27 1 OK 0.12 OK 0 OK 0.08 OK -2 OK 0.30 OK

1006 40 I-94 WB on-ramp from I-94 WB Service Drive Ramp 88 135 131 85 135 122 -3 OK 0.35 OK 0 OK 0.04 OK -9 OK 0.81 OK

1026 50 I-94 WB off-ramp to Water st. Ramp 371 570 553 367 561 502 -3 OK 0.18 OK -9 OK 0.37 OK -51 OK 2.22 OK

1034 129 I-94 WB on-ramp from M-25 Ramp 725 1110 933 753 1090 926 27 OK 1.01 OK -20 OK 0.61 OK -7 OK 0.24 OK

1035 11 I-94 WB off-ramp to M-25 Ramp 52 80 78 48 75 82 -4 OK 0.53 OK -5 OK 0.60 OK 4 OK 0.47 OK

Note: PIL refers to Primary Inspection Lanes for vehicles entering the United States from Canada

Total

Cooldown

I-94 EB Mainline

I-94 WB Mainline

I-94 EB Service Drive

I-94 WB Service Drive

I-94 EB Ramps

Roadway

Mainline Target Vissim Warmup Peak

I-94 WB Ramps

6:15 AM - 7:15 AM 7:15 AM - 8:15 AM 8:15 AM - 9:15 AM

Calibrate Segments 48 48 48 144

Total Segments 48 48 48 144

Calibrated Segments % 100% 100% 100% 100%

Uncalibrated Segments 0 0 0 0

H-1



I-94 Mainline Volume - Calibration Data (PM)

Forecast ID Link Description Type Warmup Peak Cooldown Warmup Peak Cooldown Difference OK? GEH OK? Difference OK? GEH OK? Difference OK? GEH OK?

1002 1 I-94 EB west of MDOT Maintenance Facility Mainline 1195 1195 956 1149 1194 974 -46 OK 1.34 OK -1 OK 0.04 OK 18 OK 0.59 OK

1002 146 I-94 EB mainline west of MDOT Maintenance Facility Mainline 1195 1195 956 1149 1194 975 -46 OK 1.34 OK -1 OK 0.03 OK 19 OK 0.61 OK

1002 145 I-94 EB mainline Between MDOT Maintence Facility Ramps Mainline 1195 1195 956 1150 1193 976 -45 OK 1.32 OK -2 OK 0.05 OK 20 OK 0.65 OK

1002 2 I-94 EB mainline merge from MDOT maintenance facility Mainline 1195 1195 956 1149 1191 976 -46 OK 1.35 OK -4 OK 0.12 OK 20 OK 0.65 OK

1002 3 I-94 EB mainline west of Lapeer Connector Mainline 1195 1195 956 1150 1193 978 -45 OK 1.31 OK -2 OK 0.06 OK 22 OK 0.71 OK

1009 4 I-94 EB mainline east of Lapeer Connector exit Mainline 925 925 740 894 917 752 -31 OK 1.02 OK -8 OK 0.25 OK 12 OK 0.44 OK

1009 5 I-94 EB mainline east of Lapeer Connector Mainline 925 925 740 893 916 752 -32 OK 1.05 OK -9 OK 0.29 OK 12 OK 0.45 OK

1029 6 I-94 EB mainline east of exit to Service Drive Mainline 275 275 220 267 264 225 -8 OK 0.46 OK -11 OK 0.65 OK 5 OK 0.37 OK

1109 133 I-94 EB mainline merge from Pine Grove Ave & BWB Toll Plaza Mainline 425 425 340 421 421 356 -4 OK 0.21 OK -4 OK 0.18 OK 16 OK 0.83 OK

1109 158 I-94 EB mainline merge from Pine Grove Ave & BWB Toll Plaza Toll 425 425 340 420 421 357 -5 OK 0.23 OK -4 OK 0.18 OK 17 OK 0.93 OK

1109 8 I-94 EB mainline to BWB at border Mainline 425 425 340 419 420 360 -6 OK 0.31 OK -5 OK 0.22 OK 20 OK 1.05 OK

1110 9 I-94 WB mainline between Border Patrol and BWB Border Mainline 420 420 336 392 419 309 -28 OK 1.40 OK -1 OK 0.05 OK -27 OK 1.50 OK

1110 152 I-94 WB mainline at North Border Patrol checkpoint (Cars only) PIL 216 216 173 175 177 181 -42 OK 3.00 OK -39 OK 2.80 OK 8 OK 0.60 OK

1110 160 NEXUS Lane PIL 40 40 32 37 39 30 -2 OK 0.40 OK -1 OK 0.10 OK -1 OK 0.25 OK

1110 161 Fast Lane PIL 42 42 34 40 42 31 -2 OK 0.27 OK 0 OK 0.05 OK -3 OK 0.50 OK

1110 153 I-94 WB mainline at South Border Patrol checkpoint (Trucks only) PIL 76 76 61 67 75 58 -9 OK 1.03 OK -1 OK 0.17 OK -2 OK 0.30 OK

1110 154 I-94 WB mainline at North Border Patrol checkpoint (Trucks only) PIL 46 46 37 47 46 34 1 OK 0.19 OK 1 OK 0.11 OK -3 OK 0.52 OK

1110 10 I-94 WB West of Border Patrol diverge to M-25 Mainline 420 420 336 365 379 335 -55 OK 2.76 OK -41 OK 2.04 OK -1 OK 0.05 OK

1032 13 I-94 WB mainline West of Border Patrol between m-25 on/off ramps Mainline 330 330 264 287 297 263 -43 OK 2.45 OK -33 OK 1.85 OK -1 OK 0.04 OK

1028 15 I-94 WB merge with M-25 Mainline 1594 1600 1415 1530 1572 1437 -64 OK 1.62 OK -28 OK 0.69 OK 22 OK 0.59 OK

1028 16 I-94 WB mainline offramp to Water St. Mainline 1594 1600 1415 1526 1567 1433 -68 OK 1.73 OK -33 OK 0.82 OK 18 OK 0.48 OK

1008 18 I-94 WB mainline west of exit to Water St Mainline 939 945 891 906 927 851 -33 OK 1.10 OK -18 OK 0.60 OK -40 OK 1.37 OK

1008 19 I-94 WB mainline west of exit to Water St Mainline 939 945 891 909 929 850 -30 OK 1.00 OK -16 OK 0.54 OK -41 OK 1.38 OK

1005 21 I-94 WB mainline exit to welcome center & merge from I-94 WB serve road Mainline 1154 1160 1063 1112 1140 1040 -42 OK 1.24 OK -20 OK 0.58 OK -23 OK 0.71 OK

1111 23 I-94 WB mainline between welcome center ramps Mainline 1124 1130 1039 1078 1110 1014 -46 OK 1.39 OK -20 OK 0.60 OK -25 OK 0.77 OK

1001 25 I-94 WB mainline merge from welcome center Mainline 1154 1160 1063 1102 1140 1044 -52 OK 1.56 OK -20 OK 0.59 OK -19 OK 0.60 OK

1001 147 I-94 WB mainline to Lapeer Road overpass Mainline 1154 1160 1063 1101 1143 1044 -53 OK 1.57 OK -17 OK 0.50 OK -19 OK 0.59 OK

1018 111 I-94 EB service drive diverge from I-94 EB mainline Mainline 650 650 520 627 653 529 -23 OK 0.89 OK 3 OK 0.10 OK 9 OK 0.41 OK

1030 112 I-94 EB service drive merge from Water Street Mainline 1400 1400 1120 1373 1403 1143 -27 OK 0.73 OK 3 OK 0.07 OK 23 OK 0.68 OK

1030 135 I-94 EB Service Road to M-25 intersection Mainline 1400 1400 1120 1374 1392 1147 -26 OK 0.69 OK -8 OK 0.22 OK 27 OK 0.81 OK

1006 40 I-94 WB serivce drive merge to I-94 WB mainline Mainline 215 215 172 206 214 191 -9 OK 0.62 OK -1 OK 0.09 OK 19 OK 1.44 OK

1017 39 I-94 WB service drive between Lapeer Connector and Water St. Mainline 515 515 412 505 515 462 -10 OK 0.45 OK 0 OK 0.02 OK 50 OK 2.38 OK

1010 105 I-94 EB off-ramp to Lapeer Connector Ramp 65 65 52 60 67 54 -5 OK 0.61 OK 2 OK 0.20 OK 2 OK 0.31 OK

1014 106 I-94 EB ramp from Lapeer Connector Ramp 500 500 400 484 500 359 -16 OK 0.70 OK 0 OK 0.02 OK -41 OK 2.10 OK

1013 104 I-94 EB off-ramp to Water St. Ramp 205 205 164 195 207 172 -10 OK 0.68 OK 2 OK 0.15 OK 8 OK 0.65 OK

1019 107 I-94 EB Water St. off ramp merge with Lapeer Connector Ramp Ramp 705 705 564 679 706 533 -26 OK 1.00 OK 1 OK 0.05 OK -31 OK 1.34 OK

1019 108 I-94 EB Water St. off ramp merge with Lapeer Connector Ramp Offramp to Water St Ramp 705 705 564 675 700 530 -30 OK 1.16 OK -5 OK 0.20 OK -34 OK 1.46 OK

1027 109 Water Street on-ramp Ramp 750 750 600 748 744 612 -2 OK 0.07 OK -6 OK 0.23 OK 12 OK 0.49 OK

1027 110 Water Street on-ramp to I-94 EB Service Road Ramp 750 750 600 750 747 610 0 OK 0.02 OK -3 OK 0.10 OK 10 OK 0.42 OK

1099 26 I-94 EB on-ramp from M-25 to BWB Toll Plaza Ramp 150 150 120 153 157 129 3 OK 0.25 OK 7 OK 0.58 OK 9 OK 0.79 OK

1003 24 I-94 WB on-ramp from Welcome Center Ramp 30 30 24 29 29 26 -1 OK 0.17 OK -1 OK 0.18 OK 2 OK 0.40 OK

1004 22 I-94 WB off-ramp to Welcome Center Ramp 30 30 24 34 29 26 4 OK 0.64 OK -1 OK 0.23 OK 2 OK 0.48 OK

1006 40 I-94 WB on-ramp from I-94 WB Service Drive Ramp 215 215 172 206 214 191 -9 OK 0.62 OK -1 OK 0.09 OK 19 OK 1.44 OK

1026 50 I-94 WB off-ramp to Water st. Ramp 655 655 524 633 647 589 -22 OK 0.85 OK -8 OK 0.31 OK 65 OK 2.75 OK

1034 129 I-94 WB on-ramp from M-25 Ramp 1264 1270 1151 1249 1270 1170 -15 OK 0.43 OK 0 OK 0.00 OK 19 OK 0.55 OK

1035 11 I-94 WB off-ramp to M-25 Ramp 90 90 72 79 82 72 -11 OK 1.22 OK -8 OK 0.86 OK 0 OK 0.03 OK

Note: PIL refers to Primary Inspection Lanes for vehicles entering the United States from Canada

Total

Cooldown

I-94 EB Mainline

I-94 WB Mainline

I-94 EB Service Drive

I-94 WB Service Drive

I-94 EB Ramps

Roadway

Mainline Target Vissim Warmup Peak

I-94 WB Ramps

3:30 PM - 4:30 PM 4:30 PM - 5:30 PM 5:30 PM - 6:30 PM

Calibrate Segments 48 48 48 144

Total Segments 48 48 48 144

Calibrated Segments % 100% 100% 100% 100%

Uncalibrated Segments 0 0 0 0

H-2



Intersection Volume - Calibration Data (AM)

Int Name Mvmt Warmup Peak Cooldown Warmup Peak Cooldown Difference GEH OK? Difference GEH OK? Difference GEH OK?

EBT 423 650 631 438 649 557 15 0.72 OK -1 0.03 OK -73 3.00 OK

EBR 205 315 306 210 317 256 5 0.36 OK 2 0.13 OK -50 2.98 OK

WBT 98 160 202 94 155 201 -4 0.43 OK -5 0.37 OK -1 0.07 OK

WBR 6 10 13 6 13 13 0 0.10 OK 3 0.79 OK 0 0.00 OK

NBL 117 180 175 160 175 160 43 3.63 OK -5 0.35 OK -15 1.16 OK

NBT 52 80 78 61 83 68 9 1.17 OK 3 0.33 OK -10 1.13 OK

SBL 20 30 24 24 24 24 4 0.90 OK -6 1.15 OK 0 0.07 OK

SBT 75 115 91 96 111 96 21 2.30 OK -4 0.41 OK 5 0.55 OK

WBL 254 390 378 276 385 356 22 1.37 OK -5 0.24 OK -22 1.15 OK

WBT 81 125 121 80 131 107 -1 0.14 OK 6 0.50 OK -14 1.33 OK

NBL 7 10 10 6 7 11 -1 0.41 OK -3 1.03 OK 2 0.50 OK

EBL 16 25 24 13 23 19 -4 0.99 OK -2 0.48 OK -5 1.13 OK

EBT 185 285 276 156 275 279 -30 2.26 OK -10 0.58 OK 3 0.15 OK

EBR 107 165 160 95 176 159 -12 1.19 OK 11 0.82 OK -1 0.11 OK

NBT 85 130 126 111 131 109 26 2.63 OK 1 0.12 OK -17 1.55 OK

NBR 81 125 121 106 122 110 24 2.51 OK -3 0.27 OK -12 1.08 OK

SBL 104 160 155 136 159 133 32 2.92 OK -1 0.05 OK -23 1.88 OK

SBT 159 245 238 192 240 215 33 2.47 OK -5 0.34 OK -23 1.51 OK

WBL 72 110 107 73 104 98 2 0.18 OK -6 0.55 OK -9 0.86 OK

WBT 228 350 340 226 351 317 -2 0.13 OK 1 0.04 OK -22 1.22 OK

WBR 72 110 107 62 113 88 -9 1.13 OK 3 0.32 OK -19 1.93 OK

NBT 46 70 68 48 69 55 3 0.37 OK -1 0.12 OK -13 1.60 OK

NBL 55 85 82 74 85 74 19 2.33 OK 0 0.04 OK -8 0.96 OK

SBT 192 295 286 258 293 251 67 4.43 OK -2 0.12 OK -35 2.12 OK

SBL 52 80 78 61 79 74 9 1.17 OK -1 0.15 OK -4 0.41 OK

EBL 449 690 669 453 684 628 4 0.20 OK -6 0.23 OK -41 1.62 OK

EBT 133 205 199 129 205 184 -4 0.35 OK 0 0.02 OK -15 1.07 OK

EBR 172 265 257 176 261 236 4 0.30 OK -4 0.23 OK -21 1.32 OK

NBT 204 335 423 248 326 357 44 2.90 OK -9 0.50 OK -66 3.32 OK

NBR 3 5 6 4 5 4 1 0.28 OK 0 0.15 OK -2 1.06 OK

SBL 3 5 4 3 7 5 0 0.14 OK 2 0.82 OK 1 0.62 OK

SBT 459 700 551 472 707 578 13 0.61 OK 7 0.25 OK 27 1.12 OK

EBL 72 110 107 68 114 99 -4 0.45 OK 4 0.41 OK -8 0.79 OK

EBT 68 105 102 68 103 94 0 0.00 OK -2 0.23 OK -8 0.76 OK

EBR 0 0 0 0 0 0 0 N/A OK 0 N/A OK 0 N/A OK

WBL 3 5 5 4 3 4 1 0.27 OK -2 1.19 OK -1 0.24 OK

WBR 3 5 5 4 5 4 0 0.14 OK 0 0.15 OK -1 0.57 OK

NBT 52 80 78 59 84 70 7 0.94 OK 4 0.44 OK -7 0.84 OK

NBR 7 10 10 8 11 11 2 0.56 OK 1 0.41 OK 1 0.40 OK

SBL 3 5 5 4 5 6 1 0.27 OK 0 0.00 OK 1 0.36 OK

SBT 91 140 136 117 135 115 26 2.50 OK -5 0.46 OK -21 1.89 OK

EBL 7 10 10 8 13 10 2 0.56 OK 3 0.88 OK 0 0.10 OK

EBT 3 5 5 3 4 3 -1 0.44 OK -1 0.64 OK -2 0.75 OK

EBR 0 0 0 0 0 0 0 N/A OK 0 N/A OK 0 N/A OK

WBL 7 10 10 9 9 6 2 0.81 OK -1 0.21 OK -3 1.19 OK

WBT 13 20 19 16 18 19 3 0.73 OK -2 0.46 OK -1 0.17 OK

WBR 3 5 5 5 6 4 2 0.75 OK 1 0.29 OK -1 0.40 OK

NBL 3 5 5 2 6 3 -1 0.60 OK 1 0.29 OK -2 0.75 OK

NBT 117 180 175 122 186 162 5 0.48 OK 6 0.44 OK -13 0.97 OK

NBR 7 10 10 6 11 9 -1 0.30 OK 1 0.31 OK -1 0.34 OK

SBL 0 0 0 0 0 0 0 N/A OK 0 N/A OK 0 N/A OK

SBT 88 135 131 111 130 114 24 2.36 OK -5 0.41 OK -17 1.53 OK

SBR 0 0 0 0 0 0 0 N/A OK 0 N/A OK 0 N/A OK

EBL 3 5 5 6 7 5 3 1.18 OK 2 0.82 OK 0 0.21 OK

EBT 3 5 5 2 5 3 -2 0.95 OK 0 0.00 OK -2 0.75 OK

EBR 0 0 0 0 0 0 0 N/A OK 0 N/A OK 0 N/A OK

WBL 3 5 5 3 4 3 0 0.14 OK -1 0.64 OK -2 0.75 OK

WBT 0 0 0 0 0 0 0 N/A OK 0 N/A OK 0 N/A OK

WBR 3 5 5 4 4 5 1 0.27 OK -1 0.31 OK 0 0.08 OK

NBL 3 5 5 4 6 5 1 0.39 OK 1 0.43 OK 0 0.21 OK

NBT 120 185 179 127 193 168 7 0.63 OK 8 0.58 OK -12 0.89 OK

NBR 3 5 5 3 6 3 0 0.00 OK 1 0.56 OK -2 1.13 OK

SBL 0 0 0 0 0 0 0 N/A OK 0 N/A OK 0 N/A OK

SBT 85 130 126 108 127 111 24 2.40 OK -3 0.29 OK -15 1.42 OK

SBR 0 0 0 0 0 0 0 N/A OK 0 N/A OK 0 N/A OK

EBL 7 10 10 8 10 9 2 0.64 OK 0 0.11 OK -1 0.23 OK

EBT 29 45 44 36 47 40 7 1.18 OK 2 0.29 OK -4 0.62 OK

EBR 3 5 5 4 3 5 1 0.52 OK -2 0.82 OK 0 0.08 OK

WBL 13 20 19 17 19 15 4 0.91 OK -1 0.30 OK -5 1.15 OK

WBT 101 155 150 129 157 135 28 2.61 OK 2 0.16 OK -15 1.26 OK

WBR 0 0 0 0 0 0 0 N/A OK 0 N/A OK 0 N/A OK

NBL 13 20 19 12 21 17 -2 0.43 OK 1 0.22 OK -3 0.64 OK

NBT 88 135 131 97 141 121 9 0.96 OK 6 0.54 OK -10 0.86 OK

NBR 26 40 39 28 40 41 2 0.38 OK 0 0.05 OK 2 0.35 OK

SBL 3 5 5 6 4 2 3 1.18 OK -1 0.47 OK -3 1.33 OK

SBT 68 105 102 87 105 92 18 2.07 OK 0 0.03 OK -10 1.04 OK

SBR 42 65 63 55 64 58 12 1.76 OK -1 0.17 OK -5 0.69 OK

EBL 46 70 68 59 70 56 14 1.87 OK 0 0.04 OK -12 1.51 OK

EBT 7 10 10 8 12 12 2 0.64 OK 2 0.51 OK 2 0.60 OK

EBR 10 15 15 12 13 14 2 0.68 OK -2 0.44 OK -1 0.24 OK

WBL 46 70 68 59 69 65 13 1.80 OK -1 0.08 OK -3 0.31 OK

WBT 7 10 10 11 11 9 4 1.37 OK 1 0.31 OK 0 0.12 OK

WBR 10 15 15 11 13 9 1 0.31 OK -2 0.63 OK -6 1.62 OK

NBL 16 25 24 18 21 24 2 0.36 OK -4 0.83 OK 0 0.05 OK

NBT 562 865 839 592 854 850 30 1.25 OK -11 0.38 OK 11 0.37 OK

NBR 29 45 44 30 41 40 0 0.05 OK -4 0.56 OK -3 0.51 OK

SBL 16 25 20 15 19 20 -2 0.38 OK -6 1.20 OK 0 0.07 OK

SBT 927 1415 1114 924 1412 1126 -3 0.09 OK -3 0.07 OK 12 0.36 OK

SBR 7 10 8 9 11 5 2 0.62 OK 1 0.21 OK -3 1.32 OK

Warmup Peak Cooldown

M-25 @ 10th St

Lapeer Conn @ Service Drive WB

I-94 EB Ramps @ Water St

Intersection Target Vissim

I-94 WB Ramps @ Water St

I-94 EB Ramps @ M-25

Harker St @ 10th St

10th Ave @ Elmwood

10th Ave @ Church St

10th Ave @ Hancock St

M-25 @ Sanborn St

H-3



Intersection Volume - Calibration Data (AM)

Int Name Mvmt Warmup Peak Cooldown Warmup Peak Cooldown Difference GEH OK? Difference GEH OK? Difference GEH OK?

EBL 72 110 107 74 115 109 3 0.29 OK 5 0.47 OK 3 0.25 OK

EBR 0 0 0 0 0 0 0 N/A OK 0 N/A OK 0 N/A OK

NBT 536 825 800 577 800 798 41 1.72 OK -25 0.87 OK -3 0.09 OK

SBT 452 690 543 462 709 554 10 0.47 OK 19 0.71 OK 11 0.47 OK

EBT 16 25 24 23 22 22 6 1.42 OK -3 0.55 OK -2 0.40 OK

EBR 13 20 19 19 19 16 6 1.39 OK -1 0.23 OK -4 0.89 OK

WBT 33 50 49 37 56 44 5 0.76 OK 6 0.78 OK -5 0.71 OK

WBR 0 0 0 0 0 0 0 N/A OK 0 N/A OK 0 N/A OK

NBL 3 5 5 3 3 5 0 0.00 OK -2 0.82 OK 0 0.08 OK

NBT 49 75 73 47 78 78 -2 0.29 OK 3 0.38 OK 6 0.64 OK

NBR 0 0 0 0 0 0 0 N/A OK 0 N/A OK 0 N/A OK

SBL 0 0 0 0 0 0 0 N/A OK 0 N/A OK 0 N/A OK

SBT 501 765 602 500 742 625 -1 0.03 OK -23 0.85 OK 23 0.93 OK

SBR 29 45 35 29 39 29 0 0.05 OK -6 0.93 OK -6 1.12 OK

EBL 0 0 0 0 0 0 0 N/A OK 0 N/A OK 0 N/A OK

EBT 3 5 5 5 4 5 1 0.64 OK -1 0.64 OK 0 0.07 OK

EBR 13 20 19 18 18 18 5 1.27 OK -2 0.38 OK -2 0.40 OK

WBL 3 5 5 3 5 5 0 0.14 OK 0 0.15 OK 0 0.07 OK

WBT 13 20 19 18 19 14 5 1.27 OK -1 0.30 OK -5 1.32 OK

WBR 0 0 0 0 0 0 0 N/A OK 0 N/A OK 0 N/A OK

NBL 33 50 49 34 53 49 2 0.26 OK 3 0.37 OK 1 0.12 OK

NBT 536 825 800 577 800 798 41 1.73 OK -25 0.87 OK -3 0.09 OK

NBR 20 30 29 17 27 27 -3 0.71 OK -3 0.63 OK -2 0.33 OK

SBL 13 20 16 12 21 17 -1 0.28 OK 1 0.15 OK 1 0.16 OK

SBT 436 665 524 446 682 534 10 0.48 OK 17 0.64 OK 10 0.42 OK

SBR 3 5 4 3 7 4 0 0.14 OK 2 0.94 OK 0 0.17 OK

EBL 0 0 0 0 0 0 0 N/A OK 0 N/A OK 0 N/A OK

EBT 3 5 5 3 4 4 0 0.14 OK -1 0.47 OK -1 0.40 OK

EBR 0 0 0 0 0 0 0 N/A OK 0 N/A OK 0 N/A OK

WBL 0 0 0 0 0 0 0 N/A OK 0 N/A OK 0 N/A OK

WBT 3 5 5 3 5 5 0 0.00 OK 0 0.15 OK 0 0.08 OK

WBR 13 20 19 15 19 17 2 0.53 OK -1 0.23 OK -2 0.48 OK

NBL 3 5 5 3 7 5 0 0.14 OK 2 0.69 OK 0 0.07 OK

NBT 660 1015 985 683 984 960 24 0.91 OK -31 0.99 OK -25 0.80 OK

NBR 3 5 5 4 7 5 1 0.52 OK 2 0.94 OK 0 0.07 OK

SBL 3 5 4 3 5 4 0 0.14 OK 0 0.15 OK 0 0.16 OK

SBT 462 705 555 476 717 580 14 0.62 OK 12 0.44 OK 25 1.05 OK

SBR 3 5 4 5 4 5 2 0.77 OK -1 0.31 OK 1 0.32 OK

NBL 10 15 15 10 12 15 0 0.08 OK -3 0.72 OK 0 0.12 OK

NBT 663 1020 989 699 1002 978 36 1.36 OK -18 0.58 OK -11 0.36 OK

SBT 468 715 563 483 727 589 15 0.70 OK 12 0.43 OK 26 1.07 OK

SBR 3 5 4 3 6 2 0 0.15 OK 1 0.29 OK -2 0.94 OK

EBL 0 0 0 0 0 0 0 N/A OK 0 N/A OK 0 N/A OK

EBT 0 0 0 0 0 0 0 N/A OK 0 N/A OK 0 N/A OK

EBR 0 0 0 0 0 0 0 N/A OK 0 N/A OK 0 N/A OK

WBL 0 0 0 0 0 0 0 N/A OK 0 N/A OK 0 N/A OK

WBT 0 0 0 0 0 0 0 N/A OK 0 N/A OK 0 N/A OK

WBR 3 5 5 4 6 6 1 0.27 OK 1 0.43 OK 1 0.36 OK

NBL 7 10 10 6 11 13 0 0.10 OK 1 0.21 OK 3 0.98 OK

NBT 653 1005 975 688 985 959 35 1.35 OK -20 0.62 OK -16 0.51 OK

NBR 3 5 5 4 6 5 0 0.14 OK 1 0.43 OK 0 0.21 OK

SBL 3 5 4 4 6 3 1 0.53 OK 1 0.43 OK -1 0.35 OK

SBT 472 720 567 488 732 591 16 0.73 OK 12 0.45 OK 24 1.00 OK

SBR 0 0 0 0 0 0 0 N/A OK 0 N/A OK 0 N/A OK

EBL 16 25 24 19 26 26 3 0.60 OK 1 0.20 OK 2 0.35 OK

EBT 23 35 34 30 30 32 8 1.46 OK -5 0.94 OK -2 0.34 OK

EBR 23 35 34 26 33 29 3 0.56 OK -2 0.34 OK -5 0.88 OK

WBL 23 35 34 30 33 35 7 1.32 OK -2 0.40 OK 1 0.12 OK

WBT 127 195 189 157 195 166 30 2.50 OK 0 0.02 OK -23 1.74 OK

WBR 7 10 10 8 10 10 2 0.64 OK 0 0.10 OK 0 0.10 OK

NBL 88 135 131 79 134 121 -9 0.93 OK -1 0.06 OK -10 0.89 OK

NBT 566 870 844 607 843 838 41 1.70 OK -27 0.92 OK -6 0.20 OK

NBR 3 5 5 4 9 4 1 0.52 OK 4 1.40 OK -1 0.24 OK

SBL 13 20 16 14 21 16 1 0.27 OK 1 0.29 OK 0 0.08 OK

SBT 429 655 516 440 670 531 11 0.52 OK 15 0.58 OK 15 0.64 OK

SBR 10 15 12 10 15 13 0 0.00 OK 0 0.09 OK 1 0.19 OK

EBL 0 0 0 0 0 0 0 N/A OK 0 N/A OK 0 N/A OK

EBT 55 85 82 68 81 75 13 1.65 OK -4 0.40 OK -7 0.84 OK

EBR 49 75 73 64 78 65 15 2.00 OK 3 0.38 OK -8 0.93 OK

WBL 163 250 243 169 251 213 6 0.47 OK 1 0.04 OK -30 1.95 OK

WBT 55 85 82 62 83 85 7 0.85 OK -2 0.18 OK 3 0.28 OK

WBR 7 10 10 9 11 7 2 0.81 OK 1 0.41 OK -3 1.06 OK

NBL 0 0 0 0 0 0 0 N/A OK 0 N/A OK 0 N/A OK

NBT 46 70 68 41 71 76 -4 0.65 OK 1 0.08 OK 8 0.92 OK

NBR 7 10 10 6 8 12 0 0.10 OK -2 0.67 OK 3 0.79 OK

SBL 0 0 0 0 0 0 0 N/A OK 0 N/A OK 0 N/A OK

SBT 514 785 618 518 756 639 4 0.18 OK -29 1.03 OK 21 0.84 OK

SBR 16 25 20 17 26 21 1 0.31 OK 1 0.13 OK 1 0.15 OK

EBL 13 20 19 18 19 17 5 1.15 OK -1 0.15 OK -3 0.64 OK

EBR 3 5 5 3 4 3 0 0.00 OK -1 0.31 OK -2 1.13 OK

NBL 3 5 5 4 5 3 0 0.14 OK 0 0.15 OK -2 0.75 OK

NBT 153 235 228 200 234 203 47 3.54 OK -1 0.09 OK -25 1.68 OK

SBT 247 380 369 270 384 341 23 1.42 OK 4 0.19 OK -28 1.48 OK

SBR 20 30 29 16 30 34 -4 0.83 OK 0 0.00 OK 5 0.93 OK

Peak CooldownIntersection Target Vissim Warmup

M-25 @ I-94 Connector

Garfield St @ I-94 Connector

M-25 @ Garfield St

Water St. @ Campau St

M-25 @ Elmwood St

M-25 @ BWB On-Ramp

M-25 @ Church St

M-25 @ Hancock St

I-94 Connector @ Hancock St
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Intersection Volume - Calibration Data (PM)

Int Name Mvmt Warmup Peak Cooldown Warmup Peak Cooldown Difference GEH OK? Difference GEH OK? Difference GEH OK?

EBT 405 405 324 414 408 383 9 0.44 OK 3 0.13 OK 59 3.16 OK

EBR 300 300 240 295 303 269 -5 0.29 OK 3 0.19 OK 29 1.82 OK

WBT 622 575 395 618 574 401 -4 0.16 OK -1 0.04 OK 6 0.30 OK

WBR 76 70 48 80 67 48 4 0.40 OK -3 0.36 OK 0 0.05 OK

NBL 315 315 252 334 320 285 19 1.03 OK 5 0.26 OK 33 2.03 OK

NBT 190 190 152 195 182 176 5 0.38 OK -8 0.61 OK 24 1.90 OK

SBL 25 25 20 27 22 21 2 0.34 OK -3 0.69 OK 1 0.15 OK

SBT 130 130 104 137 122 127 7 0.63 OK -8 0.71 OK 23 2.17 OK

WBL 335 335 268 325 345 305 -10 0.56 OK 10 0.52 OK 37 2.17 OK

WBT 180 180 144 172 187 156 -8 0.62 OK 7 0.54 OK 12 0.95 OK

NBL 35 35 28 35 34 28 0 0.04 OK -1 0.17 OK 0 0.06 OK

EBL 115 115 92 100 114 91 -15 1.45 OK -1 0.09 OK -1 0.10 OK

EBT 455 455 364 442 454 343 -13 0.61 OK -1 0.03 OK -21 1.13 OK

EBR 135 135 108 142 138 100 7 0.55 OK 3 0.29 OK -8 0.75 OK

NBT 340 340 272 350 332 308 10 0.55 OK -8 0.44 OK 36 2.13 OK

NBR 170 170 136 183 176 148 13 0.98 OK 6 0.48 OK 12 1.03 OK

SBL 125 125 100 131 127 109 6 0.55 OK 2 0.18 OK 9 0.88 OK

SBT 240 240 192 239 233 218 -1 0.08 OK -7 0.46 OK 26 1.79 OK

WBL 160 160 128 155 151 143 -5 0.40 OK -9 0.69 OK 15 1.32 OK

WBT 295 295 236 278 311 265 -18 1.03 OK 16 0.90 OK 29 1.85 OK

WBR 200 200 160 196 197 181 -5 0.32 OK -3 0.24 OK 21 1.58 OK

NBT 280 280 224 267 267 245 -14 0.82 OK -13 0.77 OK 21 1.37 OK

NBL 175 175 140 182 179 154 7 0.54 OK 4 0.30 OK 14 1.18 OK

SBT 205 205 164 218 208 181 13 0.91 OK 3 0.23 OK 17 1.29 OK

SBL 45 45 36 41 40 44 -4 0.65 OK -5 0.77 OK 8 1.26 OK

EBL 1000 1000 800 995 1006 814 -6 0.17 OK 6 0.20 OK 14 0.48 OK

EBT 240 240 192 246 237 192 6 0.38 OK -3 0.19 OK 0 0.02 OK

EBR 160 160 128 157 169 126 -3 0.24 OK 9 0.70 OK -2 0.15 OK

NBT 958 885 608 949 888 686 -9 0.29 OK 3 0.09 OK 78 3.05 OK

NBR 5 5 3 4 3 3 -2 0.73 OK -2 0.82 OK 0 0.20 OK

SBL 15 15 12 19 16 13 4 0.91 OK 1 0.34 OK 1 0.19 OK

SBT 545 545 436 553 543 525 8 0.35 OK -2 0.10 OK 89 4.06 OK

EBL 210 210 168 214 208 166 4 0.24 OK -2 0.14 OK -2 0.13 OK

EBT 40 40 32 45 42 34 5 0.80 OK 2 0.36 OK 2 0.29 OK

EBR 10 10 8 10 8 8 -1 0.16 OK -2 0.79 OK 0 0.12 OK

WBL 10 10 8 10 10 10 0 0.08 OK 0 0.00 OK 2 0.77 OK

WBR 15 15 12 16 14 12 1 0.13 OK -1 0.26 OK 0 0.10 OK

NBT 225 225 180 235 218 190 10 0.66 OK -7 0.45 OK 10 0.71 OK

NBR 35 35 28 39 34 32 4 0.70 OK -1 0.11 OK 4 0.73 OK

SBL 0 0 0 0 0 0 0 N/A OK 0 N/A OK 0 N/A OK

SBT 135 135 108 145 128 128 10 0.87 OK -7 0.61 OK 20 1.84 OK

EBL 10 10 8 15 12 10 5 1.41 OK 2 0.51 OK 2 0.56 OK

EBT 5 5 4 4 3 4 -1 0.35 OK -2 0.82 OK 0 0.16 OK

EBR 0 0 0 0 0 0 0 N/A OK 0 N/A OK 0 N/A OK

WBL 5 5 4 6 5 3 1 0.43 OK 0 0.00 OK -1 0.35 OK

WBT 10 10 8 8 9 9 -2 0.58 OK -1 0.21 OK 1 0.23 OK

WBR 5 5 4 6 5 5 1 0.43 OK 0 0.15 OK 1 0.47 OK

NBL 5 5 4 4 5 3 -1 0.60 OK 0 0.15 OK -1 0.73 OK

NBT 415 415 332 429 409 340 14 0.67 OK -6 0.31 OK 8 0.42 OK

NBR 30 30 24 33 27 24 3 0.45 OK -3 0.56 OK 0 0.07 OK

SBL 5 5 4 5 5 5 -1 0.23 OK 0 0.15 OK 1 0.62 OK

SBT 130 130 104 138 123 125 8 0.65 OK -7 0.62 OK 21 1.93 OK

SBR 0 0 0 0 0 0 0 N/A OK 0 N/A OK 0 N/A OK

EBL 15 15 12 19 14 16 4 1.03 OK -1 0.26 OK 4 0.99 OK

EBT 5 5 4 4 6 4 -1 0.47 OK 1 0.29 OK 0 0.00 OK

EBR 5 5 4 7 6 5 2 0.63 OK 1 0.29 OK 1 0.32 OK

WBL 5 5 4 3 3 4 -2 1.00 OK -2 1.00 OK 0 0.17 OK

WBT 0 0 0 0 0 0 0 N/A OK 0 N/A OK 0 N/A OK

WBR 5 5 4 5 5 4 0 0.11 OK 0 0.00 OK 0 0.16 OK

NBL 10 10 8 12 8 9 2 0.60 OK -2 0.55 OK 1 0.34 OK

NBT 410 410 328 426 408 340 16 0.79 OK -2 0.08 OK 12 0.67 OK

NBR 10 10 8 11 9 5 1 0.23 OK -1 0.44 OK -3 1.03 OK

SBL 5 5 4 8 3 3 3 1.00 OK -2 1.00 OK -1 0.53 OK

SBT 125 125 100 132 119 122 7 0.57 OK -6 0.54 OK 22 2.09 OK

SBR 0 0 0 0 0 0 0 N/A OK 0 N/A OK 0 N/A OK

EBL 15 15 12 13 14 14 -2 0.53 OK -1 0.26 OK 2 0.64 OK

EBT 25 25 20 27 23 21 2 0.44 OK -2 0.48 OK 1 0.22 OK

EBR 10 10 8 12 7 11 2 0.67 OK -3 1.03 OK 3 1.07 OK

WBL 10 10 8 11 7 10 1 0.23 OK -3 1.15 OK 2 0.56 OK

WBT 135 135 108 136 140 119 1 0.11 OK 5 0.40 OK 11 1.00 OK

WBR 5 5 4 6 4 5 1 0.53 OK -1 0.31 OK 1 0.62 OK

NBL 45 45 36 46 52 37 1 0.11 OK 7 0.96 OK 1 0.17 OK

NBT 315 315 252 330 301 266 15 0.84 OK -14 0.80 OK 14 0.89 OK

NBR 70 70 56 74 74 57 4 0.50 OK 4 0.47 OK 1 0.18 OK

SBL 5 5 4 8 4 2 3 1.00 OK -1 0.64 OK -2 1.15 OK

SBT 110 110 88 115 108 105 5 0.49 OK -2 0.16 OK 17 1.73 OK

SBR 55 55 44 54 56 47 -1 0.17 OK 1 0.13 OK 3 0.49 OK

EBL 55 55 44 55 55 47 0 0.00 OK 0 0.00 OK 3 0.44 OK

EBT 10 10 8 12 10 10 2 0.53 OK 0 0.11 OK 2 0.56 OK

EBR 10 10 8 10 9 9 0 0.08 OK -1 0.44 OK 1 0.34 OK

WBL 45 45 36 50 42 42 5 0.69 OK -3 0.45 OK 6 1.01 OK

WBT 55 55 44 56 60 51 1 0.07 OK 5 0.62 OK 7 1.06 OK

WBR 35 35 28 36 31 30 1 0.17 OK -4 0.76 OK 2 0.37 OK

NBL 20 20 16 17 16 14 -4 0.82 OK -4 0.86 OK -2 0.52 OK

NBT 1695 1695 1356 1729 1697 1384 34 0.82 OK 2 0.05 OK 28 0.75 OK

NBR 30 30 24 31 30 26 1 0.14 OK 0 0.06 OK 2 0.33 OK

SBL 25 25 24 21 22 25 -4 0.83 OK -3 0.55 OK 1 0.27 OK

SBT 1490 1500 1411 1493 1499 1418 3 0.08 OK -1 0.02 OK 7 0.19 OK

SBR 10 10 9 14 7 9 4 1.02 OK -3 1.03 OK 0 0.11 OK

CooldownIntersection Target Vissim Warmup Peak

M-25 @ 10th St

Lapeer Conn @ Service Drive WB

I-94 EB Ramps @ Water St

I-94 WB Ramps @ Water St

I-94 EB Ramps @ M-25

Harker St @ 10th St

10th Ave @ Elmwood

10th Ave @ Church St

10th Ave @ Hancock St

M-25 @ Sanborn St
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Intersection Volume - Calibration Data (PM)

Int Name Mvmt Warmup Peak Cooldown Warmup Peak Cooldown Difference GEH OK? Difference GEH OK? Difference GEH OK?

EBL 125 125 100 119 124 112 -6 0.57 OK -1 0.06 OK 12 1.17 OK

EBR 5 5 4 4 4 3 -1 0.47 OK -1 0.47 OK -1 0.35 OK

NBT 1620 1620 1296 1650 1620 1305 30 0.74 OK 0 0.01 OK 9 0.26 OK

SBT 585 585 468 593 584 571 8 0.32 OK -1 0.06 OK 103 4.53 OK

EBT 20 20 16 22 18 18 2 0.49 OK -2 0.46 OK 2 0.56 OK

EBR 10 10 8 10 5 10 0 0.08 OK -5 1.69 OK 2 0.67 OK

WBT 50 50 40 53 51 42 3 0.38 OK 1 0.09 OK 2 0.36 OK

WBR 5 5 4 4 5 5 -1 0.47 OK 0 0.15 OK 1 0.32 OK

NBL 0 0 0 0 0 0 0 N/A OK 0 N/A OK 0 N/A OK

NBT 80 80 64 74 75 70 -6 0.68 OK -5 0.53 OK 6 0.69 OK

NBR 0 0 0 0 0 0 0 N/A OK 0 N/A OK 0 N/A OK

SBL 0 0 0 0 0 0 0 N/A OK 0 N/A OK 0 N/A OK

SBT 934 940 884 934 939 875 -1 0.02 OK -1 0.02 OK -9 0.30 OK

SBR 30 30 28 27 25 24 -3 0.56 OK -5 0.95 OK -4 0.85 OK

EBL 5 5 4 6 4 5 1 0.32 OK -1 0.31 OK 1 0.62 OK

EBT 0 0 0 0 0 0 0 N/A OK 0 N/A OK 0 N/A OK

EBR 15 15 12 17 14 13 2 0.38 OK -1 0.26 OK 1 0.19 OK

WBL 10 10 8 10 11 7 0 0.08 OK 1 0.21 OK -1 0.37 OK

WBT 50 50 40 49 48 43 -1 0.11 OK -2 0.29 OK 3 0.52 OK

WBR 25 25 20 27 25 25 2 0.30 OK 0 0.00 OK 5 1.12 OK

NBL 35 35 28 35 38 26 -1 0.08 OK 3 0.50 OK -2 0.32 OK

NBT 1590 1590 1272 1618 1590 1272 28 0.69 OK 0 0.01 OK 0 0.01 OK

NBR 30 30 24 30 32 22 -1 0.09 OK 2 0.42 OK -2 0.42 OK

SBL 25 25 20 21 27 24 -4 0.89 OK 2 0.39 OK 4 0.78 OK

SBT 565 565 452 577 560 552 12 0.48 OK -5 0.20 OK 100 4.46 OK

SBR 0 0 0 0 0 0 0 N/A OK 0 N/A OK 0 N/A OK

EBL 5 5 4 4 3 5 -1 0.60 OK -2 0.82 OK 1 0.32 OK

EBT 5 5 4 7 5 4 2 0.82 OK 0 0.15 OK 0 0.17 OK

EBR 5 5 4 5 4 4 -1 0.23 OK -1 0.31 OK 0 0.17 OK

WBL 0 0 0 0 0 0 0 N/A OK 0 N/A OK 0 N/A OK

WBT 0 0 0 0 0 0 0 N/A OK 0 N/A OK 0 N/A OK

WBR 15 15 12 12 14 11 -3 0.82 OK -1 0.17 OK -1 0.20 OK

NBL 0 0 0 0 0 0 0 N/A OK 0 N/A OK 0 N/A OK

NBT 1880 1880 1504 1821 1772 1400 -59 1.37 OK -108 2.52 OK -104 2.73 OK

NBR 5 5 4 8 6 5 3 1.00 OK 1 0.43 OK 1 0.47 OK

SBL 5 5 4 5 3 5 0 0.11 OK -2 0.82 OK 1 0.62 OK

SBT 555 555 444 568 551 537 13 0.55 OK -4 0.18 OK 93 4.20 OK

SBR 0 0 0 0 0 0 0 N/A OK 0 N/A OK 0 N/A OK

NBL 110 110 88 115 118 94 5 0.47 OK 8 0.75 OK 6 0.66 OK

NBT 1790 1790 1432 1837 1790 1417 47 1.10 OK 0 0.01 OK -15 0.41 OK

SBT 560 560 448 574 554 542 14 0.57 OK -6 0.25 OK 94 4.22 OK

SBR 40 40 32 38 44 32 -2 0.28 OK 4 0.62 OK 0 0.06 OK

EBL 0 0 0 0 0 0 0 N/A OK 0 N/A OK 0 N/A OK

EBT 0 0 0 0 0 0 0 N/A OK 0 N/A OK 0 N/A OK

EBR 0 0 0 0 0 0 0 N/A OK 0 N/A OK 0 N/A OK

WBL 0 0 0 0 0 0 0 N/A OK 0 N/A OK 0 N/A OK

WBT 0 0 0 0 0 0 0 N/A OK 0 N/A OK 0 N/A OK

WBR 10 10 8 12 9 9 2 0.53 OK -1 0.44 OK 1 0.34 OK

NBL 25 25 20 30 27 19 5 0.91 OK 2 0.33 OK -1 0.15 OK

NBT 1755 1755 1404 1795 1753 1390 40 0.94 OK -2 0.06 OK -14 0.37 OK

NBR 10 10 8 12 10 8 2 0.67 OK 0 0.00 OK 0 0.12 OK

SBL 15 15 12 18 15 16 3 0.62 OK 0 0.09 OK 4 1.15 OK

SBT 600 600 480 613 596 575 13 0.52 OK -4 0.16 OK 95 4.14 OK

SBR 5 5 4 6 5 6 1 0.22 OK 0 0.00 OK 2 1.03 OK

EBL 20 20 16 19 21 20 -2 0.34 OK 1 0.22 OK 4 0.87 OK

EBT 35 35 28 38 30 34 3 0.42 OK -5 0.94 OK 6 1.02 OK

EBR 30 30 24 32 26 27 2 0.27 OK -4 0.69 OK 3 0.53 OK

WBL 25 25 20 24 27 22 -1 0.15 OK 2 0.33 OK 2 0.44 OK

WBT 185 185 148 188 186 170 3 0.18 OK 1 0.05 OK 22 1.72 OK

WBR 25 25 20 20 28 28 -5 1.00 OK 3 0.65 OK 8 1.57 OK

NBL 155 155 124 161 154 135 6 0.44 OK -1 0.11 OK 11 1.00 OK

NBT 1610 1610 1288 1643 1607 1266 33 0.81 OK -3 0.07 OK -22 0.62 OK

NBR 0 0 0 0 0 0 0 N/A OK 0 N/A OK 0 N/A OK

SBL 15 15 12 16 14 13 1 0.13 OK -1 0.35 OK 1 0.28 OK

SBT 565 565 452 578 564 550 13 0.55 OK -1 0.06 OK 98 4.39 OK

SBR 10 10 8 12 9 9 2 0.60 OK -1 0.21 OK 1 0.23 OK

EBL 0 0 0 0 0 0 0 N/A OK 0 N/A OK 0 N/A OK

EBT 70 70 56 74 68 64 4 0.47 OK -2 0.20 OK 8 1.03 OK

EBR 50 50 40 50 51 45 0 0.04 OK 1 0.19 OK 5 0.72 OK

WBL 260 260 208 259 264 224 -1 0.06 OK 4 0.23 OK 16 1.09 OK

WBT 85 85 68 94 85 85 9 0.95 OK 0 0.04 OK 17 1.98 OK

WBR 5 5 4 6 4 6 1 0.22 OK -1 0.31 OK 2 0.76 OK

NBL 0 0 0 0 0 0 0 N/A OK 0 N/A OK 0 N/A OK

NBT 75 75 60 69 71 63 -7 0.77 OK -4 0.43 OK 3 0.42 OK

NBR 15 15 12 13 12 13 -2 0.47 OK -3 0.72 OK 1 0.19 OK

SBL 0 0 0 0 0 0 0 N/A OK 0 N/A OK 0 N/A OK

SBT 954 960 903 950 955 883 -5 0.15 OK -5 0.17 OK -20 0.66 OK

SBR 20 20 19 23 21 16 3 0.70 OK 1 0.15 OK -3 0.63 OK

EBL 15 15 12 18 13 12 3 0.62 OK -2 0.44 OK 0 0.00 OK

EBR 10 10 8 7 10 10 -3 0.94 OK 0 0.10 OK 2 0.77 OK

NBL 10 10 8 10 11 10 -1 0.16 OK 1 0.31 OK 2 0.67 OK

NBT 495 495 396 517 494 448 22 0.98 OK -1 0.06 OK 52 2.52 OK

SBT 340 340 272 344 337 286 4 0.22 OK -3 0.16 OK 14 0.86 OK

SBR 35 35 28 34 37 31 -1 0.21 OK 2 0.33 OK 3 0.61 OK

Intersection Target Vissim Warmup Peak Cooldown

Garfield St @ I-94 Connector

M-25 @ I-94 Connector

Water St. @ Campau St

M-25 @ Garfield St

M-25 @ Elmwood St

M-25 @ BWB On-Ramp

M-25 @ Church St

M-25 @ Hancock St

I-94 Connector @ Hancock St
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I-1

Travel Time and Speed Calibration Segments



Actual (Sec) Vissim (Sec) Diff (Sec) % Diff OK? Actual (Sec) Vissim (Sec)
Diff

(Sec)
% Diff OK? Actual (Sec) Vissim (Sec)

Diff

(Sec)
% Diff OK?

1 I-94 EB to west of Lapeer Connector 4269 0.81 41.8 42.3 0.5 1% OK 41.2 42.5 1.2 3% OK 41.4 42.7 1.3 3% OK

2 I-94 EB to west of Toll Facility 9106 1.72 89.2 90.3 1.1 1% OK 87.9 90.6 2.7 3% OK 88.3 90.5 2.3 3% OK

3 I-94 WB to east of Water St 2894 0.55 41.3 41.0 -0.2 -1% OK 43.4 41.2 -2.2 -5% OK 42.5 41.6 -0.9 -2% OK

4 I-94 WB to east of Welcome Center 5492 1.04 55.4 60.1 4.6 8% OK 57.4 60.1 2.7 5% OK 57.1 60.3 3.2 6% OK

5 I-94 WB - end 4745 0.90 45.9 46.9 1.0 2% OK 46.6 47.1 0.4 1% OK 46.9 47.2 0.4 1% OK

6 M-25 NB - 10th Ave to Hancock St 2577 0.49 68.1 64.9 -3.2 -5% OK 72.2 69.3 -2.9 -4% OK 73.0 74.3 1.3 2% OK

7 M-25 NB - Hancock St to Sanborn St 3563 0.67 82.2 81.1 -1.1 -1% OK 81.6 87.0 5.4 7% OK 82.1 88.3 6.2 8% OK

8 M-25 SB - Sanborn St to Hancock St 3668 0.69 67.0 84.8 17.7 26% OK 71.7 87.1 15.5 22% OK 72.1 90.2 18.1 25% OK

9 M-25 SB - Hancock St to 10th Ave 2473 0.47 70.3 63.2 -7.2 -10% OK 73.3 70.6 -2.7 -4% OK 73.7 73.7 -0.1 0% OK

Actual (Sec) Vissim (Sec) Diff (Sec) % Diff OK? Actual (Sec) Vissim (Sec)
Diff

(Sec)
% Diff OK? Actual (Sec) Vissim (Sec)

Diff

(Sec)
% Diff OK?

1 I-94 EB to west of Lapeer Connector 4269 0.81 41.5 42.7 1.3 3% OK 41.4 42.7 1.2 3% OK 41.5 42.7 1.2 3% OK

2 I-94 EB to west of Toll Facility 9106 1.72 88.4 90.5 2.1 2% OK 88.4 90.6 2.2 3% OK 88.5 90.5 2.0 2% OK

3 I-94 WB to east of Water St 2894 0.55 41.0 41.0 0.0 0% OK 41.5 41.0 -0.6 -1% OK 41.9 41.1 -0.8 -2% OK

4 I-94 WB to east of Welcome Center 5492 1.04 56.7 60.2 3.5 6% OK 56.5 60.3 3.8 7% OK 56.4 60.3 3.9 7% OK

5 I-94 WB - end 4745 0.90 46.4 47.1 0.7 1% OK 46.2 47.1 1.0 2% OK 46.1 47.1 1.0 2% OK

6 M-25 NB - 10th Ave to Hancock St 2577 0.49 81.9 73.1 -8.8 -11% OK 83.8 72.7 -11.1 -13% OK 74.2 72.3 -1.9 -3% OK

7 M-25 NB - Hancock St to Sanborn St 3563 0.67 84.7 83.5 -1.2 -1% OK 85.3 83.4 -1.9 -2% OK 82.0 82.9 1.0 1% OK

8 M-25 SB - Sanborn St to Hancock St 3668 0.69 75.7 84.5 8.8 12% OK 75.6 84.4 8.8 12% OK 75.5 84.7 9.2 12% OK

9 M-25 SB - Hancock St to 10th Ave 2473 0.47 66.7 72.3 5.6 8% OK 66.6 72.9 6.3 10% OK 66.0 71.5 5.5 8% OK

5:30 PM - 6:30 PM

AM Travel Time Calibration Data

PM Travel Time Calibration Data
Segment 

Number
Segment Name Distance (mi) Distance (mi)

6:15 AM - 7:15 AM 7:15 AM - 8:15 AM 8:15 AM - 9:15 AM

Segment 

Number
Segment Name Distance (mi) Distance (mi)

3:30 PM - 4:30 PM 4:30 PM - 5:30 PM

I-2



AM Peak Period Speed Comparison

A B C D E F G H I

West of Lapeer 

Connector

Lapeer Connector 

to M-25
East of Water Street

Water St to 

Welcome Center

West of Welcome 

Center

10th Ave to 

Hancock St

Hancock St to 

Sanborn St

Sanborn St to 

Hancock St

Hancock St to 10th 

Ave

3:30 PM 68.80 68.61 48.06 62.36 69.04 26.43 30.85 29.14 28.92

3:45 PM 68.68 68.89 48.11 62.34 68.78 26.48 30.05 28.84 28.49

4:00 PM 68.63 68.21 48.08 62.42 68.93 25.29 28.93 28.49 27.31

4:15 PM 68.61 68.62 48.01 62.27 68.79 24.86 28.14 28.33 24.94

4:30 PM 68.53 68.62 47.75 62.13 68.63 24.08 28.20 28.17 25.18

4:45 PM 68.47 68.71 47.96 62.25 68.67 24.91 28.15 27.90 25.35

5:00 PM 68.22 68.67 47.39 62.14 68.60 23.43 27.96 27.65 24.96

5:15 PM 68.14 68.52 47.49 61.99 68.45 22.79 27.90 26.86 24.26

5:30 PM 68.44 68.54 47.93 62.12 68.51 23.05 27.82 27.50 24.55

5:45 PM 68.47 68.78 47.56 62.04 68.57 23.50 27.66 27.95 24.84

6:00 PM 68.50 68.88 47.97 62.08 68.49 24.03 28.24 28.08 25.85

6:15 PM 68.48 68.66 47.55 62.20 68.63 23.53 28.25 28.13 25.45

3:30 PM 69.33 69.33 49.37 68.54 70.77 25.13 29.62 36.65 26.35

3:45 PM 69.72 69.72 48.32 67.73 70.30 25.54 29.51 35.69 25.47

4:00 PM 70.42 70.42 47.78 67.02 70.43 26.19 29.18 35.63 24.53

4:15 PM 68.87 68.87 45.89 66.93 70.28 26.27 29.94 35.43 25.20

4:30 PM 70.74 70.74 44.50 64.99 70.42 25.23 29.90 33.20 24.43

4:45 PM 70.24 70.24 44.75 63.16 66.88 23.88 29.73 32.80 24.52

5:00 PM 70.23 70.23 46.09 65.69 69.09 24.23 29.93 33.73 23.73

5:15 PM 71.32 71.32 46.68 66.99 71.23 24.00 29.49 34.44 24.75

5:30 PM 70.42 70.42 47.63 66.59 69.88 23.26 29.68 33.34 23.76

5:45 PM 69.89 69.89 45.66 64.98 67.86 24.08 29.71 33.35 23.76

6:00 PM 70.14 70.14 45.37 63.60 67.12 24.01 29.34 32.40 24.05

6:15 PM 69.95 69.95 46.74 65.61 69.10 24.95 29.65 33.17 24.72

3:30 PM 64.79 64.79 45.40 67.60 69.34 20.71 24.59 31.75 22.34

3:45 PM 65.96 65.96 45.03 65.38 68.84 21.52 24.86 32.07 21.73

4:00 PM 68.02 68.02 44.29 63.17 68.15 22.05 25.47 32.25 22.15

4:15 PM 66.79 66.79 43.16 64.60 67.69 22.87 26.90 31.80 22.17

4:30 PM 69.05 69.05 41.38 61.79 68.41 22.21 27.79 30.36 22.07

4:45 PM 66.84 66.84 42.63 62.03 64.53 20.43 26.98 29.94 22.03

5:00 PM 68.92 68.92 41.37 61.83 65.84 20.75 27.12 31.10 21.51

5:15 PM 68.91 68.91 42.53 63.49 67.99 20.88 26.65 31.06 22.91

5:30 PM 67.86 67.86 43.77 63.07 66.54 18.72 26.76 30.72 21.66

5:45 PM 67.17 67.17 42.55 62.82 64.67 20.20 27.28 30.99 21.70

6:00 PM 67.99 67.99 41.56 61.40 64.06 19.52 26.28 29.71 22.16

6:15 PM 68.02 68.02 43.60 63.52 65.98 21.52 26.18 30.19 21.25

3:30 PM 73.19 73.19 53.17 71.22 73.92 30.55 34.43 41.29 30.73

3:45 PM 73.32 73.32 51.81 70.53 73.06 30.46 34.31 39.07 29.11

4:00 PM 73.94 73.94 52.69 71.28 74.21 29.75 32.82 38.73 26.53

4:15 PM 71.15 71.15 49.58 70.07 73.65 29.52 33.13 38.86 28.42

4:30 PM 73.12 73.12 48.01 69.35 74.20 27.98 31.93 36.46 26.75

4:45 PM 73.30 73.30 48.48 65.42 69.69 27.39 32.29 36.22 27.08

5:00 PM 72.76 72.76 49.64 68.91 72.19 27.61 32.14 36.40 26.17

5:15 PM 74.16 74.16 52.11 70.04 74.32 27.56 33.12 37.86 26.98

5:30 PM 73.46 73.46 52.53 69.51 73.68 27.16 33.13 36.36 26.16

5:45 PM 72.24 72.24 49.40 67.58 70.64 27.86 32.19 36.03 25.92

6:00 PM 72.41 72.41 49.01 67.23 70.36 28.16 32.38 35.07 25.72

6:15 PM 73.28 73.28 50.24 68.48 72.49 28.42 32.97 35.82 28.03
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Speed Graphs - AM Peak Period
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PM Peak Period Speed Comparison

A B C D E F G H I

West of Lapeer 

Connector

Lapeer Connector 

to M-25
East of Water Street

Water St to 

Welcome Center

West of Welcome 

Center

10th Ave to 

Hancock St

Hancock St to 

Sanborn St

Sanborn St to 

Hancock St

Hancock St to 10th 

Ave

3:30 PM 68.10 68.49 48.25 62.16 68.79 23.85 29.77 28.95 25.08

3:45 PM 68.08 68.65 48.02 62.20 68.63 23.22 29.29 29.22 25.02

4:00 PM 68.17 68.60 48.15 62.04 68.65 24.25 29.68 29.07 24.31

4:15 PM 68.23 68.37 48.15 62.18 68.69 24.01 29.51 28.85 24.53

4:30 PM 68.19 68.38 48.22 62.12 68.68 24.23 29.78 29.35 24.88

4:45 PM 68.16 68.68 48.14 62.00 68.52 22.23 29.33 29.11 25.88

5:00 PM 68.19 68.61 48.07 62.15 68.69 23.90 29.60 29.05 25.45

5:15 PM 68.07 68.64 48.01 62.06 68.74 23.68 29.86 28.94 25.23

5:30 PM 68.15 68.42 47.82 62.16 68.67 23.88 29.78 29.24 24.90

5:45 PM 68.35 68.54 48.43 62.16 68.74 24.49 30.06 28.96 25.57

6:00 PM 68.29 68.74 48.60 62.16 68.82 25.26 30.61 28.95 25.69

6:15 PM 68.44 68.61 48.50 62.22 68.77 25.58 30.54 29.00 25.89

3:30 PM 70.23 70.23 47.92 65.81 69.35 22.32 28.85 32.57 24.71

3:45 PM 70.39 70.39 48.48 66.42 69.87 21.09 28.30 32.80 25.26

4:00 PM 70.38 70.38 48.08 65.96 69.60 21.38 29.05 33.18 25.88

4:15 PM 69.87 69.87 48.00 66.01 70.07 21.04 28.52 33.64 25.31

4:30 PM 70.64 70.64 47.54 66.56 70.53 22.37 28.76 33.34 25.19

4:45 PM 69.78 69.78 47.41 66.14 69.42 19.43 27.85 32.79 24.84

5:00 PM 70.29 70.29 47.61 65.73 69.90 22.10 28.64 33.37 25.74

5:15 PM 70.22 70.22 47.51 66.51 70.47 19.97 28.66 32.75 25.59

5:30 PM 70.41 70.41 47.30 66.11 69.91 23.48 29.37 33.49 25.61

5:45 PM 70.22 70.22 46.60 66.21 70.45 24.09 30.64 32.92 25.50

6:00 PM 70.35 70.35 46.95 66.33 70.09 25.51 29.84 33.12 25.74

6:15 PM 69.60 69.60 47.25 66.59 70.01 25.27 29.66 33.34 25.32

3:30 PM 68.38 68.38 44.72 64.49 67.22 20.07 25.61 30.22 21.04

3:45 PM 69.16 69.16 44.09 65.04 68.33 19.18 26.01 30.55 22.50

4:00 PM 67.73 67.73 44.24 63.27 66.73 18.99 25.69 30.84 22.55

4:15 PM 67.04 67.04 44.94 63.79 68.13 18.83 25.71 31.33 21.68

4:30 PM 67.80 67.80 44.83 63.69 68.23 19.95 25.70 30.67 21.45

4:45 PM 68.67 68.67 44.17 64.67 68.27 16.37 24.38 30.36 21.14

5:00 PM 68.84 68.84 45.01 63.37 67.41 20.53 25.60 30.39 21.25

5:15 PM 67.54 67.54 45.25 64.62 68.83 17.37 24.70 29.89 21.25

5:30 PM 67.03 67.03 44.23 62.80 66.27 20.53 26.32 30.46 22.08

5:45 PM 67.33 67.33 43.55 63.66 68.15 21.53 27.28 29.73 21.26

6:00 PM 67.94 67.94 44.58 63.09 67.15 22.78 26.40 30.37 22.11

6:15 PM 67.19 67.19 43.79 63.84 66.89 21.64 26.73 30.27 21.42

3:30 PM 72.37 72.37 51.40 67.58 71.01 24.55 32.18 34.69 28.31

3:45 PM 72.39 72.39 54.64 68.31 71.67 23.19 30.10 34.92 28.64

4:00 PM 72.54 72.54 51.77 68.43 72.00 23.58 32.76 35.30 29.21

4:15 PM 72.59 72.59 50.87 68.78 72.52 23.58 31.18 37.15 29.52

4:30 PM 74.02 74.02 51.46 68.88 72.90 25.21 31.57 36.32 29.09

4:45 PM 72.84 72.84 51.10 68.94 71.36 22.23 30.05 35.68 28.06

5:00 PM 73.49 73.49 50.26 68.66 72.47 24.25 31.70 36.11 29.70

5:15 PM 73.01 73.01 49.55 68.99 72.44 22.48 32.59 35.16 29.10

5:30 PM 73.51 73.51 50.74 69.83 72.58 26.19 32.80 36.64 29.15

5:45 PM 73.15 73.15 50.34 68.24 73.06 26.89 34.04 36.63 29.73

6:00 PM 72.69 72.69 50.55 69.45 73.20 28.41 32.94 35.81 29.73

6:15 PM 71.71 71.71 50.66 68.88 73.29 28.80 32.41 36.01 29.12
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Speed Graphs - PM Peak Period
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B: I-94 EB - Lapeer Connector to M-25
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C: I-94 WB - East of Water St

0

10

20

30

40

50

60

70

80

15:30 15:45 16:00 16:15 16:30 16:45 17:00 17:15 17:30 17:45 18:00 18:15

S
p

e
e

d
 (

M
P

H
)

Time
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AM Peak Hour Lane Schematic

11 587 53

1 90 70 1 69 69 4 229 55 4 209 53 14 757 53 6 167 30

7 457 69 7 468 69 7 512 69 6 436 69 9 464 54 8 413 54 9 476 54 4 123 29 4 93 30

7 451 68 7 456 68 7 455 68 6 419 68 3 160 55 4 242 55 4 219 53 8 244 29 4 104 30

0 8 35

0 10 34 1 26 30

8 575 69 7 504 69 4 297 69 2 159 69 2 149 69 2 141 69 2 138 69 3 109 38 2 54 31

9 640 69 10 712 69 14 920 68 11 764 68 6 422 68 2 109 68 1 93 68 3 103 37 6 163 29

4 291 65 7 437 66 10 661 68 8 569 68

4 209 59 2 110 71 9 510 58 8 384 51

3 171 60 8 418 51

       10 483 51
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PM Peak Hour Lane Schematic

12 647 53

2 108 70 1 83 70 5 254 55 4 224 53 16 836 53 10 232 29

8 559 69 8 577 69 9 618 69 7 484 69 10 516 54 9 472 54 10 537 54 4 131 29 4 105 30

8 528 69 8 533 69 8 529 68 7 470 68 3 189 55 5 277 55 5 258 54 9 267 29 3 94 30

2 72 33

1 19 33 5 156 30

8 580 69 7 511 69 5 316 69 3 191 69 3 182 69 3 173 69 2 167 69 4 140 37 3 88 31

10 655 69 11 724 68 14 920 68 11 768 68 6 436 68 2 128 68 2 112 68 4 120 35 7 192 30

4 275 65 7 427 65 10 660 68 8 564 68

3 194 58 2 113 71 9 513 58 8 424 50

3 169 60 10 474 50

       11 572 51
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Existing Intersection Level of Service

Int ID Int Name Mvmt Sig?
Mvt Delay 

(sec/veh)
LOS Delay (sec/veh) LOS Delay (sec/veh) LOS

Mvt Delay 

(sec/veh)
LOS Delay (sec/veh) LOS Delay (sec/veh) LOS

EBT 8.01 A 13.66 B

EBR 6.03 A 6.94 A

WBT 11.79 B 18.77 B

WBR 5.28 A 15.27 B

NBL 1.91 A 36.63 D

NBT 42.45 D 37.66 D

SBL 47.49 D 47.11 D

SBT 50.10 D 45.50 D

WBL 2.27 A 1.61 A

WBT 2.79 A 1.19 A

NBL 8.17 A 8.2 A 7.90 A 7.9 A

EBL 27.87 C 25.17 C

EBT 29.34 C 36.80 D

EBR 31.04 C 23.21 C

NBT 10.74 B 18.27 B

NBR 3.91 A 4.40 A

SBL 6.41 A 23.26 C

SBT 8.18 A 9.71 A

WBL 25.90 C 28.59 C

WBT 26.67 C 26.56 C

WBR 6.19 A 8.85 A

NBT 6.43 A 6.14 A

NBL 7.06 A 3.04 A

SBT 10.36 B 12.85 B

SBL 5.08 A 5.59 A

EBL 27.67 C 32.68 C

EBT 30.58 C 30.13 C

EBR 22.77 C 14.82 B

NBT 13.74 B 8.99 A

NBR 6.42 A 5.77 A

SBL 20.00 B 25.03 C

SBT 20.28 C 7.81 A

EBL 12.71 B 13.77 B

EBT 12.30 B 12.28 B

EBR 0.00 A 6.60 A

WBL 6.43 A 6.35 A

WBR 5.16 A 5.66 A

NBT 0.08 A 0.15 A

NBR 0.87 A 0.93 A

SBL 0.54 A 0.00 A

SBT 0.10 A 0.08 A

EBL 8.43 A 8.14 A

EBT 7.83 A 6.80 A

EBR 0.00 A 0.00 A

WBL 8.94 A 5.76 A

WBT 8.92 A 10.49 B

WBR 6.50 A 7.07 A

NBL 0.88 A 1.64 A

NBT 0.08 A 0.15 A

NBR 0.73 A 0.69 A

SBL 0.00 A 3.94 A

SBT 0.10 A 0.08 A

SBR 0.00 A 0.00 A

EBL 27.60 C 19.80 B

EBT 12.33 B 22.12 C

EBR 5.07 A 6.62 A

WBL 19.86 B 16.00 B

WBT 13.61 B 18.95 B

WBR 0.00 A 5.83 A

NBL 30.88 C 29.56 C

NBT 19.80 B 20.61 C

NBR 9.80 A 13.56 B

SBL 17.39 B 42.03 D

SBT 17.16 B 17.20 B

SBR 10.88 B 9.56 A

EBL 45.73 D 57.21 E

EBT 10.81 B 7.44 A

EBR 18.07 B 10.96 B

WBL 35.70 D 34.59 C

WBT 43.91 D 44.05 D

WBR 9.07 A 23.43 C

NBL 31.79 C 29.70 C

NBT 11.80 B 4.50 A

NBR 11.26 B 4.95 A

SBL 15.80 B 19.92 B

SBT 5.82 A 5.25 A

SBR 9.40 A 14.46 B

0.2 A

0.2 A

18.9 B

20.7 C

18.4 B

20.5 C

15.2 B
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10th Ave @ Church St

10th Ave @ Hancock St

A
0.6 A

0.2 A

0.1 A

3

2

4

5

6

11.3 B

14.9 B

49.6 D

8.3 A

1.8 A

8.5 A

0.1 A

0.1 A

B

8.5

IntersectionApproach
Intersections

AM

All

13.8 B

20.3 C

22.4 C

15.8 B
9.1 A

9.2 A

17.1 B

PM

All Approach Intersection

12.8 B

8.3 A

14.3 B

19.0 B

14.9 B

14.4 B

1 M-25 @ 10th St S

7.4 A
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Existing Intersection Level of Service

Int ID Int Name Mvmt Sig?
Mvt Delay 

(sec/veh)
LOS Delay (sec/veh) LOS Delay (sec/veh) LOS

Mvt Delay 

(sec/veh)
LOS Delay (sec/veh) LOS Delay (sec/veh) LOS

EBL 40.91 D 47.51 D

EBR 0.00 A 42.12 D

NBT 0.68 A 5.00 A

SBT 5.47 A 1.71 A

EBT 11.38 B 6.65 A

EBR 9.83 A 14.02 B

WBT 11.19 B 17.43 B

WBR 0.00 A 5.36 A

NBL 2.64 A 0.00 A

NBT 0.49 A 0.39 A

NBR 0.00 A 0.00 A

SBL 0.00 A 0.00 A

SBT 0.17 A 0.12 A

SBR 0.85 A 0.87 A

EBL 0.00 A 9.30 A

EBT 11.38 B 6.65 A

EBR 6.32 A 6.10 A

WBL 13.43 B 27.54 C

WBT 11.19 B 17.43 B

WBR 0.00 A 18.37 B

NBL 4.38 A 5.15 A

NBT 0.73 A 1.10 A

NBR 0.96 A 1.30 A

SBL 6.35 A 30.24 C

SBT 0.35 A 0.21 A

SBR 0.89 A 0.00 A

EBL 0.00 A 13.60 B

EBT 15.55 B 16.77 B

EBR 0.00 A 12.79 B

WBL 0.00 A 0.00 A

WBT 14.77 B 0.00 A

WBR 10.84 B 11.73 B

NBL 5.56 A 0.00 A

NBT 0.25 A 1.83 A

NBR 0.39 A 0.69 A

SBL 4.12 A 24.74 C

SBT 0.10 A 0.07 A

SBR 0.06 A 0.00 A

NBL 4.28 A 3.19 A

NBT 0.15 A 2.16 A

SBT 0.48 A 1.97 A

SBR 1.44 A 4.70 A

EBL 0.00 A 0.00 A

EBT 0.00 A 0.00 A

EBR 0.00 A 0.00 A

WBL 0.00 A 0.00 A

WBT 0.00 A 0.00 A

WBR 8.50 A 28.39 C

NBL 6.51 A 4.57 A

NBT 0.32 A 5.34 A

NBR 0.46 A 0.50 A

SBL 4.25 A 36.07 D

SBT 0.32 A 0.30 A

SBR 0.00 A 1.36 A

EBL 58.80 E 67.67 E

EBT 29.82 C 50.24 D

EBR 15.40 B 19.62 B

WBL 30.43 C 136.54 F

WBT 43.41 D 213.24 F

WBR 34.27 C 207.91 F

NBL 25.34 C 14.34 B

NBT 13.94 B 17.37 B

NBR 15.66 B 0.00 A

SBL 27.93 C 26.68 C

SBT 13.90 B 11.55 B

SBR 14.78 B 8.10 A

EBL 0.00 A 0.00 A

EBT 36.32 D 36.29 D

EBR 8.09 A 9.17 A

WBL 52.82 D 46.28 D

WBT 50.92 D 40.47 D

WBR 21.34 C 8.84 A

NBL 0.00 A 0.00 A

NBT 18.07 B 16.42 B

NBR 5.10 A 4.55 A

SBL 0.00 A 0.00 A

SBT 18.85 B 18.59 B

SBR 16.23 B 18.50 B

EBL 11.25 B 13.10 B

EBR 14.73 B 10.08 B

NBL 2.89 A 3.28 A

NBT 0.07 A 0.17 A

SBT 0.60 A 0.80 A

SBR 0.90 A 0.91 A

A

2.0 A

D

39.8 D

8.1 A

6.8 A

4.1 A

0.0 A

5.4 A

28.4 C

5.3 A

1.2 A

1.7 A

2.2 A

2.2

9.1 A

0.8 A0.5 A

0.8 A

24.7 C

36.4 D

44.4 D

14.7 B

18.6 B

51.3 D

16.7 B

18.8 B

10.4 B

0.8 A0.4 A

0.6 A

0.1 A

0.1 A

0.3 A

0.5 A

0.0 A

0.4 A

8.5 A

0.4 A

0.3 A

21.4

16

SM-25 @ BWB On-Ramp15

SI-94 Connector @ Hancock St18

Water St. @ Campau St S19

SM-25 @ Elmwood St14

SM-25 @ Garfield St13

SGarfield St @ I-94 Connector12
0.4 A

0.1 A

Intersections

AM PM

All Approach Intersection All Approach Intersection

22.5 C

39.2 D

33.0 C

15.6 B 14.6 B

204.1 F

17.1 B

11.8 B

1.8 A

0.6 A

C

41.2 D

15.5 B

14.3 B

0.2 A

44.5

11.6 B 11.7 B

0.3 A

1.0 A

11.0 B 14.6 B

10.7 B 16.3 B

7.2 A

1.4 A

11.7 B

6.9 A

2.1 A

19.0 B

5.7 A

5.9 A

2.9 A

1.2 A

0.5 A 1.6 A

6.2 A
0.6 A

0.2 A

7.3 A

SM-25 @ Hancock St17

SM-25 @ Church St

SM-25 @ I-94 Connector11

K-2





Existing Queue Lengths

Average

Queue (ft)

Max

Queue (ft)

Average

Queue (ft)

Max

Queue (ft)

WBR 17 112 75 302

WBT 7 71 52 260

NBT 20 110 71 245

NBL 11 95 71 245

EBT 18 204 23 132

EBR 1 108 1 60

SBL 34 128 37 147

SBT 34 128 37 147

WBL 2 100 1 44

WBT 2 100 1 44

NBL 1 51 2 56

SBT 10 153 23 179

SBL 10 153 23 179

NBT 7 103 36 222

NBR 16 153 61 272

EBR 65 259 105 365

EBL 65 259 105 365

EBT 65 259 105 365

NBL 3 71 7 145

NBT 3 71 7 145

WBT 44 188 40 163

WBL 44 188 40 163

WBR 63 221 60 199

SBT 5 158 2 108

SBL 15 156 13 129

NBR 38 170 54 260

NBT 17 113 27 199

SBL 55 322 15 160

SBT 55 322 15 160

EBT 104 386 170 562

EBL 104 386 170 562

EBR 130 424 198 601

NBT 0 0 0 0

NBR 0 0 0 0

EBL 19 169 30 210

EBT 20 171 30 212

EBR 20 170 30 211

WBR 0 66 1 62

WBL 0 43 1 39

SBL 0 3 0 0

SBT 0 0 0 0

NBT 0 0 0 2

NBL 0 4 0 5

NBR 0 0 0 2

WBR 2 67 1 59

WBT 1 52 1 44

WBL 1 48 1 40

EBL 1 55 1 53

EBT 1 58 1 57

EBR 1 84 1 83

SBR 0 0 0 6

SBL 0 0 0 11

SBT 0 0 0 0

SBL 0 0 0 0

SBR 0 0 0 10

SBT 0 0 0 0

NBL 0 3 0 7

NBR 0 0 0 2

NBT 0 0 0 0

EBT 1 50 1 58

EBR 1 50 1 58

EBL 0 39 1 45

WBT 0 40 0 40

WBL 0 51 0 51

WBR 0 55 0 55

EBT 5 83 5 71

EBR 8 114 10 100

EBL 5 83 5 71

WBT 13 121 10 106

WBL 13 121 10 106

WBR 22 148 17 133

SBL 9 77 9 75

SBR 22 124 23 122

SBT 9 77 9 75

NBR 24 135 51 191

NBL 13 105 33 156

NBT 13 105 33 156

WBT 17 106 22 107

WBR 33 142 43 145

WBL 17 106 22 107

EBT 0 19 0 12

EBL 14 84 14 73

EBR 22 103 22 92

NBL 48 371 24 257

NBR 54 390 30 276

NBT 48 371 24 257

SBR 29 320 27 286

SBL 29 320 27 286

SBT 29 320 27 286

EBR 21 129 28 133

EBL 21 129 28 133

SBT 12 146 2 62

NBT 1 39 28 230

2: Lapeer Conn @ Service Drive WB

1: M-25 @ 10th St

Location Movement

8: 10th Ave @ Church St

7: 10th Ave @ Elmwood

6: Harker St @ 10th St

5: I-94 EB Ramps @ M-25

4: I-94 WB Ramps @ Water St

3: I-94 EB Ramps @ Water St

11: M-25 @ I-94 Connector

10: M-25 @ Sanborn St

9: 10th Ave @ Hancock St

PMAM

L-1



Existing Queue Lengths

Average

Queue (ft)

Max

Queue (ft)

Average

Queue (ft)

Max

Queue (ft)

SBT 5 125 6 122

SBL 5 127 5 124

SBR 0 14 0 4

NBT 3 116 3 118

NBR 0 0 0 0

NBL 3 116 3 118

EBL 6 97 5 80

EBR 5 96 5 80

EBT 6 97 5 80

WBR 5 91 5 83

WBL 6 94 5 83

WBT 6 94 5 83

EBT 1 52 1 43

EBL 1 50 1 41

EBR 1 65 1 56

WBT 1 46 10 85

WBR 2 73 13 112

WBL 1 43 8 82

SBL 1 34 4 58

SBR 0 2 0 14

SBT 0 0 0 2

NBR 0 11 1 38

NBL 1 52 2 82

NBT 0 5 1 36

SBT 0 10 0 3

SBR 0 10 0 20

SBL 0 24 1 27

NBT 0 0 4 138

NBR 0 0 5 152

NBL 0 13 0 0

NBT 0 0 0 0

EBR 0 56 1 80

EBL 0 33 1 55

EBT 0 35 1 59

WBL 1 44 0 0

WBR 2 68 1 24

WBT 1 52 0 0

SBR 0 32 3 77

SBT 0 32 3 77

NBT 0 0 2 88

NBL 0 9 0 47

SBT 0 0 0 8

SBR 0 0 0 0

SBL 0 10 2 36

NBL 0 22 27 309

NBR 0 14 31 338

NBT 0 8 21 276

EBR 0 0 0 0

EBT 0 0 0 0

EBL 0 0 0 0

WBL 0 40 0 42

WBT 0 42 0 44

WBR 1 63 2 70

EBT 17 129 16 107

EBR 33 175 34 150

EBL 17 129 16 107

SBR 42 233 33 191

SBL 31 201 22 159

SBT 31 201 22 159

NBL 58 348 170 543

NBR 79 387 191 578

NBT 58 348 170 543

WBL 5 54 9 63

WBT 54 225 351 566

WBR 81 264 389 605

NBT 8 95 8 106

NBL 8 95 8 106

NBR 17 153 18 166

SBT 61 308 69 373

SBR 86 362 96 427

SBL 61 308 69 373

EBR 35 176 33 153

EBL 17 131 14 102

EBT 17 131 14 102

WBL 97 288 75 212

WBR 0 2 0 4

WBT 97 288 75 212

SBT 0 0 0 0

SBR 0 0 0 0

NBT 0 0 0 0

NBL 0 18 0 18

EBR 2 98 2 70

EBL 1 65 1 38

I-94 WB Cars 74 134 618 703

I-94 WB Trucks (North Facility) 27 129 17 106

I-94 WB Cars – Nexus 1 40 2 70

I-94 WB Trucks – Fast Lane 478 632 254 423

21: PIL (Inbound - S of Plaza) I-94 WB Trucks (South Facility) 123 248 89 230

22: Toll Booth - Outbound I-94 EB Toll Both to Canada 16 93 29 117

Location Movement

AM PM

14: M-25 @ Elmwood St

13: M-25 @ Garfield St

12: Garfield St @ I-94 Connector

20: PIL - inbound (N of Plaza)

19: Water St at Campau St

18: I-94 Connector @ Hancock St

17: M-25 @ Hancock St

16: M-25 @ Church St

15: M-25 @ BWB On-Ramp

L-2
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05-17-23 
 
MDOT 
Attn: Carrie Warren, MDOT PM 
 
Re: Blue Water Bridge – Hancock and I-94 Connector Alternative Evaluation – Final Draft 
 
Following the Geometric Review of the BWB Base Plans the team received comments from 
MDOT concerning the lane utilization for the southbound approach along the I-94 Connector at 
Hancock Street. As a note, under Existing Conditions, the PM queue along the SB Connector to 
I-94WB is contained within the block just north of Hancock Street. No other queues noted. 
Under proposed configuration, the Local to Outbound BWB ramp is relocated from Pine Grove 
Avenue to the I-94/I-69 On-ramp as shown in Figure 1. Traffic is expected to be accessed via 
Hancock Street or the I-94 Connector.  

 
Figure 1: Proposed Blue Water Bridge Plaza 
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The following presents the impact that lane utilization has on queue lengths along the I-94 
Connector. Although Synchro models do not typically model freeway networks the proposed 
BWB Local to Outbound ramp was added to create a decision point that could easily be tested 
in Synchro. The following sections model a two-lane section between Hancock and the 
Outbound ramp, with one lane ramps continuing to Outbound and one lane continuing to I-
94/I-69 WB.  

Future Build Base Model 

This model will be presented as a baseline configuration with no lane utilization factors added. 
Local outbound traffic has been re-routed to turn left from Pine Grove Avenue onto Hancock 
Street. Model observations include:  

• Vehicles traveling along the SB I-94 Connector are already sensing the drop downstream 
at the diverge point and making early lane decisions north of Hancock Street.  

• Under heavy queuing conditions from the BWB plaza operations vehicles could queue 
back onto Hancock and the Connector. VISSIM modeling shows this queue to typically 
be around 125ft but is highly unpredictable during border shut-downs.  

• Signal timings were adjusted, however balancing the heavy westbound left turn 
movement from Hancock Street with the heavy southbound through movement from 
the I-94 Connector is challenging.  

If this configuration is carried forward, it is recommended that the NB left turn lane on Pine 
Grove Avenue at Hancock Street be restriped to provide more storage and not queue into the 
NB Pine Grove Avenue travel lanes.  

The longest queue along the SB Connector spills back along Pine Grove to just north of Garfield 
as can be seen in Figure 2. No other noticeable queues within the network were found.  
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Figure 2: I-94 Connector Base Build 

Future Build Base with Lane Utilization Factor 

This model follows the Synchro 11 methodology for forced lane utilization and decision 
distances. Figure 3 is taken from the Synchro 11 User’s Manual on how to calculate Lane 
Utilization Factors (LUF). 
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Figure 3: Synchro V11 Lane Utilization Factors 

 

Figure 4: Synchro V11 Controlling Lane Utilization Factors 

Based on the above guidance the following changes were made to the model: 

• Mandatory and positioning distance in the Simulation settings were revised. 
• Lane utilization was changed to 0.57 at the diverge point for the I-94 WB ramp and the 

BWB Local Outbound ramp. 
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The following observations were noted in the model as seen in Figure 5: 

• Queuing mirrors the Base model but extends further north along the I-94 Connector 
onto Pine Grove Avenue at Kennelworth Drive. This complicates the southbound 
dual right turn movement from Pine Grove Avenue onto the I-94 Connector.  

• Additional queuing along westbound Hancock Street is noticed due to changes in 
signal timings.  

  

Figure 5: I-94 Connector Base Build with LUF 
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One-Way Pairs 

MDOT requested that the conversion of Hancock Street to one-way eastbound and Riverview 
one-way westbound be evaluated. The starting model used was the Base model with the one-
way pairs converted. Traffic was redistributed from Hancock Street to Riverview Street. 
Additional redistribution along 10th Street to Riverview Street is expected as well to make the 
connection between 10th Street and the I-94 Connector. 

The following mitigations were implemented: 

• Pushbutton needed to cross I-94 Connector south leg at Hancock Street 
• SB I-94 Connector right turn lane at Hancock Street  
• Pine Grove Avenue SB left onto Hancock was moved to Riverview Street.  

The following observations in the model were made:  

• The queuing along SB I-94 Connector cannot be resolved with timing or laneage 
mitigations and spills back to Pine Grove Avenue.  

• The shortened distance of Riverview Street between I-94 Connector and Pine Grove 
Avenue removes about 200 feet of storage (when compared to Hancock Street). Even 
with the dual left turn lanes at Riverview Street vehicles are selecting lanes in advance.  

• With traffic redistribution, the NB left turn at Riverview Street increases to 430 (was 330 
at Hancock Street) due to removing the WB through movement on Hancock.  

This configuration does not propose enough improvement operationally when balanced with 
required mitigations and roadway improvements to recommend this change. The conversion 
also creates a disconnect to the local network from west to east.  

Final Proposed Configuration 

To reduce queuing onto the I-94 SB Connector, Hancock Street, and Pine Grove Avenue it is 
recommended that the laneage between Hancock Street and the Local Outbound ramp be 
increased to a three-lane cross-section with two lanes continuing to I-94/I-69 and a one lane 
ramp to Local Outbound as shown in Figure 6. A short third lane extension (250ft) is also 
proposed on the I-94 SB Connector north of Hancock to accommodate spillback for the BWB 
Local Outbound Ramp during rare long queues that could occur during very busy periods or 
slower Canadian Customs processing. Extending the 3-lane section north of Hancock alleviates 
the potential for traffic to queue from the plaza, north of Hancock. Figure 7 shows the 
proposed lane configuration at the intersection of Hancock and I-94 Connector, including the 
addition of the EB left turn from Hancock to I-94 Connector northbound. 
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Figure 6: Proposed Lanes between Hancock and Local Outbound Ramp 

 
Figure 7: Proposed Lanes between Hancock and Local Outbound Ramp 
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The following observations in the VISSIM model were made:  

• The VISSIM model shows future PM peak queue from the tollbooths would be contained 
on the local Outbound ramp downstream of the gore.  

• VISSIM modeling shows the queue from the tollbooths contained on the Local 
Outbound ramp. It should be noted that queuing is unpredictable during border 
shutdowns.  

• The intersection of the I-94 Connector and Hancock Street operates at a level of service 
of D or better for all movements except for the PM eastbound left turn, which operates 
at LOS E. As this movement services a low volume of traffic the level of service was 
deemed acceptable.  

 

 





FNB 2045 AM Peak Hour Lane Schematic
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FNB 2045 PM Peak Hour Lane Schematic
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 2045 Refined Alternative AM Peak Hour Lane Schematic
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 2045 Refined Alternative PM Peak Hour Lane Schematic
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10 181 20

10 185 19 6 173 30

9 616 69 8 546 69 5 331 69 3 191 69 3 179 69 3 169 69 3 166 69 6 108 20 6 170 29

10 682 68 11 752 68 15 966 67 12 807 68 7 455 68 2 130 68 2 111 68 0 0 0 5 131 30

5 297 65 7 457 65 11 697 67 9 591 68

4 206 58 2 127 70 9 515 58 8 395 50

4 209 59 9 469 51
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Appendix P – Future Freeway Segment Level of Service

I-94/I-69 EB Start Basic 9.7 A 9.8 A 9.7 A 9.8 A
I-94/I-69 EB diverge to MDOT Maintenance Facility Diverge 9.7 A 9.8 A 9.7 A 9.8 A
I-94/I-69 EB mainline Basic 9.8 A 9.9 A 9.8 A 9.9 A
I-94/I-69 EB merge/diverge from MDOT Maintenance Facility/Lapeer Connector Merge/Diverge 6.0 A 6.1 A 6.0 A 6.1 A
I-94/I-69 EB mainline Basic 5.0 A 5.1 A 5.0 A 5.1 A
I-94/I-69 EB diverge to 3 lanes Diverge 3.7 A 3.7 A 3.7 A 3.7 A
I-94/I-69 EB mainline Basic 1.7 A 2.1 A 1.7 A 2.1 A
I-94/I-69 EB merge with I-94/I-69 Conn On-ramp Merge 1.5 A 2.7 A 2.9 A 5.6 A
I-94/I-69 EB Toll Plaza Basic 16.3 B 30.5 D 4.5 A 8.4 A
I-94/I-69 EB from Toll Plaza to BWB Border Basic 2.8 A 5.0 A 2.9 A 5.6 A

I-94/I-69 WB Border Patrol to BWB Canada Border Basic 4.9 A 12.6 B 5.9 A 5.1 A
I-94/I-69 WB South Border Patrol Checkpoint Basic 8.3 A 6.2 A 9.6 A 8.7 A
I-94/I-69 WB North Border Patrol Checkpoint (Car Lane) Basic 20.9 C 100.6 F 17.7 B 50.8 F
I-94/I-69 WB North Border Patrol Checkpoint (NEXUS Lane) Basic 3.5 A 5.4 A 3.3 A 5.5 A
I-94/I-69 WB North Border Patrol Checkpoint (Truck Lane) Basic 7.2 A 5.4 A 28.7 D 18.1 C
I-94/I-69 WB North Border Patrol Checkpoint (FAST Lane) Basic 76.7 F 62.0 F 70.4 F 59.7 F
I-94/I-69 WB mainline Basic 6.6 A 6.8 A 4.2 A 5.2 A
I-94/I-69 WB mainline Basic 6.9 A 7.2 A 3.8 A 4.6 A
I-94/I-69 WB merge/Diverge I-94/I-69 BL (Pine Grove)/Water St. Merge/Diverge 9.2 A 10.3 A 9.3 A 10.4 B
I-94/I-69 WB Converge 3-2 lane Converge 5.5 A 6.1 A 5.6 A 6.2 A
I-94/I-69 WB mainline Basic 6.7 A 7.3 A 6.6 A 7.4 A
I-94/I-69 WB merge/diverge WB service Dr/Welcome Center Merge/Diverge 5.3 A 6.1 A 5.2 A 6.2 A
I-94/I-69 WB mainline Basic 7.6 A 8.7 A 7.6 A 9.0 A
I-94/I-69 WB merge from Welcome Center Merge 5.1 A 5.9 A 5.2 A 6.1 A
I-94/I-69 WB termination Basic 5.1 A 5.9 A 5.2 A 6.1 A

I-94/I-69 EB service Drive start Basic 6.7 A 6.4 A 6.7 A 6.5 A
I-94/I-69 EB service Drive Diverge to 3 lanes (adds Water Street on-ramp) Diverge 9.5 A 10.8 B 9.3 A 10.8 B
I-94/I-69 EB service Drive end on I-94/I-69 BL (Pine Grove) Basic 33.8 D 42.8 E 16.3 B 18.7 C

I-94/I-69 WB Service Drive between Water St. & Lapeer Connector Basic 8.0 A 7.3 A 7.5 A 7.2 A
I-94/I-69 WB Service Drive Lapeer Connector to WB I-94/I-69 Basic 2.9 A 4.1 A 2.6 A 4.3 A
-         Highlighted rows indicate segments at the BWB Toll Plaza

-         Density (veh/h/ln) results extracted from the simulation model 

Density LOS Density LOS

I-94/I-69 WB Service Drive

I-94/I-69 EB Service Drive  

I-94/I-69 WB Mainline LOS

I-94/I-69 EB Mainline LOS

Future No-Build - 2045 2045 Refined Alternative

Operation TypeLocation
AM PMAM PM

Density LOS Density LOS
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Future Intersection Level of Service Summary

L TH R App L TH R App L TH R App L TH R App L TH R App L TH R App L TH R App L TH R App
I-94/I-69 BL (Pine Grove) at 10th Ave A D B C D D A A A B A B B I-94/I-69 BL (Pine Grove) at 10th Ave D D D D D D B A B C C C C
Lapeer Conn at Service Drive WB B B A A A A Lapeer Conn at Service Drive WB A A A A A A
I-94/I-69 EB Ramps at Water St B A A A A A C C C C B I-94/I-69 EB Ramps at Water St B A B C B B C D C C C
I-94/I-69 WB Ramps at Water St A A A A B B C C A C B I-94/I-69 WB Ramps at Water St A A A A B B C C A C B
I-94/I-69 EB Ramps atI-94/I-69 BL (Pine Grove) B A B B C C C C B C C I-94/I-69 EB Ramps atI-94/I-69 BL (Pine Grove) B A B C B B C C B C C
Harker St at 10th Ave A A A A A A B B A B A A A A Harker St at 10th Ave A A A A A A B B A B A A A A
10th Ave at Elmwood A A A A A A A A A A A A A A A A A 10th Ave at Elmwood A A A A A A A A A A A A A B A A A
10th Ave at Church St A A A A A A A A A B A A A A A A A 10th Ave at Church St A A A A A A A A A A A A A A A A A
10th Ave at Hancock St C B B B B B A B C B A B B B A B B 10th Ave at Hancock St C C B C B B A B C B A B B B A B B
M-25 (Pine Grove) at Sanborn St D B B B B A A A D A B D D D A C B M-25 (Pine Grove) at Sanborn St C A A A C A A A D A B D D D B C A
M-25 (Pine Grove) at I-94/I-69 Conn A A A A D A A A M-25 (Pine Grove) at I-94/I-69 Conn A A A A C C C A
Garfield St at I-94/I-69 Conn A A A A A A A A B B B B A B A Garfield St at I-94/I-69 Conn A A A A A A A A B B B C A C A
M-25 (Pine Grove) at Garfield St A A A A A A A A A B A A B B A B A M-25 (Pine Grove) at Garfield St A A A A C A A A A B A B C C C C A
I-94/I-69 BL (Pine Grove) at Elmwood St A A A A B A A A A C A C A B B B A I-94/I-69 BL (Pine Grove) at Elmwood St A A A A B A A A B C A B A A B B A
I-94/I-69 BL (Pine Grove) at BWB On-Ramp A A A A A A A I-94/I-69 BL (Pine Grove) at BWB On-Ramp A A A A A A A
I-94/I-69 BL (Pine Grove) at Church St A A A A A A A A A A A A A A B B A I-94/I-69 BL (Pine Grove) at Church St A A A A C A A A A A A A A A C C A
I-94/I-69 BL/M-25 (Pine Grove) at Hancock St C B B B C B B B E C C D D E D E C I-94/I-69 BL/M-25 (Pine Grove) at Hancock St B B A B D A A B E D C D D D D D B
 I-94/I-69 Conn at Hancock St B A B C B C C A C E E D E C  I-94/I-69 Conn at Hancock St B A B B B B B B B C B B B B
Water Street at Campau Street A A A A A A B B B A Water Street at Campau Street A A A A A A B A A A

L TH R App L TH R App L TH R App L TH R App L TH R App L TH R App L TH R App L TH R App
I-94/I-69 BL (Pine Grove) at 10th Ave C A C B A B D B B B I-94/I-69 BL (Pine Grove) at 10th Ave C B C A A A B D B B
Lapeer Conn at Service Drive WB A A A A A A Lapeer Conn at Service Drive WB A A A A A A
I-94/I-69 EB Ramps at Water St B A A A A A C C C B B I-94/I-69 EB Ramps at Water St B A B A B B C D C C C
I-94/I-69 WB Ramps at Water St A A A C C C C C A C B I-94/I-69 WB Ramps at Water St A A A C B B C C A C B
I-94/I-69 EB Ramps atI-94/I-69 BL (Pine Grove) B A B C C C B D C C D D C I-94/I-69 EB Ramps atI-94/I-69 BL (Pine Grove) B A B C B B C D B C D D B
Harker St at 10th Ave A A A A A A A A A A Harker St at 10th Ave A A A A A A A A A A
10th Ave at Elmwood A A A A A A A A A A A A A A A A A 10th Ave at Elmwood A A A A A A A A A A A A A B A A A
10th Ave at Church St A A A A A A A A A A A A A A A A A 10th Ave at Church St A A A A A A A A A A A A A A A A A
10th Ave at Hancock St C C B B B B A B C B A B B B A B B 10th Ave at Hancock St C B B B B B A B C B A B B B A B B
M-25 (Pine Grove) at Sanborn St C A A B B A A A D A B D D D A C A M-25 (Pine Grove) at Sanborn St C A A A D A A A E A B D D D C C A
M-25 (Pine Grove) at I-94/I-69 Conn A A A A D A D A M-25 (Pine Grove) at I-94/I-69 Conn A A A A D C D A
Garfield St at I-94/I-69 Conn A A A A A A A A B A B B A B A Garfield St at I-94/I-69 Conn A A A A A A A A B B B C A C A
M-25 (Pine Grove) at Garfield St A A A A B A A A A B A A B B A B A M-25 (Pine Grove) at Garfield St A A A A C A A A A B A B C C C C A
I-94/I-69 BL (Pine Grove) at Elmwood St A A A A A A A A A A I-94/I-69 BL (Pine Grove) at Elmwood St A A A C A A A B B A
I-94/I-69 BL (Pine Grove) at BWB Staff Access A A A A A A B A B A I-94/I-69 BL (Pine Grove) at BWB Staff Access A A A A A A B A B A
I-94/I-69 BL (Pine Grove) at Church St A A A B A A A B B A I-94/I-69 BL (Pine Grove) at Church St A A A D A A A C C A
I-94/I-69 BL/M-25 (Pine Grove) at Hancock St A C C C C C C C D C B C C D C C C I-94/I-69 BL/M-25 (Pine Grove) at Hancock St C B A B D A A B D C B C D D D D B
 I-94/I-69 Conn at Hancock St B A B B B B D D B C C C B C B  I-94/I-69 Conn at Hancock St C B C C C C B D B C B B B B C
Water St at Campau St A A A A A A B A B A Water St at Campau St A A A A A A B B B A

Westbound
Total

2045 Future No-Build Alternative - AM 2045 Future No-Build Alternative - PM
Total Intersection

Northbound Southbound Eastbound
Intersection

Northbound Southbound Eastbound Westbound

Intersection
Northbound Southbound Eastbound

2045 Refined Alternative - PM
Westbound

Total TotalIntersection
Northbound

2045 Refined Alternative - AM
Southbound Eastbound Westbound
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Future No-Build Intersection Level of Service

Int ID Int Name Mvmt Sig?
Mvt Delay 

(sec/veh)
LOS Delay (sec/veh) LOS Delay (sec/veh) LOS

Mvt Delay 

(sec/veh)
LOS Delay (sec/veh) LOS Delay (sec/veh) LOS

EBT 7.67 A 14.31 B

EBR 6.41 A 7.48 A

WBT 12.18 B 22.27 C

WBR 7.32 A 20.20 C

NBL 1.83 A 35.84 D

NBT 40.96 D 36.56 D

SBL 32.38 C 38.43 D

SBT 47.46 D 46.99 D

WBL 3.24 A 1.82 A

WBT 4.02 A 0.80 A

NBL 16.28 B 16.3 B 8.94 A 8.9 A

EBL 20.83 C 22.98 C

EBT 31.25 C 41.57 D

EBR 30.21 C 23.39 C

NBT 13.55 B 18.92 B

NBR 4.23 A 5.29 A

SBL 5.24 A 25.25 C

SBT 6.99 A 11.00 B

WBL 28.06 C 25.35 C

WBT 27.10 C 24.47 C

WBR 7.15 A 9.36 A

NBT 5.62 A 5.46 A

NBL 6.40 A 3.26 A

SBT 12.10 B 14.95 B

SBL 5.32 A 4.79 A

EBL 29.51 C 31.83 C

EBT 29.32 C 29.87 C

EBR 19.62 B 14.47 B

NBT 15.23 B 11.51 B

NBR 3.47 A 4.39 A

SBL 14.79 B 26.65 C

SBT 21.76 C 10.46 B

EBL 11.74 B 16.07 B

EBT 12.99 B 12.28 B

EBR 0.00 A 8.54 A

WBL 7.10 A 6.64 A

WBR 6.00 A 6.11 A

NBT 0.08 A 0.18 A

NBR 0.75 A 0.86 A

SBL 0.52 A 0.00 A

SBT 0.10 A 0.07 A

EBL 7.85 A 7.89 A

EBT 6.45 A 7.15 A

EBR 0.00 A 0.00 A

WBL 9.41 A 8.48 A

WBT 9.43 A 12.65 B

WBR 6.44 A 6.20 A

NBL 1.31 A 1.03 A

NBT 0.08 A 0.18 A

NBR 0.75 A 0.84 A

SBL 0.00 A 4.81 A

SBT 0.10 A 0.07 A

SBR 0.00 A 0.00 A

EBL 7.10 A 8.31 A

EBT 10.22 B 8.17 A

EBR 0.00 A 4.42 A

WBL 7.82 A 7.00 A

WBT 0.00 A 0.00 A

WBR 4.73 A 6.63 A

NBL 1.00 A 0.68 A

NBT 0.11 A 0.11 A

NBR 0.65 A 1.15 A

SBL 0.00 A 2.97 A

SBT 0.15 A 0.16 A

SBR 0.00 A 0.00 A

EBL 20.52 C 22.86 C

EBT 14.83 B 17.47 B

EBR 4.27 A 7.26 A

WBL 19.18 B 10.28 B

WBT 13.74 B 12.80 B

WBR 0.00 A 4.11 A

NBL 21.17 C 25.07 C

NBT 19.61 B 21.58 C

NBR 11.95 B 13.90 B

SBL 11.78 B 13.46 B

SBT 18.45 B 16.02 B

SBR 9.67 A 8.53 A

EBL 45.51 D 53.90 D

EBT 7.32 A 9.73 A

EBR 16.07 B 16.37 B

WBL 36.26 D 37.65 D

WBT 38.21 D 39.96 D

WBR 9.95 A 19.85 B

NBL 43.05 D 31.52 C

NBT 12.76 B 4.57 A

NBR 11.56 B 5.03 A

SBL 17.47 B 26.84 C

SBT 6.41 A 5.71 A

SBR 6.13 A 6.78 A

3.7
A3.4

D44.5

A

1
I-94/I-69 BL (Pine Grove) at 

10th Ave
S

14.8 B

11.8 B

B12.4

A7.3

Intersections

AM PM

All Approach Intersection All Approach Intersection

4
I-94/I-69 WB Ramps at Water 

St
S

3 I-94/I-69 EB Ramps at Water St S

2
Lapeer Conn at Service Drive 

WB
S

7 10th Ave at Elmwood S

6 Harker St at 10th Ave S

5
I-94/I-69 EB Ramps atI-94/I-69 

BL (Pine Grove)
S

10
M-25 (Pine Grove) at Sanborn 

St
S

9 10th Ave at Hancock St S

8 10th Ave at Church St S

7.6 A

6.3 A

10.0 A

10.7

B

15.1 B

B

16.6

C23.3

17.0

C30.4

B

21.7 C

27.2 C

23.6 C

0.5 A

0.2 A

12.3 B

5.7 A

0.1 A

9.1 A

0.1 A

7.6 A

1.2 A

0.1 A

6.1 A

0.1 A

8.3 A

0.5 A

0.2 A

14.4 B

18.3 B

15.2 B

16.0 B

15.1 B

38.1 D

11.1 B

6.6 A

33.5 C

13.4 B

11.4

1.5

20.1

15.2

7.7

7.5

17.5

42.4

B

23.7 C

22.1 C

36.1 D

45.5 D

A
2.0 A

34.9 C

23.8 C
14.2 B

15.8 B

C

13.5 B
4.6 A

13.2 B

29.6 C

20.2 C
11.5 B

10.9 B

B

6.1 A
6.3 A

0.3 A

0.1 A

A

0.7 A

9.9 A

0.2 A

0.2 A

A

0.5 A

6.8 A

0.1 A

0.3 A

B

17.4 B

12.4 B

20.7 C

13.6 B

D

7.3 A

34.0 C

4.9 A

6.1 A
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Future No-Build Intersection Level of Service

Int ID Int Name Mvmt Sig?
Mvt Delay 

(sec/veh)
LOS Delay (sec/veh) LOS Delay (sec/veh) LOS

Mvt Delay 

(sec/veh)
LOS Delay (sec/veh) LOS Delay (sec/veh) LOS

EBL 39.42 D 32.89 C

EBR 0.00 A 27.95 C

NBT 0.84 A 3.33 A 5.23 A 4.29 A

SBT 6.21 A 6.21 A 1.64 A 1.64 A

EBT 17.80 B 17.69 B

EBR 10.82 B 10.54 B

WBT 14.34 B 22.01 C

WBR 0.00 A 5.76 A

NBL 7.27 A 3.71 A

NBT 0.48 A 0.47 A

NBR 0.56 A 0.51 A

SBL 0.00 A 0.00 A

SBT 0.18 A 0.14 A

SBR 1.32 A 0.86 A

EBL 0.00 A 8.57 A

EBT 17.80 B 17.69 B

EBR 6.59 A 6.91 A

WBL 15.24 B 29.93 C

WBT 14.34 B 22.01 C

WBR 0.00 A 21.84 C

NBL 6.10 A 6.98 A

NBT 0.86 A 1.02 A

NBR 1.13 A 1.24 A

SBL 6.25 A 31.09 C

SBT 0.36 A 0.20 A

SBR 0.50 A 0.00 A

EBL 0.00 A 17.71 B

EBT 34.97 C 26.86 C

EBR 0.00 A 3.59 A

WBL 0.00 A 0.00 A

WBT 15.89 B 0.00 A

WBR 13.92 B 11.42 B

NBL 1.49 A 0.00 A

NBT 0.28 A 0.81 A

NBR 0.56 A 0.50 A

SBL 10.72 B 19.64 B

SBT 0.12 A 0.26 A

SBR 0.03 A 0.00 A

NBL 2.36 A 3.46 A

NBT 0.15 A 1.25 A

SBT 0.43 A 2.83 A

SBR 1.16 A 3.15 A

EBL 0.00 A 0.00 A

EBT 0.00 A 0.00 A

EBR 0.00 A 0.00 A

WBL 0.00 A 0.00 A

WBT 0.00 A 0.00 A

WBR 10.20 B 20.83 C

NBL 9.87 A 4.06 A

NBT 0.45 A 3.32 A

NBR 0.36 A 1.49 A

SBL 3.63 A 22.55 C

SBT 0.32 A 0.33 A

SBR 0.00 A 1.14 A

EBL 78.49 E 62.25 E

EBT 31.94 C 47.29 D

EBR 20.96 C 25.61 C

WBL 43.45 D 40.48 D

WBT 73.73 E 48.05 D

WBR 49.92 D 38.12 D

NBL 33.55 C 18.11 B

NBT 13.03 B 12.32 B

NBR 14.61 B 0.00 A

SBL 26.41 C 45.00 D

SBT 12.32 B 9.99 A

SBR 15.20 B 8.09 A

EBT 32.96 C 18.60 B

EBR 9.62 A 10.21 B

WBL 61.01 E 21.08 C

WBT 60.05 E 13.02 B

WBR 35.11 D 10.30 B

NBT 17.74 B 15.27 B

NBR 5.76 A 5.97 A

SBT 20.30 C 15.01 B

SBR 17.49 B 14.38 B

EBL 11.29 B 11.42 B

EBR 12.34 B 9.60 A

NBL 5.96 A 5.41 A

NBT 0.20 A 0.18 A

SBT 0.59 A 0.75 A

SBR 0.83 A 0.95 A

B
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S

14
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Elmwood St
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17
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S
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0.2 A
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1.2 A

0.6 A
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C
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2.1 A
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 2045 Refined Alternative Intersection Level of Service

Int ID Int Name Mvmt Sig?
Mvt Delay 

(sec/veh)
LOS Delay (sec/veh) LOS Delay (sec/veh) LOS

Mvt Delay 

(sec/veh)
LOS Delay (sec/veh) LOS Delay (sec/veh) LOS

EBT 14.51 B 9.89 A

EBR 5.99 A 7.11 A

WBT 10.10 B 51.43 D

WBL 49.01 D 14.01 B

NBL 23.42 C 27.09 C

NBR 6.06 A 15.32 B

WBL 2.62 A 1.57 A

WBT 1.69 A 0.69 A

NBL 8.83 A 8.8 A 8.49 A 8.5 A

EBL 23.53 C 22.98 C

EBT 29.66 C 43.03 D

EBR 28.71 C 23.87 C

NBT 11.38 B 15.55 B

NBR 3.83 A 4.46 A

SBL 5.95 A 8.34 A

SBT 7.10 A 11.34 B

WBL 23.95 C 26.70 C

WBT 27.06 C 25.59 C

WBR 6.07 A 8.35 A

NBT 5.28 A 6.45 A

NBL 7.01 A 5.70 A

SBT 11.18 B 14.32 B

SBL 4.53 A 4.94 A

EBL 16.77 B 26.02 C

EBT 42.43 D 35.44 D

EBR 33.25 C 18.98 B

WBL 35.46 D 35.5 D 37.73 D 37.7 D

NBT 12.88 B 15.26 B

NBR 4.68 A 5.80 A

SBL 20.16 C 26.16 C

SBT 26.00 C 12.95 B

EBL 0.22 A 0.24 A

EBT 1.71 A 1.13 A

WBL 5.46 A 8.55 A

WBR 5.73 A 6.28 A

SBL 2.24 A 0.00 A

SBT 0.05 A 0.04 A

EBL 8.03 A 9.07 A

EBT 7.21 A 7.69 A

EBR 0.00 A 0.00 A

WBL 8.44 A 9.18 A

WBT 9.73 A 11.71 B

WBR 6.27 A 5.83 A

NBL 1.29 A 1.28 A

NBT 0.22 A 0.24 A

NBR 0.60 A 0.80 A

SBL 0.00 A 2.06 A

SBT 0.05 A 0.04 A

SBR 0.00 A 0.00 A

EBL 5.74 A 8.56 A

EBT 6.92 A 7.22 A

EBR 0.00 A 5.17 A

WBL 5.16 A 5.66 A

WBT 0.00 A 0.00 A

WBR 5.87 A 7.60 A

NBL 1.41 A 1.01 A

NBT 0.11 A 0.15 A

NBR 0.92 A 0.66 A

SBL 0.00 A 2.31 A

SBT 0.16 A 0.18 A

SBR 0.00 A 0.00 A

EBL 21.01 C 24.58 C

EBT 15.79 B 16.99 B

EBR 6.67 A 8.22 A

WBL 16.19 B 10.44 B

WBT 12.96 B 12.81 B

WBR 0.00 A 4.75 A

NBL 22.02 C 23.05 C

NBT 20.20 C 19.11 B

NBR 11.43 B 12.34 B

SBL 17.31 B 13.84 B

SBT 16.92 B 16.03 B

SBR 7.95 A 8.42 A

EBL 43.57 D 57.91 E

EBT 6.77 A 8.58 A

EBR 12.72 B 15.70 B

WBL 37.56 D 36.69 D

WBT 35.77 D 40.14 D

WBR 8.11 A 22.63 C

NBL 30.82 C 32.94 C

NBT 9.75 A 7.40 A

NBR 9.61 A 6.57 A

SBL 13.95 B 35.08 D

SBT 6.12 A 6.10 A

SBR 9.48 A 8.05 A

17.6 B

22.2 C

35.2 D

9.8 A

33.6 C

10.3 B

6.3 A

16.1 B

15.4 B

13.4 B

18.6 B

13.6 B
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0.4 A
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12.4 B
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0.4 A
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0.0 A

8.7 A

0.7 A

9.5 A

0.3 A

0.1 A
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0.5 A
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0.2 A

0.2 A
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16.2 B
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13.6 B
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9.0 A
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7.7 A

6.7 A
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 2045 Refined Alternative Intersection Level of Service

Int ID Int Name Mvmt Sig?
Mvt Delay 

(sec/veh)
LOS Delay (sec/veh) LOS Delay (sec/veh) LOS

Mvt Delay 

(sec/veh)
LOS Delay (sec/veh) LOS Delay (sec/veh) LOS

EBL 37.16 D 35.67 D

EBR 0.00 A 33.75 C

NBT 7.68 A 7.7 A 9.71 A 9.7 A

SBT 7.96 A 8.0 A 1.61 A 1.6 A

EBT 12.06 B 16.75 B

EBR 9.75 A 11.73 B

WBT 14.07 B 21.98 C

WBR 0.00 A 4.67 A

NBL 5.19 A 3.67 A

NBT 0.49 A 0.45 A

NBR 0.57 A 0.43 A

SBL 0.00 A 0.00 A

SBT 0.15 A 0.15 A

SBR 0.93 A 0.75 A

EBL 0.00 A 9.99 A

EBT 12.06 B 16.75 B

EBR 7.07 A 7.60 A

WBL 14.99 B 28.62 C

WBT 14.07 B 21.98 C

WBR 0.00 A 23.14 C

NBL 6.00 A 3.49 A

NBT 1.60 A 1.68 A

NBR 1.17 A 1.17 A

SBL 10.75 B 21.53 C

SBT 0.40 A 0.20 A

SBR 0.86 A 0.00 A

WBL 9.14 A 0.00 A

WBR 9.15 A 18.52 B

NBT 0.30 A 1.83 A

NBR 0.89 A 1.52 A

SBL 6.65 A 29.03 C

SBT 0.49 A 0.18 A

EBL 16.23 B 16.17 B

EBR 0.00 A 2.27 A

NBL 3.06 A 0.00 A

NBT 0.29 A 0.42 A

SBT 4.39 A 0.31 A

SBR 1.56 A 0.00 A

WBL 0.00 A 0.00 A

WBR 10.28 B 25.48 C

NBT 1.78 A 5.70 A

NBR 1.18 A 3.18 A

SBL 14.42 B 37.77 D

SBT 0.46 A 0.25 A

EBL 41.61 D 46.48 D

EBT 33.69 C 33.86 C

EBR 17.96 B 18.85 B

WBL 33.98 C 41.99 D

WBT 35.03 D 48.62 D

WBR 28.44 C 43.45 D

NBL 0.00 A 22.51 C

NBT 24.91 C 10.76 B

NBR 20.02 C 0.00 A

SBL 32.74 C 41.04 D

SBT 24.58 C 9.82 A

SBR 22.71 C 7.35 A

EBL 51.29 D 16.08 B

EBT 37.15 D 36.68 D

EBR 19.79 B 15.47 B

WBL 26.87 C 15.04 B

WBT 20.32 C 19.39 B

WBR 17.08 B 16.21 B

NBT 17.46 B 24.40 C

NBR 9.95 A 15.28 B

SBT 13.99 B 21.52 C

SBR 11.02 B 20.21 C

EBL 11.65 B 11.39 B

EBR 9.48 A 10.29 B

NBL 3.44 A 5.53 A

NBT 0.08 A 0.18 A

SBT 0.55 A 0.74 A

SBR 0.83 A 0.94 A

11.3 B

0.8 A0.1 A

0.6 A

30.6 C

18.8 B
25.2 C

B13.9

B16.4
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0.5 A0.3 A
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0.9 A

0.2 A
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0.6 A
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Introduction 

The purpose of this document is to analyze the signal preemption operations for emergency service 

vehicles on I-94/I-69 BL (Pine Grove) between the northern 10th Avenue and southern 10th Avenue 

intersections in the design year of 2045. Figure 1 below illustrates the two intersections. 

 

Figure 1: Preemption Operations Analysis Study Area 

This analysis reviewed both impacts to the intersection operations as well as the projected travel times 

of emergency vehicles.   

For the purposes of this analysis, the signal preemption operations entail every movement going red 

except for the movements utilized by emergency services. Figure 2 and Figure 3 shows the status of 

each phase in the event of an emergency service vehicle traveling northbound and southbound on I-

94/I-69 BL (Pine Grove), respectively. 

  



Blue Water Bridge Plaza Study Refined Alternative Signal Preemption Operations Analysis 

DRAFT, July 14, 2023 

2 

 

 

Figure 2: Northbound Signal Preemption Operations 

 

Figure 3: Southbound Signal Preemption Operations 

Signal Preemption Intersection Operational Analysis 

In order to analyze the effect of signal preemption operations on the corridor, a single 20 second all-red 

phase was added to both intersections between 5:00 pm and 5:15 pm, the 15-minute peak during the 

PM peak period. The all-red phases at the intersections were offset by 10 seconds, with the northern 

10th Avenue intersection turning red first. The queues lengths at all approaches for the two intersections 

were recorded and compared to the queue lengths during the same time periods in the default PM peak 

period. This was completed with the VISSIM models developed for this project.  Table 1 and Table 2 

summarize the average queue lengths at the northern and southern 10th Avenue intersections, 

respectively.   As seen in the model, the queuing quickly recovers from a preemption event. 
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Signal Preemption Intersection Operational Analysis Results 

Table 1: Average Queue Lengths (feet) at I-94/I-69 BL (Pine Grove) @ I-94 EB Off-Ramp/10th Ave (North) 

Approach Scenario 5:00 PM 5:03 PM 5:06 PM 5:09 PM 5:12 PM 5:15 PM 5:18 PM 5:21 PM 5:24 PM 5:27 PM 

I-94/I-69 BL 

(Pine Grove) 

NB 

Preemption 60 75 63 88 74 123 71 53 33 45 

Default 58 48 48 52 48 60 39 43 34 48 

Difference 2 26 15 36 27 62 31 10 -1 -4 

I-94/I-69 BL 

(Pine Grove) 

SB 

Preemption 42 61 52 67 50 75 47 33 31 39 

Default 40 46 40 44 45 52 54 30 33 37 

Difference 2 15 12 24 5 23 -7 3 -2 1 

10th Ave WB 

Preemption 21 24 30 24 34 27 25 27 28 16 

Default 22 24 28 20 32 23 17 22 29 13 

Difference -1 0 2 4 2 4 8 4 -1 3 

I-94 EB Off-

Ramp 

Preemption 132 147 136 189 244 257 254 169 119 138 

Default 103 137 127 138 138 128 142 115 112 123 

Difference 28 10 9 51 106 129 112 54 7 15 

 

Table 2: Average Queue Lengths (feet) at I-94/I-69 BL (Pine Grove) @ 10th Ave (South) 

Approach Scenario 5:00 PM 5:03 PM 5:06 PM 5:09 PM 5:12 PM 5:15 PM 5:18 PM 5:21 PM 5:24 PM 5:27 PM 

I-94/I-69 BL 

(Pine Grove) 

NB 

Preemption 44 43 51 57 62 53 38 36 36 30 

Default 42 40 42 42 42 38 33 35 35 29 

Difference 2 3 9 15 20 14 5 2 2 1 

I-94/I-69 BL 

(Pine Grove) 

SB 

Preemption 16 21 26 27 42 44 34 19 17 13 

Default 13 14 19 15 20 17 23 12 15 15 

Difference 3 7 6 12 22 28 11 7 2 -2 

10th Ave EB 

Preemption 43 50 43 46 49 48 44 43 42 42 

Default 41 47 41 42 43 42 41 40 41 39 

Difference 3 4 2 3 6 5 3 3 1 3 

Note: Red cells indicate highest difference in queue length at each approach 
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Signal Preemption Emergency Vehicle Travel Time Analysis 

In addition to analyzing the impact of signal preemption on queues, the impact of signal preemption on 

travel times was assessed by analyzing three scenarios: 

1. 2045 Future No-Build (existing configuration) 

2. 2045 Refined Alternative without signal preemption 

3. 2045 Refined Alternative with signal preemption 

Travel time was estimated from south of Harker Street on 10th Avenue (north), to north of Lyon Street in 

each of the three scenarios. The travel time estimate was derived using the distance, posted speed limit, 

and the movement delay along the emergency route. The delays were based on values output from the 

VISSM models. Figure 4 illustrates the emergency routes in all three scenarios  

 

Figure 4: Emergency Routes 

If signal preemption is implemented, emergency vehicles are assumed to travel uninterrupted I-94/I-69 

BL (Pine Grove) between the northern 10th Avenue and southern 10th Avenue intersections. Without 

signal preemption, emergency vehicles are assumed to be slightly delayed at the I-94/I-69 BL (Pine 

Grove) and 10th Avenue intersections. Table 3 indicates the estimated travel times in each scenario.  
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Table 3: Emergency Travel Time Comparison 

Scenario Travel Time (s) 

2045 Future No-Build (existing configuration) 41 

2045 Refined Alternative without signal preemption 

 
43 

2045 Refined Alternative with signal preemption 

 
28 

 

The 28 seconds of travel time for emergency vehicles in the 2045 Refined Alternative when using signal 

preemption results in a 32% and 35% reduction in travel times compared to the 2045 Future No-Build 

and the 2045 Refined Alternative without signal preemption, respectively. These results are comparable 

to a study by the Federal Highway Administration (FHWA)1 which indicated a reduction in travel time by 

14% to 50% and another study by the Mid-Atlantic Universities Transportation Center (MAUTC)2 which 

found a 31% reduction in travel times when using signal preemption for emergency vehicles. In addition, 

the FHWA study also indicated a 70% reduction in collisions involving emergency vehicles when using 

signal preemption. The safety advantage offered by signal preemption is noteworthy due to the high 

demand at the 10th Avenue (north) intersection, which also serves as the terminus for I-94 eastbound 

traffic.  

Conclusion 

The analysis of signal preemption operations on I-94/I-69 BL (Pine Grove) resulted in several conclusions 

listed below. 

• Impacts to I-94/I-69 BL (Pine Grove) at 10th Avenue (north) are expected to be relatively minor. 

o The most a queue is expected to increase on I-94/I-69 BL (Pine Grove) is nearly 65 feet 

for I-94/I-69 BL (Pine Grove) northbound from 5:15 pm to 5:18 pm. 

o The most significant impacts are expected on the I-94 eastbound off-ramp where the 

queue is expected to be nearly 130 feet from 5:15 pm to 5:18 pm and greater than 100 

feet from 5:12 pm to 5:21 pm. However, the impacts to the corridor are not long-lasting 

and operations are expected to recover in about 10 minutes. Furthermore, should 

preemption be deployed, the preemption parameters can be programmed to favor the 

off ramp during the recovery, further minimizing the impacts of the signal recovery to 

this location.   

• Impacts to I-94/I-69 BL (Pine Grove) @ 10th Avenue (south) are expected to be minimal. 

o The most a queue is expected to increase by almost 30 feet for I-94/I-69 BL (Pine Grove) 

southbound from 5:15 pm to 5:18 pm but is expected to recover within three minutes. 

 
1 “Emergency Vehicle Preemption.” WSDOT Transportation Systems Management and Operations, tsmowa.org/category/intelligent-

transportation-systems/emergency-vehicle-preemption. Accessed 5 July 2023.  
2 Hancock, Kathleen L, and Raj Kishore Kamalanathsharma. US Department of Transportation , Washington DC, 2010, Congestion-Based 

Emergency Vehicle Preemption, https://rosap.ntl.bts.gov/view/dot/25651/dot_25651_DS1.pdf Accessed 5 July 2023.  
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• Emergency vehicle travel times along I-94/I-69 BL (Pine Grove) are expected to reduce by 

roughly 35% with signal preemption compared to either the 2045 Future No-Build and the 2045 

Refined Alternative.  

• Collisions involving emergency vehicles using signal preemption may reduce up to 70% as 

indicated by an FHWA study 
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