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3. Eastbound Ramps 2010 
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4. Westbound Ramps 2010 
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5. Eastbound Mainline 2035 
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6. Westbound Mainline 2035 
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7. Eastbound Ramps 2035 
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8. Westbound Ramps 2035 



































 

 

Billings Area I-90 Corridor Planning Study 

Existing & Projected Conditions Report    

 

 

  

 

Appendix 11 

Operational LOS 

Analysis Sheets 

 

9. Eastbound Mainline Deficiency Years 
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11. Eastbound Ramps Deficiency Years 
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13. Interchange Intersections 2010 



Timings
1: 4th Street S & US 212 7/26/2011

DOWL HKM
2010 PM Peak Page 1

Lane Group EBL EBT WBL WBT SEL SET NWL NWT
Lane Configurations
Volume (vph) 39 0 290 51 51 522 5 255
Turn Type Perm Perm Perm Perm
Protected Phases 4 8 6 2
Permitted Phases 4 8 6 2
Detector Phase 4 4 8 8 6 6 2 2
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0
Total Split (s) 33.0 33.0 33.0 33.0 27.0 27.0 27.0 27.0
Total Split (%) 55.0% 55.0% 55.0% 55.0% 45.0% 45.0% 45.0% 45.0%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag
Lead-Lag Optimize?
Recall Mode None None None None None None None None
Act Effct Green (s) 16.7 16.7 16.7 14.2 14.2 14.2 14.2
Actuated g/C Ratio 0.42 0.42 0.42 0.36 0.36 0.36 0.36
v/c Ratio 0.13 0.57 0.51 0.14 0.50 0.02 0.23
Control Delay 5.8 13.8 3.9 11.6 12.0 10.8 10.2
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 5.8 13.8 3.9 11.6 12.0 10.8 10.2
LOS A B A B B B B
Approach Delay 5.8 7.9 12.0 10.2
Approach LOS A A B B

Intersection Summary
Cycle Length: 60
Actuated Cycle Length: 39.8
Natural Cycle: 40
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.57
Intersection Signal Delay: 9.7 Intersection LOS: A
Intersection Capacity Utilization 63.1% ICU Level of Service B
Analysis Period (min) 15

Splits and Phases:     1: 4th Street S & US 212



HCM Signalized Intersection Capacity Analysis
1: 4th Street S & US 212 7/26/2011

DOWL HKM
2010 PM Peak Page 2

Movement EBL EBT EBR WBL WBT WBR SEL SET SER NWL NWT NWR
Lane Configurations
Volume (vph) 39 0 28 290 51 384 51 522 56 5 255 15
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 1.00 1.00 1.00 0.95 1.00 0.95
Frt 0.94 1.00 0.87 1.00 0.99 1.00 0.99
Flt Protected 0.97 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1708 1770 1616 1770 3488 1770 3510
Flt Permitted 0.73 0.71 1.00 0.57 1.00 0.37 1.00
Satd. Flow (perm) 1281 1323 1616 1067 3488 686 3510
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) 42 0 30 315 55 417 55 567 61 5 277 16
RTOR Reduction (vph) 0 17 0 0 238 0 0 14 0 0 7 0
Lane Group Flow (vph) 0 55 0 315 234 0 55 614 0 5 286 0
Turn Type Perm Perm Perm Perm
Protected Phases 4 8 6 2
Permitted Phases 4 8 6 2
Actuated Green, G (s) 16.7 16.7 16.7 14.2 14.2 14.2 14.2
Effective Green, g (s) 16.7 16.7 16.7 14.2 14.2 14.2 14.2
Actuated g/C Ratio 0.43 0.43 0.43 0.37 0.37 0.37 0.37
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 550 568 694 389 1273 250 1281
v/s Ratio Prot 0.14 c0.18 0.08
v/s Ratio Perm 0.04 c0.24 0.05 0.01
v/c Ratio 0.10 0.55 0.34 0.14 0.48 0.02 0.22
Uniform Delay, d1 6.6 8.3 7.4 8.3 9.5 7.9 8.5
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.1 1.2 0.3 0.2 0.3 0.0 0.1
Delay (s) 6.7 9.5 7.7 8.4 9.8 7.9 8.6
Level of Service A A A A A A A
Approach Delay (s) 6.7 8.4 9.7 8.6
Approach LOS A A A A

Intersection Summary
HCM Average Control Delay 8.9 HCM Level of Service A
HCM Volume to Capacity ratio 0.52
Actuated Cycle Length (s) 38.9 Sum of lost time (s) 8.0
Intersection Capacity Utilization 63.1% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group



HCM Unsignalized Intersection Capacity Analysis
2: US 212 & EB I-90 Ramps 7/26/2011

DOWL HKM
2010 PM Peak Page 3

Movement SEL SET NWT NWR SWL SWR
Lane Configurations
Volume (veh/h) 267 620 190 159 9 41
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 290 674 207 173 10 45
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh) 10
Median type None None
Median storage veh)
Upstream signal (ft) 1314
pX, platoon unblocked
vC, conflicting volume 379 1210 190
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 379 1210 190
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 75 93 95
cM capacity (veh/h) 1176 132 820

Direction, Lane # SE 1 SE 2 SE 3 NW 1 NW 2 SW 1
Volume Total 290 337 337 138 242 54
Volume Left 290 0 0 0 0 10
Volume Right 0 0 0 0 173 45
cSH 1176 1700 1700 1700 1700 732
Volume to Capacity 0.25 0.20 0.20 0.08 0.14 0.07
Queue Length 95th (ft) 24 0 0 0 0 6
Control Delay (s) 9.1 0.0 0.0 0.0 0.0 14.1
Lane LOS A B
Approach Delay (s) 2.7 0.0 14.1
Approach LOS B

Intersection Summary
Average Delay 2.4
Intersection Capacity Utilization 38.5% ICU Level of Service A
Analysis Period (min) 15
Description: this is the desc



HCM Unsignalized Intersection Capacity Analysis
1: Main Street & Interchange Road 8/3/2011

DOWL HKM
2010 PM Peak Page 1

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 31 144 53 35 522 45
Sign Control Stop Stop Free
Grade 0% 0% 0%
Peak Hour Factor 0.93 0.93 0.93 0.93 0.93 0.93
Hourly flow rate (vph) 33 155 57 38 561 48
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1171 0 1318 1147 0
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1171 0 1318 1147 0
tC, single (s) 6.5 6.2 7.1 6.5 4.1
tC, 2 stage (s)
tF (s) 4.0 3.3 3.5 4.0 2.2
p0 queue free % 74 86 16 71 65
cM capacity (veh/h) 126 1085 68 130 1623

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 188 95 610
Volume Left 0 57 561
Volume Right 155 0 48
cSH 462 84 1623
Volume to Capacity 0.41 1.13 0.35
Queue Length 95th (ft) 49 167 39
Control Delay (s) 18.0 226.9 8.0
Lane LOS C F A
Approach Delay (s) 18.0 226.9 8.0
Approach LOS C F

Intersection Summary
Average Delay 33.3
Intersection Capacity Utilization 62.5% ICU Level of Service B
Analysis Period (min) 15



HCM Unsignalized Intersection Capacity Analysis
2: WB I-90 Off-Ramp & Interchange Road 8/3/2011

DOWL HKM
2010 PM Peak Page 2

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 0 0 0 30 3 294 167 265 0 0 166 28
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89
Hourly flow rate (vph) 0 0 0 34 3 330 188 298 0 0 187 31
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 1207 875 202 875 891 298 218 298
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1207 875 202 875 891 298 218 298
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 % 100 100 100 86 99 55 86 100
cM capacity (veh/h) 79 248 839 241 243 742 1352 1264

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 367 485 218
Volume Left 34 188 0
Volume Right 330 0 31
cSH 613 1352 1700
Volume to Capacity 0.60 0.14 0.13
Queue Length 95th (ft) 99 12 0
Control Delay (s) 19.3 4.0 0.0
Lane LOS C A
Approach Delay (s) 19.3 4.0 0.0
Approach LOS C

Intersection Summary
Average Delay 8.4
Intersection Capacity Utilization 69.9% ICU Level of Service C
Analysis Period (min) 15



HCM Unsignalized Intersection Capacity Analysis
3: EB I-90 Off-Ramp & Interchange Road 8/3/2011

DOWL HKM
2010 PM Peak Page 3

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 21 3 79 0 0 0 0 393 22 69 88 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
Hourly flow rate (vph) 24 3 91 0 0 0 0 452 25 79 101 0
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 724 737 101 817 724 464 101 477
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 724 737 101 817 724 464 101 477
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 99 90 100 100 100 100 93
cM capacity (veh/h) 322 321 954 250 326 598 1491 1085

Direction, Lane # EB 1 NB 1 SB 1
Volume Total 118 477 180
Volume Left 24 0 79
Volume Right 91 25 0
cSH 654 1700 1085
Volume to Capacity 0.18 0.28 0.07
Queue Length 95th (ft) 16 0 6
Control Delay (s) 11.7 0.0 4.1
Lane LOS B A
Approach Delay (s) 11.7 0.0 4.1
Approach LOS B

Intersection Summary
Average Delay 2.8
Intersection Capacity Utilization 51.0% ICU Level of Service A
Analysis Period (min) 15



HCM Unsignalized Intersection Capacity Analysis
4: Magelssen Road & Interchange Road 8/3/2011

DOWL HKM
2010 PM Peak Page 4

Intersection Sign configuration not allowed in HCM analysis.



HCM Unsignalized Intersection Capacity Analysis
5: Interchange Road & Driveway 8/3/2011

DOWL HKM
2010 PM Peak Page 5

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 29 1 136 50 1 388
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.85 0.85 0.85 0.85 0.85 0.85
Hourly flow rate (vph) 34 1 160 59 1 456
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 35 414 35
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 35 414 35
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 90 100 56
cM capacity (veh/h) 1576 535 1038

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 35 219 458
Volume Left 0 160 1
Volume Right 1 0 456
cSH 1700 1576 1036
Volume to Capacity 0.02 0.10 0.44
Queue Length 95th (ft) 0 8 58
Control Delay (s) 0.0 5.7 11.2
Lane LOS A B
Approach Delay (s) 0.0 5.7 11.2
Approach LOS B

Intersection Summary
Average Delay 9.0
Intersection Capacity Utilization 51.6% ICU Level of Service A
Analysis Period (min) 15
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14. Interchange Intersections 2035 



Timings
1: 4th Street S & US 212 8/3/2011

DOWL HKM
2035 PM Peak Page 1

Lane Group EBL EBT WBL WBT SEL SET NWL NWT
Lane Configurations
Volume (vph) 41 0 304 53 61 629 6 271
Turn Type Perm Perm Perm Perm
Protected Phases 4 8 6 2
Permitted Phases 4 8 6 2
Detector Phase 4 4 8 8 6 6 2 2
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0
Total Split (s) 34.0 34.0 34.0 34.0 26.0 26.0 26.0 26.0
Total Split (%) 56.7% 56.7% 56.7% 56.7% 43.3% 43.3% 43.3% 43.3%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag
Lead-Lag Optimize?
Recall Mode None None None None None None None None
Act Effct Green (s) 18.2 18.2 18.2 16.3 16.3 16.3 16.3
Actuated g/C Ratio 0.42 0.42 0.42 0.38 0.38 0.38 0.38
v/c Ratio 0.14 0.60 0.55 0.17 0.57 0.03 0.24
Control Delay 5.9 15.0 4.9 12.4 13.4 11.7 10.6
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 5.9 15.0 4.9 12.4 13.4 11.7 10.6
LOS A B A B B B B
Approach Delay 5.9 9.0 13.3 10.6
Approach LOS A A B B

Intersection Summary
Cycle Length: 60
Actuated Cycle Length: 43.3
Natural Cycle: 40
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.60
Intersection Signal Delay: 10.8 Intersection LOS: B
Intersection Capacity Utilization 68.0% ICU Level of Service C
Analysis Period (min) 15

Splits and Phases:     1: 4th Street S & US 212



HCM Signalized Intersection Capacity Analysis
1: 4th Street S & US 212 8/3/2011

DOWL HKM
2035 PM Peak Page 2

Movement EBL EBT EBR WBL WBT WBR SEL SET SER NWL NWT NWR
Lane Configurations
Volume (vph) 41 0 32 304 53 402 61 629 67 6 271 18
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 1.00 1.00 1.00 0.95 1.00 0.95
Frt 0.94 1.00 0.87 1.00 0.99 1.00 0.99
Flt Protected 0.97 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1705 1770 1616 1770 3488 1770 3506
Flt Permitted 0.72 0.70 1.00 0.56 1.00 0.29 1.00
Satd. Flow (perm) 1268 1313 1616 1044 3488 535 3506
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) 45 0 35 330 58 437 66 684 73 7 295 20
RTOR Reduction (vph) 0 20 0 0 221 0 0 13 0 0 8 0
Lane Group Flow (vph) 0 60 0 330 274 0 66 744 0 7 307 0
Turn Type Perm Perm Perm Perm
Protected Phases 4 8 6 2
Permitted Phases 4 8 6 2
Actuated Green, G (s) 18.2 18.2 18.2 16.3 16.3 16.3 16.3
Effective Green, g (s) 18.2 18.2 18.2 16.3 16.3 16.3 16.3
Actuated g/C Ratio 0.43 0.43 0.43 0.38 0.38 0.38 0.38
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 543 562 692 400 1338 205 1345
v/s Ratio Prot 0.17 c0.21 0.09
v/s Ratio Perm 0.05 c0.25 0.06 0.01
v/c Ratio 0.11 0.59 0.40 0.17 0.56 0.03 0.23
Uniform Delay, d1 7.3 9.3 8.4 8.6 10.3 8.2 8.9
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.1 1.6 0.4 0.2 0.5 0.1 0.1
Delay (s) 7.4 10.9 8.7 8.8 10.8 8.3 8.9
Level of Service A B A A B A A
Approach Delay (s) 7.4 9.6 10.6 8.9
Approach LOS A A B A

Intersection Summary
HCM Average Control Delay 9.8 HCM Level of Service A
HCM Volume to Capacity ratio 0.57
Actuated Cycle Length (s) 42.5 Sum of lost time (s) 8.0
Intersection Capacity Utilization 68.0% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group



HCM Unsignalized Intersection Capacity Analysis
2: US 212 & I-90 EB Ramps 8/3/2011

DOWL HKM
2035 PM Peak Page 3

Movement SEL SET NWT NWR SWL SWR
Lane Configurations
Volume (veh/h) 310 721 232 194 13 61
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 337 784 252 211 14 66
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh) 10
Median type None None
Median storage veh)
Upstream signal (ft) 1314
pX, platoon unblocked
vC, conflicting volume 463 1423 232
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 463 1423 232
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 69 84 91
cM capacity (veh/h) 1095 88 771

Direction, Lane # SE 1 SE 2 SE 3 NW 1 NW 2 SW 1
Volume Total 337 392 392 168 295 80
Volume Left 337 0 0 0 0 14
Volume Right 0 0 0 0 211 66
cSH 1095 1700 1700 1700 1700 499
Volume to Capacity 0.31 0.23 0.23 0.10 0.17 0.16
Queue Length 95th (ft) 33 0 0 0 0 14
Control Delay (s) 9.7 0.0 0.0 0.0 0.0 17.8
Lane LOS A C
Approach Delay (s) 2.9 0.0 17.8
Approach LOS C

Intersection Summary
Average Delay 2.8
Intersection Capacity Utilization 43.1% ICU Level of Service A
Analysis Period (min) 15



HCM Unsignalized Intersection Capacity Analysis
1: Main Street & Interchange Road 7/25/2011

DOWL HKM
2035 PM Peak Page 1

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 66 305 77 51 784 68
Sign Control Stop Stop Free
Grade 0% 0% 0%
Peak Hour Factor 0.93 0.93 0.93 0.93 0.93 0.93
Hourly flow rate (vph) 71 328 83 55 843 73
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1759 0 2086 1723 0
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1759 0 2086 1723 0
tC, single (s) 6.5 6.2 7.1 6.5 4.1
tC, 2 stage (s)
tF (s) 4.0 3.3 3.5 4.0 2.2
p0 queue free % 0 70 0 0 48
cM capacity (veh/h) 41 1085 0 43 1623

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 399 138 916
Volume Left 0 83 843
Volume Right 328 0 73
cSH 195 0 1623
Volume to Capacity 2.05 Err 0.52
Queue Length 95th (ft) 761 Err 79
Control Delay (s) 528.7 Err 9.2
Lane LOS F F A
Approach Delay (s) 528.7 Err 9.2
Approach LOS F F

Intersection Summary
Average Delay Err
Intersection Capacity Utilization 95.8% ICU Level of Service F
Analysis Period (min) 15



HCM Unsignalized Intersection Capacity Analysis
2: WB I-90 Off-Ramp & Interchange Road 7/25/2011

DOWL HKM
2035 PM Peak Page 2

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 0 0 0 46 5 449 269 427 0 0 249 42
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89
Hourly flow rate (vph) 0 0 0 52 6 504 302 480 0 0 280 47
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 1895 1388 303 1388 1411 480 327 480
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1895 1388 303 1388 1411 480 327 480
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 % 100 100 100 47 95 14 75 100
cM capacity (veh/h) 6 108 736 97 104 586 1233 1083

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 562 782 327
Volume Left 52 302 0
Volume Right 504 0 47
cSH 389 1233 1700
Volume to Capacity 1.45 0.25 0.19
Queue Length 95th (ft) 723 24 0
Control Delay (s) 241.1 5.3 0.0
Lane LOS F A
Approach Delay (s) 241.1 5.3 0.0
Approach LOS F

Intersection Summary
Average Delay 83.6
Intersection Capacity Utilization 103.4% ICU Level of Service G
Analysis Period (min) 15



HCM Unsignalized Intersection Capacity Analysis
3: EB I-90 Off-Ramp & Interchange Road 7/25/2011

DOWL HKM
2035 PM Peak Page 3

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 60 9 224 0 0 0 0 633 35 111 142 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
Hourly flow rate (vph) 69 10 257 0 0 0 0 728 40 128 163 0
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 1166 1186 163 1429 1166 748 163 768
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1166 1186 163 1429 1166 748 163 768
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 % 54 94 71 100 100 100 100 85
cM capacity (veh/h) 151 160 881 67 165 413 1415 846

Direction, Lane # EB 1 NB 1 SB 1
Volume Total 337 768 291
Volume Left 69 0 128
Volume Right 257 40 0
cSH 414 1700 846
Volume to Capacity 0.81 0.45 0.15
Queue Length 95th (ft) 185 0 13
Control Delay (s) 42.0 0.0 5.3
Lane LOS E A
Approach Delay (s) 42.0 0.0 5.3
Approach LOS E

Intersection Summary
Average Delay 11.2
Intersection Capacity Utilization 84.5% ICU Level of Service E
Analysis Period (min) 15



HCM Unsignalized Intersection Capacity Analysis
4: Magelssen Road & Interchange Road 7/25/2011
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Intersection Sign configuration not allowed in HCM analysis.



HCM Unsignalized Intersection Capacity Analysis
5: Interchange Road & Driveway 7/25/2011
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Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 47 2 268 99 2 728
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.85 0.85 0.85 0.85 0.85 0.85
Hourly flow rate (vph) 55 2 315 116 2 856
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 58 804 56
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 58 804 56
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 80 99 15
cM capacity (veh/h) 1547 281 1010

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 58 432 859
Volume Left 0 315 2
Volume Right 2 0 856
cSH 1700 1547 1003
Volume to Capacity 0.03 0.20 0.86
Queue Length 95th (ft) 0 19 277
Control Delay (s) 0.0 6.3 25.5
Lane LOS A D
Approach Delay (s) 0.0 6.3 25.5
Approach LOS D

Intersection Summary
Average Delay 18.3
Intersection Capacity Utilization 86.2% ICU Level of Service E
Analysis Period (min) 15
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