




























































































 

Butler Road Corridor Study 34  

Butler County, KS 

 

17.0 Appendix B – Synchro Analysis Worksheets 
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Existing Butler Road A.M. Synchro 7 -  Report
5:  TUSCANY STREET & BUTLER ROAD Page 1

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 8 12 5 363 190 8
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 9 13 5 395 207 9
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh) 6
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 612 207 215
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 612 207 215
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 98 98 100
cM capacity (veh/h) 455 834 1355

Direction, Lane # EB 1 NB 1 SB 1 SB 2
Volume Total 22 400 207 9
Volume Left 9 5 0 0
Volume Right 13 0 0 9
cSH 1137 1355 1700 1700
Volume to Capacity 0.02 0.00 0.12 0.01
Queue Length 95th (ft) 1 0 0 0
Control Delay (s) 10.9 0.1 0.0 0.0
Lane LOS B A
Approach Delay (s) 10.9 0.1 0.0
Approach LOS B

Intersection Summary
Average Delay 0.5
Intersection Capacity Utilization 33.1% ICU Level of Service A
Analysis Period (min) 15
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Existing Butler Road A.M. Synchro 7 -  Report
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Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 5 5 5 426 130 5
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 5 5 5 463 141 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 618 144 147
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 618 144 147
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 99 99 100
cM capacity (veh/h) 451 903 1435

Direction, Lane # EB 1 NB 1 SB 1
Volume Total 11 468 147
Volume Left 5 5 0
Volume Right 5 0 5
cSH 602 1435 1700
Volume to Capacity 0.02 0.00 0.09
Queue Length 95th (ft) 1 0 0
Control Delay (s) 11.1 0.1 0.0
Lane LOS B A
Approach Delay (s) 11.1 0.1 0.0
Approach LOS B

Intersection Summary
Average Delay 0.3
Intersection Capacity Utilization 36.4% ICU Level of Service A
Analysis Period (min) 15
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Existing Butler Road A.M. Synchro 7 -  Report
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Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (veh/h) 1 5 424 2 3 136
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 1 5 461 2 3 148
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 616 462 463
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 616 462 463
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 100 99 100
cM capacity (veh/h) 453 600 1098

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 7 463 151
Volume Left 1 0 3
Volume Right 5 2 0
cSH 569 1700 1098
Volume to Capacity 0.01 0.27 0.00
Queue Length 95th (ft) 1 0 0
Control Delay (s) 11.4 0.0 0.2
Lane LOS B A
Approach Delay (s) 11.4 0.0 0.2
Approach LOS B

Intersection Summary
Average Delay 0.2
Intersection Capacity Utilization 32.4% ICU Level of Service A
Analysis Period (min) 15
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Existing Butler Road A.M. Synchro 7 -  Report
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 2 2 1 5 2 9 3 419 5 7 130 2
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 2 2 1 5 2 10 3 455 5 8 141 2
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 633 625 142 624 623 458 143 461
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 633 625 142 624 623 458 143 461
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 99 99 100 99 99 98 100 99
cM capacity (veh/h) 382 398 905 393 398 603 1439 1100

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 5 17 464 151
Volume Left 2 5 3 8
Volume Right 1 10 5 2
cSH 440 490 1439 1100
Volume to Capacity 0.01 0.04 0.00 0.01
Queue Length 95th (ft) 1 3 0 1
Control Delay (s) 13.3 12.6 0.1 0.5
Lane LOS B B A A
Approach Delay (s) 13.3 12.6 0.1 0.5
Approach LOS B B

Intersection Summary
Average Delay 0.6
Intersection Capacity Utilization 33.3% ICU Level of Service A
Analysis Period (min) 15
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Existing Butler Road A.M. Synchro 7 -  Report
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 1 5 1 3 1 12 1 419 5 1 112 1
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 1 5 1 3 1 13 1 455 5 1 122 1
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 598 588 122 589 585 458 123 461
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 598 588 122 589 585 458 123 461
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 100 99 100 99 100 98 100 100
cM capacity (veh/h) 404 421 929 415 422 603 1464 1100

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 8 17 462 124
Volume Left 1 3 1 1
Volume Right 1 13 5 1
cSH 453 542 1464 1100
Volume to Capacity 0.02 0.03 0.00 0.00
Queue Length 95th (ft) 1 2 0 0
Control Delay (s) 13.1 11.9 0.0 0.1
Lane LOS B B A A
Approach Delay (s) 13.1 11.9 0.0 0.1
Approach LOS B B

Intersection Summary
Average Delay 0.5
Intersection Capacity Utilization 33.0% ICU Level of Service A
Analysis Period (min) 15
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Existing Butler Road A.M. Synchro 7 -  Report
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Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (veh/h) 5 6 408 5 5 139
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 5 7 443 5 5 151
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 608 446 449
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 608 446 449
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 99 99 100
cM capacity (veh/h) 457 612 1111

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 12 449 157
Volume Left 5 0 5
Volume Right 7 5 0
cSH 530 1700 1111
Volume to Capacity 0.02 0.26 0.00
Queue Length 95th (ft) 2 0 0
Control Delay (s) 11.9 0.0 0.3
Lane LOS B A
Approach Delay (s) 11.9 0.0 0.3
Approach LOS B

Intersection Summary
Average Delay 0.3
Intersection Capacity Utilization 31.8% ICU Level of Service A
Analysis Period (min) 15



G:\WI07\0016\Road\Traffic\Synchro\Butler Road Corridor Study - Existing A.M..syn
25: 150TH STREET & BUTLER ROAD 12/8/2008

Existing Butler Road A.M. Synchro 7 -  Report
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 44 30 45 11 115 58 221 309 12 9 76 68
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 48 33 49 12 125 63 240 336 13 10 83 74
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1081 968 120 990 999 342 157 349
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1081 968 120 990 999 342 157 349
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 39 84 95 93 38 91 83 99
cM capacity (veh/h) 79 209 932 163 201 700 1423 1210

Direction, Lane # EB 1 EB 2 WB 1 WB 2 NB 1 NB 2 SB 1 SB 2
Volume Total 48 82 12 188 240 349 10 157
Volume Left 48 0 12 0 240 0 10 0
Volume Right 0 49 0 63 0 13 0 74
cSH 79 391 163 264 1423 1700 1210 1700
Volume to Capacity 0.61 0.21 0.07 0.71 0.17 0.21 0.01 0.09
Queue Length 95th (ft) 68 19 6 123 15 0 1 0
Control Delay (s) 104.9 16.6 28.8 46.5 8.0 0.0 8.0 0.0
Lane LOS F C D E A A
Approach Delay (s) 49.2 45.4 3.3 0.5
Approach LOS E E

Intersection Summary
Average Delay 16.1
Intersection Capacity Utilization 46.7% ICU Level of Service A
Analysis Period (min) 15
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Existing Butler Road A.M. Synchro 7 -  Report
27: SIENNA STREET & BUTLER ROAD Page 8

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 4 2 2 534 137 2
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 4 2 2 580 149 2
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 735 150 151
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 735 150 151
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 99 100 100
cM capacity (veh/h) 386 896 1430

Direction, Lane # EB 1 NB 1 SB 1
Volume Total 7 583 151
Volume Left 4 2 0
Volume Right 2 0 2
cSH 477 1430 1700
Volume to Capacity 0.01 0.00 0.09
Queue Length 95th (ft) 1 0 0
Control Delay (s) 12.7 0.0 0.0
Lane LOS B A
Approach Delay (s) 12.7 0.0 0.0
Approach LOS B

Intersection Summary
Average Delay 0.1
Intersection Capacity Utilization 39.7% ICU Level of Service A
Analysis Period (min) 15
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Existing Butler Road A.M. Synchro 7 -  Report
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 1 5 4 6 1 11 2 520 2 2 146 1
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 1 5 4 7 1 12 2 565 2 2 159 1
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 747 735 159 741 735 566 160 567
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 747 735 159 741 735 566 160 567
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 100 98 100 98 100 98 100 100
cM capacity (veh/h) 320 345 886 325 346 523 1419 1005

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 11 20 570 162
Volume Left 1 7 2 2
Volume Right 4 12 2 1
cSH 452 425 1419 1005
Volume to Capacity 0.02 0.05 0.00 0.00
Queue Length 95th (ft) 2 4 0 0
Control Delay (s) 13.2 13.9 0.0 0.1
Lane LOS B B A A
Approach Delay (s) 13.2 13.9 0.0 0.1
Approach LOS B B

Intersection Summary
Average Delay 0.6
Intersection Capacity Utilization 38.6% ICU Level of Service A
Analysis Period (min) 15
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Existing Butler Road A.M. Synchro 7 -  Report
33: FOX BRIER ROAD & BUTLER ROAD Page 10

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (veh/h) 12 22 479 8 4 140
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 13 24 521 9 4 152
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 686 525 529
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 686 525 529
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 97 96 100
cM capacity (veh/h) 412 552 1038

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 37 529 157
Volume Left 13 0 4
Volume Right 24 9 0
cSH 493 1700 1038
Volume to Capacity 0.07 0.31 0.00
Queue Length 95th (ft) 6 0 0
Control Delay (s) 12.9 0.0 0.3
Lane LOS B A
Approach Delay (s) 12.9 0.0 0.3
Approach LOS B

Intersection Summary
Average Delay 0.7
Intersection Capacity Utilization 35.7% ICU Level of Service A
Analysis Period (min) 15
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Existing Butler Road A.M. Synchro 7 -  Report
35: OSAGE STREET & BUTLER ROAD Page 11

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (veh/h) 5 10 477 2 2 150
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 5 11 518 2 2 163
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 777
pX, platoon unblocked 0.91 0.91 0.91
vC, conflicting volume 687 520 521
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 602 417 419
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 99 98 100
cM capacity (veh/h) 418 575 1033

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 16 521 165
Volume Left 5 0 2
Volume Right 11 2 0
cSH 511 1700 1033
Volume to Capacity 0.03 0.31 0.00
Queue Length 95th (ft) 2 0 0
Control Delay (s) 12.3 0.0 0.1
Lane LOS B A
Approach Delay (s) 12.3 0.0 0.1
Approach LOS B

Intersection Summary
Average Delay 0.3
Intersection Capacity Utilization 35.2% ICU Level of Service A
Analysis Period (min) 15
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Existing Butler Road A.M. Synchro 7 -  Report
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 12 1 9 10 2 47 6 392 7 9 135 6
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.95
Frt 1.00 0.85 0.89 1.00 1.00 0.85 1.00 0.99
Flt Protected 0.96 1.00 0.99 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1780 1583 1648 1770 1863 1583 1770 3515
Flt Permitted 1.00 1.00 0.94 0.65 1.00 1.00 0.49 1.00
Satd. Flow (perm) 1863 1583 1556 1219 1863 1583 920 3515
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 13 1 10 11 2 51 7 426 8 10 147 7
RTOR Reduction (vph) 0 0 9 0 47 0 0 0 4 0 3 0
Lane Group Flow (vph) 0 14 1 0 17 0 7 426 4 10 151 0
Turn Type pm+pt Perm Perm pm+pt Perm pm+pt
Protected Phases 5 2 6 3 8 7 4
Permitted Phases 2 2 6 8 8 4
Actuated Green, G (s) 3.7 3.7 3.7 24.5 23.8 23.8 24.5 23.8
Effective Green, g (s) 3.7 3.7 3.7 24.5 23.8 23.8 24.5 23.8
Actuated g/C Ratio 0.08 0.08 0.08 0.53 0.52 0.52 0.53 0.52
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 149 127 125 655 960 815 501 1811
v/s Ratio Prot 0.00 c0.23 c0.00 0.04
v/s Ratio Perm 0.01 0.00 c0.01 0.01 0.00 0.01
v/c Ratio 0.09 0.01 0.14 0.01 0.44 0.01 0.02 0.08
Uniform Delay, d1 19.7 19.6 19.8 5.1 7.0 5.4 5.1 5.7
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.3 0.0 0.5 0.0 0.3 0.0 0.0 0.0
Delay (s) 20.0 19.6 20.3 5.1 7.4 5.4 5.2 5.7
Level of Service B B C A A A A A
Approach Delay (s) 19.8 20.3 7.3 5.7
Approach LOS B C A A

Intersection Summary
HCM Average Control Delay 8.5 HCM Level of Service A
HCM Volume to Capacity ratio 0.39
Actuated Cycle Length (s) 46.2 Sum of lost time (s) 18.0
Intersection Capacity Utilization 40.9% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 33 5 4 5 5 9 16 363 4 5 142 12
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 36 5 4 5 5 10 17 395 4 5 154 13
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 397
pX, platoon unblocked
vC, conflicting volume 609 599 154 604 610 397 167 399
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 609 599 154 604 610 397 167 399
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 91 99 100 99 99 99 99 100
cM capacity (veh/h) 392 408 892 399 402 653 1410 1160

Direction, Lane # EB 1 WB 1 NB 1 SB 1 SB 2
Volume Total 46 21 416 160 13
Volume Left 36 5 17 5 0
Volume Right 4 10 4 0 13
cSH 416 490 1410 1160 1700
Volume to Capacity 0.11 0.04 0.01 0.00 0.01
Queue Length 95th (ft) 9 3 1 0 0
Control Delay (s) 14.7 12.7 0.4 0.3 0.0
Lane LOS B B A A
Approach Delay (s) 14.7 12.7 0.4 0.3
Approach LOS B B

Intersection Summary
Average Delay 1.8
Intersection Capacity Utilization 43.8% ICU Level of Service A
Analysis Period (min) 15
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 33 5 4 5 5 9 16 363 4 5 142 12
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 36 5 4 5 5 10 17 395 4 5 154 13
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 1218
pX, platoon unblocked
vC, conflicting volume 616 605 161 610 610 397 167 399
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 616 605 161 610 610 397 167 399
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 91 99 100 99 99 99 99 100
cM capacity (veh/h) 388 405 884 395 402 653 1410 1160

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 46 21 416 173
Volume Left 36 5 17 5
Volume Right 4 10 4 13
cSH 412 489 1410 1160
Volume to Capacity 0.11 0.04 0.01 0.00
Queue Length 95th (ft) 9 3 1 0
Control Delay (s) 14.8 12.7 0.4 0.3
Lane LOS B B A A
Approach Delay (s) 14.8 12.7 0.4 0.3
Approach LOS B B

Intersection Summary
Average Delay 1.8
Intersection Capacity Utilization 38.7% ICU Level of Service A
Analysis Period (min) 15
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 10 10 10 44 10 33 10 137 28 56 109 10
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 0.96 0.95 0.98 0.99
Flt Protected 0.98 0.98 1.00 0.98
Satd. Flow (prot) 1750 1724 1818 1637
Flt Permitted 0.98 0.98 0.98 0.85
Satd. Flow (perm) 1750 1724 1787 1420
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 11 11 11 48 11 36 11 149 30 61 118 11
RTOR Reduction (vph) 0 11 0 0 28 0 0 9 0 0 3 0
Lane Group Flow (vph) 0 22 0 0 67 0 0 181 0 0 187 0
Parking  (#/hr) 0
Turn Type Split Split Perm Perm
Protected Phases 4 4 8 8 2 6
Permitted Phases 2 6
Actuated Green, G (s) 0.8 4.4 19.2 19.2
Effective Green, g (s) 0.8 4.4 19.2 19.2
Actuated g/C Ratio 0.02 0.10 0.45 0.45
Clearance Time (s) 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 33 179 809 643
v/s Ratio Prot c0.01 c0.04
v/s Ratio Perm 0.10 c0.13
v/c Ratio 0.67 0.38 0.22 0.29
Uniform Delay, d1 20.7 17.7 7.1 7.3
Progression Factor 1.00 1.00 1.00 1.00
Incremental Delay, d2 42.8 1.3 0.1 0.3
Delay (s) 63.5 19.0 7.2 7.6
Level of Service E B A A
Approach Delay (s) 63.5 19.0 7.2 7.6
Approach LOS E B A A

Intersection Summary
HCM Average Control Delay 13.2 HCM Level of Service B
HCM Volume to Capacity ratio 0.32
Actuated Cycle Length (s) 42.4 Sum of lost time (s) 18.0
Intersection Capacity Utilization 41.8% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group



G:\WI07\0016\Road\Traffic\Synchro\Butler Road Corridor Study - Existing A.M..syn
49: SILKNETTER & BUTLER ROAD 12/8/2008

Existing Butler Road A.M. Synchro 7 -  Report
49: SILKNETTER & BUTLER ROAD Page 16

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 11 4 7 21 8 89 6 213 10 26 124 5
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Frt 0.96 1.00 0.86 1.00 0.99 1.00 0.99
Flt Protected 0.98 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1736 1770 1607 1770 1665 1770 1667
Flt Permitted 0.79 0.74 1.00 0.67 1.00 0.59 1.00
Satd. Flow (perm) 1401 1381 1607 1244 1665 1100 1667
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 12 4 8 23 9 97 7 232 11 28 135 5
RTOR Reduction (vph) 0 7 0 0 89 0 0 1 0 0 1 0
Lane Group Flow (vph) 0 17 0 23 17 0 7 242 0 28 139 0
Parking  (#/hr) 0 0
Turn Type Perm Perm pm+pt pm+pt
Protected Phases 2 6 3 8 7 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 5.7 5.7 5.7 45.3 44.3 47.9 45.6
Effective Green, g (s) 5.7 5.7 5.7 45.3 44.3 47.9 45.6
Actuated g/C Ratio 0.08 0.08 0.08 0.64 0.63 0.68 0.65
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 114 112 130 809 1049 771 1081
v/s Ratio Prot 0.01 0.00 c0.15 c0.00 0.08
v/s Ratio Perm 0.01 c0.02 0.01 0.02
v/c Ratio 0.15 0.21 0.13 0.01 0.23 0.04 0.13
Uniform Delay, d1 30.0 30.2 30.0 4.5 5.6 3.6 4.7
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.6 0.9 0.5 0.0 0.5 0.0 0.2
Delay (s) 30.6 31.1 30.5 4.5 6.1 3.7 5.0
Level of Service C C C A A A A
Approach Delay (s) 30.6 30.6 6.1 4.8
Approach LOS C C A A

Intersection Summary
HCM Average Control Delay 12.3 HCM Level of Service B
HCM Volume to Capacity ratio 0.22
Actuated Cycle Length (s) 70.3 Sum of lost time (s) 18.0
Intersection Capacity Utilization 38.1% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (veh/h) 10 61 105 41 18 133
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 11 66 114 45 20 145
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 1247
pX, platoon unblocked
vC, conflicting volume 320 136 159
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 320 136 159
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 98 93 99
cM capacity (veh/h) 664 912 1421

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 77 159 164
Volume Left 11 0 20
Volume Right 66 45 0
cSH 867 1700 1421
Volume to Capacity 0.09 0.09 0.01
Queue Length 95th (ft) 7 0 1
Control Delay (s) 9.6 0.0 1.0
Lane LOS A A
Approach Delay (s) 9.6 0.0 1.0
Approach LOS A

Intersection Summary
Average Delay 2.3
Intersection Capacity Utilization 30.3% ICU Level of Service A
Analysis Period (min) 15
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 51 3 5 1 4 7 10 67 5 2 44 57
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 55 3 5 1 4 8 11 73 5 2 48 62
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 190 183 79 188 211 76 110 78
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 190 183 79 188 211 76 110 78
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 93 100 99 100 99 99 99 100
cM capacity (veh/h) 755 705 982 761 680 986 1480 1520

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 64 13 89 112
Volume Left 55 1 11 2
Volume Right 5 8 5 62
cSH 767 839 1480 1520
Volume to Capacity 0.08 0.02 0.01 0.00
Queue Length 95th (ft) 7 1 1 0
Control Delay (s) 10.1 9.4 1.0 0.2
Lane LOS B A A A
Approach Delay (s) 10.1 9.4 1.0 0.2
Approach LOS B A

Intersection Summary
Average Delay 3.1
Intersection Capacity Utilization 26.0% ICU Level of Service A
Analysis Period (min) 15
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 27 17 21 1 18 8 94 323 1 16 126 65
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 29 18 23 1 20 9 102 351 1 17 137 71
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 782 764 172 795 798 352 208 352
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 782 764 172 795 798 352 208 352
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 89 94 97 100 93 99 93 99
cM capacity (veh/h) 273 304 871 265 291 692 1363 1207

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 71 29 454 225
Volume Left 29 1 102 17
Volume Right 23 9 1 71
cSH 363 349 1363 1207
Volume to Capacity 0.19 0.08 0.07 0.01
Queue Length 95th (ft) 18 7 6 1
Control Delay (s) 17.3 16.2 2.3 0.7
Lane LOS C C A A
Approach Delay (s) 17.3 16.2 2.3 0.7
Approach LOS C C

Intersection Summary
Average Delay 3.8
Intersection Capacity Utilization 54.1% ICU Level of Service A
Analysis Period (min) 15
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 152 291 65 71 885 126 299 325 48 79 152 240
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Lane Util. Factor 0.97 0.95 1.00 0.97 0.95 1.00 0.97 0.95 0.97 0.95
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.98 1.00 0.91
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3433 3539 1583 3433 3539 1583 3433 3471 3433 3214
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00
Satd. Flow (perm) 3433 3539 1583 3433 3539 1583 3433 3471 3433 3214
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 165 316 71 77 962 137 325 353 52 86 165 261
RTOR Reduction (vph) 0 0 30 0 0 36 0 10 0 0 119 0
Lane Group Flow (vph) 165 316 41 77 962 101 325 395 0 86 307 0
Turn Type Prot pm+ov Prot pm+ov Prot Prot
Protected Phases 5 2 3 1 6 7 3 8 7 4
Permitted Phases 2 6
Actuated Green, G (s) 9.3 44.0 58.7 4.6 39.3 47.4 14.7 20.9 8.1 14.3
Effective Green, g (s) 9.3 44.0 58.7 4.6 39.3 47.4 14.7 20.9 8.1 14.3
Actuated g/C Ratio 0.09 0.43 0.58 0.05 0.39 0.47 0.14 0.21 0.08 0.14
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 314 1533 1008 155 1369 832 497 714 274 452
v/s Ratio Prot c0.05 c0.09 0.01 0.02 c0.27 0.01 c0.09 c0.11 0.03 c0.10
v/s Ratio Perm 0.02 0.05
v/c Ratio 0.53 0.21 0.04 0.50 0.70 0.12 0.65 0.55 0.31 0.68
Uniform Delay, d1 44.0 17.9 9.3 47.4 26.2 15.3 41.0 36.2 44.1 41.5
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 1.6 0.1 0.0 2.5 1.7 0.1 3.1 0.9 0.7 4.0
Delay (s) 45.6 18.0 9.3 49.9 27.9 15.4 44.1 37.1 44.8 45.5
Level of Service D B A D C B D D D D
Approach Delay (s) 25.1 27.9 40.2 45.4
Approach LOS C C D D

Intersection Summary
HCM Average Control Delay 33.4 HCM Level of Service C
HCM Volume to Capacity ratio 0.79
Actuated Cycle Length (s) 101.6 Sum of lost time (s) 36.0
Intersection Capacity Utilization 69.3% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 61 2 15 5 17 26 23 346 11 28 178 36
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 66 2 16 5 18 28 25 376 12 30 193 39
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 743 712 213 723 726 382 233 388
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 743 712 213 723 726 382 233 388
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 77 99 98 98 94 96 98 97
cM capacity (veh/h) 293 342 827 322 336 665 1335 1170

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 85 52 413 263
Volume Left 66 5 25 30
Volume Right 16 28 12 39
cSH 336 456 1335 1170
Volume to Capacity 0.25 0.11 0.02 0.03
Queue Length 95th (ft) 25 10 1 2
Control Delay (s) 19.3 13.9 0.6 1.2
Lane LOS C B A A
Approach Delay (s) 19.3 13.9 0.6 1.2
Approach LOS C B

Intersection Summary
Average Delay 3.6
Intersection Capacity Utilization 41.1% ICU Level of Service A
Analysis Period (min) 15
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Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (veh/h) 0 0 672 0 0 288
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 0 0 730 0 0 313
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type Raised Raised
Median storage veh) 1 1
Upstream signal (ft) 1176
pX, platoon unblocked 0.97
vC, conflicting volume 1043 730 730
vC1, stage 1 conf vol 730
vC2, stage 2 conf vol 313
vCu, unblocked vol 1029 730 730
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s) 5.4
tF (s) 3.5 3.3 2.2
p0 queue free % 100 100 100
cM capacity (veh/h) 371 422 874

Direction, Lane # WB 1 NB 1 SB 1 SB 2
Volume Total 0 730 0 313
Volume Left 0 0 0 0
Volume Right 0 0 0 0
cSH 1700 1700 1700 1700
Volume to Capacity 0.00 0.43 0.00 0.18
Queue Length 95th (ft) 0 0 0 0
Control Delay (s) 0.0 0.0 0.0 0.0
Lane LOS A
Approach Delay (s) 0.0 0.0 0.0
Approach LOS A

Intersection Summary
Average Delay 0.0
Intersection Capacity Utilization 38.7% ICU Level of Service A
Analysis Period (min) 15
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Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 8 5 2 350 460 26
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 9 5 2 380 500 28
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh) 6
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 885 500 528
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 885 500 528
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 97 99 100
cM capacity (veh/h) 315 571 1039

Direction, Lane # EB 1 NB 1 SB 1 SB 2
Volume Total 14 383 500 28
Volume Left 9 2 0 0
Volume Right 5 0 0 28
cSH 512 1039 1700 1700
Volume to Capacity 0.03 0.00 0.29 0.02
Queue Length 95th (ft) 2 0 0 0
Control Delay (s) 14.7 0.1 0.0 0.0
Lane LOS B A
Approach Delay (s) 14.7 0.1 0.0
Approach LOS B

Intersection Summary
Average Delay 0.3
Intersection Capacity Utilization 34.2% ICU Level of Service A
Analysis Period (min) 15



G:\WI07\0016\Road\Traffic\Synchro\Butler Road Corridor Study - Existing P.M..syn
10: 123RD TERRACE & BUTLER ROAD 12/8/2008

Existing P.M. Synchro 7 -  Report
10: 123RD TERRACE & BUTLER ROAD Page 2

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 4 6 2 249 512 6
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 4 7 2 271 557 7
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 835 560 563
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 835 560 563
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 99 99 100
cM capacity (veh/h) 337 528 1008

Direction, Lane # EB 1 NB 1 SB 1
Volume Total 11 273 563
Volume Left 4 2 0
Volume Right 7 0 7
cSH 430 1008 1700
Volume to Capacity 0.03 0.00 0.33
Queue Length 95th (ft) 2 0 0
Control Delay (s) 13.6 0.1 0.0
Lane LOS B A
Approach Delay (s) 13.6 0.1 0.0
Approach LOS B

Intersection Summary
Average Delay 0.2
Intersection Capacity Utilization 37.3% ICU Level of Service A
Analysis Period (min) 15
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Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (veh/h) 2 1 250 2 2 516
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 2 1 272 2 2 561
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 838 273 274
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 838 273 274
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 99 100 100
cM capacity (veh/h) 336 766 1289

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 3 274 563
Volume Left 2 0 2
Volume Right 1 2 0
cSH 413 1700 1289
Volume to Capacity 0.01 0.16 0.00
Queue Length 95th (ft) 1 0 0
Control Delay (s) 13.8 0.0 0.0
Lane LOS B A
Approach Delay (s) 13.8 0.0 0.0
Approach LOS B

Intersection Summary
Average Delay 0.1
Intersection Capacity Utilization 38.7% ICU Level of Service A
Analysis Period (min) 15
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 4 2 10 1 5 14 3 233 3 16 493 8
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 4 2 11 1 5 15 3 253 3 17 536 9
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 854 838 540 848 841 255 545 257
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 854 838 540 848 841 255 545 257
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 98 99 98 100 98 98 100 99
cM capacity (veh/h) 266 297 542 271 296 784 1024 1308

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 17 22 260 562
Volume Left 4 1 3 17
Volume Right 11 15 3 9
cSH 398 520 1024 1308
Volume to Capacity 0.04 0.04 0.00 0.01
Queue Length 95th (ft) 3 3 0 1
Control Delay (s) 14.5 12.2 0.1 0.4
Lane LOS B B A A
Approach Delay (s) 14.5 12.2 0.1 0.4
Approach LOS B B

Intersection Summary
Average Delay 0.9
Intersection Capacity Utilization 45.9% ICU Level of Service A
Analysis Period (min) 15
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 5 1 1 7 5 4 1 234 6 11 492 5
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 5 1 1 8 5 4 1 254 7 12 535 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 828 824 538 823 824 258 540 261
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 828 824 538 823 824 258 540 261
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 98 100 100 97 98 99 100 99
cM capacity (veh/h) 282 305 544 289 305 781 1028 1304

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 8 17 262 552
Volume Left 5 8 1 12
Volume Right 1 4 7 5
cSH 307 350 1028 1304
Volume to Capacity 0.02 0.05 0.00 0.01
Queue Length 95th (ft) 2 4 0 1
Control Delay (s) 17.0 15.8 0.0 0.3
Lane LOS C C A A
Approach Delay (s) 17.0 15.8 0.0 0.3
Approach LOS C C

Intersection Summary
Average Delay 0.7
Intersection Capacity Utilization 44.1% ICU Level of Service A
Analysis Period (min) 15
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Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (veh/h) 1 2 261 8 4 489
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 1 2 284 9 4 532
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 828 288 292
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 828 288 292
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 100 100 100
cM capacity (veh/h) 340 751 1269

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 3 292 536
Volume Left 1 0 4
Volume Right 2 9 0
cSH 535 1700 1269
Volume to Capacity 0.01 0.17 0.00
Queue Length 95th (ft) 0 0 0
Control Delay (s) 11.8 0.0 0.1
Lane LOS B A
Approach Delay (s) 11.8 0.0 0.1
Approach LOS B

Intersection Summary
Average Delay 0.1
Intersection Capacity Utilization 38.9% ICU Level of Service A
Analysis Period (min) 15
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 50 90 197 22 29 24 70 164 26 62 354 42
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 54 98 214 24 32 26 76 178 28 67 385 46
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 915 901 408 1127 910 192 430 207
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 915 901 408 1127 910 192 430 207
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 73 60 67 69 87 97 93 95
cM capacity (veh/h) 203 246 644 77 243 849 1129 1365

Direction, Lane # EB 1 EB 2 WB 1 WB 2 NB 1 NB 2 SB 1 SB 2
Volume Total 54 312 24 58 76 207 67 430
Volume Left 54 0 24 0 76 0 67 0
Volume Right 0 214 0 26 0 28 0 46
cSH 203 427 77 360 1129 1700 1365 1700
Volume to Capacity 0.27 0.73 0.31 0.16 0.07 0.12 0.05 0.25
Queue Length 95th (ft) 26 145 29 14 5 0 4 0
Control Delay (s) 29.2 33.0 71.6 16.9 8.4 0.0 7.8 0.0
Lane LOS D D F C A A
Approach Delay (s) 32.5 33.0 2.3 1.1
Approach LOS D D

Intersection Summary
Average Delay 12.8
Intersection Capacity Utilization 53.3% ICU Level of Service A
Analysis Period (min) 15
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Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 8 10 5 248 568 15
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 9 11 5 270 617 16
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 906 626 634
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 906 626 634
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 97 98 99
cM capacity (veh/h) 305 484 949

Direction, Lane # EB 1 NB 1 SB 1
Volume Total 20 275 634
Volume Left 9 5 0
Volume Right 11 0 16
cSH 384 949 1700
Volume to Capacity 0.05 0.01 0.37
Queue Length 95th (ft) 4 0 0
Control Delay (s) 14.9 0.2 0.0
Lane LOS B A
Approach Delay (s) 14.9 0.2 0.0
Approach LOS B

Intersection Summary
Average Delay 0.4
Intersection Capacity Utilization 40.8% ICU Level of Service A
Analysis Period (min) 15
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 2 3 7 4 1 4 4 261 7 10 575 3
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 2 3 8 4 1 4 4 284 8 11 625 3
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 949 948 627 954 946 288 628 291
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 949 948 627 954 946 288 628 291
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 99 99 98 98 100 99 100 99
cM capacity (veh/h) 236 257 484 230 258 752 954 1270

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 13 10 296 639
Volume Left 2 4 4 11
Volume Right 8 4 8 3
cSH 347 339 954 1270
Volume to Capacity 0.04 0.03 0.00 0.01
Queue Length 95th (ft) 3 2 0 1
Control Delay (s) 15.8 15.9 0.2 0.2
Lane LOS C C A A
Approach Delay (s) 15.8 15.9 0.2 0.2
Approach LOS C C

Intersection Summary
Average Delay 0.6
Intersection Capacity Utilization 46.0% ICU Level of Service A
Analysis Period (min) 15
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Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (veh/h) 72 12 258 20 32 546
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 78 13 280 22 35 593
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 954 291 302
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 954 291 302
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 72 98 97
cM capacity (veh/h) 279 748 1259

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 91 302 628
Volume Left 78 0 35
Volume Right 13 22 0
cSH 306 1700 1259
Volume to Capacity 0.30 0.18 0.03
Queue Length 95th (ft) 30 0 2
Control Delay (s) 21.7 0.0 0.8
Lane LOS C A
Approach Delay (s) 21.7 0.0 0.8
Approach LOS C

Intersection Summary
Average Delay 2.4
Intersection Capacity Utilization 60.0% ICU Level of Service B
Analysis Period (min) 15
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Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (veh/h) 30 12 266 16 8 610
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 33 13 289 17 9 663
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 777
pX, platoon unblocked
vC, conflicting volume 978 298 307
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 978 298 307
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 88 98 99
cM capacity (veh/h) 276 742 1254

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 46 307 672
Volume Left 33 0 9
Volume Right 13 17 0
cSH 336 1700 1254
Volume to Capacity 0.14 0.18 0.01
Queue Length 95th (ft) 12 0 1
Control Delay (s) 17.4 0.0 0.2
Lane LOS C A
Approach Delay (s) 17.4 0.0 0.2
Approach LOS C

Intersection Summary
Average Delay 0.9
Intersection Capacity Utilization 48.5% ICU Level of Service A
Analysis Period (min) 15
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 6 4 21 20 6 20 26 256 17 29 397 14
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.95
Frt 1.00 0.85 0.94 1.00 1.00 0.85 1.00 0.99
Flt Protected 0.97 1.00 0.98 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1805 1583 1717 1770 1863 1583 1770 3521
Flt Permitted 1.00 1.00 1.00 0.49 1.00 1.00 0.59 1.00
Satd. Flow (perm) 1863 1583 1754 919 1863 1583 1097 3521
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 7 4 23 22 7 22 28 278 18 32 432 15
RTOR Reduction (vph) 0 0 22 0 21 0 0 0 9 0 2 0
Lane Group Flow (vph) 0 11 1 0 30 0 28 278 9 32 445 0
Turn Type pm+pt Perm Perm pm+pt Perm pm+pt
Protected Phases 5 2 6 3 8 7 4
Permitted Phases 2 2 6 8 8 4
Actuated Green, G (s) 2.5 2.5 2.5 21.8 21.1 21.1 21.8 21.1
Effective Green, g (s) 2.5 2.5 2.5 21.8 21.1 21.1 21.8 21.1
Actuated g/C Ratio 0.06 0.06 0.06 0.52 0.50 0.50 0.52 0.50
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 110 94 104 488 929 790 576 1756
v/s Ratio Prot c0.00 c0.15 0.00 0.13
v/s Ratio Perm 0.01 0.00 c0.02 0.03 0.01 0.03
v/c Ratio 0.10 0.01 0.29 0.06 0.30 0.01 0.06 0.25
Uniform Delay, d1 18.8 18.7 19.1 5.0 6.2 5.3 5.1 6.1
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.4 0.1 1.6 0.0 0.2 0.0 0.0 0.1
Delay (s) 19.2 18.8 20.6 5.1 6.4 5.3 5.1 6.2
Level of Service B B C A A A A A
Approach Delay (s) 18.9 20.6 6.3 6.1
Approach LOS B C A A

Intersection Summary
HCM Average Control Delay 7.5 HCM Level of Service A
HCM Volume to Capacity ratio 0.29
Actuated Cycle Length (s) 42.3 Sum of lost time (s) 18.0
Intersection Capacity Utilization 41.1% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 4 5 14 20 5 2 12 293 12 3 588 45
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 4 5 15 22 5 2 13 318 13 3 639 49
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 397
pX, platoon unblocked 0.88 0.88 0.88 0.88 0.88 0.88
vC, conflicting volume 1002 1003 639 1015 1046 325 688 332
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 936 938 526 951 986 325 581 332
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 98 98 97 89 97 100 99 100
cM capacity (veh/h) 209 230 488 199 215 716 877 1228

Direction, Lane # EB 1 WB 1 NB 1 SB 1 SB 2
Volume Total 25 29 345 642 49
Volume Left 4 22 13 3 0
Volume Right 15 2 13 0 49
cSH 330 213 877 1228 1700
Volume to Capacity 0.08 0.14 0.01 0.00 0.03
Queue Length 95th (ft) 6 12 1 0 0
Control Delay (s) 16.8 24.6 0.5 0.1 0.0
Lane LOS C C A A
Approach Delay (s) 16.8 24.6 0.5 0.1
Approach LOS C C

Intersection Summary
Average Delay 1.3
Intersection Capacity Utilization 43.5% ICU Level of Service A
Analysis Period (min) 15
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 2 5 10 18 2 32 12 282 14 49 552 21
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 2 5 11 20 2 35 13 307 15 53 600 23
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 1218
pX, platoon unblocked
vC, conflicting volume 1094 1066 611 1072 1070 314 623 322
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1094 1066 611 1072 1070 314 623 322
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 99 97 98 89 99 95 99 96
cM capacity (veh/h) 173 210 493 182 209 726 958 1238

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 18 57 335 676
Volume Left 2 20 13 53
Volume Right 11 35 15 23
cSH 306 341 958 1238
Volume to Capacity 0.06 0.17 0.01 0.04
Queue Length 95th (ft) 5 15 1 3
Control Delay (s) 17.5 17.7 0.5 1.1
Lane LOS C C A A
Approach Delay (s) 17.5 17.7 0.5 1.1
Approach LOS C C

Intersection Summary
Average Delay 2.1
Intersection Capacity Utilization 63.4% ICU Level of Service B
Analysis Period (min) 15
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 10 10 10 41 10 64 10 280 100 67 179 10
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 0.96 0.92 0.97 0.99
Flt Protected 0.98 0.98 1.00 0.99
Satd. Flow (prot) 1750 1693 1796 1646
Flt Permitted 0.98 0.98 0.99 0.81
Satd. Flow (perm) 1750 1693 1779 1348
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 11 11 11 45 11 70 11 304 109 73 195 11
RTOR Reduction (vph) 0 11 0 0 55 0 0 15 0 0 2 0
Lane Group Flow (vph) 0 22 0 0 71 0 0 409 0 0 277 0
Parking  (#/hr) 0
Turn Type Split Split Perm Perm
Protected Phases 4 4 8 8 2 6
Permitted Phases 2 6
Actuated Green, G (s) 1.9 6.1 22.8 22.8
Effective Green, g (s) 1.9 6.1 22.8 22.8
Actuated g/C Ratio 0.04 0.12 0.47 0.47
Clearance Time (s) 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 68 212 831 630
v/s Ratio Prot c0.01 c0.04
v/s Ratio Perm c0.23 0.21
v/c Ratio 0.33 0.33 0.49 0.44
Uniform Delay, d1 22.8 19.5 9.0 8.7
Progression Factor 1.00 1.00 1.00 1.00
Incremental Delay, d2 2.8 0.9 0.5 0.5
Delay (s) 25.7 20.4 9.5 9.2
Level of Service C C A A
Approach Delay (s) 25.7 20.4 9.5 9.2
Approach LOS C C A A

Intersection Summary
HCM Average Control Delay 11.6 HCM Level of Service B
HCM Volume to Capacity ratio 0.45
Actuated Cycle Length (s) 48.8 Sum of lost time (s) 18.0
Intersection Capacity Utilization 59.2% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 32 23 24 16 8 87 14 205 30 150 335 10
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Frt 0.96 1.00 0.86 1.00 0.98 1.00 1.00
Flt Protected 0.98 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1751 1770 1608 1770 1644 1770 1669
Flt Permitted 0.82 0.74 1.00 0.54 1.00 0.55 1.00
Satd. Flow (perm) 1467 1384 1608 1003 1644 1025 1669
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 35 25 26 17 9 95 15 223 33 163 364 11
RTOR Reduction (vph) 0 15 0 0 86 0 0 3 0 0 1 0
Lane Group Flow (vph) 0 71 0 17 18 0 15 253 0 163 374 0
Parking  (#/hr) 0 0
Turn Type Perm Perm pm+pt pm+pt
Protected Phases 2 6 3 8 7 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 9.7 9.7 9.7 64.1 62.0 75.5 67.7
Effective Green, g (s) 9.7 9.7 9.7 64.1 62.0 75.5 67.7
Actuated g/C Ratio 0.10 0.10 0.10 0.66 0.64 0.77 0.69
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 146 138 160 676 1045 853 1159
v/s Ratio Prot 0.01 0.00 0.15 c0.02 c0.22
v/s Ratio Perm c0.05 0.01 0.01 0.13
v/c Ratio 0.48 0.12 0.12 0.02 0.24 0.19 0.32
Uniform Delay, d1 41.5 40.0 40.0 5.8 7.6 2.9 5.9
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 2.5 0.4 0.3 0.0 0.5 0.1 0.7
Delay (s) 44.1 40.4 40.3 5.8 8.2 3.0 6.6
Level of Service D D D A A A A
Approach Delay (s) 44.1 40.3 8.1 5.5
Approach LOS D D A A

Intersection Summary
HCM Average Control Delay 13.6 HCM Level of Service B
HCM Volume to Capacity ratio 0.35
Actuated Cycle Length (s) 97.5 Sum of lost time (s) 18.0
Intersection Capacity Utilization 47.7% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (veh/h) 6 42 202 10 98 273
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 7 46 220 11 107 297
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 1247
pX, platoon unblocked
vC, conflicting volume 735 225 230
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 735 225 230
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 98 94 92
cM capacity (veh/h) 356 814 1337

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 52 230 403
Volume Left 7 0 107
Volume Right 46 11 0
cSH 702 1700 1337
Volume to Capacity 0.07 0.14 0.08
Queue Length 95th (ft) 6 0 6
Control Delay (s) 10.5 0.0 2.7
Lane LOS B A
Approach Delay (s) 10.5 0.0 2.7
Approach LOS B

Intersection Summary
Average Delay 2.4
Intersection Capacity Utilization 44.4% ICU Level of Service A
Analysis Period (min) 15
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 99 12 31 5 2 6 10 66 5 6 134 82
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 108 13 34 5 2 7 11 72 5 7 146 89
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 307 302 190 340 344 74 235 77
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 307 302 190 340 344 74 235 77
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 83 98 96 99 100 99 99 100
cM capacity (veh/h) 633 603 852 575 571 987 1333 1521

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 154 14 88 241
Volume Left 108 5 11 7
Volume Right 34 7 5 89
cSH 668 711 1333 1521
Volume to Capacity 0.23 0.02 0.01 0.00
Queue Length 95th (ft) 22 2 1 0
Control Delay (s) 12.0 10.2 1.0 0.2
Lane LOS B B A A
Approach Delay (s) 12.0 10.2 1.0 0.2
Approach LOS B B

Intersection Summary
Average Delay 4.3
Intersection Capacity Utilization 33.8% ICU Level of Service A
Analysis Period (min) 15
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 79 25 119 5 16 17 36 256 8 20 410 30
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 86 27 129 5 17 18 39 278 9 22 446 33
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 893 871 462 1009 883 283 478 287
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 893 871 462 1009 883 283 478 287
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 63 90 78 96 94 98 96 98
cM capacity (veh/h) 233 274 600 152 270 756 1084 1275

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 242 41 326 500
Volume Left 86 5 39 22
Volume Right 129 18 9 33
cSH 355 332 1084 1275
Volume to Capacity 0.68 0.12 0.04 0.02
Queue Length 95th (ft) 120 11 3 1
Control Delay (s) 34.4 17.4 1.3 0.5
Lane LOS D C A A
Approach Delay (s) 34.4 17.4 1.3 0.5
Approach LOS D C

Intersection Summary
Average Delay 8.8
Intersection Capacity Utilization 54.4% ICU Level of Service A
Analysis Period (min) 15



G:\WI07\0016\Road\Traffic\Synchro\Butler Road Corridor Study - Existing P.M..syn
64: US 54 - KELLOGG & BUTLER ROAD 12/8/2008

Existing P.M. Synchro 7 -  Report
64: US 54 - KELLOGG & BUTLER ROAD Page 20

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 332 787 243 88 422 111 156 269 103 238 277 229
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Lane Util. Factor 0.97 0.95 1.00 0.97 0.95 1.00 0.97 0.95 0.97 0.95
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.96 1.00 0.93
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3433 3539 1583 3433 3539 1583 3433 3392 3433 3299
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00
Satd. Flow (perm) 3433 3539 1583 3433 3539 1583 3433 3392 3433 3299
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 361 855 264 96 459 121 170 292 112 259 301 249
RTOR Reduction (vph) 0 0 40 0 0 45 0 33 0 0 117 0
Lane Group Flow (vph) 361 855 224 96 459 76 170 371 0 259 433 0
Turn Type Prot pm+ov Prot pm+ov Prot Prot
Protected Phases 5 2 3 1 6 7 3 8 7 4
Permitted Phases 2 6
Actuated Green, G (s) 10.4 33.4 44.0 4.5 27.5 39.9 10.6 15.8 12.4 17.6
Effective Green, g (s) 10.4 33.4 44.0 4.5 27.5 39.9 10.6 15.8 12.4 17.6
Actuated g/C Ratio 0.12 0.37 0.49 0.05 0.31 0.44 0.12 0.18 0.14 0.20
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 396 1312 878 171 1080 806 404 595 472 644
v/s Ratio Prot c0.11 c0.24 0.03 0.03 0.13 0.01 0.05 0.11 c0.08 c0.13
v/s Ratio Perm 0.11 0.03
v/c Ratio 0.91 0.65 0.26 0.56 0.42 0.09 0.42 0.62 0.55 0.67
Uniform Delay, d1 39.4 23.5 13.5 41.8 25.0 14.6 36.9 34.4 36.2 33.6
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 24.7 1.2 0.2 4.2 0.3 0.1 0.7 2.0 1.3 2.8
Delay (s) 64.1 24.7 13.6 46.0 25.3 14.6 37.6 36.4 37.5 36.3
Level of Service E C B D C B D D D D
Approach Delay (s) 32.3 26.3 36.8 36.7
Approach LOS C C D D

Intersection Summary
HCM Average Control Delay 32.9 HCM Level of Service C
HCM Volume to Capacity ratio 0.66
Actuated Cycle Length (s) 90.1 Sum of lost time (s) 18.0
Intersection Capacity Utilization 64.5% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 96 18 29 6 10 25 22 332 4 28 451 72
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 104 20 32 7 11 27 24 361 4 30 490 78
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1034 1003 529 1042 1040 363 568 365
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1034 1003 529 1042 1040 363 568 365
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 44 92 94 96 95 96 98 97
cM capacity (veh/h) 187 230 549 176 219 682 1004 1193

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 155 45 389 599
Volume Left 104 7 24 30
Volume Right 32 27 4 78
cSH 222 352 1004 1193
Volume to Capacity 0.70 0.13 0.02 0.03
Queue Length 95th (ft) 113 11 2 2
Control Delay (s) 52.0 16.7 0.8 0.7
Lane LOS F C A A
Approach Delay (s) 52.0 16.7 0.8 0.7
Approach LOS F C

Intersection Summary
Average Delay 8.0
Intersection Capacity Utilization 57.9% ICU Level of Service B
Analysis Period (min) 15
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Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (veh/h) 0 0 528 0 0 608
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 0 0 574 0 0 661
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type Raised Raised
Median storage veh) 1 1
Upstream signal (ft) 1176
pX, platoon unblocked 0.86
vC, conflicting volume 1235 574 574
vC1, stage 1 conf vol 574
vC2, stage 2 conf vol 661
vCu, unblocked vol 1190 574 574
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s) 5.4
tF (s) 3.5 3.3 2.2
p0 queue free % 100 100 100
cM capacity (veh/h) 325 518 999

Direction, Lane # WB 1 NB 1 SB 1 SB 2
Volume Total 0 574 0 661
Volume Left 0 0 0 0
Volume Right 0 0 0 0
cSH 1700 1700 1700 1700
Volume to Capacity 0.00 0.34 0.00 0.39
Queue Length 95th (ft) 0 0 0 0
Control Delay (s) 0.0 0.0 0.0 0.0
Lane LOS A
Approach Delay (s) 0.0 0.0 0.0
Approach LOS A

Intersection Summary
Average Delay 0.0
Intersection Capacity Utilization 35.3% ICU Level of Service A
Analysis Period (min) 15
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 100 100 100 100 100 100 100 600 100 100 500 100
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 109 109 109 109 109 109 109 652 109 109 543 109
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1902 1793 598 1902 1793 707 652 761
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1902 1793 598 1902 1793 707 652 761
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 0 0 78 0 0 75 88 87
cM capacity (veh/h) 0 62 502 0 62 436 934 851

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 326 326 870 761
Volume Left 109 109 109 109
Volume Right 109 109 109 109
cSH 0 0 934 851
Volume to Capacity Err Err 0.12 0.13
Queue Length 95th (ft) Err Err 10 11
Control Delay (s) Err Err 2.9 3.2
Lane LOS F F A A
Approach Delay (s) Err Err 2.9 3.2
Approach LOS F F

Intersection Summary
Average Delay Err
Intersection Capacity Utilization 84.5% ICU Level of Service E
Analysis Period (min) 15
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 100 100 100 100 100 100 100 600 100 100 400 100
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 109 109 109 109 109 109 109 652 109 109 435 109
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1793 1685 489 1793 1685 707 543 761
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1793 1685 489 1793 1685 707 543 761
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 0 0 81 0 0 75 89 87
cM capacity (veh/h) 0 73 579 0 73 436 1025 851

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 326 326 870 652
Volume Left 109 109 109 109
Volume Right 109 109 109 109
cSH 0 0 1025 851
Volume to Capacity Err Err 0.11 0.13
Queue Length 95th (ft) Err Err 9 11
Control Delay (s) Err Err 2.6 3.2
Lane LOS F F A A
Approach Delay (s) Err Err 2.6 3.2
Approach LOS F F

Intersection Summary
Average Delay Err
Intersection Capacity Utilization 82.4% ICU Level of Service E
Analysis Period (min) 15
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 200 100 100 100 300 200 300 400 100 100 300 200
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 217 109 109 109 326 217 326 435 109 109 326 217
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 2120 1848 435 1848 1902 489 543 543
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 2120 1848 435 1848 1902 489 543 543
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 0 0 83 0 0 62 68 89
cM capacity (veh/h) 0 45 621 0 42 579 1025 1025

Direction, Lane # EB 1 EB 2 WB 1 WB 2 NB 1 NB 2 SB 1 SB 2
Volume Total 217 217 109 543 326 543 109 543
Volume Left 217 0 109 0 326 0 109 0
Volume Right 0 109 0 217 0 109 0 217
cSH 0 85 0 67 1025 1700 1025 1700
Volume to Capacity Err 2.57 Err 8.13 0.32 0.32 0.11 0.32
Queue Length 95th (ft) Err 514 Err Err 34 0 9 0
Control Delay (s) Err 816.6 Err Err 10.1 0.0 8.9 0.0
Lane LOS F F F F B A
Approach Delay (s) Err Err 3.8 1.5
Approach LOS F F

Intersection Summary
Average Delay Err
Intersection Capacity Utilization 97.0% ICU Level of Service F
Analysis Period (min) 15
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 100 100 100 100 100 100 100 600 100 100 400 100
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 109 109 109 109 109 109 109 652 109 109 435 109
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1793 1685 489 1793 1685 707 543 761
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1793 1685 489 1793 1685 707 543 761
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 0 0 81 0 0 75 89 87
cM capacity (veh/h) 0 73 579 0 73 436 1025 851

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 326 326 870 652
Volume Left 109 109 109 109
Volume Right 109 109 109 109
cSH 0 0 1025 851
Volume to Capacity Err Err 0.11 0.13
Queue Length 95th (ft) Err Err 9 11
Control Delay (s) Err Err 2.6 3.2
Lane LOS F F A A
Approach Delay (s) Err Err 2.6 3.2
Approach LOS F F

Intersection Summary
Average Delay Err
Intersection Capacity Utilization 82.4% ICU Level of Service E
Analysis Period (min) 15
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 100 100 100 200 100 100 100 500 100 100 400 100
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.95
Frt 1.00 0.85 0.97 1.00 1.00 0.85 1.00 0.97
Flt Protected 0.98 1.00 0.98 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1817 1583 1756 1770 1863 1583 1770 3433
Flt Permitted 0.66 1.00 0.71 0.38 1.00 1.00 0.20 1.00
Satd. Flow (perm) 1223 1583 1278 700 1863 1583 382 3433
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 109 109 109 217 109 109 109 543 109 109 435 109
RTOR Reduction (vph) 0 0 69 0 11 0 0 0 70 0 20 0
Lane Group Flow (vph) 0 218 40 0 424 0 109 543 39 109 524 0
Turn Type pm+pt Perm Perm pm+pt Perm pm+pt
Protected Phases 5 2 6 3 8 7 4
Permitted Phases 2 2 6 8 8 4
Actuated Green, G (s) 29.0 29.0 29.0 33.0 28.2 28.2 31.4 27.4
Effective Green, g (s) 29.0 29.0 29.0 33.0 28.2 28.2 31.4 27.4
Actuated g/C Ratio 0.37 0.37 0.37 0.42 0.36 0.36 0.40 0.35
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 448 580 468 357 663 564 222 1188
v/s Ratio Prot 0.02 c0.29 c0.02 0.15
v/s Ratio Perm 0.18 0.03 c0.33 0.11 0.02 0.17
v/c Ratio 0.49 0.07 0.91 0.31 0.82 0.07 0.49 0.44
Uniform Delay, d1 19.4 16.3 23.8 14.5 23.2 16.8 17.0 20.0
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.8 0.1 20.9 0.5 7.8 0.1 1.7 0.3
Delay (s) 20.2 16.4 44.7 15.0 31.0 16.9 18.8 20.3
Level of Service C B D B C B B C
Approach Delay (s) 18.9 44.7 26.7 20.0
Approach LOS B D C C

Intersection Summary
HCM Average Control Delay 27.1 HCM Level of Service C
HCM Volume to Capacity ratio 0.76
Actuated Cycle Length (s) 79.2 Sum of lost time (s) 12.0
Intersection Capacity Utilization 76.0% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 100 100 100 100 100 100 100 400 100 100 400 100
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 109 109 109 109 109 109 109 435 109 109 435 109
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 397
pX, platoon unblocked 0.87 0.87 0.87 0.87 0.87 0.87
vC, conflicting volume 1522 1413 435 1522 1467 489 543 543
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1525 1400 279 1525 1463 489 404 543
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 0 0 84 0 0 81 89 89
cM capacity (veh/h) 0 98 663 0 89 579 1008 1025

Direction, Lane # EB 1 WB 1 NB 1 SB 1 SB 2
Volume Total 326 326 652 543 109
Volume Left 109 109 109 109 0
Volume Right 109 109 109 0 109
cSH 0 0 1008 1025 1700
Volume to Capacity Err Err 0.11 0.11 0.06
Queue Length 95th (ft) Err Err 9 9 0
Control Delay (s) Err Err 2.7 2.8 0.0
Lane LOS F F A A
Approach Delay (s) Err Err 2.7 2.3
Approach LOS F F

Intersection Summary
Average Delay Err
Intersection Capacity Utilization 91.4% ICU Level of Service F
Analysis Period (min) 15
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 100 100 100 300 100 400 100 200 100 200 300 100
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 0.96 0.93 0.97 0.98
Flt Protected 0.98 0.98 0.99 0.98
Satd. Flow (prot) 1750 1705 1777 1612
Flt Permitted 0.98 0.98 0.70 0.67
Satd. Flow (perm) 1750 1705 1256 1096
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 109 109 109 326 109 435 109 217 109 217 326 109
RTOR Reduction (vph) 0 20 0 0 40 0 0 13 0 0 8 0
Lane Group Flow (vph) 0 307 0 0 830 0 0 422 0 0 644 0
Parking  (#/hr) 0
Turn Type Split Split Perm Perm
Protected Phases 4 4 8 8 2 6
Permitted Phases 2 6
Actuated Green, G (s) 10.0 27.0 35.0 35.0
Effective Green, g (s) 10.0 27.0 35.0 35.0
Actuated g/C Ratio 0.11 0.30 0.39 0.39
Clearance Time (s) 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 194 512 488 426
v/s Ratio Prot c0.18 c0.49
v/s Ratio Perm 0.34 c0.59
v/c Ratio 1.58 1.62 0.86 1.51
Uniform Delay, d1 40.0 31.5 25.3 27.5
Progression Factor 1.00 1.00 1.00 1.00
Incremental Delay, d2 286.3 288.5 14.7 242.2
Delay (s) 326.3 320.0 40.0 269.7
Level of Service F F D F
Approach Delay (s) 326.3 320.0 40.0 269.7
Approach LOS F F D F

Intersection Summary
HCM Average Control Delay 253.2 HCM Level of Service F
HCM Volume to Capacity ratio 1.56
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 18.0
Intersection Capacity Utilization 123.1% ICU Level of Service H
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 100 100 100 100 100 200 100 300 100 100 400 100
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Frt 0.96 1.00 0.90 1.00 0.96 1.00 0.97
Flt Protected 0.98 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1750 1770 1677 1770 1613 1770 1626
Flt Permitted 0.53 0.49 1.00 0.29 1.00 0.37 1.00
Satd. Flow (perm) 951 908 1677 531 1613 687 1626
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 109 109 109 109 109 217 109 326 109 109 435 109
RTOR Reduction (vph) 0 17 0 0 68 0 0 9 0 0 7 0
Lane Group Flow (vph) 0 310 0 109 258 0 109 426 0 109 537 0
Parking  (#/hr) 0 0
Turn Type Perm Perm pm+pt pm+pt
Protected Phases 2 6 3 8 7 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 33.5 33.5 33.5 53.7 47.6 55.3 48.4
Effective Green, g (s) 33.5 33.5 33.5 53.7 47.6 55.3 48.4
Actuated g/C Ratio 0.32 0.32 0.32 0.51 0.45 0.52 0.46
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 301 287 530 340 724 429 742
v/s Ratio Prot 0.15 c0.02 0.26 0.02 c0.33
v/s Ratio Perm c0.33 0.12 0.14 0.12
v/c Ratio 1.03 0.38 0.49 0.32 0.59 0.25 0.72
Uniform Delay, d1 36.2 28.2 29.3 15.5 21.9 13.9 23.4
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 59.7 0.8 0.7 0.5 3.5 0.3 6.1
Delay (s) 96.0 29.0 30.0 16.1 25.4 14.2 29.4
Level of Service F C C B C B C
Approach Delay (s) 96.0 29.8 23.5 26.9
Approach LOS F C C C

Intersection Summary
HCM Average Control Delay 38.1 HCM Level of Service D
HCM Volume to Capacity ratio 0.76
Actuated Cycle Length (s) 106.0 Sum of lost time (s) 12.0
Intersection Capacity Utilization 87.1% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 100 100 100 100 100 100 100 100 100 100 100 100
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 109 109 109 109 109 109 109 109 109 109 109 109
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 924 815 163 924 815 163 217 217
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 924 815 163 924 815 163 217 217
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 18 59 88 18 59 88 92 92
cM capacity (veh/h) 132 264 882 132 264 882 1352 1352

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 326 326 326 326
Volume Left 109 109 109 109
Volume Right 109 109 109 109
cSH 240 240 1352 1352
Volume to Capacity 1.36 1.36 0.08 0.08
Queue Length 95th (ft) 441 441 7 7
Control Delay (s) 225.2 225.2 3.1 3.1
Lane LOS F F A A
Approach Delay (s) 225.2 225.2 3.1 3.1
Approach LOS F F

Intersection Summary
Average Delay 114.2
Intersection Capacity Utilization 51.1% ICU Level of Service A
Analysis Period (min) 15
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 100 100 100 100 100 100 100 600 100 200 500 300
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 109 109 109 109 109 109 109 652 109 217 543 326
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 2228 2120 707 2228 2228 707 870 761
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 2228 2120 707 2228 2228 707 870 761
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 0 0 75 0 0 75 86 74
cM capacity (veh/h) 0 32 436 0 27 436 775 851

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 326 326 870 1087
Volume Left 109 109 109 217
Volume Right 109 109 109 326
cSH 0 0 775 851
Volume to Capacity Err Err 0.14 0.26
Queue Length 95th (ft) Err Err 12 25
Control Delay (s) Err Err 3.6 6.6
Lane LOS F F A A
Approach Delay (s) Err Err 3.6 6.6
Approach LOS F F

Intersection Summary
Average Delay Err
Intersection Capacity Utilization 117.1% ICU Level of Service H
Analysis Period (min) 15
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 700 600 200 200 2000 600 400 800 300 200 400 500
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Lane Util. Factor 0.97 0.95 1.00 0.97 0.95 1.00 0.97 0.95 0.97 0.95
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.96 1.00 0.92
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3433 3539 1583 3433 3539 1583 3433 3395 3433 3244
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00
Satd. Flow (perm) 3433 3539 1583 3433 3539 1583 3433 3395 3433 3244
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 761 652 217 217 2174 652 435 870 326 217 435 543
RTOR Reduction (vph) 0 0 7 0 0 0 0 32 0 0 81 0
Lane Group Flow (vph) 761 652 210 217 2174 652 435 1164 0 217 897 0
Turn Type Prot pm+ov Prot pm+ov Prot Prot
Protected Phases 5 2 3 1 6 7 3 8 7 4
Permitted Phases 2 6
Actuated Green, G (s) 10.0 54.0 71.5 6.0 50.0 64.5 17.5 21.1 14.5 18.1
Effective Green, g (s) 10.0 54.0 71.5 6.0 50.0 64.5 17.5 21.1 14.5 18.1
Actuated g/C Ratio 0.08 0.45 0.60 0.05 0.42 0.54 0.15 0.18 0.12 0.15
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 287 1598 1026 172 1480 933 502 599 416 491
v/s Ratio Prot c0.22 c0.18 0.03 0.06 c0.61 0.08 c0.13 c0.34 0.06 0.28
v/s Ratio Perm 0.10 0.33
v/c Ratio 2.65 0.41 0.20 1.26 1.47 0.70 0.87 1.94 0.52 1.83
Uniform Delay, d1 54.8 22.1 11.0 56.8 34.8 20.4 49.9 49.2 49.3 50.8
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 753.1 0.2 0.1 155.9 214.8 2.3 14.5 430.5 1.2 379.6
Delay (s) 807.9 22.2 11.1 212.7 249.6 22.7 64.5 479.7 50.5 430.4
Level of Service F C B F F C E F D F
Approach Delay (s) 387.6 198.3 369.0 361.4
Approach LOS F F F F

Intersection Summary
HCM Average Control Delay 302.6 HCM Level of Service F
HCM Volume to Capacity ratio 1.73
Actuated Cycle Length (s) 119.6 Sum of lost time (s) 30.0
Intersection Capacity Utilization 133.8% ICU Level of Service H
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 300 100 100 100 100 200 100 700 100 700 700 200
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 326 109 109 109 109 217 109 761 109 761 761 217
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 3696 3478 870 3587 3533 815 978 870
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 3696 3478 870 3587 3533 815 978 870
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 0 0 69 0 0 42 85 2
cM capacity (veh/h) 0 0 351 0 0 377 705 775

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 543 435 978 1739
Volume Left 326 109 109 761
Volume Right 109 217 109 217
cSH 0 0 705 775
Volume to Capacity Err Err 0.15 0.98
Queue Length 95th (ft) Err Err 14 401
Control Delay (s) Err Err 4.3 51.0
Lane LOS F F A F
Approach Delay (s) Err Err 4.3 51.0
Approach LOS F F

Intersection Summary
Average Delay Err
Intersection Capacity Utilization 200.5% ICU Level of Service H
Analysis Period (min) 15
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Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (veh/h) 0 0 1500 0 0 800
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 0 0 1630 0 0 870
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type Raised Raised
Median storage veh) 1 1
Upstream signal (ft) 1176
pX, platoon unblocked 0.82
vC, conflicting volume 2500 1630 1630
vC1, stage 1 conf vol 1630
vC2, stage 2 conf vol 870
vCu, unblocked vol 2723 1630 1630
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s) 5.4
tF (s) 3.5 3.3 2.2
p0 queue free % 100 100 100
cM capacity (veh/h) 118 125 398

Direction, Lane # WB 1 NB 1 SB 1 SB 2
Volume Total 0 1630 0 870
Volume Left 0 0 0 0
Volume Right 0 0 0 0
cSH 1700 1700 1700 1700
Volume to Capacity 0.00 0.96 0.00 0.51
Queue Length 95th (ft) 0 0 0 0
Control Delay (s) 0.0 0.0 0.0 0.0
Lane LOS A
Approach Delay (s) 0.0 0.0 0.0
Approach LOS A

Intersection Summary
Average Delay 0.0
Intersection Capacity Utilization 82.3% ICU Level of Service E
Analysis Period (min) 15
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 100 100 100 100 100 100 100 1300 100 100 800 100
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 109 109 109 109 109 109 109 1413 109 109 870 109
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 2989 2880 924 2989 2880 1467 978 1522
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 2989 2880 924 2989 2880 1467 978 1522
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 0 0 67 0 0 31 85 75
cM capacity (veh/h) 0 10 327 0 10 157 705 438

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 326 326 1630 1087
Volume Left 109 109 109 109
Volume Right 109 109 109 109
cSH 0 0 705 438
Volume to Capacity Err Err 0.15 0.25
Queue Length 95th (ft) Err Err 14 24
Control Delay (s) Err Err 11.0 9.9
Lane LOS F F B A
Approach Delay (s) Err Err 11.0 9.9
Approach LOS F F

Intersection Summary
Average Delay Err
Intersection Capacity Utilization 125.3% ICU Level of Service H
Analysis Period (min) 15
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 200 100 100 100 100 100 100 1200 100 100 700 200
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 217 109 109 109 109 109 109 1304 109 109 761 217
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 2826 2717 870 2826 2772 1359 978 1413
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 2826 2717 870 2826 2772 1359 978 1413
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 0 0 69 0 0 40 85 77
cM capacity (veh/h) 0 14 351 0 13 182 705 482

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 435 326 1522 1087
Volume Left 217 109 109 109
Volume Right 109 109 109 217
cSH 0 0 705 482
Volume to Capacity Err Err 0.15 0.23
Queue Length 95th (ft) Err Err 14 21
Control Delay (s) Err Err 10.1 8.4
Lane LOS F F B A
Approach Delay (s) Err Err 10.1 8.4
Approach LOS F F

Intersection Summary
Average Delay Err
Intersection Capacity Utilization 133.3% ICU Level of Service H
Analysis Period (min) 15
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 200 200 400 100 200 100 200 500 100 100 500 100
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 217 217 435 109 217 109 217 543 109 109 543 109
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 2011 1902 598 2337 1902 598 652 652
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 2011 1902 598 2337 1902 598 652 652
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 0 0 13 0 0 78 77 88
cM capacity (veh/h) 0 47 502 0 47 502 934 934

Direction, Lane # EB 1 EB 2 WB 1 WB 2 NB 1 NB 2 SB 1 SB 2
Volume Total 217 652 109 326 217 652 109 652
Volume Left 217 0 109 0 217 0 109 0
Volume Right 0 435 0 109 0 109 0 109
cSH 0 118 0 67 934 1700 934 1700
Volume to Capacity Err 5.52 Err 4.87 0.23 0.38 0.12 0.38
Queue Length 95th (ft) Err Err Err Err 23 0 10 0
Control Delay (s) Err Err Err Err 10.0 0.0 9.4 0.0
Lane LOS F F F F B A
Approach Delay (s) Err Err 2.5 1.3
Approach LOS F F

Intersection Summary
Average Delay Err
Intersection Capacity Utilization 97.4% ICU Level of Service F
Analysis Period (min) 15
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 100 100 100 100 100 100 100 600 100 100 800 100
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 109 109 109 109 109 109 109 652 109 109 870 109
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 2228 2120 924 2228 2120 707 978 761
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 2228 2120 924 2228 2120 707 978 761
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 0 0 67 0 0 75 85 87
cM capacity (veh/h) 0 37 327 0 37 436 705 851

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 326 326 870 1087
Volume Left 109 109 109 109
Volume Right 109 109 109 109
cSH 0 0 705 851
Volume to Capacity Err Err 0.15 0.13
Queue Length 95th (ft) Err Err 14 11
Control Delay (s) Err Err 4.1 3.7
Lane LOS F F A A
Approach Delay (s) Err Err 4.1 3.7
Approach LOS F F

Intersection Summary
Average Delay Err
Intersection Capacity Utilization 96.4% ICU Level of Service F
Analysis Period (min) 15
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 100 100 200 100 100 100 100 500 100 100 800 100
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.95
Frt 1.00 0.85 0.96 1.00 1.00 0.85 1.00 0.98
Flt Protected 0.98 1.00 0.98 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1817 1583 1750 1770 1863 1583 1770 3480
Flt Permitted 0.65 1.00 0.77 0.17 1.00 1.00 0.24 1.00
Satd. Flow (perm) 1209 1583 1376 309 1863 1583 444 3480
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 109 109 217 109 109 109 109 543 109 109 870 109
RTOR Reduction (vph) 0 0 100 0 16 0 0 0 67 0 9 0
Lane Group Flow (vph) 0 218 117 0 311 0 109 543 42 109 970 0
Turn Type pm+pt Perm Perm pm+pt Perm pm+pt
Protected Phases 5 2 6 3 8 7 4
Permitted Phases 2 2 6 8 8 4
Actuated Green, G (s) 22.9 22.9 22.9 31.9 27.8 27.8 31.9 27.8
Effective Green, g (s) 22.9 22.9 22.9 31.9 27.8 27.8 31.9 27.8
Actuated g/C Ratio 0.31 0.31 0.31 0.44 0.38 0.38 0.44 0.38
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 380 498 433 218 711 604 269 1329
v/s Ratio Prot c0.03 c0.29 0.02 0.28
v/s Ratio Perm 0.18 0.07 c0.23 0.19 0.03 0.15
v/c Ratio 0.57 0.23 0.72 0.50 0.76 0.07 0.41 0.73
Uniform Delay, d1 20.9 18.5 22.1 13.5 19.6 14.3 13.7 19.3
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 2.1 0.2 5.6 1.8 4.9 0.0 1.0 2.1
Delay (s) 23.0 18.7 27.7 15.3 24.5 14.3 14.7 21.4
Level of Service C B C B C B B C
Approach Delay (s) 20.8 27.7 21.7 20.7
Approach LOS C C C C

Intersection Summary
HCM Average Control Delay 21.9 HCM Level of Service C
HCM Volume to Capacity ratio 0.72
Actuated Cycle Length (s) 72.8 Sum of lost time (s) 18.0
Intersection Capacity Utilization 70.4% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 100 100 100 100 100 100 100 500 100 100 800 100
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 109 109 109 109 109 109 109 543 109 109 870 109
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 397
pX, platoon unblocked 0.70 0.70 0.70 0.70 0.70 0.70
vC, conflicting volume 2065 1957 870 2065 2011 598 978 652
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 2308 2153 598 2308 2231 598 754 652
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 0 0 69 0 0 78 82 88
cM capacity (veh/h) 0 24 351 0 22 502 599 934

Direction, Lane # EB 1 WB 1 NB 1 SB 1 SB 2
Volume Total 326 326 761 978 109
Volume Left 109 109 109 109 0
Volume Right 109 109 109 0 109
cSH 0 0 599 934 1700
Volume to Capacity Err Err 0.18 0.12 0.06
Queue Length 95th (ft) Err Err 16 10 0
Control Delay (s) Err Err 4.9 3.0 0.0
Lane LOS F F A A
Approach Delay (s) Err Err 4.9 2.7
Approach LOS F F

Intersection Summary
Average Delay Err
Intersection Capacity Utilization 117.8% ICU Level of Service H
Analysis Period (min) 15



G:\WI07\0016\Road\Traffic\Synchro\Butler Road Corridor Study - Existing P.M.with proposed volumes.syn
46: SCHOOL STREET & BUTLER ROAD 12/8/2008

Existing P.M. with 2030 volumes Synchro 7 -  Report
46: SCHOOL STREET & BUTLER ROAD Page 7

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 100 100 100 300 100 400 100 300 100 100 300 100
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 0.96 0.93 0.97 0.97
Flt Protected 0.98 0.98 0.99 0.99
Satd. Flow (prot) 1750 1705 1794 1615
Flt Permitted 0.98 0.98 0.69 0.69
Satd. Flow (perm) 1750 1705 1245 1120
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 109 109 109 326 109 435 109 326 109 109 326 109
RTOR Reduction (vph) 0 20 0 0 40 0 0 10 0 0 10 0
Lane Group Flow (vph) 0 307 0 0 830 0 0 534 0 0 534 0
Parking  (#/hr) 0
Turn Type Split Split Perm Perm
Protected Phases 4 4 8 8 2 6
Permitted Phases 2 6
Actuated Green, G (s) 11.0 30.0 31.0 31.0
Effective Green, g (s) 11.0 30.0 31.0 31.0
Actuated g/C Ratio 0.12 0.33 0.34 0.34
Clearance Time (s) 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 214 568 429 386
v/s Ratio Prot c0.18 c0.49
v/s Ratio Perm 0.43 c0.48
v/c Ratio 1.43 1.46 1.25 1.38
Uniform Delay, d1 39.5 30.0 29.5 29.5
Progression Factor 1.00 1.00 1.00 1.00
Incremental Delay, d2 219.8 217.2 128.6 188.2
Delay (s) 259.3 247.2 158.1 217.7
Level of Service F F F F
Approach Delay (s) 259.3 247.2 158.1 217.7
Approach LOS F F F F

Intersection Summary
HCM Average Control Delay 220.7 HCM Level of Service F
HCM Volume to Capacity ratio 1.42
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 18.0
Intersection Capacity Utilization 110.5% ICU Level of Service H
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 100 100 100 100 100 100 100 400 100 100 700 100
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Frt 0.96 1.00 0.92 1.00 0.97 1.00 0.98
Flt Protected 0.98 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1750 1770 1723 1770 1626 1770 1645
Flt Permitted 0.66 0.46 1.00 0.09 1.00 0.33 1.00
Satd. Flow (perm) 1176 860 1723 169 1626 611 1645
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 109 109 109 109 109 109 109 435 109 109 761 109
RTOR Reduction (vph) 0 15 0 0 30 0 0 8 0 0 4 0
Lane Group Flow (vph) 0 312 0 109 188 0 109 536 0 109 866 0
Parking  (#/hr) 0 0
Turn Type Perm Perm pm+pt pm+pt
Protected Phases 2 6 3 8 7 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 32.8 32.8 32.8 68.0 63.0 68.0 63.0
Effective Green, g (s) 32.8 32.8 32.8 68.0 63.0 68.0 63.0
Actuated g/C Ratio 0.28 0.28 0.28 0.57 0.53 0.57 0.53
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 325 237 476 164 862 399 872
v/s Ratio Prot 0.11 c0.03 0.33 0.01 c0.53
v/s Ratio Perm c0.27 0.13 0.35 0.15
v/c Ratio 0.96 0.46 0.39 0.66 0.62 0.27 0.99
Uniform Delay, d1 42.3 35.7 34.9 22.4 19.6 13.2 27.7
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 38.6 1.4 0.5 9.7 3.4 0.4 28.8
Delay (s) 81.0 37.1 35.5 32.1 22.9 13.5 56.5
Level of Service F D D C C B E
Approach Delay (s) 81.0 36.0 24.5 51.7
Approach LOS F D C D

Intersection Summary
HCM Average Control Delay 45.9 HCM Level of Service D
HCM Volume to Capacity ratio 0.97
Actuated Cycle Length (s) 118.8 Sum of lost time (s) 18.0
Intersection Capacity Utilization 96.7% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 200 100 100 100 100 100 100 100 100 100 100 200
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 217 109 109 109 109 109 109 109 109 109 109 217
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 978 870 217 978 924 163 326 217
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 978 870 217 978 924 163 326 217
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 0 55 87 5 52 88 91 92
cM capacity (veh/h) 111 243 822 115 226 882 1234 1352

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 435 326 326 435
Volume Left 217 109 109 109
Volume Right 109 109 109 217
cSH 171 210 1234 1352
Volume to Capacity 2.54 1.55 0.09 0.08
Queue Length 95th (ft) 932 512 7 7
Control Delay (s) 750.4 311.7 3.3 2.6
Lane LOS F F A A
Approach Delay (s) 750.4 311.7 3.3 2.6
Approach LOS F F

Intersection Summary
Average Delay 282.6
Intersection Capacity Utilization 69.8% ICU Level of Service C
Analysis Period (min) 15
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 700 900 200 100 300 200 200 1300 100 200 1100 200
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 761 978 217 109 326 217 217 1413 109 217 1196 217
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 4022 3696 1304 4348 3750 1467 1413 1522
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 4022 3696 1304 4348 3750 1467 1413 1522
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 0 0 0 0 0 0 55 50
cM capacity (veh/h) 0 1 196 0 1 157 482 438

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 1957 652 1739 1630
Volume Left 761 109 217 217
Volume Right 217 217 109 217
cSH 0 0 482 438
Volume to Capacity Err Err 0.45 0.50
Queue Length 95th (ft) Err Err 58 67
Control Delay (s) Err Err 18.4 21.0
Lane LOS F F C C
Approach Delay (s) Err Err 18.4 21.0
Approach LOS F F

Intersection Summary
Average Delay Err
Intersection Capacity Utilization 253.9% ICU Level of Service H
Analysis Period (min) 15
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 700 1600 700 300 1200 200 600 1000 400 600 900 700
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Lane Util. Factor 0.97 0.95 1.00 0.97 0.95 1.00 0.97 0.95 0.97 0.95
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.96 1.00 0.93
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3433 3539 1583 3433 3539 1583 3433 3387 3433 3307
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00
Satd. Flow (perm) 3433 3539 1583 3433 3539 1583 3433 3387 3433 3307
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 761 1739 761 326 1304 217 652 1087 435 652 978 761
RTOR Reduction (vph) 0 0 0 0 0 0 0 36 0 0 87 0
Lane Group Flow (vph) 761 1739 761 326 1304 217 652 1486 0 652 1652 0
Turn Type Prot pm+ov Prot pm+ov Prot Prot
Protected Phases 5 2 3 1 6 7 3 8 7 4
Permitted Phases 2 6
Actuated Green, G (s) 10.0 54.0 72.0 6.0 50.0 66.0 18.0 20.0 16.0 18.0
Effective Green, g (s) 10.0 54.0 72.0 6.0 50.0 66.0 18.0 20.0 16.0 18.0
Actuated g/C Ratio 0.08 0.45 0.60 0.05 0.42 0.55 0.15 0.17 0.13 0.15
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 286 1593 1029 172 1475 950 515 565 458 496
v/s Ratio Prot c0.22 c0.49 0.11 0.09 0.37 0.03 c0.19 0.44 0.19 c0.50
v/s Ratio Perm 0.37 0.11
v/c Ratio 2.66 1.09 0.74 1.90 0.88 0.23 1.27 2.63 1.42 3.33
Uniform Delay, d1 55.0 33.0 17.3 57.0 32.3 13.9 51.0 50.0 52.0 51.0
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 757.3 51.9 2.8 424.0 6.7 0.1 134.5 738.8 203.0 1054.2
Delay (s) 812.3 84.9 20.1 481.0 39.0 14.0 185.5 788.8 255.0 1105.2
Level of Service F F C F D B F F F F
Approach Delay (s) 239.5 114.1 607.9 873.4
Approach LOS F F F F

Intersection Summary
HCM Average Control Delay 455.0 HCM Level of Service F
HCM Volume to Capacity ratio 1.74
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 24.0
Intersection Capacity Utilization 137.6% ICU Level of Service H
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 700 1600 700 300 1200 200 700 1000 400 600 900 700
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 761 1739 761 326 1304 217 761 1087 435 652 978 761
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 6359 5707 1359 7120 5870 1304 1739 1522
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 6359 5707 1359 7120 5870 1304 1739 1522
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 0 0 0 0 0 0 0 0
cM capacity (veh/h) 0 0 182 0 0 196 361 438

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 3261 1848 2283 2391
Volume Left 761 326 761 652
Volume Right 761 217 435 761
cSH 0 0 361 438
Volume to Capacity Err Err 2.11 1.49
Queue Length 95th (ft) Err Err 1378 848
Control Delay (s) Err Err 530.5 69.7
Lane LOS F F F F
Approach Delay (s) Err Err 530.5 69.7
Approach LOS F F

Intersection Summary
Average Delay Err
Intersection Capacity Utilization 418.9% ICU Level of Service H
Analysis Period (min) 15
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Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (veh/h) 0 0 2100 0 0 1900
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 0 0 2283 0 0 2065
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type Raised Raised
Median storage veh) 1 1
Upstream signal (ft) 1176
pX, platoon unblocked 0.81
vC, conflicting volume 4348 2283 2283
vC1, stage 1 conf vol 2283
vC2, stage 2 conf vol 2065
vCu, unblocked vol 5028 2283 2283
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s) 5.4
tF (s) 3.5 3.3 2.2
p0 queue free % 100 100 100
cM capacity (veh/h) 36 50 222

Direction, Lane # WB 1 NB 1 SB 1 SB 2
Volume Total 0 2283 0 2065
Volume Left 0 0 0 0
Volume Right 0 0 0 0
cSH 1700 1700 1700 1700
Volume to Capacity 0.00 1.34 0.00 1.21
Queue Length 95th (ft) 0 0 0 0
Control Delay (s) 0.0 0.0 0.0 0.0
Lane LOS A
Approach Delay (s) 0.0 0.0 0.0
Approach LOS A

Intersection Summary
Average Delay 0.0
Intersection Capacity Utilization 113.9% ICU Level of Service H
Analysis Period (min) 15
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 100 100 100 100 100 100 100 600 100 100 500 100
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Frt 1.00 0.92 1.00 0.92 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1770 1723 1770 1723 1770 3539 1583 1770 3539 1583
Flt Permitted 0.62 1.00 0.62 1.00 0.45 1.00 1.00 0.33 1.00 1.00
Satd. Flow (perm) 1158 1723 1158 1723 832 3539 1583 624 3539 1583
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 109 109 109 109 109 109 109 652 109 109 543 109
RTOR Reduction (vph) 0 45 0 0 45 0 0 0 75 0 0 74
Lane Group Flow (vph) 109 173 0 109 173 0 109 652 34 109 543 35
Turn Type Perm Perm pm+pt Perm pm+pt Perm
Protected Phases 2 6 3 8 7 4
Permitted Phases 2 6 8 8 4 4
Actuated Green, G (s) 11.6 11.6 11.6 11.6 21.6 16.2 16.2 22.6 16.7 16.7
Effective Green, g (s) 11.6 11.6 11.6 11.6 21.6 16.2 16.2 22.6 16.7 16.7
Actuated g/C Ratio 0.22 0.22 0.22 0.22 0.42 0.31 0.31 0.44 0.32 0.32
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 260 387 260 387 446 1109 496 404 1143 511
v/s Ratio Prot c0.10 0.10 0.03 c0.18 c0.03 0.15
v/s Ratio Perm 0.09 0.09 0.08 0.02 0.09 0.02
v/c Ratio 0.42 0.45 0.42 0.45 0.24 0.59 0.07 0.27 0.48 0.07
Uniform Delay, d1 17.2 17.3 17.2 17.3 9.3 14.9 12.5 8.8 14.0 12.1
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 1.1 0.8 1.1 0.8 0.3 0.8 0.1 0.4 0.3 0.1
Delay (s) 18.3 18.1 18.3 18.1 9.6 15.7 12.5 9.2 14.3 12.2
Level of Service B B B B A B B A B B
Approach Delay (s) 18.2 18.2 14.6 13.3
Approach LOS B B B B

Intersection Summary
HCM Average Control Delay 15.2 HCM Level of Service B
HCM Volume to Capacity ratio 0.48
Actuated Cycle Length (s) 51.7 Sum of lost time (s) 18.0
Intersection Capacity Utilization 59.0% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 100 100 100 100 100 100 100 600 100 100 400 100
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Frt 1.00 0.92 1.00 0.92 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1770 1723 1770 1723 1770 3539 1583 1770 3539 1583
Flt Permitted 0.62 1.00 0.62 1.00 0.50 1.00 1.00 0.33 1.00 1.00
Satd. Flow (perm) 1158 1723 1158 1723 930 3539 1583 614 3539 1583
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 109 109 109 109 109 109 109 652 109 109 435 109
RTOR Reduction (vph) 0 45 0 0 45 0 0 0 75 0 0 74
Lane Group Flow (vph) 109 173 0 109 173 0 109 652 34 109 435 35
Turn Type Perm Perm pm+pt Perm pm+pt Perm
Protected Phases 2 6 3 8 7 4
Permitted Phases 2 6 8 8 4 4
Actuated Green, G (s) 11.6 11.6 11.6 11.6 21.6 16.2 16.2 23.0 16.9 16.9
Effective Green, g (s) 11.6 11.6 11.6 11.6 21.6 16.2 16.2 23.0 16.9 16.9
Actuated g/C Ratio 0.22 0.22 0.22 0.22 0.42 0.31 0.31 0.44 0.33 0.33
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 259 385 259 385 474 1105 494 408 1152 515
v/s Ratio Prot c0.10 0.10 0.02 c0.18 c0.03 0.12
v/s Ratio Perm 0.09 0.09 0.07 0.02 0.09 0.02
v/c Ratio 0.42 0.45 0.42 0.45 0.23 0.59 0.07 0.27 0.38 0.07
Uniform Delay, d1 17.3 17.4 17.3 17.4 9.4 15.1 12.5 8.7 13.5 12.1
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 1.1 0.8 1.1 0.8 0.2 0.8 0.1 0.4 0.2 0.1
Delay (s) 18.4 18.2 18.4 18.2 9.7 15.9 12.6 9.0 13.7 12.1
Level of Service B B B B A B B A B B
Approach Delay (s) 18.3 18.3 14.7 12.6
Approach LOS B B B B

Intersection Summary
HCM Average Control Delay 15.2 HCM Level of Service B
HCM Volume to Capacity ratio 0.48
Actuated Cycle Length (s) 51.9 Sum of lost time (s) 18.0
Intersection Capacity Utilization 59.0% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 200 100 100 100 300 200 300 400 100 100 300 200
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.92 1.00 0.94 1.00 0.97 1.00 0.94
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1770 1723 1770 1751 1770 3433 1770 3327
Flt Permitted 0.27 1.00 0.60 1.00 0.18 1.00 0.45 1.00
Satd. Flow (perm) 501 1723 1120 1751 335 3433 836 3327
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 217 109 109 109 326 217 326 435 109 109 326 217
RTOR Reduction (vph) 0 36 0 0 24 0 0 20 0 0 100 0
Lane Group Flow (vph) 217 182 0 109 519 0 326 524 0 109 443 0
Turn Type Perm Perm pm+pt pm+pt
Protected Phases 2 6 3 8 7 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 40.9 40.9 40.9 40.9 41.4 32.4 21.0 18.0
Effective Green, g (s) 40.9 40.9 40.9 40.9 41.4 32.4 21.0 18.0
Actuated g/C Ratio 0.43 0.43 0.43 0.43 0.44 0.34 0.22 0.19
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 217 747 486 759 412 1180 216 635
v/s Ratio Prot 0.11 0.30 c0.15 0.15 0.02 0.13
v/s Ratio Perm c0.43 0.10 c0.20 0.10
v/c Ratio 1.00 0.24 0.22 0.68 0.79 0.44 0.50 0.70
Uniform Delay, d1 26.7 16.9 16.7 21.5 20.0 24.0 30.7 35.6
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 61.1 0.2 0.2 2.6 10.0 0.3 1.9 3.4
Delay (s) 87.8 17.1 17.0 24.1 30.0 24.2 32.6 39.0
Level of Service F B B C C C C D
Approach Delay (s) 52.4 22.9 26.4 37.9
Approach LOS D C C D

Intersection Summary
HCM Average Control Delay 32.7 HCM Level of Service C
HCM Volume to Capacity ratio 0.87
Actuated Cycle Length (s) 94.3 Sum of lost time (s) 12.0
Intersection Capacity Utilization 90.4% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 100 100 100 100 100 100 100 600 100 100 400 100
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.92 1.00 0.92 1.00 0.98 1.00 0.97
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1770 1723 1770 1723 1770 3463 1770 3433
Flt Permitted 0.62 1.00 0.62 1.00 0.45 1.00 0.27 1.00
Satd. Flow (perm) 1158 1723 1158 1723 836 3463 494 3433
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 109 109 109 109 109 109 109 652 109 109 435 109
RTOR Reduction (vph) 0 35 0 0 35 0 0 19 0 0 32 0
Lane Group Flow (vph) 109 183 0 109 183 0 109 742 0 109 512 0
Turn Type Perm Perm pm+pt pm+pt
Protected Phases 2 6 3 8 7 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 12.3 12.3 12.3 12.3 21.6 18.7 24.6 20.2
Effective Green, g (s) 12.3 12.3 12.3 12.3 21.6 18.7 24.6 20.2
Actuated g/C Ratio 0.23 0.23 0.23 0.23 0.40 0.35 0.46 0.38
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 267 397 267 397 389 1213 333 1299
v/s Ratio Prot c0.11 0.11 0.02 c0.21 c0.03 0.15
v/s Ratio Perm 0.09 0.09 0.10 0.12
v/c Ratio 0.41 0.46 0.41 0.46 0.28 0.61 0.33 0.39
Uniform Delay, d1 17.5 17.7 17.5 17.7 10.1 14.3 8.6 12.1
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 1.0 0.8 1.0 0.8 0.4 0.9 0.6 0.2
Delay (s) 18.5 18.5 18.5 18.5 10.5 15.3 9.2 12.3
Level of Service B B B B B B A B
Approach Delay (s) 18.5 18.5 14.7 11.8
Approach LOS B B B B

Intersection Summary
HCM Average Control Delay 15.0 HCM Level of Service B
HCM Volume to Capacity ratio 0.52
Actuated Cycle Length (s) 53.4 Sum of lost time (s) 18.0
Intersection Capacity Utilization 62.2% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 100 100 100 100 100 200 100 500 100 100 400 100
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Lane Util. Factor 1.00 1.00 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.85 0.93 1.00 0.97 1.00 0.97
Flt Protected 0.98 1.00 0.99 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1817 1583 1716 1770 3450 1770 3433
Flt Permitted 0.63 1.00 0.85 0.38 1.00 0.29 1.00
Satd. Flow (perm) 1165 1583 1477 711 3450 548 3433
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 109 109 109 109 109 217 109 543 109 109 435 109
RTOR Reduction (vph) 0 0 67 0 31 0 0 20 0 0 25 0
Lane Group Flow (vph) 0 218 42 0 404 0 109 632 0 109 519 0
Turn Type pm+pt Perm Perm pm+pt pm+pt
Protected Phases 5 2 6 3 8 7 4
Permitted Phases 2 2 6 8 4
Actuated Green, G (s) 24.3 24.3 24.3 20.2 17.2 20.2 17.2
Effective Green, g (s) 24.3 24.3 24.3 20.2 17.2 20.2 17.2
Actuated g/C Ratio 0.39 0.39 0.39 0.32 0.28 0.32 0.28
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 453 615 574 281 949 236 945
v/s Ratio Prot 0.02 c0.18 c0.02 0.15
v/s Ratio Perm 0.19 0.03 c0.27 0.11 0.13
v/c Ratio 0.48 0.07 0.70 0.39 0.67 0.46 0.55
Uniform Delay, d1 14.4 12.0 16.1 15.3 20.1 15.5 19.3
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.8 0.0 3.9 0.9 1.8 1.4 0.7
Delay (s) 15.2 12.0 20.0 16.2 21.9 16.9 20.0
Level of Service B B C B C B B
Approach Delay (s) 14.1 20.0 21.1 19.5
Approach LOS B C C B

Intersection Summary
HCM Average Control Delay 19.3 HCM Level of Service B
HCM Volume to Capacity ratio 0.67
Actuated Cycle Length (s) 62.5 Sum of lost time (s) 18.0
Intersection Capacity Utilization 67.3% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 100 100 100 100 100 100 100 400 100 100 400 100
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 109 109 109 109 109 109 109 435 109 109 435 109
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 397
pX, platoon unblocked 0.91 0.91 0.91 0.91 0.91 0.91
vC, conflicting volume 1304 1467 272 1304 1467 272 543 543
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1140 1319 7 1140 1319 272 305 543
tC, single (s) 7.5 6.5 6.9 7.5 6.5 6.9 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 0 5 89 0 5 85 90 89
cM capacity (veh/h) 17 115 978 18 115 726 1142 1022

Direction, Lane # EB 1 WB 1 NB 1 NB 2 SB 1 SB 2
Volume Total 326 326 326 326 326 326
Volume Left 109 109 109 0 109 0
Volume Right 109 109 0 109 0 109
cSH 43 45 1142 1700 1022 1700
Volume to Capacity 7.51 7.27 0.10 0.19 0.11 0.19
Queue Length 95th (ft) Err Err 8 0 9 0
Control Delay (s) Err Err 3.4 0.0 3.7 0.0
Lane LOS F F A A
Approach Delay (s) Err Err 1.7 1.9
Approach LOS F F

Intersection Summary
Average Delay 3334.2
Intersection Capacity Utilization 66.5% ICU Level of Service C
Analysis Period (min) 15
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 100 100 100 400 100 300 100 200 100 200 300 100
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 0.92 1.00 0.89 1.00 0.95 1.00 0.96
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1770 1723 1770 1653 1770 1769 1770 1613
Flt Permitted 0.43 1.00 0.34 1.00 0.29 1.00 0.39 1.00
Satd. Flow (perm) 804 1723 637 1653 534 1769 733 1613
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 109 109 109 435 109 326 109 217 109 217 326 109
RTOR Reduction (vph) 0 45 0 0 128 0 0 23 0 0 15 0
Lane Group Flow (vph) 109 173 0 435 307 0 109 303 0 217 420 0
Parking  (#/hr) 0
Turn Type pm+pt pm+pt pm+pt pm+pt
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 17.5 13.7 32.9 23.1 26.0 23.0 28.2 24.1
Effective Green, g (s) 17.5 13.7 32.9 23.1 26.0 23.0 28.2 24.1
Actuated g/C Ratio 0.22 0.18 0.42 0.30 0.33 0.29 0.36 0.31
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 227 303 460 490 226 522 320 498
v/s Ratio Prot 0.02 0.10 c0.16 0.19 0.02 0.17 c0.04 c0.26
v/s Ratio Perm 0.08 c0.24 0.14 0.21
v/c Ratio 0.48 0.57 0.95 0.63 0.48 0.58 0.68 0.84
Uniform Delay, d1 25.1 29.5 19.0 23.7 20.1 23.4 21.3 25.2
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 1.6 2.6 28.5 2.5 1.6 1.7 5.6 12.4
Delay (s) 26.7 32.1 47.4 26.2 21.8 25.1 26.9 37.6
Level of Service C C D C C C C D
Approach Delay (s) 30.3 36.8 24.2 34.0
Approach LOS C D C C

Intersection Summary
HCM Average Control Delay 32.7 HCM Level of Service C
HCM Volume to Capacity ratio 0.79
Actuated Cycle Length (s) 78.0 Sum of lost time (s) 12.0
Intersection Capacity Utilization 81.2% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 100 100 100 100 100 200 100 400 100 100 400 100
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 0.92 1.00 0.90 1.00 0.97 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1770 1723 1770 1677 1770 1626 1770 1676 1583
Flt Permitted 0.30 1.00 0.53 1.00 0.47 1.00 0.30 1.00 1.00
Satd. Flow (perm) 562 1723 992 1677 870 1626 558 1676 1583
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 109 109 109 109 109 217 109 435 109 109 435 109
RTOR Reduction (vph) 0 48 0 0 94 0 0 8 0 0 0 53
Lane Group Flow (vph) 109 170 0 109 232 0 109 536 0 109 435 56
Parking  (#/hr) 0 0
Turn Type Perm Perm pm+pt pm+pt Perm
Protected Phases 2 6 3 8 7 4
Permitted Phases 2 6 8 4 4
Actuated Green, G (s) 15.5 15.5 15.5 15.5 39.1 36.1 44.3 38.7 38.7
Effective Green, g (s) 15.5 15.5 15.5 15.5 39.1 36.1 44.3 38.7 38.7
Actuated g/C Ratio 0.21 0.21 0.21 0.21 0.52 0.48 0.59 0.51 0.51
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 116 355 204 346 488 781 419 863 815
v/s Ratio Prot 0.10 0.14 0.01 c0.33 c0.02 c0.26
v/s Ratio Perm c0.19 0.11 0.11 0.13 0.04
v/c Ratio 0.94 0.48 0.53 0.67 0.22 0.69 0.26 0.50 0.07
Uniform Delay, d1 29.4 26.3 26.6 27.5 9.3 15.2 8.2 12.0 9.2
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 64.0 1.0 2.7 4.9 0.2 4.9 0.3 2.1 0.2
Delay (s) 93.3 27.3 29.3 32.3 9.5 20.0 8.5 14.1 9.3
Level of Service F C C C A C A B A
Approach Delay (s) 49.3 31.6 18.3 12.3
Approach LOS D C B B

Intersection Summary
HCM Average Control Delay 24.1 HCM Level of Service C
HCM Volume to Capacity ratio 0.80
Actuated Cycle Length (s) 75.2 Sum of lost time (s) 24.0
Intersection Capacity Utilization 75.8% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 100 100 100 100 100 100 100 100 100 100 100 100
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 0.92 1.00 0.92 1.00 0.92 1.00 0.92
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1770 1723 1770 1723 1770 1723 1770 1723
Flt Permitted 0.62 1.00 0.62 1.00 0.62 1.00 0.62 1.00
Satd. Flow (perm) 1158 1723 1158 1723 1158 1723 1147 1723
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 109 109 109 109 109 109 109 109 109 109 109 109
RTOR Reduction (vph) 0 47 0 0 47 0 0 41 0 0 40 0
Lane Group Flow (vph) 109 171 0 109 171 0 109 177 0 109 178 0
Turn Type Perm Perm pm+pt pm+pt
Protected Phases 2 6 3 8 7 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 10.4 10.4 10.4 10.4 15.7 10.4 15.9 10.5
Effective Green, g (s) 10.4 10.4 10.4 10.4 15.7 10.4 15.9 10.5
Actuated g/C Ratio 0.24 0.24 0.24 0.24 0.36 0.24 0.36 0.24
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 272 405 272 405 485 405 489 409
v/s Ratio Prot c0.10 0.10 0.03 0.10 c0.03 c0.10
v/s Ratio Perm 0.09 0.09 0.05 0.05
v/c Ratio 0.40 0.42 0.40 0.42 0.22 0.44 0.22 0.43
Uniform Delay, d1 14.3 14.4 14.3 14.4 9.8 14.4 9.7 14.3
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 1.0 0.7 1.0 0.7 0.2 0.8 0.2 0.7
Delay (s) 15.2 15.1 15.2 15.1 10.0 15.2 9.9 15.1
Level of Service B B B B B B A B
Approach Delay (s) 15.1 15.1 13.4 13.3
Approach LOS B B B B

Intersection Summary
HCM Average Control Delay 14.3 HCM Level of Service B
HCM Volume to Capacity ratio 0.32
Actuated Cycle Length (s) 44.2 Sum of lost time (s) 12.0
Intersection Capacity Utilization 53.8% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 100 100 100 100 100 100 100 600 100 200 500 300
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Lane Util. Factor 0.97 0.95 1.00 0.97 0.95 1.00 0.97 0.95 1.00 0.97 0.95 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 3433 3539 1583 3433 3539 1583 3433 3539 1583 3433 3539 1583
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 3433 3539 1583 3433 3539 1583 3433 3539 1583 3433 3539 1583
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 109 109 109 109 109 109 109 652 109 217 543 326
RTOR Reduction (vph) 0 0 84 0 0 81 0 0 67 0 0 187
Lane Group Flow (vph) 109 109 25 109 109 28 109 652 42 217 543 139
Turn Type Prot pm+ov Prot pm+ov Prot pm+ov Prot pm+ov
Protected Phases 5 2 3 1 6 7 3 8 1 7 4 5
Permitted Phases 2 6 8 4
Actuated Green, G (s) 7.8 7.7 15.5 7.8 7.7 17.7 7.8 18.7 26.5 10.0 20.9 28.7
Effective Green, g (s) 7.8 7.7 15.5 7.8 7.7 17.7 7.8 18.7 26.5 10.0 20.9 28.7
Actuated g/C Ratio 0.11 0.11 0.23 0.11 0.11 0.26 0.11 0.27 0.39 0.15 0.31 0.42
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 393 400 499 393 400 550 393 970 754 503 1085 805
v/s Ratio Prot c0.03 c0.03 0.01 0.03 0.03 0.01 0.03 c0.18 0.01 c0.06 0.15 0.02
v/s Ratio Perm 0.01 0.01 0.02 0.07
v/c Ratio 0.28 0.27 0.05 0.28 0.27 0.05 0.28 0.67 0.06 0.43 0.50 0.17
Uniform Delay, d1 27.6 27.7 20.6 27.6 27.7 18.9 27.6 22.0 13.0 26.5 19.4 12.3
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.4 0.4 0.0 0.4 0.4 0.0 0.4 1.8 0.0 0.6 0.4 0.1
Delay (s) 28.0 28.1 20.6 28.0 28.1 19.0 28.0 23.9 13.1 27.1 19.7 12.4
Level of Service C C C C C B C C B C B B
Approach Delay (s) 25.6 25.0 23.0 19.0
Approach LOS C C C B

Intersection Summary
HCM Average Control Delay 21.9 HCM Level of Service C
HCM Volume to Capacity ratio 0.48
Actuated Cycle Length (s) 68.2 Sum of lost time (s) 24.0
Intersection Capacity Utilization 46.8% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 700 600 200 200 2000 600 400 800 300 200 400 500
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Lane Util. Factor 0.97 0.91 1.00 0.97 0.91 1.00 0.97 0.95 1.00 0.97 0.95 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 3433 5085 1583 3433 5085 1583 3433 3539 1583 3433 3539 1583
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 3433 5085 1583 3433 5085 1583 3433 3539 1583 3433 3539 1583
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 761 652 217 217 2174 652 435 870 326 217 435 543
RTOR Reduction (vph) 0 0 35 0 0 1 0 0 71 0 0 4
Lane Group Flow (vph) 761 652 182 217 2174 651 435 870 255 217 435 539
Turn Type Prot pm+ov Prot pm+ov Prot pm+ov Prot pm+ov
Protected Phases 5 2 3 1 6 7 3 8 1 7 4 5
Permitted Phases 2 6 8 4
Actuated Green, G (s) 20.0 44.4 61.9 13.6 38.0 52.4 17.5 22.1 35.7 14.4 19.0 39.0
Effective Green, g (s) 20.0 44.4 61.9 13.6 38.0 52.4 17.5 22.1 35.7 14.4 19.0 39.0
Actuated g/C Ratio 0.17 0.37 0.52 0.11 0.32 0.44 0.15 0.19 0.30 0.12 0.16 0.33
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 579 1905 907 394 1631 780 507 660 557 417 567 601
v/s Ratio Prot c0.22 0.13 0.03 0.06 c0.43 0.10 c0.13 c0.25 0.05 0.06 0.12 0.15
v/s Ratio Perm 0.09 0.31 0.11 0.19
v/c Ratio 1.31 0.34 0.20 0.55 1.33 0.83 0.86 1.32 0.46 0.52 0.77 0.90
Uniform Delay, d1 49.3 26.6 15.1 49.6 40.2 29.2 49.3 48.2 33.5 48.8 47.6 37.8
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 153.4 0.1 0.1 1.7 154.1 7.7 13.5 153.7 0.6 1.2 6.2 16.0
Delay (s) 202.7 26.7 15.2 51.2 194.4 36.9 62.8 201.9 34.1 50.0 53.8 53.8
Level of Service F C B D F D E F C D D D
Approach Delay (s) 107.3 150.4 131.3 53.1
Approach LOS F F F D

Intersection Summary
HCM Average Control Delay 121.4 HCM Level of Service F
HCM Volume to Capacity ratio 1.28
Actuated Cycle Length (s) 118.5 Sum of lost time (s) 24.0
Intersection Capacity Utilization 106.4% ICU Level of Service G
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 300 100 100 100 100 200 100 700 100 700 700 200
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Lane Util. Factor 0.97 0.95 1.00 0.97 0.95 1.00 0.97 0.95 1.00 0.97 0.95 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 3433 3539 1583 3433 3539 1583 3433 3539 1583 3433 3539 1583
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 3433 3539 1583 3433 3539 1583 3433 3539 1583 3433 3539 1583
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 326 109 109 109 109 217 109 761 109 761 761 217
RTOR Reduction (vph) 0 0 95 0 0 25 0 0 71 0 0 37
Lane Group Flow (vph) 326 109 14 109 109 192 109 761 38 761 761 180
Turn Type Prot Perm Prot pm+ov Prot pm+ov Prot pm+ov
Protected Phases 7 4 3 8 1 5 2 3 1 6 7
Permitted Phases 4 8 2 6
Actuated Green, G (s) 13.5 12.7 12.7 6.9 6.1 32.7 6.9 27.0 33.9 26.6 46.7 60.2
Effective Green, g (s) 13.5 12.7 12.7 6.9 6.1 32.7 6.9 27.0 33.9 26.6 46.7 60.2
Actuated g/C Ratio 0.14 0.13 0.13 0.07 0.06 0.34 0.07 0.28 0.35 0.27 0.48 0.62
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 477 462 207 244 222 630 244 983 650 939 1700 1078
v/s Ratio Prot c0.09 0.03 0.03 c0.03 0.08 0.03 c0.22 0.00 c0.22 0.22 0.02
v/s Ratio Perm 0.01 0.04 0.02 0.09
v/c Ratio 0.68 0.24 0.07 0.45 0.49 0.31 0.45 0.77 0.06 0.81 0.45 0.17
Uniform Delay, d1 39.8 37.9 37.1 43.3 44.0 23.9 43.3 32.3 21.0 32.9 16.7 7.9
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 4.0 0.3 0.1 1.3 1.7 0.3 1.3 3.9 0.0 5.4 0.2 0.1
Delay (s) 43.8 38.2 37.2 44.6 45.8 24.1 44.6 36.2 21.1 38.3 16.9 7.9
Level of Service D D D D D C D D C D B A
Approach Delay (s) 41.4 34.7 35.4 25.2
Approach LOS D C D C

Intersection Summary
HCM Average Control Delay 31.4 HCM Level of Service C
HCM Volume to Capacity ratio 0.75
Actuated Cycle Length (s) 97.2 Sum of lost time (s) 24.0
Intersection Capacity Utilization 69.5% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 100 100 100 100 100 100 100 1300 100 100 800 100
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Frt 1.00 0.92 1.00 0.92 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1770 1723 1770 1723 1770 3539 1583 1770 3539 1583
Flt Permitted 0.53 1.00 0.53 1.00 0.27 1.00 1.00 0.11 1.00 1.00
Satd. Flow (perm) 995 1723 995 1723 499 3539 1583 210 3539 1583
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 109 109 109 109 109 109 109 1413 109 109 870 109
RTOR Reduction (vph) 0 43 0 0 43 0 0 0 52 0 0 55
Lane Group Flow (vph) 109 175 0 109 175 0 109 1413 57 109 870 54
Turn Type Perm Perm pm+pt Perm pm+pt Perm
Protected Phases 2 6 3 8 7 4
Permitted Phases 2 6 8 8 4 4
Actuated Green, G (s) 13.9 13.9 13.9 13.9 39.8 35.5 35.5 39.8 35.5 35.5
Effective Green, g (s) 13.9 13.9 13.9 13.9 39.8 35.5 35.5 39.8 35.5 35.5
Actuated g/C Ratio 0.19 0.19 0.19 0.19 0.56 0.50 0.50 0.56 0.50 0.50
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 193 334 193 334 353 1752 784 210 1752 784
v/s Ratio Prot 0.10 0.10 0.02 c0.40 c0.03 0.25
v/s Ratio Perm c0.11 0.11 0.15 0.04 0.26 0.03
v/c Ratio 0.56 0.52 0.56 0.52 0.31 0.81 0.07 0.52 0.50 0.07
Uniform Delay, d1 26.2 25.9 26.2 25.9 7.9 15.2 9.5 11.0 12.1 9.5
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 3.8 1.5 3.8 1.5 0.5 2.8 0.0 2.2 0.2 0.0
Delay (s) 29.9 27.4 29.9 27.4 8.4 18.0 9.5 13.2 12.3 9.5
Level of Service C C C C A B A B B A
Approach Delay (s) 28.3 28.3 16.8 12.1
Approach LOS C C B B

Intersection Summary
HCM Average Control Delay 17.5 HCM Level of Service B
HCM Volume to Capacity ratio 0.72
Actuated Cycle Length (s) 71.7 Sum of lost time (s) 18.0
Intersection Capacity Utilization 78.4% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 200 100 100 100 100 100 100 1200 100 100 700 200
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Frt 1.00 0.92 1.00 0.92 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1770 1723 1770 1723 1770 3539 1583 1770 3539 1583
Flt Permitted 0.57 1.00 0.57 1.00 0.30 1.00 1.00 0.12 1.00 1.00
Satd. Flow (perm) 1060 1723 1060 1723 550 3539 1583 219 3539 1583
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 217 109 109 109 109 109 109 1304 109 109 761 217
RTOR Reduction (vph) 0 42 0 0 42 0 0 0 56 0 0 121
Lane Group Flow (vph) 217 176 0 109 176 0 109 1304 53 109 761 96
Turn Type Perm Perm pm+pt Perm pm+pt Perm
Protected Phases 2 6 3 8 7 4
Permitted Phases 2 6 8 8 4 4
Actuated Green, G (s) 20.9 20.9 20.9 20.9 38.4 34.1 34.1 38.4 34.1 34.1
Effective Green, g (s) 20.9 20.9 20.9 20.9 38.4 34.1 34.1 38.4 34.1 34.1
Actuated g/C Ratio 0.27 0.27 0.27 0.27 0.50 0.44 0.44 0.50 0.44 0.44
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 287 466 287 466 341 1561 698 195 1561 698
v/s Ratio Prot 0.10 0.10 0.02 c0.37 c0.03 0.22
v/s Ratio Perm c0.20 0.10 0.14 0.03 0.25 0.06
v/c Ratio 0.76 0.38 0.38 0.38 0.32 0.84 0.08 0.56 0.49 0.14
Uniform Delay, d1 25.9 22.9 22.9 22.9 10.7 19.1 12.5 13.9 15.4 12.8
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 10.8 0.5 0.8 0.5 0.5 4.0 0.0 3.4 0.2 0.1
Delay (s) 36.7 23.4 23.8 23.4 11.3 23.2 12.5 17.3 15.6 12.9
Level of Service D C C C B C B B B B
Approach Delay (s) 30.0 23.5 21.5 15.3
Approach LOS C C C B

Intersection Summary
HCM Average Control Delay 20.8 HCM Level of Service C
HCM Volume to Capacity ratio 0.79
Actuated Cycle Length (s) 77.3 Sum of lost time (s) 18.0
Intersection Capacity Utilization 81.2% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 200 200 400 100 200 100 200 500 100 100 500 100
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.90 1.00 0.95 1.00 0.97 1.00 0.97
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1770 1676 1770 1769 1770 3450 1770 3450
Flt Permitted 0.51 1.00 0.22 1.00 0.23 1.00 0.26 1.00
Satd. Flow (perm) 953 1676 415 1769 436 3450 491 3450
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 217 217 435 109 217 109 217 543 109 109 543 109
RTOR Reduction (vph) 0 54 0 0 13 0 0 20 0 0 20 0
Lane Group Flow (vph) 217 598 0 109 313 0 217 632 0 109 632 0
Turn Type Perm Perm pm+pt pm+pt
Protected Phases 2 6 3 8 7 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 41.1 41.1 41.1 41.1 27.2 23.2 25.4 22.3
Effective Green, g (s) 41.1 41.1 41.1 41.1 27.2 23.2 25.4 22.3
Actuated g/C Ratio 0.48 0.48 0.48 0.48 0.32 0.27 0.30 0.26
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 459 807 200 851 201 937 192 901
v/s Ratio Prot c0.36 0.18 c0.05 0.18 0.02 0.18
v/s Ratio Perm 0.23 0.26 c0.29 0.15
v/c Ratio 0.47 0.74 0.55 0.37 1.08 0.67 0.57 0.70
Uniform Delay, d1 14.9 17.9 15.6 14.0 28.4 27.7 24.3 28.5
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.8 3.7 3.0 0.3 86.3 1.9 3.8 2.5
Delay (s) 15.6 21.5 18.6 14.2 114.6 29.7 28.1 31.0
Level of Service B C B B F C C C
Approach Delay (s) 20.1 15.3 50.9 30.6
Approach LOS C B D C

Intersection Summary
HCM Average Control Delay 31.2 HCM Level of Service C
HCM Volume to Capacity ratio 0.81
Actuated Cycle Length (s) 85.4 Sum of lost time (s) 12.0
Intersection Capacity Utilization 88.7% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 100 100 100 100 100 100 100 600 100 100 800 100
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.92 1.00 0.92 1.00 0.98 1.00 0.98
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1770 1723 1770 1723 1770 3463 1770 3480
Flt Permitted 0.61 1.00 0.61 1.00 0.21 1.00 0.28 1.00
Satd. Flow (perm) 1140 1723 1140 1723 398 3463 518 3480
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 109 109 109 109 109 109 109 652 109 109 870 109
RTOR Reduction (vph) 0 36 0 0 36 0 0 18 0 0 13 0
Lane Group Flow (vph) 109 182 0 109 182 0 109 743 0 109 966 0
Turn Type Perm Perm pm+pt pm+pt
Protected Phases 2 6 3 8 7 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 12.8 12.8 12.8 12.8 25.5 22.5 28.5 24.0
Effective Green, g (s) 12.8 12.8 12.8 12.8 25.5 22.5 28.5 24.0
Actuated g/C Ratio 0.22 0.22 0.22 0.22 0.44 0.39 0.49 0.42
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 252 382 252 382 247 1348 353 1445
v/s Ratio Prot c0.11 0.11 0.02 0.21 c0.02 c0.28
v/s Ratio Perm 0.10 0.10 0.17 0.13
v/c Ratio 0.43 0.48 0.43 0.48 0.44 0.55 0.31 0.67
Uniform Delay, d1 19.4 19.6 19.4 19.6 10.0 13.7 8.2 13.7
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 1.2 0.9 1.2 0.9 1.3 0.5 0.5 1.2
Delay (s) 20.6 20.5 20.6 20.5 11.3 14.2 8.7 14.9
Level of Service C C C C B B A B
Approach Delay (s) 20.5 20.5 13.8 14.3
Approach LOS C C B B

Intersection Summary
HCM Average Control Delay 15.7 HCM Level of Service B
HCM Volume to Capacity ratio 0.51
Actuated Cycle Length (s) 57.8 Sum of lost time (s) 12.0
Intersection Capacity Utilization 67.8% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 100 100 200 100 100 100 100 500 100 100 800 100
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Lane Util. Factor 1.00 1.00 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.85 0.96 1.00 0.97 1.00 0.98
Flt Protected 0.98 1.00 0.98 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1817 1583 1750 1770 3450 1770 3480
Flt Permitted 0.66 1.00 0.79 0.17 1.00 0.34 1.00
Satd. Flow (perm) 1222 1583 1403 309 3450 634 3480
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 109 109 217 109 109 109 109 543 109 109 870 109
RTOR Reduction (vph) 0 0 109 0 17 0 0 17 0 0 9 0
Lane Group Flow (vph) 0 218 108 0 310 0 109 635 0 109 970 0
Turn Type pm+pt Perm Perm pm+pt pm+pt
Protected Phases 5 2 6 3 8 7 4
Permitted Phases 2 2 6 8 4
Actuated Green, G (s) 21.6 21.6 21.6 28.6 25.6 28.6 25.6
Effective Green, g (s) 21.6 21.6 21.6 28.6 25.6 28.6 25.6
Actuated g/C Ratio 0.32 0.32 0.32 0.42 0.38 0.42 0.38
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 387 501 444 194 1295 316 1306
v/s Ratio Prot c0.02 0.18 0.02 c0.28
v/s Ratio Perm 0.18 0.07 c0.22 0.21 0.13
v/c Ratio 0.56 0.22 0.70 0.56 0.49 0.34 0.74
Uniform Delay, d1 19.4 17.1 20.4 13.4 16.3 12.4 18.4
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 1.9 0.2 4.7 3.7 0.3 0.7 2.3
Delay (s) 21.3 17.3 25.2 17.1 16.6 13.0 20.8
Level of Service C B C B B B C
Approach Delay (s) 19.3 25.2 16.7 20.0
Approach LOS B C B B

Intersection Summary
HCM Average Control Delay 19.6 HCM Level of Service B
HCM Volume to Capacity ratio 0.71
Actuated Cycle Length (s) 68.2 Sum of lost time (s) 18.0
Intersection Capacity Utilization 69.6% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 100 100 100 100 100 100 100 500 100 100 800 100
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 109 109 109 109 109 109 109 543 109 109 870 109
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 397
pX, platoon unblocked 0.79 0.79 0.79 0.79 0.79 0.79
vC, conflicting volume 1793 2011 489 1630 2011 326 978 652
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1469 1745 0 1262 1745 326 435 652
tC, single (s) 7.5 6.5 6.9 7.5 6.5 6.9 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 0 0 87 0 0 84 88 88
cM capacity (veh/h) 0 52 855 0 52 670 884 930

Direction, Lane # EB 1 WB 1 NB 1 NB 2 SB 1 SB 2
Volume Total 326 326 380 380 543 543
Volume Left 109 109 109 0 109 0
Volume Right 109 109 0 109 0 109
cSH 0 0 884 1700 930 1700
Volume to Capacity Err Err 0.12 0.22 0.12 0.32
Queue Length 95th (ft) Err Err 10 0 10 0
Control Delay (s) Err Err 3.8 0.0 3.1 0.0
Lane LOS F F A A
Approach Delay (s) Err Err 1.9 1.5
Approach LOS F F

Intersection Summary
Average Delay Err
Intersection Capacity Utilization 80.3% ICU Level of Service D
Analysis Period (min) 15
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 100 100 100 300 100 400 100 300 100 100 300 100
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 0.92 1.00 0.88 1.00 0.96 1.00 0.96
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1770 1723 1770 1639 1770 1793 1770 1613
Flt Permitted 0.27 1.00 0.37 1.00 0.26 1.00 0.26 1.00
Satd. Flow (perm) 507 1723 683 1639 481 1793 481 1613
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 109 109 109 326 109 435 109 326 109 109 326 109
RTOR Reduction (vph) 0 44 0 0 170 0 0 15 0 0 15 0
Lane Group Flow (vph) 109 174 0 326 374 0 109 420 0 109 420 0
Parking  (#/hr) 0
Turn Type pm+pt pm+pt pm+pt pm+pt
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 18.4 14.7 32.9 23.2 25.5 22.6 25.5 22.6
Effective Green, g (s) 18.4 14.7 32.9 23.2 25.5 22.6 25.5 22.6
Actuated g/C Ratio 0.24 0.19 0.43 0.30 0.33 0.30 0.33 0.30
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 183 332 468 498 209 530 209 477
v/s Ratio Prot 0.03 0.10 c0.11 c0.23 c0.02 0.23 0.02 c0.26
v/s Ratio Perm 0.11 0.19 0.15 0.15
v/c Ratio 0.60 0.53 0.70 0.75 0.52 0.79 0.52 0.88
Uniform Delay, d1 24.2 27.7 15.8 24.0 20.1 24.7 20.1 25.6
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 5.1 1.5 4.5 6.3 2.3 8.0 2.3 17.1
Delay (s) 29.3 29.2 20.3 30.3 22.5 32.7 22.5 42.7
Level of Service C C C C C C C D
Approach Delay (s) 29.2 26.6 30.7 38.7
Approach LOS C C C D

Intersection Summary
HCM Average Control Delay 30.8 HCM Level of Service C
HCM Volume to Capacity ratio 0.84
Actuated Cycle Length (s) 76.4 Sum of lost time (s) 24.0
Intersection Capacity Utilization 82.9% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 200 100 100 100 100 200 100 400 100 200 500 100
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 0.92 1.00 0.90 1.00 0.97 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1770 1723 1770 1677 1770 1626 1770 1676 1583
Flt Permitted 0.40 1.00 0.56 1.00 0.34 1.00 0.21 1.00 1.00
Satd. Flow (perm) 747 1723 1050 1677 627 1626 400 1676 1583
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 217 109 109 109 109 217 109 435 109 217 543 109
RTOR Reduction (vph) 0 42 0 0 83 0 0 10 0 0 0 59
Lane Group Flow (vph) 217 176 0 109 243 0 109 534 0 217 543 50
Parking  (#/hr) 0 0
Turn Type Perm Perm pm+pt pm+pt Perm
Protected Phases 2 6 3 8 7 4
Permitted Phases 2 6 8 4 4
Actuated Green, G (s) 26.4 26.4 26.4 26.4 38.6 35.5 48.4 40.4 40.4
Effective Green, g (s) 26.4 26.4 26.4 26.4 38.6 35.5 48.4 40.4 40.4
Actuated g/C Ratio 0.30 0.30 0.30 0.30 0.44 0.40 0.55 0.46 0.46
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 224 517 315 504 316 657 345 770 728
v/s Ratio Prot 0.10 0.14 0.01 c0.33 c0.06 c0.32
v/s Ratio Perm c0.29 0.10 0.14 0.29 0.03
v/c Ratio 0.97 0.34 0.35 0.48 0.34 0.81 0.63 0.71 0.07
Uniform Delay, d1 30.3 24.0 24.0 25.2 15.6 23.3 13.7 19.0 13.3
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 50.7 0.4 0.7 0.7 0.7 10.6 3.6 5.4 0.2
Delay (s) 81.0 24.4 24.7 25.9 16.3 33.9 17.2 24.4 13.4
Level of Service F C C C B C B C B
Approach Delay (s) 52.6 25.6 30.9 21.2
Approach LOS D C C C

Intersection Summary
HCM Average Control Delay 30.4 HCM Level of Service C
HCM Volume to Capacity ratio 0.94
Actuated Cycle Length (s) 87.9 Sum of lost time (s) 24.0
Intersection Capacity Utilization 86.8% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 200 100 100 100 100 100 100 100 100 100 100 200
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 0.92 1.00 0.92 1.00 0.92 1.00 0.90
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1770 1723 1770 1723 1770 1723 1770 1677
Flt Permitted 0.62 1.00 0.62 1.00 0.44 1.00 0.62 1.00
Satd. Flow (perm) 1158 1723 1158 1723 812 1723 1158 1677
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 217 109 109 109 109 109 109 109 109 109 109 217
RTOR Reduction (vph) 0 42 0 0 42 0 0 40 0 0 78 0
Lane Group Flow (vph) 217 176 0 109 176 0 109 178 0 109 248 0
Turn Type Perm Perm pm+pt pm+pt
Protected Phases 2 6 3 8 7 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 17.7 17.7 17.7 17.7 20.1 14.4 19.9 14.3
Effective Green, g (s) 17.7 17.7 17.7 17.7 20.1 14.4 19.9 14.3
Actuated g/C Ratio 0.32 0.32 0.32 0.32 0.36 0.26 0.36 0.26
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 368 548 368 548 391 445 475 431
v/s Ratio Prot 0.10 0.10 c0.03 0.10 0.02 c0.15
v/s Ratio Perm c0.19 0.09 0.07 0.06
v/c Ratio 0.59 0.32 0.30 0.32 0.28 0.40 0.23 0.58
Uniform Delay, d1 16.0 14.4 14.3 14.4 12.2 17.1 12.3 18.1
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 2.4 0.3 0.5 0.3 0.4 0.6 0.2 1.9
Delay (s) 18.4 14.8 14.8 14.8 12.6 17.7 12.5 19.9
Level of Service B B B B B B B B
Approach Delay (s) 16.6 14.8 16.0 18.1
Approach LOS B B B B

Intersection Summary
HCM Average Control Delay 16.5 HCM Level of Service B
HCM Volume to Capacity ratio 0.54
Actuated Cycle Length (s) 55.7 Sum of lost time (s) 18.0
Intersection Capacity Utilization 65.5% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 700 900 200 100 300 200 200 1300 100 200 1100 200
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Lane Util. Factor 0.97 0.95 1.00 0.97 0.95 1.00 0.97 0.95 1.00 0.97 0.95 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 3433 3539 1583 3433 3539 1583 3433 3539 1583 3433 3539 1583
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 3433 3539 1583 3433 3539 1583 3433 3539 1583 3433 3539 1583
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 761 978 217 109 326 217 217 1413 109 217 1196 217
RTOR Reduction (vph) 0 0 11 0 0 6 0 0 5 0 0 4
Lane Group Flow (vph) 761 978 206 109 326 211 217 1413 104 217 1196 213
Turn Type Prot pm+ov Prot pm+ov Prot pm+ov Prot pm+ov
Protected Phases 5 2 3 1 6 7 3 8 1 7 4 5
Permitted Phases 2 6 8 4
Actuated Green, G (s) 22.0 27.0 34.0 4.0 9.0 16.0 7.0 38.0 42.0 7.0 38.0 60.0
Effective Green, g (s) 22.0 27.0 34.0 4.0 9.0 16.0 7.0 38.0 42.0 7.0 38.0 60.0
Actuated g/C Ratio 0.22 0.27 0.34 0.04 0.09 0.16 0.07 0.38 0.42 0.07 0.38 0.60
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 755 956 633 137 319 348 240 1345 760 240 1345 1045
v/s Ratio Prot c0.22 c0.28 0.02 0.03 0.09 0.04 c0.06 c0.40 0.01 0.06 0.34 0.04
v/s Ratio Perm 0.11 0.09 0.06 0.09
v/c Ratio 1.01 1.02 0.33 0.80 1.02 0.61 0.90 1.05 0.14 0.90 0.89 0.20
Uniform Delay, d1 39.0 36.5 24.5 47.6 45.5 39.1 46.2 31.0 17.8 46.2 29.0 9.1
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 34.7 35.1 0.3 26.5 56.1 3.0 33.5 39.0 0.1 33.5 7.5 0.1
Delay (s) 73.7 71.6 24.8 74.0 101.6 42.1 79.6 70.0 17.9 79.6 36.6 9.2
Level of Service E E C E F D E E B E D A
Approach Delay (s) 67.2 77.2 67.9 38.7
Approach LOS E E E D

Intersection Summary
HCM Average Control Delay 60.7 HCM Level of Service E
HCM Volume to Capacity ratio 1.07
Actuated Cycle Length (s) 100.0 Sum of lost time (s) 24.0
Intersection Capacity Utilization 89.9% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 700 1600 700 300 1200 200 700 1000 400 600 900 700
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Lane Util. Factor 0.97 0.91 1.00 0.97 0.91 1.00 0.97 0.95 1.00 0.97 0.95 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 3433 5085 1583 3433 5085 1583 3433 3539 1583 3433 3539 1583
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 3433 5085 1583 3433 5085 1583 3433 3539 1583 3433 3539 1583
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 761 1739 761 326 1304 217 761 1087 435 652 978 761
RTOR Reduction (vph) 0 0 1 0 0 1 0 0 1 0 0 1
Lane Group Flow (vph) 761 1739 760 326 1304 216 761 1087 434 652 978 760
Turn Type Prot pm+ov Prot pm+ov Prot pm+ov Prot pm+ov
Protected Phases 5 2 3 1 6 7 3 8 1 7 4 5
Permitted Phases 2 6 8 4
Actuated Green, G (s) 21.0 39.0 62.0 9.0 27.0 46.0 23.0 29.0 38.0 19.0 25.0 46.0
Effective Green, g (s) 21.0 39.0 62.0 9.0 27.0 46.0 23.0 29.0 38.0 19.0 25.0 46.0
Actuated g/C Ratio 0.18 0.32 0.52 0.08 0.22 0.38 0.19 0.24 0.32 0.16 0.21 0.38
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 601 1653 897 257 1144 686 658 855 580 544 737 686
v/s Ratio Prot c0.22 c0.34 0.16 0.09 0.26 0.05 c0.22 c0.31 0.06 0.19 0.28 c0.19
v/s Ratio Perm 0.32 0.09 0.22 0.29
v/c Ratio 1.27 1.05 0.85 1.27 1.14 0.31 1.16 1.27 0.75 1.20 1.33 1.11
Uniform Delay, d1 49.5 40.5 24.9 55.5 46.5 25.9 48.5 45.5 36.7 50.5 47.5 37.0
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 132.7 37.3 7.5 147.9 73.9 0.3 86.8 131.3 5.2 106.2 156.5 67.7
Delay (s) 182.2 77.8 32.4 203.4 120.4 26.2 135.3 176.8 41.9 156.7 204.0 104.7
Level of Service F E C F F C F F D F F F
Approach Delay (s) 91.5 124.0 137.3 159.5
Approach LOS F F F F

Intersection Summary
HCM Average Control Delay 124.9 HCM Level of Service F
HCM Volume to Capacity ratio 1.12
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 12.0
Intersection Capacity Utilization 108.0% ICU Level of Service G
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 300 100 100 100 100 300 100 1900 100 300 1600 300
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Lane Util. Factor 0.97 0.95 1.00 0.97 0.95 1.00 0.97 0.95 1.00 0.97 0.95 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 3433 3539 1583 3433 3539 1583 3433 3539 1583 3433 3539 1583
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 3433 3539 1583 3433 3539 1583 3433 3539 1583 3433 3539 1583
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 326 109 109 109 109 326 109 2065 109 326 1739 326
RTOR Reduction (vph) 0 0 88 0 0 5 0 0 34 0 0 19
Lane Group Flow (vph) 326 109 21 109 109 321 109 2065 75 326 1739 307
Turn Type Prot Perm Prot pm+ov Prot pm+ov Prot pm+ov
Protected Phases 7 4 3 8 1 5 2 3 1 6 7
Permitted Phases 4 8 2 6
Actuated Green, G (s) 10.0 11.0 11.0 5.0 6.0 16.0 5.0 60.0 65.0 10.0 65.0 75.0
Effective Green, g (s) 10.0 11.0 11.0 5.0 6.0 16.0 5.0 60.0 65.0 10.0 65.0 75.0
Actuated g/C Ratio 0.09 0.10 0.10 0.05 0.05 0.15 0.05 0.55 0.59 0.09 0.59 0.68
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 312 354 158 156 193 317 156 1930 1022 312 2091 1166
v/s Ratio Prot c0.09 c0.03 0.03 0.03 c0.09 0.03 c0.58 0.00 0.09 c0.49 0.02
v/s Ratio Perm 0.01 0.11 0.04 0.17
v/c Ratio 1.04 0.31 0.13 0.70 0.56 1.01 0.70 1.07 0.07 1.04 0.83 0.26
Uniform Delay, d1 50.0 46.0 45.1 51.8 50.7 47.0 51.8 25.0 9.6 50.0 18.1 6.8
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 63.1 0.5 0.4 12.8 3.8 53.7 12.8 42.1 0.0 63.1 3.0 0.1
Delay (s) 113.1 46.5 45.5 64.6 54.5 100.7 64.6 67.1 9.7 113.1 21.1 6.9
Level of Service F D D E D F E E A F C A
Approach Delay (s) 86.2 84.2 64.3 31.7
Approach LOS F F E C

Intersection Summary
HCM Average Control Delay 54.7 HCM Level of Service D
HCM Volume to Capacity ratio 1.21
Actuated Cycle Length (s) 110.0 Sum of lost time (s) 30.0
Intersection Capacity Utilization 94.7% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group
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SW Butler Road Corridor Study 

Key Stakeholder Meeting Minutes 
 
Date:  August 13, 2007 
Time:   
Location:  JOEL Assoc., LLC. - 1999 Amidon, Suite 375, Wichita, KS 

Attendees: Len Marotte, JOEL Assoc., LLC.  
  Steve Lackey, TranSystems        
   

Handouts:  None, did have an aerial of the project limits with known developments and property owners 
 

Discussion: 
Mr. Len Marotte is the developer of what was called in 2000, Tuscany Addition at the northwest corner of Butler Road 
and 120th Street.  Since that point in time he has sold off Parcel 4 and 5 to Devlin Properties and Parcel 3 to Bill Blair 
of Blair Construction. Parcels 1 and 2 are now called Winchester Addition. 
 
It is Mr. Marotte’s desire to develop Parcels 1 and 2 over the next 4-5 years. He indicated that Parcels 3 and 4 will be 
re-platted into estate lots. Parcel 5 is zoned light commercial and will probably remain light commercial. 
 
POE and Associates is his platting engineer and he works with Kenny Hill to facilitate platting and development 
issues with Andover. 
  



 

 

SW Butler Road Corridor Study 

Key Stakeholder Meeting Minutes 
 
Date:  August 17, 2007 
Time:   
Location:  Devlin Enterprises – 1313 N. Webb Rd., Suite 100, Wichita, KS 
 

Attendees: Tom Mack, Devlin Enterprises  
  Steve Lackey, TranSystems        
   

Handouts:  None, did have an aerial of the project limits with known developments and property owners 
 

Discussion: 
Mr. Mack indicated he will re-plat that northeast portion of the Flint Hill plat into smaller lots, but there will still be lots 
to support high end housing. Devlin Enterprises and Clifford Nies are joint venturing a 150 acre residential 
development at the southeast corner of 130th Street and Butler Road. He indicated he was working with Andover to 
use either special assessment bounds or Industrial Revenue Bonds which are allowed under a new State law. Details 
have not been worked out. Mr. Mack indicated they would be financing the streets privately, but the water and sewer 
would be special assessments. He hoped they could begin development in 2008 or 2009, with phases being 
accomplished in thirds over a 6 to 9 year period. There is a major crude line running through the development which 
is tied into the Coffeeville Refinery. 
 
Mr. Mack said they own commercially zoned property at the northwest corner of 120th Street and Butler Road and 
had plans to develop it in the next 5 years. He said that if they had major events at the golf course, the major services 
such as lodging and restaurants would be provided either in Andover or Wichita. The previously mentioned 
commercial property could be the site of a Holiday Inn Express type of use, but that has not been decided. Mr. Mack 
indicated that he does not anticipate holding golf events that would create a high demand for spectators (PGA type 
events), due to the limitations of providing space on the course. Smaller events such as the U.S. Senior Amateur or 
Lady Amateur events could be held. 
 
Mr. Mack also mentioned that debt limitations in Andover factors into his business plan. 
  



 

 

SW Butler Road Corridor Study 

Key Stakeholder Meeting Minutes 
 
Date:  August 17, 2007 
Time:   
Location:  Paul Kelsey Development - 716 N. 119th St. W., Wichita, KS 
 

Attendees: Paul Kelsey, Paul Kelsey Development  
  Steve Lackey, TranSystems 
  Tim Aziere, Baughman Co. 
  Kris Rose, Baughman Co.         
  

Handouts:  None, did have an aerial of the project limits with known developments and property owners 
 

Discussion: 
Mr. Paul Kelsey is currently developing the plat Ami Lane which has approximately 289 lots. It is his intent to develop 
this plat, but he’ll have to “see how the market goes”.  He’s hopeful that he will be able to develop 100 lots in 2008 or 
2009. He is also planning to develop 80 acres for resident use within the Rose Hill city limits west of Butler Road and 
north of Silknetter Street. No time table for this development has been established. Mr. Kelsey has several 
developments or plans for developments in the general area, with some outside of the study area that will develop as 
the market dictates. He also stated that he knew of a pending development near 63rd Street and 159th Street, but he 
didn’t know who owned, or the use of the property. Baughman indicated they thought there was now potential for 
development to occur south of the Rose Hill School since the “trust” issues had been eliminated. They acknowledged 
that getting infrastructure into the area would be difficult and expensive. 
 
Mr. Kelsey feels that commercial operations are necessary within the corridor so property owners do not have to 
drive into the cities for all services. Commercial operations such as gas stations, convenience stores or laundry 
facilities were a few uses he mentioned. 
 
Mr. Kelsey pointed out that the railroad tracks in Rose Hill were a “problem” to travel within Rose Hill and it severed 
residents north of the tracks from the school south of the tracks. 
 
Mr. Kelsey brought up that due to the amount of debt Andover could levy, he was restrained from developing as fast 
as he would like using special assessment bonds; but acknowledged he has adjusted his planning efforts to 
accommodate the financing arrangements with Andover. He had not had any experience with Rose Hill so he really 
had no comments about how they planned or operated. He said he thought Rose Hill had a 1% sales tax in place to 
be used for road construction. 
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Key Stakeholder Meeting Minutes 
 
Date:  August 17, 2007 
Time:   
Location:  Clifford Nies Construction – 10330 E. 21st St. N., #303, Wichita, KS 
 

Attendees: Clifford Nies, Clifford Nies Construction 
  Steve Lackey, TranSystems        
   

Handouts:  None, did have an aerial of the project limits with known developments and property owners 
 

Discussion: 
Mr. Nies has numerous ownerships within the project corridor, including his own residence and residential properties 
of his immediate family. The ownerships are too numerous to list here. He is very interested in seeing this corridor 
develop and to have the roadway upgraded to four lanes. He is currently developing the Sienna subdivision at the 
southwest corner of 150th Street and Butler Road. He indicated he plans to develop the land east of the Sienna 
subdivision, but does not have a time table. He acknowledged he is involved in a joint venture with Devlin Enterprises 
at 130th Street and Butler Road. 
 
He felt that the majority of the commercial land uses should be provided by Andover or Rose Hill. He said that 150th 
and Butler Road was a high traffic intersection and during the AM and PM peaks along the roadway it “was 
impossible” to get out of adjacent properties. He is all in favor of building a four lane roadway as soon as possible. He 
would support a roadway with ditches if possible, as long as it allowed four to five lanes. He was unsure if extra right 
of way could be made available for the roadway and ditches if necessary. He thought storm sewers would be too 
expensive, but he was still open to alternatives. He thought the possibility of making the roadway a toll road would 
help pay the roadway and should be considered. 
 
Mr. Nies indicated that the old filling station south of 130th Street, on the west side of the road, was going to be 
auctioned off August 22, 2007. He indicated the site is polluted. There is a propane site south of the gas station site. 
He didn’t know if it was polluted. 
 
Finally, Mr. Nies said he didn’t feel there were flooding problems within the corridor. There could be a small amount 
of ponding that takes place, but it doesn’t flood the Butler Road to his knowledge.  



 

 

SW Butler Road Corridor Study 

Key Stakeholder Meeting Minutes 
 
Date:  August 17, 2007 
Time:   
Location:  USD 385 (Andover School District) – 1432 N. Andover Road, Andover, KS  
 

Attendees: Mark Evans, USD 385   
  Steve Lackey, TranSystems        
   

Handouts:  None, did have an aerial of the project limits with known developments and property owners 
 

Discussion: 
Mr. Evans spent much of his time explaining how they are currently building a new elementary school south of 
Kellogg and east of Andover Road. This new school will be adjacent to a new YMCA, retail center, a residential 
development and a new Dillon’s site with a potential “big box” development near. The results of this site will be added 
traffic to Kellogg and to Andover Road, south of Kellogg. He indicated that due to potential development south of 
Kellogg, they are searching for more land to buy in order to facilitate more school building needs. He said they would 
like to buy another 60 acres for expansion purposes. 
 
Mr. Evans said currently they operate two buses on Andover Road, south of Kellogg and have plans to expand to 
three. The district buses everybody that wants to ride with no restrictions. 
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Key Stakeholder Meeting Minutes 
 
Date:  August 22, 2007 
Time:   
Location:  USD 349 (Rose Hill School District) – 104 N. Main, Rose Hill Road, Rose Hill, KS 

Attendees: Randall Chickadonz, USD 349  
  Steve Lackey, TranSystems        
   

Handouts:  None, did have an aerial of the project limits with known developments and property owners 

Discussion: 
Mr. Chickadonz said that USD 394 has had a decrease in enrollment in recent years, but this year enrollment 
increased 20-30 students. He anticipates that enrollment will increase due to anticipated new development within the 
school district; however they will remain a class 4A school in all likelihood. The current campus site is located south 
of School Street and east of Rose Hill Road. 
 
Currently, the district is expanding the existing middle school at School Street and Rose Hill Road for an academic 
center use. He does not anticipate moving or relocating School Street on their north edge of the campus due to 
building constraints. He anticipates expansion to the high school and adding softball fields in the future on the current 
site. The new elementary school on the northeast portion of the school campus created another need for accessing 
the campus site from Rose Hill Road; however, the access to the site has been facilitated by using residential streets 
in the area rather than accessing the site from Rose Hill Road, west of the school site. Mr. Chickadonz indicated that 
using Rose Hill Road is avoided as much as possible due to the traffic congestion during AM and PM peaks. The 
current roadway is congested due to ingress or egress to the school site, the railroad tracks being in use, and the 
pedestrian signal being used at the north end of the school site on Rose Hill Road. 
 
Mr. Chickadonz spent a great deal of time explaining the difficulty in the lack of east/west egress into Rose Hill Road 
and that Rose Hill Road is extremely congested due to the lack of alternative routes in the area. This congestion 
impacts his patrons and his bus routing for picking up students in the morning and taking them home in the 
afternoon. If any construction is taking place in the area, it severely impacts the districts ability to meet busing 
schedules. Further, if there were alternative routes to avoid the rail crossing on Rose Hill Road he would be 
supportive of such an option. 
 
The current bus system picks up students that live at least 2 ½ miles from the school; however, provisions are made 
for students that live within the 2 ½ mile perimeter for service as well. In the case of students that live within 2 ½ 
miles of their school, there is the option to ride the school bus by paying a fee. There are 13 buses that operate daily 
picking up students and all of the buses utilize Rose Hill Road in their routes. 
 
Mr. Chickadonz indicated that when a train is crossing the Rose Hill Road during peak times, “it is not a pleasant 
experience” waiting for the train to clear. He said that long backups result even though the trains move at a high rate 
of speed. He indicated that a solution to the grade crossing would be beneficial both from a vehicular and pedestrian 
standpoint. He said that some students still elect to walk back and forth from school and he fears for their safety. He 
requested that any proposal for Rose Hill Road should plan for improvements to accommodate both vehicular traffic 
and pedestrian traffic.  
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From: JAY BRADLEY [mailto:n5ber@yahoo.com]  
Sent: Monday, October 20, 2008 10:47 PM 
To: WI-Brett Letkowski 
Cc: dlutz@BUCOKS.com 
Subject: Re: Butler Road Comments 
 
Brett 
Thanks for the opportunity to follow up. My original comments are: 
  
+ As a daily driver of Butler Road from 200 to 54, I look forward to the end result but not the 
process. 
+ I feel the project needs to be expedited with all intersections as the first order of business. 
+ Costs should not be placed on adjacent land owners. Funding should come from 
city/county/state/federal coffers. 
+ Make the PowerPoint available if possible. Stats & $ were good info. 
  
---end of card 
  
But since I've got the chance to elaborate... 
Butler Road is how I get to work everyday: north to 54 and west to Oliver. Imagining this project 
proceed over 10/15/20 years is de ja vu of Kellogg construction. Not a pleasant thought.  
But it needs to be done. As quickly and as painlessly as possible. I believe getting the 
intersections done first should be a priority. Both for safety and project progress. I always have 
someone pull out in front of me at intersections. I just expect it and deal with it.  
I drive 55/60 and still get passed. Usually by the same 2 or 3 cars. That second lane would be 
great. I don't look forward to the stoplights or the speed limit dropping to 45, but that's the trade-
off. 
There should be NO assessments placed on the owners of adjacent land. They're going to get hurt 
in this deal bad enough. (I've got frontage property on the 200 to 210 mile. I'm preparing to lose 
that land when it's my turn, but I'd rather not take any more beating than necessary.)  The 
funding for this project should come from other sources. 
And I really hope you make that PowerPoint available soon. Even with the rough, estimated 
numbers. The traffic stats, costs per mile, revenue resource list: all good information that needs 
to be discussed and re-discussed. Please distribute it.  
  
I actually look forward to the time when the 200 to 210 mile gets widened. Yes, I'll lose 30 or 
more feet from my yard and a row of hundred year old trees lining the road. But it's dangerous 
entering and exiting my driveway. Idiots will pass as we try to turn left into the driveway. 
(There's no vaccine for idiocy.)  But that's at least 10 years down the road. 
  
Thanks for listening. 
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1 - Introductory Information 

Introduction 
Problems on our street system such as delays to through traffic caused by turning vehicles and some midblock 
accidents can be traced to the access provided to abutting properties via side streets and driveways. Historically, 
most decisions to allow access were made relative to individual properties and not the function of the street to which 
access was allowed. This approach to access planning has frequently resulted in illogical access points, which have 
led to increased congestion and accidents. The ultimate configuration of a street and its function are typically the 
result of land use planning, transportation planning and traffic engineering. The concept of access management 
integrates these activities in order to optimize the safety and performance of the public street network. 
 
Access management takes a comprehensive view of property access relative to the function of the streets from which 
it is provided. The objective of access management is to find the right balance between property access and traffic 
safety and efficiency. Access should be viewed in the context of the street system instead of individual properties and 
in relation to ultimate traffic volumes and future street functions. What is acceptable one day may be perceived 
differently when viewed from a long-term perspective. 
 
Access management is the control of the location, design and operation of driveways, median openings, intersections 
and street connections to a roadway. It also involves the application of median treatments and turning lanes, and the 
appropriate separation of traffic signals. These limitations are imposed to maintain the ability of a roadway to safely 
and efficiently accommodate traffic volumes commensurate with their function.  
 
Access management requires that all properties have reasonable access to the public roadway system. Due to 
existing constraints, some existing access will be allowed to continue, and areas may never adhere to the access 
management contained herein. The objective of this access management policy is to prevent the creation of access 
problems in the future as well as avoid further degradation of access problems in already developed areas. The 
effect of access management along arterial streets is that the supporting networks of collector and local streets and 
inter-parcel connectivity become critical to effective property access and circulation.   
 
Every community has experienced safety and traffic operational problems associated with poorly planned access to 
abutting properties. It has been discovered that managing access to major roadways has significant positive effects, 
including accident reduction, congestion alleviation, enhancing community character, and improving air quality. The 
impact of access management will vary based on the specific circumstances of any street segment, but experience 
has provided valuable insight into the factors that have a negative influence on traffic safety and efficiency. Some of 
these factors include: 
 

♦ Driveways or side streets in close proximity to major intersections; 
♦ Driveways or side streets spaced too close together; 
♦ Lack of left-turn lanes to store turning vehicles; 
♦ Deceleration of turning traffic in through lanes; 
♦ Traffic signals too close together; 

 
Sometimes these problems on major streets have unintended and undesirable consequences such as encouraging 
drivers to find alternate routes on collector and local streets. 
 
Requirements for well-designed road and access systems further the orderly layout and use of land and help improve 
the design of residential subdivisions and commercial circulation systems. The change to shared or unified access to 
properties along major roadway sometimes causes concern among property owners or business operators, due to 
the perception that loss of individual driveway access could adversely affect property values or income.     
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The appearance of corridors and gateways is also critical to the image of a community and its overall attractiveness 
to investors.  Minimizing the number of curb cuts, consolidating access drives, constructing landscaped medians, and 
buffering parking lots from adjacent thoroughfares results in a visually pleasing and efficient corridor that, in turn, can 
help attract new investment. Effective management of roadway corridors will also protect property values over time.  

Butler Road 
Butler Road functions as the only North/South corridor connecting Rose Hill to Andover and ultimately the City of 
Wichita via US-54. Butler Road is known by other names as well; in Andover, it is named as Andover Road and in 
Rose Hill, it is named Rose Hill Road. For continuity, it will be referred to as Butler Road throughout the document but 
will include sections of Andover/Rose Hill Road in the study area. This Access Management Policy was written for 
the study segment bounded by US-54 on the north and 190th Street on the south, as well as major intersecting roads 
for a mile each direction east and west. Butler Road will ultimately become a suburban section with the ultimate build-
out of the corridor shown in the Butler Road Corridor study document, which will act as a companion to the access 
management policy. 



Butler Road Access Management Policy 

 3 DRAFT – 12/01/08 

2 - Glossary  
 
AASHTO – The American Association of State Highway and Transportation Officials. 
 
Access – Any way or means of approach to provide vehicular or pedestrian entrance to a property. 
 
Access Management – Measures to assure the appropriate location, design and operation of driveways, median 
openings, interchanges and street connections to a roadway, as well as the application of median treatments and 
turning lanes in roadway design, and the appropriate separation of traffic signals for the purpose of maintaining the 
safety and operational performance of roadways. 
 
Access Management Program – The whole of all actions taken by a governing council, board or agency to maintain 
the safety and traffic carrying capacity of its roadways.   
 
Annual Average Daily Traffic (AADT) – The annual average two-way daily traffic volume on a route. AADT 
represents the total traffic on a road per year, divided by 365.  
 
At Grade – When two or more facilities that meet in the same plane of elevation. 
 
Auxiliary Lane – A lane adjoining a roadway that is used for acceleration, deceleration or storage of turning vehicles. 
 
Reverse Frontage Road – A local road that is used to provide alternative access to a road with higher functional 
classification; backage roads typically run parallel with the main route and provide access at the back of a line of 
adjacent properties. Also known as a “Backage Road” or “Parallel Access Road”. 
 
Change in Use  - A change in use may include, but is not limited to, structural modifications, remodeling, a change in 
the type of business conducted, expansion of an existing business, a change in zoning, or a division of property 
creating new parcels, but does not include modifications in advertising, landscaping, general maintenance or 
aesthetics that do not affect internal or external traffic flow or safety. 
 
Commercial – Property developed for the purpose of retail, wholesale, or industrial activities, and which typically 
generate higher numbers of trips and traffic volumes than residential properties.  
 
Conflict – A traffic-related event that causes evasive action by a driver to avoid a collision. 
 
Conflict Point – Any point where the paths of two through or turning vehicles diverge, merge, or cross and create 
the potential for conflicts. 
 
Congestion – A condition resulting from more vehicles trying to use a given road during a specific period of time 
than the road is designed to handle with what are considered acceptable levels of delay or inconvenience. 
 
Connection - Any driveway, street, turnout or other means of providing for the movement of vehicles to or from the 
public roadway system. 
 
Connection Spacing - The distance between connections, measured from centerline to centerline (center of right-of-
way for public streets) along the edge of the traveled way. 
 
Cross Access – A service drive that provides vehicular access between two or more abutting sites so that the driver 
need not enter the public street system to move between them. 
 
Deceleration Lane – A speed-change lane that enables a vehicle to leave the through traffic lane and decelerate to 
stop or make a slow-speed turn. 
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Directional Median Opening – An opening in a raised median that provides for specific traffic movements and 
physically restricts other movements. For example, a directional median opening may allow only right turns at a 
particular location. 
 
Divided Driveway – Driveway which has a separate one-way entrance and one-way exit. Typically placed on 
opposite ends of the property. 
 
Driveway – A (typically) private roadway or entrance used to access residential, commercial or other property from 
an abutting public roadway. 
 
Design Traffic Volume – The traffic volume that a roadway or driveway was designed to accommodate, and against 
which its performance is evaluated. 
 
Downstream – The next feature (e.g. a driveway) in the same direction as the traffic flow. 
 
Driveway Density – The number of driveways divided by the length of a particular roadway. 
 
Driveway Spacing -  (see Connection Spacing)  
 
Driveway Width – The width of a driveway measured from one side to the other at the point of tangency. 
 
Easement –  A public dedication or private grant by a property owner of the specific use of a strip of land or portion 
of land by others. 
 
Entering Sight Distance – The distance of minimum visibility needed for a passenger vehicle to safely enter a 
roadway and accelerate without unduly slowing through traffic. 
 
Facility – A transportation asset designed to facilitate the movement of traffic, including roadways, intersections, 
auxiliary lanes, frontage roads, backage roads, bike paths, etc. 
 
FHWA – The Federal Highway Administration of the U.S. Department of Transportation. 
 
Flag Lot – A lot, tract or parcel of land that provides minimum frontage to a road or street by a narrow strip of land for 
a driveway and whose main body of land lies to the rear of the property that is adjacent to the road or street. When 
such lots are permitted, a building setback line must be shown on the recorded plat, which is not less than that 
required by applicable zoning regulations. 
 
Frontage – The property on one side of a street between two intersecting streets (crossing or terminating) measured 
along the line of the street; or with a dead-end street, all property abutting one side of the street measured from the 
nearest intersecting street and the end of the dead-end street. 
 
Frontage Road – A local road that is used to provide alternative access to property from a road with higher 
functional classification; frontage roads typically run parallel to the mainline road and provide access at the front of a 
line of adjacent properties. 
 
Functional Area  – The area surrounding an interchange or intersection that includes the space needed for drivers 
to make decisions, accelerate, decelerate, weave, maneuver and queue for turns and stop situations.  
 
Functional Classification System – A system used to categorize the design and operational standards of roadways 
according to their purpose in moving vehicles; higher functional classification implies higher traffic capacity and 
speeds, and typically longer traveling distances. 
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Functional Integrity – Incorporating appropriate access management standards and controls that allow a roadway 
to maintain its classified purpose. 
 
Geometric Design Standards – The acceptable physical measurements that allow a facility to maintain functional 
integrity. 
 
Grade Separated - Two or more facilities that intersect in separate planes of elevation. 
    
Highway System – All public highways and roads, including controlled access highways, freeways, expressways, 
other arterials, collectors and local streets. 
 
Interchange – A grade-separated facility that provides for movement between two or more roadways. 
 
Internal Circulation – Traffic flow that occurs inside a private property. 
 
Internal Site Design – The layout of a private property, including building placement, parking lots, service drives and 
driveways. 
 
Intersection – An at-grade facility that provides mobility between two or more roadways. 
 
Interstate – A  Federally-designated roadway system for relatively uninterrupted, high-volume mobility between 
states.  
 
Joint (or Shared) Access – A private access facility used by two or more adjacent sites. 
 
Lane – The portion of a roadway used in the movement of a single line of vehicles. 
 
Left-Turn Lane – A lane used for acceleration, deceleration and/or storage of vehicles conducting left-turning 
maneuvers. 
 
Level of Service – The factor that rates the performance of a roadway by comparing operating conditions to ideal 
conditions; “A,” is the best, “F,” which is worst.   
 
Planning Commission – Andover-Rose Hill or Butler County Planning Commission. 
 
Planning and Zoning Department – Andover-Rose Hill or Butler County Planning and Zoning Department. 
 
WAMPO –Wichita Area Metropolitan Planning Organization 
 
Median – A barrier that separates opposing flows of traffic. Raised medians (with curbs and a paved or landscaped 
area in the center) are generally used in urban areas. Raised medians should not be confused with more obtrusive 
Jersey Barriers. Flush median (with no curbs and a grass-covered area in the center) are generally used in rural 
areas. Medians can be both functional and attractive.  
 
Median Width – The distance between the near edge of the through travel lanes in each direction when separated 
by a median. 
 
Mid-Block Crossing – A crossing that is provided so that pedestrians can conveniently and safely cross a roadway 
in the middle of a block or segment of roadway. 
 
NCHRP – The National Cooperative Highway Research Program, a program that sponsors research on highway 
safety, operations, standards and other topics. 
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Peak Hour Traffic – The number of vehicles passing over a section of roadway during its most active 60-minute 
period each day. 
 
Police Power – The general power vested in the legislature to make reasonable laws, statutes and ordinances 
where not in conflict with the Constitution that secure or promote the health, safety, welfare and prosperity of the 
public. 
 
Public Road – A highway, street or road, open for use by the general public and which is under the jurisdiction or 
control of a public body. 
 
Queue Storage – That portion of a traffic lane that is used to temporarily hold traffic that is waiting to make a turn or 
proceed through a traffic control device such as a stop sign or traffic signal. 
 
Raised Median – The elevated section of a divided road that separates opposing traffic flows. 
 
Residential - Property developed for the purpose of single family, multi-unit or other housing quarters. 
 
Reviewing Engineer – An individual or individuals designated by the City or County Public Works Department to 
review development projects and make decisions as outlined in this Policy. The review should include input from the 
Public Works Departments, Planning and Zoning Departments and other appropriate departments (fire, police, etc.). 
 
Right-In, Right-Out – A driveway where left turns are prohibited either by physical or regulatory means.  
 
Right-of-Way – Land reserved, used or slated for use for a highway, street, alley, walkway, drainage facility, or other 
public purpose related to transportation or utilities. 
 
Roadway Classification System – See “Functional Classification System” 
 
Rural – A geographic area that is not in an urbanized area, municipality or similarly densely-developed area. Defined 
as the area beyond the 30-year development boundary for this policy. 
 
Service Road – A local road that is used to provide alternative access to a road with higher functional classification; 
service roads may include internal circulation systems, frontage roads, or backage roads. 
 
Shared Driveway – A single, private driveway serving two or more lots. 
 
Side Friction – Driver delays and conflicts caused by vehicles entering and exiting driveways. 
 
Sight Distance – The distance visible to the driver of a passenger vehicle measured along the normal travel path of 
a roadway to a specified height above the roadway when the view is unobstructed to oncoming traffic. 
 
Spacing – For purposes of this policy, the distance between two roadways and or drives measured from the center 
of one roadway to the center of the next roadway, unless otherwise defined for a specific application. 
 
Speed Differential – The difference in travel speed between through traffic, and traffic entering or exiting a roadway. 
 
Stopping Sight Distance – The minimum distance required for a vehicle traveling on a roadway to come to a 
complete stop upon the driver seeing a potential conflict; it includes driver reaction and braking time and is based on 
a wet pavement. 
 
Storage Length – see Queue Length. 
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Strip Development – A linear pattern of roadside commercial development, typically with relatively shallow lots and 
frequent drives. Also typically lacks a network of side streets permitting efficient traffic circulation between adjacent 
developments.   
 
Taper – The transitional area of a roadway where lanes are added or dropped. 
 
Throat Length –The distance parallel to the centerline of a driveway to the first on-site location at which a driver can 
make a right-turn or a left turn. On roadways with curb and gutter, the throat length shall be measured from the face 
of the curb. On roadways without a curb and gutter, the throat length shall be measured from the edge of the 
shoulder. 
 
Traffic Flow – The actual amount of traffic movement. 
 
Transportation Impact Study – A report that compares relative roadway conditions with and without a proposed 
development; typically including an analysis of mitigation measures. 
 
Trip Generation – The estimated volume of entering and exiting traffic caused by a particular development. 
 
Turning Radius – The radius of an arc that approximates the turning path of a vehicle. 
 
Two-Way Left-Turn Lane (TWLTL) – A lane located between opposing traffic flows which provides a transition area 
for left-turning vehicles. 
 
Uncontrolled Access – A situation that results in the incremental development of an uncontrolled number, spacing 
and/or design of access facilities. 
 
Upstream – Against (behind) the direction of the traffic flow. 
 
Vehicle Trip – A vehicle moving from a point of origin to a point of destination. 
 
Warrant – The standardized condition under which traffic management techniques are justified.   
 
Weaving – Crossing of traffic streams moving in the same general direction through merging and diverging, for 
instance near an interchange or intersection. 
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Table 3-1 

Access Management Area Types 
 
 
Area Type 

 
Description 
 

Urban Older, fully developed areas. Generally developed more than 30 years ago. 
Typically smaller lot and development sizes. 

Suburban Newer areas, fully or partially developed or undeveloped. For access management 
purposes, area extends to forecast 30-year development boundary. 

 
 

Table 3-2 

Access Classification Types 
 
 
Access Class 

 
Description 
 

1 Interstates and Freeways. Limited access highways designed for high-speed, high-
volume traffic movements. Access is permitted only via interchanges. Access 
requirements per KDOT standards. 

2 Expressways. Highly controlled access facilities distinguished by their ability to carry 
high-speed, high-volume traffic over long distances in a safe and efficient manner. 
These highways are distinguished by a highly controlled limited number of 
connections, median openings and infrequent traffic signals. Access requirements per 
KDOT standards. 

3 Typically principal arterial type roadways. Controlled access facilities where direct 
access to abutting land will be controlled to maximize the through movement of traffic. 
Roadways of regional importance intended to serve moderate to high volumes of 
traffic traveling relatively long distances.  These roadways are intended to serve 
through traffic and are distinguished by existing or planned restrictive medians and 
maximum distance between signals and driveway connections.  Land use planning, 
zoning and subdivision regulations should be such to support the restrictive spacing 
of this designation. 

3R Rural, multi-lane (two or more through lanes in each direction) roadways designated 
as “Corridor Protection” routes. 

4 Typically minor arterial or major collector type roadways. Roadways that operate 
under lower traffic volumes, over shorter distances, and provide a higher degree of 
property access than major arterials. 

4R Rural, single-lane (one through lane in each direction) roadways designated as 
“Corridor Protection” routes. 

5 Typically collector type roadways.  Provides for traffic movement between arterials 
and local streets.  Carries moderate traffic volumes over moderate distances.  This 
classification shall not be used on Arterial roadways. 

5R Rural roadways located on section lines, extensions of these roadways (where they 
do not follow the section lines) and other rural routes that carry through traffic over 
distances in excess of one mile. 

 
In suburban areas where there is minimal development and the primary roadways have not been improved, small 
developments may not necessitate improvements to the major roadway in order to provide sufficient capacity other 
than perhaps the construction of turn lanes. These developments and temporary improvements should be 
planned in a way that accommodates these standards when the roadway is ultimately improved. 
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4 - Right-of-Way and Typical Sections 

Introduction 
Providing sufficient right-of-way to meet the long-term growth potential of a roadway is one of the most important 
elements of the transportation network. Once development occurs adjacent to the roadway, additional expansion of 
the road may become very expensive or impractical if sufficient right-of-way is not available. This may in turn limit 
development if additional capacity cannot be accommodated. 
 
Proposed Butler Road right-of-way is shown in the companion Butler Road Corridor Study document. Any additional 
access point not shown in Figure 3-2 connecting onto Butler Road should have enough Right of Way to 
accommodate the lane arrangements of the ultimate build-out. 
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5 - Collector Street Planning 

Introduction 
Collector streets both those classified as collector streets and those within or adjacent to developments that serve in 
this capacity, allow many developments to be efficiently served from a limited number of connections to the major 
(arterial) street system. 

Planning Requirements 
The following requirements shall be applied in the development of the collector street system. 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

Figure 5-1- Collector Street Planning 

Requirements: 
♦ Prior to the approval of any new development in suburban areas, the Planning Commission shall develop a 

conceptual collector street system for the area bounded by the section line roads containing the development 
based on zoned and master planned land uses within the area. Consideration must also be given to existing 
or planned connections and collector streets in adjacent sections, existing property lines and topographic 
features. 

♦ The proposed development plan may propose an alternative collector street system as long as the principals 
described above are followed. The alternative collector street system must be approved along with the 
development plan. Within exclusively residential areas, continuous collector streets are desirable, but not 
essential. In these areas, a less defined collector system may be utilized, but should provide connectivity 
between developments and relatively direct access to the designated collector street connections to the 

Major Arterial

Commercial
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Within exclusively residential
areas, a less defined collector
street system may be used as
long as cross access between
developments is provided and
collector street access points
to the arterial street system
are limited  (See Policy).
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arterial street system (Note that access at other connections to the arterial street system may be restricted 
per this Policy). 

♦ Collector roads shall be public streets. 
♦ A collector street may serve both residential and commercial development, but should be planned to 

discourage use by commercial traffic into residential areas. 
♦ Major collector streets should connect to arterial streets at full median opening locations in accordance with 

the standards in this policy. Where feasible, the connection should also be made at a location suitable for 
traffic signal installation. 

Example 
 
An example of a collector street network is shown on Figure 5-1. 
 
 
.  
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6 -  Review/Exceptions Process 

Introduction 
Flexibility is essential when administering access spacing requirements to balance access management objectives 
with the needs and constraints of a development site. The following policies are intended to establish a permit 
requirement and to provide flexibility, while maintaining a fair, equitable and consistent process for access 
management decisions. The exception/waiver process described below applies to all of the standards in this policy. 

Permit Required 
♦ No person shall construct or modify any access connection to Butler Road or a Class 3-5 roadway 

intersecting (within a mile in each direction) Butler Road without a connection permit. All requests for 
connections to a roadway within the Butler Road study area shall be reviewed for conformance with this 
access management policy. 

♦ Access connections that do not conform to this policy and were constructed before the effective date of this 
policy, shall be considered legal nonconforming connections and may continue without a permit until a 
change in use occurs as provided in Section 9. Access connections granted a temporary permit are legal 
nonconforming connections until the temporary permit expires. 

♦ Any access connection constructed without a permit after the adoption of this policy shall be considered an 
illegal nonconforming connection and shall be issued a violation notice and may be closed until the property 
owner applies for and receives a connection permit. 

Requests for Deviation  
♦ Access connections deemed in conformance with this policy may be authorized by the reviewing engineer. 

Any requests for deviation shall require approval by the reviewing engineer (in consultation with Planning and 
Zoning and other appropriate City and County departments). Any appeal of the decision of the reviewing 
engineer shall be to the Planning Commission, which has final decision authority. 

♦ Deviations of greater than 10% of the allowable spacing standard or 100 feet, whichever is less, shall also 
submit documentation justifying the need for the deviation and an access management plan for the site that 
includes site frontage plus the distance of connection spacing standards from either side of the property lines. 
The analysis shall address existing and future access for study area properties, evaluate impacts of the 
proposed plan versus impacts of adherence to standards and include improvements and recommendations 
necessary to implement the proposed plan. 

Waiver for Nonconforming Situations  
Where the existing configuration of properties and driveways in the Butler Road influence area precludes spacing of 
access points in accordance with the spacing standards of this policy, the reviewing engineer (in consultation with 
Planning and Zoning and other appropriate City and County departments) shall be authorized to waive the spacing 
requirement if all of the following conditions have been met: 
 

♦ No other reasonable access to the property is available. Joint access should be considered with an adjacent 
property farthest from the nearest intersection. In these cases:  

♦ A joint use driveway with cross access easements will be established to serve two or more abutting building 
sites; 

♦ The building sites will be designed to provide cross access and unified circulation with provisions to include 
other adjacent properties not yet developed if applicable;  

♦ The property owner shall agree to close any pre-existing curb cuts after the construction of the joint use 
driveway has been completed.  
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♦ The connection does not create a potential safety or operational problem as determined by the city/county 
engineer based on a review of a transportation impact study prepared by the applicant’s professional 
engineer. 

♦ If the first two bullet points are met, an access connection along the property line farthest from the nearest 
adjacent intersection may be allowed. If the property abuts Butler Road and an intersecting roadway of Class 
3-5, the access point shall be on the intersecting roadway. The construction of a median may be required on 
the roadway to restrict movements to right-in/right-out and only one drive shall be permitted. 

Temporary Access  
A development that cannot meet the connection spacing standards of this policy and has no reasonable alternative 
means of access to the public road system, but will once future development occurs shall be issued a temporary 
connection permit. The temporary driveway access permit will be recorded in the property deed and filed with the 
Butler County Register of Deeds. When adjoining parcels develop which can provide joint or cross access, the 
temporary permit shall be rescinded and the property owner must apply for a connection permit.   

 
Conditions shall be included in the temporary permit including, but not limited to the following:   

♦ Applicants must sign an agreement to participate in any future project to consolidate access points. 
♦ Applicants must sign an agreement to abandon the interim access when alternative access becomes 

available. 
♦ The transportation impact study should consider both the temporary and final access/circulation plan. 
♦ A limit may be placed on the development intensity of properties issued temporary permits, until alternative 

access becomes available. 
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7 - Access Management and Subdivision Practices 

Introduction 
The design of property access is established when land is subdivided for commercial or residential development. All 
new lot splits and commercial and residential plats will be reviewed to assure that property access is designed in 
accordance with the access management guidelines of this plan. The following policies shall also apply. 

Creation of New Lots 
♦ New lots shall not be created on any arterial or collector roadway unless they comply with the access spacing 

standards of this plan. 

Subdivision Access  
♦ When a subdivision is proposed that would abut or contain a roadway with an access classification, it shall be 

designed to provide lots abutting the classified roadway with access from an interior local street. On Access 
Class 3 or 4 roadways, appropriate measures may be required to buffer residential properties from the noise 
and traffic of the through street. 

♦ Direct residential driveway access to individual one-family and two-family dwellings should be avoided from 
any roadway with a designated access class.  

♦ Corner lots shall obtain access from the street with the lowest functional classification, and access shall be 
placed as far from the intersection as possible to achieve the maximum available corner clearance. 

♦ Access locations to subdivisions shall provide appropriate sight distance, driveway spacing, and include a 
review of related considerations. 

Connectivity of Supporting Streets 
As the Butler Road area continues to grow and land is subdivided for development, it will be essential to provide for a 
balanced network of local and collector streets to avoid traffic congestion on major arterial roadways. Without a 
supporting street system, all local trips are forced onto a few major roads resulting in significant traffic delays and 
driver frustration. Reasonable connectivity of the local street network is also important. Fragmented street systems 
impede emergency access and increase the number and length of individual trips. Residential street systems should 
be designed in a manner that discourages through traffic, without eliminating connectivity.   
 
To accomplish these objectives, the following policies shall apply: 
 

♦ New residential subdivisions shall be designed to coordinate with existing and proposed streets.   
♦ All new developments shall be designed to discourage the use of local and residential collector streets by 

cut-through traffic while maintaining the overall connectivity with the surrounding system of roadways. This 
may be accomplished using modified grid systems, T-intersections, roadway jogs, or other appropriate traffic 
calming or street design measures within the development.   

♦ Proposed streets should be extended to the boundary lines of the proposed development where such an 
extension would connect with streets in another existing, platted or planned development. The extension or 
connection should be based upon traffic circulation or public safety issues and compatibility of adjacent land 
uses. 
 

When a proposed development abuts un-platted land or a future development phase of the same development, stub 
streets should be provided to provide access to abutting properties or to logically extend the street system into the 
surrounding areas. All street stubs should be provided with a temporary turn-around or cul-de-sac, and the 
restoration and extension of the street would be the responsibility of any future developer of the abutting land. 
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8 - Unified Access and Circulation  

Introduction 
Internal connections between neighboring properties and shared driveways allow vehicles to circulate from one 
businesses or development to the next without having to reenter a major roadway. Unified access and circulation 
improves the overall ease of access to development and reduces the need for individual driveways. The purpose of 
this section is to accomplish unified access and circulation systems for commercial development. 

Outparcels and Shopping Center Access 
Outparcels are lots on the perimeter of a larger parcel that break its frontage along a roadway. They are often 
created along thoroughfare frontage of shopping center sites, and leased or sold separately to businesses that desire 
the visibility of thoroughfare locations. Outparcel access policies foster unified access and circulation systems that 
serve outparcels as well as interior development, thereby reducing the need for driveways on an arterial.   
 
In the interest of promoting unified access and circulation systems, development sites under the same ownership or 
consolidated for the purposes of development and comprised of more than one building site shall prepare a unified 
access and circulation plan. In addition, the following shall apply: 
 

♦ The number of connections shall be the minimum number necessary to provide reasonable access to the 
overall development site and not the maximum available for that frontage under the connection spacing 
requirements in this policy.  

♦ Access to outparcels shall be internalized using the shared circulation system of the principal development. 
♦ All necessary easements and agreements shall be recorded in an instrument that runs with the deed to the 

property. 
 
Unified access for abutting properties under different ownership and not part of an overall development plan shall be 
addressed through the Joint and Cross Access provisions below. 

Joint and Cross Access 
Joint and cross access policies promote connections between major developments, as well as between smaller 
businesses along a corridor. These policies help to achieve unified access and circulation systems for individual 
developments under separate ownership that could not otherwise meet access spacing standards or that would 
benefit from interconnection (i.e., adjacent shopping centers or office parks that abut shopping centers and 
restaurants).     
 

♦ Adjacent commercial or office properties and major traffic generators (i.e. shopping plazas, office parks) shall 
provide a cross access drive and pedestrian access way to allow circulation between adjacent properties. 
This requirement shall also apply to a building site that abuts an existing developed property unless the 
reviewing engineer finds that this would be impractical.   

♦ To promote efficient circulation between smaller development sites, the reviewing engineer may require 
dedication of a 30-50 ft easement that extends to the edges of the property lines of the development site 
under consideration to provide for the development of a service road system. The service road shall be of 
sufficient width to accommodate two-way travel aisles and incorporate stub-outs and other design features 
that make it visually obvious that abutting properties may be tied in to it. Abutting properties shall be required 
to continue the service road as they develop or redevelop in accordance with the requirements of this policy. 
The easement may be provided to the front or rear of the site or across the site where it connects to a public 
roadway.   

♦ Property owners shall record all necessary easements and agreements, including an easement allowing 
cross access to and from the adjacent properties, an agreement to close driveways provided for access in 
the interim after construction of the joint use driveway(s) or service road system, and a joint maintenance 
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9 - Redevelopment Requirements 

Introduction 
Access management policies are not retroactive. Existing nonconforming properties may continue in the same 
manner as they existed before the policies were adopted. This allowance, commonly known as “grandfathering”, 
protects the substantial investment of property owners and recognizes the expense of bringing nonconforming 
properties into conformance.   
 
Yet nonconforming access situations may pose safety hazards, contribute to traffic congestion, deter economic 
development or undermine community character. To address the public interest in these matters, without posing an 
undue burden on property owners, access to nonconforming properties is best addressed when a change in use 
occurs so applicants can finance access improvements as part of the overall property improvement. In some 
instances, opportunities to improve the location or design of property access can also occur during the roadway 
improvement process. This plan includes the following conditions or circumstances where property owners may be 
required to relocate or reconstruct nonconforming access features and/or pursue alternative access measures.    

Requirements 
Properties with nonconforming access connections shall be allowed to continue, but must be brought into compliance 
with this access management policy to the maximum extent possible when modifications to the roadway are made or 
when a change in use results in one or more of the following conditions: 
 

• When a new connection permit is required. 
• When site plan review is required. 
• When a site experiences an increase of ten percent (10%) or greater in peak hour trips or 100 vehicles per 

hour in the peak hour, whichever is less, as determined by one of the following methods: 
a. An estimation based on the ITE Trip Generation Manual (latest edition) for typical land uses, or 
b. Traffic counts made at similar traffic generators in the Butler Road area, or 
c. Actual traffic monitoring conducted during the peak hour of the adjacent roadway traffic for the 

property. 
• If the principal activity on a property is discontinued for a period of one year or more, or construction has not 

been initiated for a previously approved plat within a period of one year or more, then that property must 
thereafter be brought into conformance with all applicable access management requirements of this policy, 
unless otherwise exempted by the permitting authority. This shall include the need to update any previously 
approved transportation impact study, where new traffic projections are available. For uses or approved 
plats in existence upon adoption of this policy, the one-year period for the purposes of this section begins 
upon the effective date of these requirements. 

 
Access to all change in use activities shall be approved by the reviewing engineer regardless of whether a driveway 
permit is required. All relevant requirements of this policy shall apply. 
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10 - Transportation Impact Study Requirements 

Warrants for Transportation Impact Studies 
The necessity to review all land development applications from a transportation perspective as well as the wide 
variety of land use types and intensities suggest that multiple thresholds or triggers be established to warrant a 
transportation impact study. The reviewing engineer (in consultation with Planning and Zoning) shall have the 
discretion to waive or reduce the requirements for a transportation impact study to be prepared for any development 
application. The following triggers are recommended: 
 

Table 10-1 

Transportation Impact Study Warrants 
 
 
Development Triggers 
 

 
Minimum Study Requirements 

All Applications1,2 Conduct Transportation Impact Study tasks 1-7 listed below. 
Development Plan Generates 100 to 499 Trips 
in a Peak Hour 

Conduct Transportation Impact Study tasks 1-14 

Development Plan Generates 500 or More 
Trips in a Peak Hour 

Conduct Transportation Impact Study tasks 1-14 plus extend the 
study in each direction along arterial streets (Access Class 2, 3, 
3R, 4, 4R) serving the development site to at least the next 
intersecting major street (Access Class 1-5, 3R-5R) beyond those 
immediately adjacent to the site. 

1Individual single-family residential properties do not require a study. 
2A full Transportation Impact Study is not required for residential developments generating fewer than 100 trips if the 
proposed development meets the criteria of this policy (e.g. connection spacing, turn lanes, sight distances, etc.). 
The applicant shall complete Task 1 below. Tasks 2-6 will be evaluated by the reviewing engineer. 

Transportation Impact Analysis Study Tasks 
The following tasks represent the minimum recommended thresholds for a transportation impact study when such a 
study is deemed appropriate. The purpose of such a study is to assess the impact of new development or 
redevelopment on the public street system and to evaluate access and circulation for automobile and truck traffic, 
pedestrians, bicyclists, and transit.   
 
There shall be a pre-application meeting with representatives of the applicant, City/County Public Works and 
Planning and Zoning to discuss the need for and the nature of the Transportation Impact Study and content of the 
report. This will include, but not be limited to, such things as use of secondary and primary data, analysis procedures, 
and so on. The reviewing jurisdiction will prepare a specific scope of services for the transportation impact study 
identifying intersections to be studied, scenarios to be developed and any deleted or additional tasks from the items 
listed below.   
 

1. Prepare a conceptual layout of the proposed development depicting land use types and intensities and the 
arrangement of buildings, parking and access. Identify any existing development on and/or approved plans 
for the site and identify land uses (including types and the arrangement of buildings, parking and access) on 
property abutting the proposed development site, including property across public streets. The layout should 
be approximately to scale. 

 
2. Identify the land uses shown in the Comprehensive Plan for the proposed development site under study, as 

well as the ultimate arterial and collector street network in the vicinity of the site (at least the first arterial or 
collector street (Access Class 1-5, 3R-5R) beyond those immediately adjacent to the site in each direction). 
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3. Identify the Access Class of the public street(s) bordering the site and those streets on which access for the 
development is proposed. The Access Class is shown on  

4.  
5.  
6. Figure 3-2. 

 
7. Identify allowable access to the development site as defined by criteria included in this Access Management 

Policy. 
 

8. Document current public street characteristics adjacent to the site, including the nearest arterial and 
collector streets (Access Class 1-5, 3R-5R), including number and types of lanes, speed limits or 85th 
percentile speeds, and sight distances along the public street(s) from proposed access. 

 
9. Compare proposed access with established design criteria (driveway spacing, alignment with other streets 

and driveways, width of driveway, and minimum sight distances). If appropriate, assess the feasibility of 
access connections to abutting properties, including shared access with the public street system, in order to 
comply with access standards in this Access Management Policy. 

 
10. Estimate the number of trips generated by existing and proposed development on the site for a typical 

weekday and weekday peak hours (Saturday peak hours should also be considered in commercial areas) 
using the latest edition of Trip Generation published by the Institute of Transportation Engineers. Local trip 
generation characteristics may be used if deemed to be properly collected and consistent with the subject 
development application as determined by the reviewing jurisdiction staff. The analysis may also include 
these factors only after approval from staff: a) Pass-by capture rate (commercial land uses only), b) internal 
capture rate (mixed-use developments only), c) diverted trips. Calculate the net difference in trips between 
existing and proposed uses. If the development site already has an approved plan, also estimate the 
number of trips that would be generated by the approved land uses.   

 
11. Document current peak hour traffic volumes on a typical weekday (Tuesday, Wednesday and/or Thursday) 

and Saturday (in commercial areas where Saturday traffic volumes may be the appropriate design 
condition). Traffic volumes should be measured at any existing site driveway(s) and on the adjacent 
collector streets, including the nearest collector/arterial street intersection in each direction along streets 
bordering the development site. The time periods in which existing traffic is counted should generally 
coincide with the highest combination of existing traffic plus traffic expected to be generated by the 
proposed development. Traffic volume counts at intersections shall document left-turn, through and right-
turn movements on all approaches and shall be tabulated in no greater than 15-minute increments. The 
reviewing jurisdiction staff shall determine, based on the nature of the development, additional time periods 
during the day in which current traffic volumes shall be documented (e.g. school dismissal, factory shift 
change, etc.). 

 
12. Estimate future weekday P.M. peak hour (and Saturday, where appropriate) traffic volumes for the 

intersections included in the study area. Future traffic growth projections will be provided by the reviewing 
jurisdiction.   

 
13. Develop trip distribution estimates. Submit trip generation and distribution estimates to reviewing jurisdiction 

for approval prior to proceeding. Distribute and assign the net development trips through the site driveway(s) 
plus the nearest collector/arterial street (Access Class 1-5, 3R-5R) intersections in each direction along 
streets beyond those bordering the development site. If applicable, this and subsequent tasks shall be 
repeated based on approved land uses.  

 
14. Conduct volume/capacity analyses for the peak hours at site driveway(s) and other intersections using 

methodologies outlined in the latest edition of the Highway Capacity Manual published by the Transportation 
Research Board (using software approved by reviewing jurisdiction). The analyses should be conducted for 
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1) existing conditions, 2) existing plus development conditions and 3) future conditions. The analysis of 
future conditions shall be based initially on the street network characteristics included in the traffic model. 
Where traffic queues extend out of turn bays or through adjacent signalized intersections, additional 
analysis may be required to determine the impact on intersection operation (methodologies or modeling 
used for such analysis must be approved by the Public Works Director). 

 
15. Compare existing plus development conditions and future conditions with established City/County 

guidelines/policies for acceptable levels of service (level-of-service “D” or better at intersection on suburban 
and urban arterial streets (Access Class 1-4) and level of service “C” on suburban and urban collector 
streets (Access Class 5) and all rural streets (Access Class 3R, 4R and 5R)) and the turn lane requirements 
in this Policy. 

 
16. Identify geometric and traffic control improvements needed to mitigate deficiencies and/or comply with 

established guidelines/policies. 
 

17. Prepare a typewritten report outlining the findings and conclusions of the study, including exhibits illustrating 
the site plan, traffic volumes (current and projected), and existing street conditions. Any deviation from 
established guidelines/policies shall be clearly identified and justification provided as to the basis for such a 
condition and its potential ramifications on the public street system. 

Possible Additional Requirements 
1. Extend the study to additional street segments and/or intersections on the public street system. Public 

Works staff shall make this determination based on the scale, location and/or nature of the proposed 
development and the condition or state of development of the street network near the site. 

 
Submit five copies of the study to City/County Public Works Department at the time of application. The study will be 
reviewed by the reviewing engineer. Approval of the study by the reviewing engineer, in consultation with Planning 
and Zoning, will be required before a permit can be issued or application for change in zoning or platting can be 
accepted. 

Other Transportation Issues Associated With Site Planning 
While transportation impact studies primarily address automobile traffic, recognition of other vehicle types and travel 
modes is appropriate, particularly in a community that strives for multi-modal choice. The following text by no means, 
however, represents a comprehensive list of site planning elements. 

Trucks 
Site driveways and internal circulation must be designed to accommodate the largest truck anticipated to serve the 
development. Vehicle turning paths need to be provided such that trucks do not encroach over curbs and medians. 
Encroachment into opposing turning lanes should be minimized but can be consistent with the scale of the 
development and the frequency and timing of truck movements. Truck circulation through a development site should 
minimize conflicts with customer traffic and loading docks should be configured such that parked trucks do not 
impede normal traffic flow. 

Pedestrians 
The investment in sidewalks along public streets or off-street paths is diminished if pedestrians cannot readily travel 
between public sidewalk facilities and adjacent land uses. All development plans should provide this connectivity 
whether it is made via proposed parking lot facilities and/or additional sidewalks or paths.   

Bicycles 
Similar to pedestrians, development plans should provide reasonable opportunities to travel between adjacent public 
streets or bicycle trails and the land use. This does not imply that separate facilities are needed; rather, the 



Butler Road Access Management Policy 

 28 DRAFT – 12/01/08 

conditions within a development site should be comparable to conditions adjacent to and near the site. Adequate and 
properly placed parking facilities for bicycles are a key component to encouraging bicycle travel.   
 

Public Transportation 
Site development should account for both current and potential bus services. Some of these considerations are 
similar to trucks due to the relatively large size of buses; however, the primary difference is that buses need to 
circulate with customer traffic flow. One other consideration is that large parking lots can potentially be used as park-
and-ride facilities in conjunction with bus transit service. 

Qualifications to Conduct a Transportation Impact Study 
The recommended elements of a transportation impact study require skills found only in a professional engineer with 
specific experience in the field of transportation planning.   
 
For this reason, the person conducting and the person reviewing the study must be a registered professional 
engineers with experience in the preparation or review of transportation impact studies for land development. 
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11 - Intersection Functional Area 

Introduction 
The functional area of an intersection consists of more than the area bounded by the stop lines or crosswalks; it also 
includes the area upstream of the intersection where vehicles have to react to slowing traffic in front of them, 
decelerate and wait in queues (Figure 11-1). The downstream functional area includes the area where through 
traffic merges with traffic turning from the cross street. It also includes the distance required to accelerate back to 
driving speeds.  
 

 
Figure 11-1 - Upstream Intersection Functional Area Components 

 

Calculating Intersection Functional Area 
The upstream intersection functional area can be determined by summing two primary components: 

Reaction/Deceleration Time (d1+d2+d3)  
This is the distance traveled while the driver recognizes that action is required (e.g. sees vehicles stopping ahead), 
reacts (e.g. presses brake pedal) and decelerates (e.g. slows to a stop). These values can be calculated from Table 
11-1. The following rules can be applied: 
 

♦ Access Class 2,3R, 4R and 5R roadways shall use “desirable conditions” in all cases 
♦ Access Class 3, 4 and 5 roadways may use limiting conditions. 
♦ On Access Class 3, 4 and 5 roadways with posted speeds below 45 MPH, d1+d2+d3 may be reduced to 100’. 
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Table 11-1 

Upstream Intersection Area Excluding Storage (ft)1 
 
 Desirable Conditions2 Limiting Conditions3 
Speed 
(MPH) 

 
Deceleration4 

PIEV Plus 
Deceleration5 

 
Deceleration4 

PIEV Plus 
Deceleration 

30 225 315 170 215 
35 295 370 220 270 
40 375 490 275 335 
45 465 595 340 405 
50 565 710 410 485 
55 675 835 485 565 
60 785 960 565 605 

1all distances rounded to 5ft 
22.0 second perception-reaction time; 3.5 fps2 average deceleration while moving laterally into turn 
lane, 6.0 fps2 average deceleration thereafter; speed differential < 10 mph 
31.0 second perception-reaction time; 4.5 fps2 average deceleration while moving laterally into turn 
lane, 9.0 fps2average deceleration thereafter; speed differential <10 mph 
4distance to decelerate from through traffic speed to a stop while moving laterally into a left-turn or 
right-turn lane 
5distance traveled during perception-reaction time plus deceleration distance 

Queue Storage Length (d4) 
Queue lengths should be calculated based on existing (or existing plus development for new development projects) 
and future (30-year) traffic conditions. For development projects, turn lane storage improvements may be based on 
existing plus development, however site access and right of way should be planned to accommodate future 
conditions. 
 
Queue lengths should be calculated for left-turn, through and right-turn lanes. Queue lengths should consider 95th 
percentile queues and should be calculated using established procedures or software that reports 95th percentile or 
maximum back of queue. As traffic signals on most arterial corridors have the potential to be coordinated, it is 
recommended that a cycle length of at least 120 seconds be used. Analysis should conform to Highway Capacity 
Manual methods. In areas with closely spaced or coordinated signals, software that analyzes coordinated signal 
timings (e.g. SYNCHRO, CORSIM, etc.) may be needed to supplement the analysis. In these cases, queue lengths 
should be evaluated for both coordinated arrival and random vehicle arrival and the larger of the two values used, as 
future changes in coordination, timings can significantly change queue patterns. 

Downstream Functional Area 
The functional area of an intersection extends some distance downstream from the crosswalk location because of the 
need to establish guidance and tracking after having passed through the area in which there are no lane lines. This is 
especially true following a left turn. A vehicle should clear a major intersection before the driver is required to respond 
to vehicles entering, leaving or crossing the major roadway. The logic of this criterion is to simplify the driving task 
and thus minimize the chances of driver mistakes and collisions. Stopping sight distance is one criterion, which would 
allow the driver to clear the intersection before having to rapidly decelerate in response to a maneuver at a 
downstream intersection. Downstream functional areas based on AASHTO stopping sight distances are given on 
Table 11-2.  
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Table 11-2 
 

Downstream Intersection Area (ft) 
 

 
Speed 

 
AASHTO Stopping Distance1 

20 115 
25 155 
30 200 
35 250 
40 305 
45 360 
50 425 
55 495 
60 570 

1Source: Table 3-1, page 112, 2004 AASHTO "Green 
Book"  
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12 - Medians and Continuous Center Turn Lanes 

Introduction 
Restrictive (“raised” or “non-traversable”) medians and well designed median openings are known to be some of the 
most important features in a safe and efficient highway system. The design and placement of these medians and 
openings is an integral part of the Access Management practice. Medians are used because of: 
 

♦ Vehicular Safety — to prevent accidents caused by crossover traffic, headlight glare distraction and traffic 
turning left from through lanes. 

♦ Pedestrian Safety — to provide a refuge for pedestrians crossing the highway. 
♦ Vehicular Efficiency — to remove turning traffic from through lanes thereby maintaining/increasing highway 

operating speed. This reduces fuel consumption and emissions, which is an environmental benefit. 
♦ Improved Aesthetics – Landscaped and grass medians offer aesthetic benefits over paved turn lanes or 

undivided roadways. 
 
Properly implemented median management will result in improvements to traffic operations, minimize adverse 
environmental impacts and increase highway safety. As traffic flow is improved, delay is reduced, as are vehicle 
emissions. In addition, roadway capacity and fuel economy are increased, and most importantly, accidents are less 
numerous and/or less severe.1 
 
Continuous two-way center turn lanes (“two-way left-turn lanes” or “TWLTL” or “traversable” medians) do not provide 
all of the safety benefits of restrictive medians, but do offer substantial safety improvements over roadways where no 
left-turn lanes are provided, particularly in areas with frequent driveways. These facilities provide more flexibility than 
restrictive medians and operate safely and efficiently under appropriate circumstances. However, once the driveway 
density and left-turning traffic volumes reach a certain point, the safety benefits diminish rapidly. At that point, 
restrictive medians are the more effective alternative with regard to safety and operations. Similarly, once through 

                                                           
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1 Median Handbook, Florida Department of Transportation, Jan. 1997 
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traffic volumes on a roadway reach certain levels, adequate gaps for traffic to turn left onto or off a roadway become 
infrequent and accident rates begin to climb. 

Median Standards 
Restrictive medians shall prohibit vehicles from crossing the median except at designated median openings using a 
barrier curb or wide landscaped median treatment. Restrictive medians shall be required under the following 
conditions: 

Requirements: 
♦ On all Access Class 1 or 2 roadways. 
♦ On all new or reconstructed Access Class 3 and 3R roadways. 
♦ On Access Class 4 roadways where existing daily traffic volumes are in excess of 24,000 (or where traffic 

volumes are projected to exceed 24,000 in the future the roadway and access should be designed to 
accommodate the future installation of a raised median, e.g. identify potential median opening locations, use 
16-foot center turn lane). 

Recommended: 
♦ Speeds are posted at 40 MPH or above. 
♦ Adjacent to left-turn lanes at signalized intersections (existing or planned signal locations) where drives are 

present within the intersection functional area. 
♦ Adjacent to all dual left-turn lanes. 
♦ On roadways with three or more through lanes in each direction. 

Continuous Two-Way Center Turn Lanes 
Continuous two-way center turn lanes shall be considered under the following conditions (except where restrictive 
medians are required as described above): 

Requirements: 
♦ On all Access Class 4 or 5 roadways adjacent to property that is developed as or planned for commercial 

development or in areas where there is a need for frequent left-turn lanes. 
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13 - Median Openings 

Introduction 
Openings in raised medians should only be provided to accommodate turning traffic in locations where this can be 
safely done. Where openings are provided, an adequate spacing between them is required to allow for weaving of 
traffic to preserve traffic flow and provide for safe lane changes and turns. 
 
A full opening allows turns to be made in both directions; a directional opening allows turns to be made in only one 
direction. An example of a directional median would be one that allows left turns into a driveway, but does not allow 
left turns to be made out.2   
 
Examples of these median opening types are shown on Figure 13-1 and Figure 13-23. 

 
Figure 13-1 - Full Median Opening 

                                                           
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2 Missouri Department of Transportation Access Management Manual, Sept. 2000 
3 Median Handbook, Florida Department of Transportation, Jan. 1997 
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Figure 13-2 - Directional Median Opening 

 
Median Opening Standards 

Requirements: 
♦ The minimum spacing standards for full median openings are summarized on Table 13-1 subject to the 

limitations listed below. 
♦ No median openings shall be permitted on Access Class 1 roadways. 
♦ Median opening dimensions shall not exceed the deviation requirements in Section 6 without going through 

the review/exceptions process. 
♦ Median openings shall not be permitted where an opening would be unsafe due to inadequate sight distance. 
♦ Full median openings must meet the requirements of both Table 13-1 and the minimum connection spacing 

as defined in Section 15. Directional median openings may be provided at any connection that meets the 
connection spacing requirements in Section 15 and is found to be an acceptable location based on a 
transportation impact study. 

♦ Left-turn lanes shall be required at all median openings. Median openings shall not be permitted where 
adequate queue storage cannot be provided for the left-turn lane. 

 
 
 
 
 
 
 
 
 

Table 13-1 

Minimum Full Median Opening Standards 
(Centerline to Centerline) 

 
Access Class 

(of Primary Road) 
Rural Suburban Urban 

 
2 1 mile 1 mile 1 mile 

3 and 3R ½ mile 
(2,640’) 

½ mile 
(2,640’) 

¼ mile 
(1,320’) 

4 -- ¼ mile1 
(1,320’) 

725’ 

1On Class 4 Roadways with medians where future daily traffic volume projections are below 24,000, 725’ 
feet may be used. 
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U-Turns 

 
Figure 13-3 - Accommodating U-Turns by Flaring Intersection 

A standard passenger vehicle cannot make a u-turn from a left-turn lane with minimal median width (e.g. 4 feet) and 
only two lanes in the opposing direction. In order to accommodate u-turn movements at median openings on a four-
lane roadway widening of the downstream approach near the u-turn location should be provided. Downstream 
widening can be accommodated by allowing vehicles to turn on the shoulder or by flaring the pavement width at the 
u-turn locations. Ultimately, the width between the left edge of the left turn lane and the right edge of the downstream 
travel lane need to be at least 44 feet apart for a typical automobile to make a u-turn. An example of this technique is 
illustrated on Figure 13-34. 
 
 
 
 
 
 
 
 
                                                           
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4 Median Handbook, Florida Department of Transportation, Jan. 1997 
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14 - Traffic Signals 

Introduction 
This standard governs the distance between signalized at-grade intersections on public roadways. Minimum spacing 
is intended to preserve efficient traffic flow and progression on urban arterial roadways; for instance, a quarter or half-
mile spacing allows traffic signals to be effectively interconnected and synchronized. Effective signal coordination will 
also tend to reduce rear-end collisions and stop and go driving that increases congestion, delay, and air pollution. 

Traffic Signal Standards 
An intersection should meet the following requirements to be considered for installation of a traffic signal. 

Requirements: 
♦ The intersection shall meet warrants in the latest edition of the Manual on Uniform Traffic Control Devices 

(MUTCD). Installation of a traffic signal based on the peak hour or four-hour warrant will only be considered 
at the intersection of two roadways which both are Access Class 4 or higher (2, 3, 3R, 4, 4R). 

♦ For intersections where one or more of the roadways has an Access Class of 5 or 5R or is unclassified, 
existing traffic volumes shall be utilized in evaluating the signal warrants (installation of a traffic signal based 
on existing plus proposed development traffic volumes may be approved based on traffic volume increases 
projected to occur within the next 12 months). 

♦ The location of the traffic signal shall conform to the spacing standards shown Table 14-1. 
♦ Traffic signal interconnect (conduit and cable) shall be installed between traffic signals within 3000 feet of the 

proposed location. 
 
 
 

Table 14-1 

Minimum Traffic Signal Spacing Standards 
(Centerline to Centerline) 

 
 

Access Class 
(of Primary Road) 

 
Rural 

 
Suburban 

 
Urban 

2 
 

1 mile 1 mile 1 mile 

3, 3R, 4R 1 mile 
 

½ mile 
(2,640’) 

¼ mile 
(1,320’) 

4, 5R ½ mile 
(2,640’) 

¼ mile 
(1,320’) 

¼ mile* 
(1,320’) 

*Traffic signal spacing of 660’ may be considered in retrofit applications where there is an opportunity to 
combine and reduce the number existing connections when a transportation impact study indicates that 
queues will not extend between signals and signal progression can be maintained. 
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15 - Connection Spacing 

Introduction 
This standard governs the minimum allowable spacing between connections (side streets and private driveways) on 
various classes of roadways. Access points introduce conflicts and friction into the traffic stream. Vehicles entering 
and leaving the main roadway often slow the through traffic, and the difference in speeds between through and 
turning traffic increases accident potential. As stated in the 2004 AASHTO A Policy on Geometric Design of 
Highways and Streets, “As the number of business and access points increases along a roadway, there is a 
corresponding increase in crash rates…..each additional access point per mile increases the crash rate about three 
percent” 
 
The consensus is that increasing the spacing between access points improves arterial flow and safety by reducing 
the number of conflicts per mile, by providing greater distance to anticipate and recover from turning maneuvers, and 
by providing opportunities for use of turn lanes.  

Connection Spacing Standards 
Connections to major streets shall conform to the following requirements. 

Requirements: 
♦ To determine the minimum connection spacing, the following procedure shall be used: 
♦ On approaches to (upstream of) the intersection of two roadways with an assigned Access Class or at any 

connection that is controlled by a traffic signal (or is likely to be controlled by a signal in the future): 
♦ Determine the through traffic queue length from Table 15-2 
♦ Add the deceleration distance from Table 15-3. 
♦ Compare to the distances on Table 15-1. Use the larger of the two values. 
♦ For spacing between other connections, select the distance on Table 15-1. 
♦ Exceptions may be permitted to these distances as provided in Section 6. 
♦ Connections that permit left-turn in or out movements shall be aligned with existing or currently planned 

connections on the opposite side of the roadway or be offset by the following minimum distances: 
♦ Access Class 2 roadways, all roads with speed limits of 45 MPH or greater - 660’ 
♦ Access Class 3, 3R and 4R roadways - 300’ 
♦ Access Class 4, 5 and 5R roadways - 200’ 
♦ Additional distance may be required to accommodate left turn queues between the two connections 
♦ Left-in only movements must be controlled using a restrictive median (See Figure 13-2). 
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Table 15-1 

Minimum Connection Spacing Standards 
(Centerline to Centerline) 

 
 
Access Class 
(of Primary Road) 

 
Rural 

 
Suburban 

 
Urban 

 
TWLTL or 
Un-divided1 

Restric-
tive 

Median2 

 
TWLTL or 
Un-divided1 

Restric-
tive 

Median2 

 
TWLTL or 
Un-divided1 

Restric-
tive 

Median2 

2 -- ¼ mile 
(1,320’) -- ¼ mile 

(1,320’) -- ¼ mile 
(1,320’) 

3, 3R, 4R ¼ mile 
(1,320’) 725’ ¼ mile 

(1,320’) 725’ 725’ 375’ 

4 725’ 725’ 725’ 375’ 375’ 300’ 

5 375’ -- 300’ -- 225’ -- 

5R 600’ 600’ -- -- -- -- 
1Roadways with traversable medians (e.g. two-way left-turn lanes) or no medians. 
2Roadways where non-traversable (raised) medians are in place, restricting movements at access 
locations to right-in/right-out except where median openings are permitted by this policy. 

 
 

Table 15-2 

Typical Vehicle Queue Length 
On Approaches to Signalized Intersections 

 
  Access Class (of Cross Street) 

Access Class 
(of Street Being 

Evaluated) 
Future ADT 3 4 5 Other 

3 >20,000 650’ 650’ 650’ 650’ 

3 <20,000 500’ 500’ 500’ 400’ 

4 >20,000 650’ 650’ 650’ 650’ 

4 <20,000 500’ 500’ 400’ 400’ 

5 >5,000 300’ 200’ 200’ 200’ 

5 <5,000 300’ 300’ 300’ 200’ 

Other  300’ 200’ 200’ n/a 
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Table 15-3 

Intersection Width1 
Reaction and Deceleration Distance 

On Approaches to Signalized Intersections 
 

Speed 
(MPH) 

Access Class 
2, 3R, 4R, 5R 

Access Class 
3, 4, 5 

30 375’ 245’ 

35 430’ 300’ 

40 550’ 355’ 

45 655’ 465’ 

50 770’ 545’ 

55 895’ 625’ 

60 1030’ 665’ 
1Includes an additional 60 feet to account for ½ of intersection 
width at upstream and downstream intersections for use in 
determining centerline to centerline distances. 
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16 - Turn Lanes 

Introduction 
Left turns may pose problems at driveways and street intersections. They may increase conflicts, delays and 
accidents and often complicate traffic signal timing. These problems are especially prevalent at major suburban 
highway intersections where heavy left-turn movements take place, but occur also where left turns enter or leave 
driveways serving adjacent land development.  
 
Vehicles slowing to turn onto cross streets or into drives cause disruptions to through street traffic flow and increase 
accidents along a corridor. Thus, the treatment of turning vehicles has an important bearing on the safety and 
movement along arterial roadways.  

Left-Turn Lane Standards 

Requirements: 
 

♦ Left-turn lanes shall be provided on all approaches to intersections controlled by, or planned to be controlled 
by, traffic signals. 

♦ Left-turn lanes shall be provided at the intersections of two roadways where both have any assigned Access 
Class (see Figure 3-2). 

♦ Left-turn lanes shall be provided at all median openings on roadways with medians. 
♦ Left-turn lanes shall be provided at all connections with Access Class 3 roadways, if the required medians 

are not yet in place. 
♦ Continuous two-way left turn lanes may be used in lieu of individual left-turn lanes where permitted. 
♦ Left-turn lanes shall be provided at intersections where the peak hour left-turn volume exceeds the levels 

identified on Figure 16-1. The directional volume is the total volume (left turns, through and right turns) 
approaching the intersection in the direction of the potential left-turn lane. 

♦ To determine the left-turn lane length requirements at signalized intersections (existing or future signal 
locations), the following procedure shall be used: 

♦ For most locations, the left-turn lane length can be calculated by adding the appropriate distances from 
Table 16-1 and Table 16-2. (These distances do not include the taper, turn lane lengths are measured 
from the stop line, end of median or corner radius point as appropriate to the end of the full-width turn lane) 

♦ Where left-turn volumes from a Class 2 or 3 roadway exceed 300 vehicles per hour in the peak hour or 200 
for other roadways, at exits from commercial developments or for situations where unusual traffic patterns 
exist, left-turn lanes shall provide queue storage and deceleration length as described in Section 11. Use d4 
for queue storage, d2+d3 for deceleration length on Table 11-1 (100 feet on Access Class 3, 4 and 5 
roadways with posted speeds below 45 MPH). However, the turn lane length on streets with any assigned 
Access Class shall not be less than indicated in part (a) above without approval from the reviewing engineer. 

♦ At unsignalized intersections, the left-turn lane length shall be the distance shown on Table 16-2, plus 50 
feet, plus the taper length. 

♦ At intersections of two Access Class 3 or 4 roadways, plan for dual left-turn lanes. 
 

 



Butler Road Access Management Policy 

 46 DRAFT – 12/01/08 

 
Figure 16-1 - Left-Turn Lane Warrants at Unsignalized Intersections5 

 

 

 

 

 
                                                           
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5 P.E. Hawley and V.G. Stover, Guidelines for Left-Turn Bays at Unsignalized Access Locations on 
Arterial Roadways, 2nd National Conference on Access Management, Aug. 1996 
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Table 16-1 

Standard Left-Turn Lane Queue Storage Requirements 
 

  Access Class (of Cross Street) 
Access Class 

(of Street Being 
Evaluated) 

 3 3 4 4 5 5 Other Other 
Future 
ADT >20,000 <20,000 >20,000 <20,000 >5,000 <5,000 >3,000 <3,000 

3 all 2@300’ 2@300’ 2@300’ 2@300’ 300’ 300’ 300’ 300’ 

4 all 2@300’ 2@300’ 2@300’ 2@300’ 300’ 200’ 300’ 200’ 

5 all 300’ 200’ 200’ 150’ 300’ 150’ 300’ 150’ 

Other >5,000 2@300’ 2@200’ 2@200’ 2@150’ 2@200’ 2@200’ n/a n/a 

Other <5,000 200’ 200’ 150’ 150’ 150’ 150’ n/a n/a 

Dual left turn lanes are identified by “2@”. At these locations, where dual left turn lanes cannot be practically provided 
due to existing constraints, the left-turn lane length shall be 1.5 times the distance shown. 
 
 
 

Table 16-2 

Deceleration Distance for Turn Lanes 
 

Speed 
(MPH) 

Access Class 
2, 3R, 4R, 5R 

Access Class 
3 

Access Class 
4, 5 

30 100’ 100’ 0’1 

35 100’ 100’ 0’1 

40 100’ 100’ 0’1 

45 465’ 340’ 340’ 

50 565’ 410’ 410’ 

55 675’ 485’ 485’ 

60 785’ 565’ 565’ 
1For unsignalized intersections, use 100’. 
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Right-Turn Lane Standards 

Requirements 
♦ Right-turn lanes shall be required when the peak hour right-turn volume exceeds the thresholds shown on 

Table 16-3.  
♦ Right-turn lanes will not be required if the posted speed is at or below 30 M.P.H. or the total traffic volume on 

the roadway (existing and 30-year projection) is below 10,000 vehicles per day 
♦ Separate right turn lanes and tapers should be provided for each connection where warranted. The use of 

continuous right-turn lanes is strongly discouraged. 
♦ Right-turn lane lengths shall be as follows: 
♦ For typical applications, the turn lane length shall be 150’ on streets with posted speeds of 40 M.P.H. or 

below and 300’ for streets with posted speeds of 45 M.P.H or more, plus taper length. 
♦ When the right-turn lane is required for capacity reasons (in order to maintain acceptable levels of service) at 

an existing or future signalized intersection, the turn lane length shall meet or exceed the through traffic 
queue length (using Table 15-2 plus Table 15-3 plus taper or, alternatively, as described in Section 11).  
 
 

Table 16-3 

Right-Turn Lane Warrants 
 

 
Roadway 

Class 

 
Rural 

 
Suburban 

 
Urban 

2 
 

>10 VPH >10 VPH >10 VPH 

3, 3R, 4R 
 

>25 VPH >25 VPH >25 VPH 

4, 5R 
 

>25 VPH (45 MPH+) 
>50 VPH (<45 MPH) 

>25 VPH (45 MPH+) 
>50 VPH (<45 MPH) 

>25 VPH (45 MPH+) 
>100 VPH (<45 MPH) 

5 >50 VPH (45 MPH+) 
>100 VPH (<45 MPH) 

>50 VPH (45 MPH+) 
>100 VPH (<45 MPH) 

>50 VPH (45 MPH+) 
>100 VPH (<45 MPH) 

VPH – Right-turn volumes in vehicles per hour 
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17 - Sight Distance 

Introduction 
Sight distance for driveway construction should be considered essential in the design and issuance of permits for all 
classes of driveways. If there is a request to construct a driveway at a questionable location, the transportation 
impact study must include an on-site inspection to evaluate the sight distance. Sight distance is always the most 
important consideration in the decision making process when placing driveways. Both vertical and horizontal 
alignment can limit sight distance. Special consideration is required for skewed intersections. 
 
The sight distance standards should be based on criteria included in the 2004 AASHTO “A Policy on Geometric 
Design of Highways and Streets” (Greenbook). Six cases are provided: 
 

♦ Case A – Intersections with no control 
♦ Case B – Intersections with stop control on the minor road 
♦ Case C – Intersections with yield control on minor road 
♦ Case D – Intersections with traffic signal control 
♦ Case E – Intersections with all-way stop control 
♦ Case F – Left-Turns from the major road 

 
For additional information and application, consult the 2004 AASHTO “A Policy on Geometric Design of Highways 
and Streets” (Greenbook). 

Exceptions to Sight Distance Requirements 
 
Sight distance should be considered a key element in the location of all driveways with particular emphasis placed 
upon public street approaches, high volume commercial and industrial driveways, and all driveways on Principal 
Arterial routes. All driveway locations shall meet or exceed the requirements listed above. 
 
If no location on the applicant’s frontage meets or exceeds the sight distance requirements, but a location does meet 
or exceed the distances shown in the Minimum Stopping Sight Distance column on Table 17-1, a driveway may 
be located with the City Engineer’s approval, in accordance with the following criteria: 
 

1. The proposed driveway location has the maximum sight distance available on the entire property frontage. 
 

2. The Access Classification for the route is not 2 or 3. 
 

3. The proposed location is not for a public street approach or a high-volume commercial driveway (more than 
50 trips (in plus out) existing or projected during the peak hour). 

 
4. There is no other available access, having equal or greater sight distance. 

 
5. The Applicant will submit a letter to the reviewing engineer stating the following: “Applicant is aware that the 

sight distance of this driveway is severely restricted. The sight distance is the minimum necessary for a 
vehicle traveling at the posted speed to come to a complete stop prior to the driveway.” The permit may also 
be issued with conditions limiting the number and types of vehicles using the driveway. 

 
If these conditions are not met, the permit shall not be issued for the driveway. The applicant should be advised of 
work that could improve sight distance for the location, such as minor grading or brush removal. 
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Table 17-1 

Minimum Stopping Sight Distance (ft) 
 

Speed1 30 35 40 45 50 55 60 65 70 

Distance 200 250 305 360 425 495 570 645 730 
1Greater of design speed or 85th percentile speed. 
Source: Reference Table 3-1, page 112, 2004 AASHTO "Green Book" 
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18 - Driveway/Connection Geometrics 

Introduction 
The design of driveways is critical in access management in that it affects the speed of traffic turning into and out of 
driveways. This in turn affects the speed differential between through traffic and turning traffic. Large speed 
differentials are created when driveways are inadequately designed. The large speed differentials are associated with 
higher crash rates and diminished traffic operations. Driveway designs should be based on the results of a study of 
the traffic likely to use them; these standards are presented to illustrate good practices for driveway design.6  

Driveway/Connection Standards 

Lining Up Driveways across Roadways 
Driveways shall align with driveways across the roadway on roadways without non-traversable medians or shall be 
offset as described in the connection spacing standards (Section 15). 
 

Angle of Intersection to the Public Roadway 
♦ Driveways that serve two-way traffic should have angles of intersection with the public road of 90 degrees or 

very near 90 degrees. The minimum acceptable angle for driveways that serve two-way traffic is 70 degrees. 
♦ Driveways that serve one-way traffic may have an acute angular placement of from 60 to 90 degrees. 

                                                           
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
6 Missouri Department of Transportation Access Management Manual, Sept. 2000 
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Figure 18-1 - Driveway Features 

 

Corner Radius 
The corner radius at intersections should be large enough to allow entering vehicles to do so at a reasonable rate of 
speed. Table 18-1 shows minimum approach radii, measured from the edge of the driving surface of the roadway. 
Larger approach radii are allowable for driveways; however, the impact on lane definition, the view angle of right-
turning traffic to see cross traffic, and the impact on pedestrian crossing times should all be considered. Corner radii 
of greater than 75 feet should not be used. 
 

Table 18-1 

Minimum Driveway Corner Radius 
 

Minimum Right-Turn Radius for 
Driveways 

Urban Areas 
(Or at or below 45 MPH posted 

speed) 

Rural Areas 
(Or greater than 45 MPH posted 

speed) 
Residential Driveways 10 feet 25 feet 

1Commercial Driveways 50 feet 50 feet 
Industrial Driveways/ 

Commercial Service Drives 
Design to handle typical large 
truck that uses the driveway 

Design to handle typical large 
truck that uses the driveway 

1For divided commercial driveways Corner Radius can be reduced to 25 feet. 
 
 

Driveway Width 
No two-way, non-residential driveway should have a width less than 24 feet. Driveway widths should be measured 
from the face of curb to the face of curb at the point of tangency. Minimum acceptable and maximum acceptable 
widths for various levels of traffic and directions of access are shown on Table 18-2. Where driveway medians are 
proposed, the median width should be added to the minimum widths shown in the table. 
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♦ All driveways with four or more lanes shall have a raised, landscaped median at least 8 feet in width. On 
industrial drives with primarily heavy truck traffic medians may be omitted, or mountable type median may be 
used but should be constructed with a pavement surface of a contrasting color. 

♦ Single inbound or outbound lanes on driveways with a median shall be 16-18 feet in width. 
 

Table 18-2 

Driveway Widths 
(Back of Curb to Back of Curb) 

 

Driveway Traffic 
Category 

Average 
Daily Traffic 

Using 
Driveway 

Peak Hour 
Traffic 
Using 

Driveway 

With Two-Way Access With One-Way Access 

Min. Width Max. 
Width Min. Width Max. 

Width 

Residential 0 - 100 0 - 10 20 feet 30 feet NA NA 

Low Volume 
Commercial/Industrial < 1500 < 150 28 feet2 42 feet3 13 feet1 20 feet1 

Medium Volume 
Commercial/Industrial 1500-4000 150-400 42 feet3 54 feet4 20 feet1 30 feet2 

High Volume 
Commercial/Industrial >4000 >400 42 feet3 

To Be 
Determined 
Through a 

Traffic 
Study 

Generally 
Not 

Applicable 

Generally 
Not 

Applicable 

1One-lane driveways. 
2Driveway striped for two-lanes. 
3Driveway striped for three lanes. 
4Driveway striped for four lanes. 

Driveways and Accommodation of Pedestrians 
In urban areas, all driveways must adequately accommodate pedestrians using sidewalks or paths. The crosswalk 
location should be placed to balance the pedestrian crossing distance and the width of the intersection for vehicular 
traffic (typically, this is at about the center point of the corner radius). Crosswalks should not be placed where 
pedestrians would likely have to cross behind or between stopped vehicles. Where four or more driveway lanes are 
created, they should be designed so that the pedestrians have a refuge from entering and exiting traffic. A safe 
boundary should always be created between pedestrian and motor vehicle traffic. 

Driveways and Accommodation of Bicycles 
Where a new driveway crosses a bicycle facility (such as a dedicated bike path or an on-street bike lane), the 
driveway should be designed to accommodate the safe crossing of bicyclists. Likewise, when a new bicycle facility is 
built that crosses existing driveways, the bicycle facility should be designed with safe crossings in mind. 

Driveway Throat Length 
The driveway throat length should minimize or eliminate the condition where inbound traffic queues back onto a 
public street. The throat length also provides for a place for exiting vehicles to queue, better definition of the driving 
lanes, and separation between the parking area and the adjacent street. Driveway throat lengths shall meet the 
following requirements: 
 

♦ All driveways shall provide at least 20 feet of throat length. 
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♦ For driveways, serving between 100 and 400 vehicles in the peak hour (two-way traffic volumes) the 
driveways shall provide at least 80 feet of throat length. 

♦ For driveways serving over 400 vehicles per hour (two-way traffic volume) and for all driveways controlled by 
a traffic signal, adequate throat length shall be determined by the transportation impact study. 

 

Turning Radius 
The path that a vehicle follows when turning left to or from a cross street or drive is defined as the turning radius 
(Figure 18-1). This path should be a continuous, smooth curve from the stopping point (e.g. the stop line, the end of 
the median nose, or the location the vehicle typically waits to make a left turn) to beyond the farthest conflicting travel 
lane. Left-turning drivers should not have to pull out straight into the intersection and then begin the turn maneuver. 
The minimum turning radii are as follows: 
 

♦ For low volume drives or streets (less than 100 vehicles in the peak hour) serving primarily passenger cars, 
40 feet minimum. 

♦ For dual left-turn movements, 75 feet minimum (for the inner left-turn movement). 
♦ For all other situations, 60 feet minimum. 

 
Opposing left-turn movements (e.g. eastbound left turns and westbound left turns) at the same intersections shall 
provide at least 10 feet separation between the outside edges of the two turning paths. 

Vertical Geometrics 
Access driveways on arterial roadways should always be designed to allow vehicles to proceed into or out of the 
driveway at a speed that will prevent large speed differentials between turning and through traffic. Required apron 
lengths, desirable grade changes and maximum allowable grade changes are shown on Table 18-3. The apron is a 
relatively flat area where the driveway meets the public roadway. These standards apply to all types of driveways, 
including those for residential, commercial and industrial uses. Driveways should always have a minimum grade 
change between ½ to 1 percent to provide for adequate drainage. Either an upgrade or downgrade is permissible. 
 

 
Figure 18-2 - Driveway Grades 
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Table 18-3 

Driveway Grade Requirements 
 

Access Class 

Required 
Minimum 

Apron Length 
(“A” In the 
Diagram) 

Desirable 
Grade 

Change, 
Urban 

Maximum 
Grade 

Change 
Allowed, 
Urban 

Desirable 
Grade 

Change, 
Rural 

Maximum 
Grade 

Change 
Allowed, 

Rural 

2 ≥ 30 feet ≤ 2% ≤ 3 % ≤ 1% ≤ 2% 

3, 3R, 4R ≥ 25 feet ≤ 3% ≤ 4% ≤ 2% ≤ 3% 

4, 5R ≥ 20 feet ≤ 4% ≤ 5% ≤ 3% ≤ 4% 

5 ≥ 15 feet ≤ 5% ≤ 6% ≤ 4% ≤ 5% 

The Apron Length is shown as “A” and grade change as “D” on the diagram. 
The grade may change along the course of the driveway, as indicated by G1 and G2. In such cases, it is 
very important to ensure that the minimum apron length is maintained. 
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